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Infected cell protein 0 functional domains and their
coordination in herpes simplex virus replication
Haidong Gu
multifunctional protein that interacts with and modulates
a wide range of cellular defensive pathways. These path
ways may locate in different cell compartments, which
then migrate or exchange factors upon stimulation, for
the purpose of a concerted and effective defense. ICP0
is able to simultaneously attack multiple host pathways
by either degrading key restrictive factors or modifying
repressive complexes. This is a viral protein that contains
an E3 ubiquitin ligase, translocates among different
cell compartments and interacts with major defensive
complexes. The multiple functional domains of ICP0 can
work independently and at the same time coordinate with
each other. Dissecting the functional domains of ICP0
and delineating the coordination of these domains will
help us understand HSV-1 pathogenicity as well as host
defense mechanisms. This article focuses on describing
individual ICP0 domains, their biochemical properties and
their implication in HSV-1 infection. By putting individual
domain functions back into the picture of host anti-viral
defense network, this review seeks to elaborate the
complex interactions between HSV-1 and its host.
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Core tip: Due to the genomic limitation, viruses often
use multifunctional proteins to ensure viral replication.
Coordination of the multiple viral functions is critical for
a successful viral infection. Infected cell protein 0 (ICP0)
is notoriously multi-functional in terms of simultaneously
targeting many host machineries located in different
cellular compartments. Understanding the molecular
basis of ICP0 multifunctionality is important for not only
the elucidation of herpes simplex virus pathogenicity but
also the delineation of host defense mechanisms.

Abstract
Herpes simplex virus 1 (HSV-1) is a ubiquitous human
pathogen that establishes latent infection in ganglia
neurons. Its unique life cycle requires a balanced
“conquer and compromise” strategy to deal with the
host anti-viral defenses. One of HSV-1 α (immediate
early) gene products, infected cell protein 0 (ICP0), is a
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molecular basis of ICP0 functionality. Individual functions
of ICP0 as E3 ubiquitin ligase or chromatin remodeler
[11-16]
have been discussed elsewhere
. This review will
focus on dissecting ICP0 biochemical properties and seek
to understand the profound coordination in the multiple
functions of ICP0.

Gu H. Infected cell protein 0 functional domains and their
coordination in herpes simplex virus replication. World J Virol
2016; 5(1): 1-13 Available from: URL: http://www.wjgnet.
com/2220-3249/full/v5/i1/1.htm DOI: http://dx.doi.org/10.5501/
wjv.v5.i1.1

THE TIMELINE OF REVEALING ICP0
ACTIVITIES, A BRIEF HISTORICAL
OVERVIEW

INTRODUCTION
Herpes simplex virus 1 (HSV-1) is a ubiquitous virus
that infects over 70% of the world adult population.
It causes a wide range of clinical manifestations, in
cluding cold sores, genital ulceration, keratitis, and
herpes encephalitis. Once infected, HSV-1 establishes
a lifelong latency in human trigeminal ganglia. Its
sporadic reactivation nourishes a wide spread of the
virus. It is one of the most prevalent opportunistic path
ogens that can cause severe diseases in newborns or
immunocompromised patients. Infected cell protein
0 (ICP0), an α (immediate early, IE) gene product
of HSV-1, is a key regulator that activates viral gene
[1]
expression in both lytic and latent infections . This
multifunctional protein plays a critical role in viral coun
teractions against the host anti-viral defenses.
In early studies, viral proteins expressed in HSV-1
infection were classified into two groups: Virion proteins
[2]
and infected cell proteins (ICPs) . Both groups were
numbered in the order of their descending molecular
weight, with number “1” representing the largest protein
[2]
on high resolution polyacrylamide gels . ICP0 was
named outside of the natural numbers for two reasons.
First, the protein level of ICP0 was significantly lower
than other ICPs. ICP0 was not detected in the initial
[2]
efforts of numbering the ICPs . It was only discovered
after a cycloheximide treatment, which augmented
mRNA accumulation and boosted a sudden protein pro
[3]
duction following the cycloheximide withdrawal . The
second reason why ICP0 was named differently was its
anomalous mobility in denaturing polyacrylamide gel
electrophoresis. The relative position of ICP0 vs other
ICPs was not consistent on gels with different acrylamide
concentrations, which made it impossible to give ICP0
a fixed position in the descending order of molecular
weight.
Later on ICP0 was found to be extensively post[4-8]
translationally modified
and to undergo quick turnover
[9,10]
at early infection
. The complex biochemical pro
perties of ICP0 likely contribute to the aforementioned
low abundancy and abnormal mobility. Three decades
of studies have showed that ICP0 is an important viral
multifunctional protein to counteract against host antiviral defenses. It is essential for low multiplicity infection
in cultured cells and for latency reactivation in animal
models. However, the complexity of how ICP0 carries
out those biological functions is not well understood.
Understanding the biochemical foundations of ICP0
at different infection phases will help to elucidate the

WJV|www.wjgnet.com

Initially, ICP0 was found to transactivate HSV-1 pro
moters when co-transfected in mammalian cells, similar
[17,18]
to many other IE viral proteins such as ICP4 of HSV
,
[19]
[20]
T antigen of SV40 , and E1A of adenovirus . How
ever, it was quickly realized that the mechanism of ICP0
transactivation was quite different from that of other
viral gene activators. For example, ICP4 is essential for
viral replication. Deletion of ICP4 led to abnormal viral
[21,22]
expression and defective DNA replication
. In the
case of ICP0, gene deletion did not affect viral expres
sion or DNA replication at high multiplicity of infection
(MOI) but it had great impact on the viral yield when
[23]
MOI was lower than 0.1 . In experimental animals,
deletion of ICP0 mildly reduced the efficiency of latency
establishment but completely abolished the latency
[24]
reactivation , whereas ICP4 or ICP27 deletion rendered
the mutant virus neither able to replicate in the eyes nor
[24]
to establish latent infection . Moreover, many viral IE
proteins contain a DNA binding domain and they work
in mechanisms similar to cognate transcription activa
tors such as GAL4, but ICP0 did not bind to the DNAs it
[25,26]
activated
. Extensive functional analysis showed that
ICP0 can transactivate a wide range of cellular promoters
or promoters from other DNA or RNA viruses, with no
[27-29]
requirement of a specific cis-sequence
. Therefore,
ICP0 is defined as a promiscuous transactivator.
The unique functionality of ICP0 energized a great
amount of interests in the virology field. In early 1990s, a
series of mutagenesis analyses identified a cysteine-rich
[30-32]
region required for the ICP0 transactivation activity
,
which was later determined as a C3HC4 zinc binding
[33-35]
really interesting new gene (RING) finger motif
.
Conserved RING finger sequences were found in a large
[36,37]
family of E3 ubiquitin ligases
. Later on, ICP0 was also
[38,39]
proven to be an E3 ubiquitin ligase
. The discovery
that various ICP0 substrates imposed restrictions on
[40-45]
viral expression in the absence of ICP0
eventually
led to a conclusion that one major function of ICP0 is to
target host defensive molecules for ubiquitin-mediated
proteasomal degradation. By degrading the restrictive
host factors, ICP0 alleviates host defense and promotes
viral gene expression.
Starting in the late 1990s, several labs made the
efforts to identify ICP0 interacting proteins. From pulldown assays, yeast-2-hybrid screenings and coimmuno-
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Figure 1 Schematic diagram of infected cell protein 0 gene structure and functional domains. Line 1: Genome structure of HSV-1; Line 2: Locations of the two
inverted copies of ICP0 gene in the HSV-1 genome; Line 3: ICP0 gene structure and domain properties. The amino acid numbers are labeled above the illustration
of ICP0 gene. RING finger domain, Proline-rich ND10-FSs and nuclear localization signal are represented by a green oval with “R”, brown squares with “FS” and a
blue rectangle with “NLS”, respectively. The binding sites for RNF8 (T67), Cyclin D3 (D199), USP7 (K620/K624), and CoREST (D671/E673) are represented by the
dark blue boxes above or beneath the ICP0 gene. The positions of the seven SLSs are represented by lavender hexagons with “S” in the center. The positions of the
three phosphorylation clusters are represented by dark green circles with “P” in the center. ICP0: Infected cell protein 0; HSV-1: Herpes simplex virus 1; RING: Really
interesting new gene; ND10: Nuclear domains 10; NLS: Nuclear localization signal; USP7: Ubiquitin-specific protease 7; SLSs: SIM-like sequences.
[57]

precipitations, a wide range of cellular proteins were
[46-49]
found to interact with ICP0
. Therefore ICP0 carries
out viral counteractions by degrading restrictive factors
and modulating repressive complexes, and consequently
ICP0 enhances viral expression and replication. To better
understand the coordination of ICP0 functional domains
in counteracting host defenses, this review summarizes
the current knowledge of ICP0 domains and ICP0 binding
partners, and discusses their implications in HSV-1
infection.

in some cell lines , it remains unclear whether this
is a product from alternative splicing or a product of
proteolytic cleavage of ICP0. The function of ICP0R in
the infection context is unknown.
One important fact about the ICP0 gene is that
the coding strand of ICP0 is anti-sense to the latencyassociated transcript (LAT), the only transcript that
is abundantly expressed in latently infected ganglia
[58,59]
neurons
. The concept of LAT functioning as the
anti-sense RNA to ICP0 mRNA has been explored and
microRNAs identified in the LAT region have been shown
to regulate ICP0 expression. Likely these actions finetune the basal level expression in latency maintenance
[60-62]
and reactivation
.

ICP0 GENE STRUCTURE
The gene that encodes for ICP0 protein, also called α 0
gene, is located within the inverted sequences ab and b’
[50]
a’ that flank the unique long (UL) region
(Figure 1).
Therefore, the ICP0 gene is one of the few HSV-1 genes
that are diploid in the genome. The ICP0 gene is also
[51]
among the few HSV-1 genes that contain introns .
There are two introns of 765 and 136 nucleotides, res
pectively, intervening the three exons that encode for
[51]
ICP0 amino acids 1-19, 20-241 and 242-775 . It is
quite curious why the ICP0 gene would evolve to bear
introns because these introns do not seem to have sig
nificant functions in viral replication and alternative
splicing of ICP0 has not been observed in infected cells.
In one report, the ICP0 cDNA virus had a slight delay
[52]
of gene expression depending on the cell-type used ,
whereas in another report differences between wild type
[53]
virus and ICP0 cDNA viruses were not observed . In
animal models, recombinant viruses containing ICP0
deleted of introns showed no obvious defects in latency
[54]
establishment and reactivation .
There is an in-frame stop codon located inside intron
2, which predicts a truncated form of ICP0 (ICP0R) if
alternative splicing occurs. Overexpression of ICP0R in
hibited the transactivation activity of the co-transfected
[55,56]
wild type ICP0
, suggesting ICP0R can work as a
dominant negative to repress ICP0 activity. Although
a band at the size of ICP0R was detected at low level
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ICP0 PROTEIN: DOMAINS AND
FUNCTIONS
RING finger domain and E3 ubiquitin ligase activity

The three exons of ICP0 gene encodes for a 775-amino
acid protein. It contains many functional domains and
interacts with multiple binding partners (Table 1). The
most important functional domain of ICP0 is the afore
mentioned C3HC4 zinc containing RING finger, which
is located within exon 2 and spans through residues
[63]
116-156
(Figure 1). The promiscuous transactivator
ability of ICP0 relies on a functional RING finger domain.
Deletions or mutations of the consensus cysteine or
histidine in the RING finger domain completely abolish
[63,64]
the transactivation activity
. Recombinant viruses
containing such deletions or mutations replicate at a rate
[53,63,65]
similar to that of the ICP0-null virus
. This region
[34,63]
is highly conserved among α-herpesviruses
. The
structure of ICP0 RING finger has been solved by nuclear
[35]
magnetic resonance (NMR) .
The RING finger domain of ICP0, like many RING
[36,66,67]
superfamily members
, works as an E3 ubiqui
tin ligase. Mediated by the E2 conjugating enzyme
[68,69]
UbcH5a
, ICP0 uses this domain to ubiquitinate its
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Table 1 Infected cell protein 0 functional domains
Domain
ICP0 cis-elements
RING finger

Location

Function in HSV-1 replication

aa 116-156

E3 ubiquitin ligase, degrading PML, Sp100, etc.

Proline-rich region
NLS

aa 241-553
aa 500-506

Dimerization domain
ND10-retention domain
SLSs

aa 617-711
aa 669-775

SLS-4

aa 361-367

SLS-5, SLS-7

aa 651-655,
681-685

ICP0 binding partners
RNF8
Cyclin D3

T67
D199

BMAL1

aa 20-241

EF-1δ

aa 543-768

USP7

K620/K624

CoREST

D671/E673

WDR11

N/A

Section

RING finger domain and E3 ubiquitin ligase
activity
Containing redundant ND10-fusion segments
Proline-rich region and ND10-fusion
Nuclear localization
Nuclear localization domain and ICP0
nuclear/cytoplasmic translocation
ICP0 self-dimerization, in vivo functions unclear
Dimerization
Retaining ICP0 at ND10
ND10-retention
SUMO interaction motif and ICP0 substrate
recognition
Binding to SUMO-1/2/3, stimulating in vitro
polyubiquitination
Binding to SUMO-1, cooperating with SLS-4

Degrading RNF8 to regulate DNA damage
responses
Involved in nuclear-to-cytoplasmic translocation
of ICP0
Activating viral transcription via BMAL1/
CLOCK
Inhibiting translation in vitro, in vivo functions
unclear
USP7 degradation, Cell-dependent ICP0
stabilization,
Dislodging HDAC from REST/CoREST/HDAC
repressor
Regulating virion assembly and egress

Ref.
[63-65]
[105]
[90]
[115-117]
[53]
[113]

RNF8

[42,43]

Cyclin D3

[46,133-135]

BMAL1

[48,140]

EF-1δ interaction

[96]

USP7 interaction

[47,85,88,123]

CoREST interaction

[49,124]

WD repeat protein 11

[143]

ICP0: Infected cell protein 0; HSV-1: Herpes simplex virus 1; RING: Really interesting new gene; ND10: Nuclear domains 10; PML: Promyelocytic leukemia;
Sp100: Speckled 100 kDa; NLS: Nuclear localization signal; SLS: SIM-like sequence; BMAL1: Brain and muscle ARNT-like protein 1; EF-1δ: Elongation
factor 1δ; USP7: Ubiquitin-specific protease 7; SUMO: Small ubiquitin-like modifier; CLOCK: Circadian locomotor output cycles kaput.

[86]

substrate proteins and targets them for proteasomal
degradation. The first two ICP0 substrates, promyelocytic
leukemia (PML) and Sp100 (speckled 100 kDa) were
[40]
identified by Chelbi-Alix and de Thé . PML and Sp100
are the major organizer proteins for the dynamic nu
clear bodies called nuclear domains 10 (ND10s) or
[70,71]
PML nuclear bodies (for reviews, see references
).
ND10s are nuclear structures that are composed of over
[72]
150 constituents . They are involved in many cellular
[73,74]
[75]
functions including gene regulation
, cell cycle arrest ,
[76]
[77]
[78]
apoptosis , DNA repair
and anti-viral defense .
Degradation of PML and Sp100 by ICP0 leads to the
[79]
dispersal of ND10 bodies . In ICP0-null virus infection,
depletion of PML and Sp100 was shown to compensate
[41,80]
for the loss of ICP0 and to increase viral replication
.
-/In PML mouse embryotic fibroblasts (MEF), interferon
(IFN) caused minimal effects on low multiplicity HSV-1
+/+
infection, whereas IFN treatment of PML MEF reduced
[81]
viral growth at least 1000 folds , suggesting that PML
can mediate the IFN inhibition on viral replication. Taken
together, PML is an important factor in host defense
pathways and ICP0 targets PML, and maybe also Sp100,
to alleviate anti-viral repressions.
Additional ICP0 substrates identified up to date
[82]
include DNA-dependent protein kinase K (DNAPK) ,
[83,84]
centromeric proteins C and A (CENP-C and CENP-A)
,
[85]
[43]
ubiquitin-specific protease 7 (USP7) , RNF8 , the
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111-kDa isoform of poly (ADP-Ribose) glycohydrolase ,
[44]
interferon inducible protein 16 (IFI16) , and tripartite
[87]
motif (TRIM) protein TRIM27 . Among these sub
strates, siRNA knock-down of RNF8 or IFI16 promoted
[43,45]
the replication of ICP0-null virus
, suggesting the
involvement of these two proteins in host anti-viral de
fenses. However, depletion of TRIM27 reduced the viral
[87]
yield in the absence of ICP0 , and overexpression of
USP7 accelerated gene expression in wild type HSV-1
[88]
infection . These results indicate that not all ICP0
substrates place simple direct repressions on viral gene
expression. Some of the substrate proteins may be
degraded to regulate a more complicated cell network in
order to benefit the overall viral outcome, especially the
balanced actions in latent infection.
The E3 ubiquitin ligase activity of ICP0 RING finger
is highly regulated by multiple factors, including its
subcellular location, its phosphorylation status, and
its other functional domains. For example, a failure of
ICP0 to completely merge with ND10 bodies blocked
[53]
substrate access and abolished PML degradation , and
two amino acid substitutions in the C-terminal CoREST
binding site (D671A/E673A) also negatively affected
[89]
PML degradation . The regulatory mechanisms of ICP0
E3 are not completely understood. Some of the known
regulations will be discussed more in detail as we
describe other important ICP0 properties in this review.
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Nuclear localization domain and ICP0 nuclear/
cytoplasmic translocation

ICP0 translocation remains unclear.
Functions of cytoplasmic ICP0 are not understood
[96]
either. Kawaguchi et al
reported an interaction bet
ween ICP0 and translation elongation factor 1δ (EF-1δ)
(also see in section “EF1δ interaction”) and showed that
ICP0 inhibited in vitro translation via this interaction.
However, regulation of cellular translation by ICP0 is yet
[97]
to be seen in vivo. Paladino et al
showed that ICP0
lacking NLS stayed in the cytoplasm and blocked IRF3
activation in infected cells. It remains unknown whether
ICP0 directly interacts with IRF3 or secondary mediators
are involved in this inhibition. Small amount of ICP0 has
[98,99]
also been found in the tegument of purified virions
.
Although the function of virion-associated ICP0 is
not clear, it has been reported that ICP27 dependent
cytoplasmic translocation of ICP0 is required for the
[100]
[101,102]
incorporation of ICP0 into virions . Delboy et al
also showed that an active ubiquitination was important
for ICP0 to be incorporated into virions. Both RING finger
mutation and proteasome inhibition precluded ICP0 from
associating with virions. Since defective ubiquitination
sequesters ICP0 within the ND10 bodies and prevents
[89,92]
the cytoplasmic translocation of ICP0
, Nicola’s results
are consistent with the observation that cytoplasmic
localization of ICP0 in late infection is a prerequisite for the
incorporation of ICP0 into virions. Since up to 49 cellular
[99]
proteins have also been found in purified virions , the
selection mechanism of low copy tegument proteins and
their biological significance are not clear.

ICP0 contains a nuclear localization signal (NLS) mapped
to the short stretch of basic amino acids VRPRKRR
[90]
located at residues 500-506 (Figure 1). This argininerich NLS is sufficient and necessary for the nuclear locali
[90]
zation of transiently transfected ICP0 . However, in
infected cells, ICP0 is not an exclusively nuclear protein.
Its subcellular distribution is regulated by many other
factors in addition to the NLS.
First of all, ICP0 undergoes localization changes during
the infection process. Early in infection, newly synthe
sized ICP0 is immediately transported into the nucleus
in the presence of the NLS. Once inside the nucleus,
ICP0 is immediately localized to the dynamic nuclear
[91]
structure ND10 . This leads to the aforementioned de
[40]
gradation of ND10 organizers, PML and Sp100 , and
[79]
the subsequent disruption of ND10 nuclear bodies . The
dynamic interaction between ICP0 and ND10 is critical
for the efficient access of ICP0 to its substrates, PML and
[53]
Sp100, and their subsequent degradation , which will
be discussed in depth in section “Proline-rich region and
ND10-fusion”.
After the dispersal of ND10 bodies, ICP0 diffuses
throughout the nucleus. Once its nuclear functions are
[92,93]
completed, ICP0 is translocated into the cytoplasm
.
Many important ICP0 functions are carried out in the
nucleus, where ICP0 degrades PML and interacts with
REST/CoREST chromatin repressor (see section “CoREST
interaction”) early in infection. Pre-transfection of irre
levant DNA before infection can prolong ICP0 nuclear
localization and delay the cytoplasmic translocation, espe
[93]
cially in cell lines that poorly express transgenes . These
results suggest that ICP0 is kept within the nucleus until
[93]
its nuclear functions are completed .
It is not yet clear how the NLS containing ICP0 pro
tein is translocated into the cytoplasm at late infection.
Either the NLS is modified late in infection so that newly
translated ICP0 cannot enter the nucleus, or a nuclear
export signal (NES) is unmasked late in infection so that
nuclear ICP0 is exported. So far, a functional NES has not
been identified.
Multiple viral factors have been found to participate
in regulating the nuclear-to-cytoplasmic translocation
of ICP0. For example, deletion of ICP4 caused ICP0 to
lose its nuclear localization. Even at early infection, ICP0
expressed in the ICP4-null virus infected cell was solely
[94]
found in the cytoplasm . On the other hand, deletion
of ICP27 retained ICP0 within nucleus throughout the
infection and overexpression of ICP27 facilitated ICP0
[94]
export into the cytoplasm . Since ICP27 is highly
expressed in ICP4-null virus infected cells, ICP27 is likely
the factor promoting ICP0 export. Another viral protein,
VP22, has also been reported to play a role in the ICP0
cytoplasmic translocation. Deletion or mutation in VP22
restricted a series of viral proteins, including ICP0, inside
[95]
the nucleus . Whether or not VP22 affects a general
nuclear export pathway and therefore indirectly delays
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Proline-rich region and ND10-fusion

In the center of ICP0 protein, there is a long stretch of
proline-rich region spanning residues 241 to 553. Initial
deletion mapping found that serial deletions from the
carboxyl-end of this region resulted in a progressive
[55]
loss of the ICP0 transactivator activity , indicating the
importance of this region in ICP0 functions. Multiple re
peats of the PxxP motif in this region can interact with
the Src homology 3 (SH3) domain in Cbl-interacting
protein 85 kDa (CIN85), and a few other Src kinase
[103,104]
[105]
family members
. Recently, Zheng et al
demon
strated that the proline-rich sequences were important
to direct the fusion of ICP0 with ND10 nuclear bodies.
As discussed above, ICP0 is localized to ND10 at early
infection. This colocalization process is composed of
three sequential dynamic steps: ND10-adhesion, ND10[53]
fusion and ND10-retention . Among these steps, a
successful ICP0-ND10 fusion is essential for the ICP0
[53]
E3 ligase to access and degrade its substrate PML .
The proline-rich region of ICP0 is critical for the ND10[105]
[105]
fusion step . Zheng et al
showed that three prolinerich segments located at residues 242-291, 343-391,
and 393-441, termed ND10-FS1, ND10-FS2 and ND10FS3, respectively (Figure 1), redundantly facilitated the
ND10-fusion of ICP0. Deletion of one or two ND10-FSs
did not substantially affect the fusion process. However
when all three ND10-FSs were deleted, ICP0 was
[105]
blocked from entering the ND10 bodies . Since most
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[117]

of the cellular PML is located at ND10, the ICP0-ND10
fusion ensures a quick access of ICP0 to large amount
of substrate and leads to an effective PML degradation.
This likely increases the efficiency of ICP0 destroying the
host restrictive factor PML and therefore enhances gene
expression. The redundancy in proline-rich segments
indicates the importance of ND10-fusion process in
HSV-1 infection. Whether the redundant ND10-FSs syner
gistically improve the speed of ND10 fusion is a very
important question waiting to be answered. It is also
unknown whether ND10-FSs work via interacting with a
SH3 domain or other proline-interacting motifs.

bigger molecular weight . When wild type and mutant
ICP0 were co-transfected into the same cell, the wild
type ICP0 was able to correct the subcellular distribution
of a mislocated mutant ICP0. The dimerization domain
[115]
has been mapped to C-terminal residues 617-711 .
The biological function of ICP0 dimerization is not yet
clear.
ND10-retention: The second function of ICP0 C-terminus
is related to the ND10 localization property of ICP0.
Initial data showed that ICP0 lacking the C-terminus was
evenly dispersed throughout the nucleus, compared to
the full-length ICP0 that was colocalized to the ND10
[117]
bodies . This led to an assumption that the C-terminus
[117,118]
of ICP0 is responsible for ND10 localization
. However,
[53]
recent results from Gu et al showed that the C-terminus
of ICP0 was not involved in the recruitment of ICP0 to
ND10. In the absence of C-terminus, ICP0 did not agg
regate at ND10 but had the ability to degrade PML.
When a double mutant of both C-terminal truncation
and RING finger mutation was introduced, ICP0 was
found to localize at ND10. These results suggest that the
C-truncated ICP0 undergoes adhesion and fusion steps
to enter ND10, but it cycles in and out of ND10 in a more
accelerated mode. Only when the inactive RING blocks
the enzymatic reaction into a transition state, can the
ICP0-ND10 colocalization be observed in a steady-state
immunofluorescence staining. Therefore the C-terminus
of ICP0 is responsible for the retention, but not the
recruitment, of ICP0 to ND10.

Small ubiquitin-like modifier interaction motif and ICP0
substrate recognition

Small ubiquitin-like modifier (SUMO) is a unique type
of post-translational modification found on a variety
of proteins. Protein SUMOylation functions in almost
every aspect of a cell’s life, including cell cycle, genome
integrity, subcellular transport, and host immune de
[15,106-108]
fenses (for reviews, see references
). The SUMO
moiety is recognized by hydrophobic sequences called
[109,110]
the SUMO-interaction motif (SIM)
. RING-type E3
ubiquitin ligases that contain a SIM and specifically recog
nize SUMOylated substrates are classified as SUMO[111,112]
[113]
targeted ubiquitin ligases (STUBL)
. Boutell et al
identified seven putative SIM-like sequences (SLSs)
scattering throughout the ICP0 open reading frame
(Figure 1). In yeast-2-hybrid assays, mutations in SLS-4
abolished the interaction between ICP0 and SUMO-2/3,
whereas mutations in SLS-5 and SLS-7 did not affect
such binding. SLS-4 was also found to be necessary for
the in vitro ubiquitination of a SUMO-2 chain, indicating
that ICP0 can work as a STUbL to preferentially recog
[113]
nize SUMOylated proteins for ubiquitination . However,
a recombinant virus containing mutant SLS-4 did not
affect the degradation of endogenous PML in infected
cells, while PML with all SUMOylation sites mutated were
[113]
still degraded by ICP0 , suggesting a more complex
regulation on ICP0 substrate recognition in addition to
the SUMO-SIM interaction. Moreover, although mutations
in SLS-5 and SLS-7 did not interfere with the binding
between ICP0 and SUMO-2/3, a recombinant virus carry
ing triple mutations in SLS-4/5/7 greatly demolished the
[114]
ability of ICP0 to degrade PML . This suggests there
may be differences in the SLS affinities and multiple SLSs
may work synergistically in PML degradation.

USP7 interaction: The C-terminus of ICP0 also interacts
[47]
[49]
with various proteins, such as USP7 , CoREST
and
[96]
EF-1δ , which are from proteasome pathway, chromatin
repressor complex and translational machinery, res
pectively.
USP7 is the first ICP0 interacting protein identified
[47,119]
via a GST pull-down/protein sequencing assay
.
This is a deubiquitinase that regulates the ubiquitination
status of many important cell check point proteins, such
[120]
[121]
as p53 , RE1-silencing transcription factor (REST) ,
[122]
and phosphatase and tensin homolog (PTEN) . The
minimum sequences required for the strong binding
between the two are amino acids 615-633 of ICP0 and
[123]
amino acids 535-889 of USP7 . The crystal structure
of USP7 C-terminal ubiquitin-like domains bound with
ICP0 peptide has been solved. Salt bridges between
K620/K624 of ICP0 and D762/D764 of USP7 are critical
for the interaction, while the peripheral residues form
a binding pocket to support the strong ICP0-USP7 inte
[123]
raction
. Consistent structural data have also been
[124]
obtained from NMR assays .
Initial in vitro ubiquitination assays showed that ICP0USP7 interaction inhibited ICP0 autoubiquitination but
[8,85]
promoted USP7 polyubiquitination
. Consistent with
these observations, the ICP0-USP7 interaction was found
essential for the degradation of USP7 by ICP0 in infected
[85,88]
cells
. However, regarding to ICP0 autoubiquitination,

The C-terminus of ICP0 and a diverse array of functions

The C-terminus of ICP0, broadly defined for the region
from downstream of NLS to the carboxyl-end, may be
the most active but also the least understood region of
ICP0. At least five major functions or interactions have
been described in this region.
Dimerization: First, ICP0 is a protein known to agg
[115-117]
regate and dimerize in vitro and in vivo
. In chro
matography purification, ICP0 was fractionated at a much
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[85,88]

[96]

different groups have reported contradictory results
.
[85]
Boutell et al used HSV-1 (strain 17+) and reported that
wild type ICP0 stayed at a steady level after cycloheximide
treatment, whereas an R623L/K624I mutant virus, of
which ICP0 was incapable of binding to USP7 and was
quickly degraded in the presence of cycloheximide. On
the other hand, Roizman and colleagues demonstrated
that wild type ICP0 of HSV-1 (strain F) underwent rapid
degradation at early infection and was only stabilized late
[9,10]
in infection
. Furthermore, they found that a K620I
mutant virus that abolished ICP0-USP7 interaction had
enhanced, not reduced, viral gene expression but showed
[88]
defects in plaque formation . Therefore, ICP0-USP7
interaction may have profound biological significances,
depending upon the virus strains and cell lines. Since
both ICP0 and USP7 have a wide range of different
substrates that are involved in critical cellular pathways,
the interaction between ICP0 and USP7 may be more
important in fine-tuning the ubiquitin status of these
check point proteins than simply regulating ICP0 selfstability. A complex balance of these proteins may in
return affect ICP0 stability in a cell type dependent
manner.

543-768 and found to inhibit in vitro translation .
However, in vivo function of this interaction is not clear.
For all these different C-terminal functions it is not
clear how these seemingly unrelated activities coordinate
in this region. Are there different subsets of ICP0 distri
buted in distinct subcellular compartments? Or some of
the components from different pathways converge at
certain cellular hubs, such as ND10? Answers to these
questions will be the key to understanding the complex
functions of ICP0 in both lytic and latent infections.

Other ICP0 interaction partners

Cyclin D3: Cyclin D3 is identified as an ICP0-interacting
[46]
protein by a yeast-2-hybrid screening . D-type
cyclins form complexes with cyclin-dependent kinases
[131,132]
to regulate G1 to S phase transition
, which can
be manipulated by many DNA viruses for the purpose
[133]
of promoting DNA synthesis in infected cells . ICP0
interacts with Cyclin D3 through its amino acid D199
located in exon 2, downstream to the RING finger
domain (Figure 1). The D199-Cyclin D3 interaction is
important in the nuclear-to-cytoplasmic translocation
of ICP0. Mutation in cyclin D3 binding site or treatment
by CDK4 inhibitor during the infection prevented ICP0
[134,135]
from translocating to the cytoplasm
, whereas
insertion of cyclin D3 gene into the HSV-1 genome to
overexpress cyclin D3 led to an accelerated cytoplasmic
[135,136]
translocation
. The regulation of the cell cycle
during HSV-1 infection is a profound event involving
multiple factors. For example, HSV-1 ICP22 and UL13
[137]
are found to participate in G2/M transition , and CDK
inhibitor roscovitine inhibits HSV-1 gene transcription
[138,139]
without affecting PML degradation
. Moreover, the
D199 dependent nuclear-to-cytoplasmic translocation of
ICP0 is a process that depends on viral DNA replication
[92]
and the expression of a late protein(s) . Therefore
different cell cycle regulatory pathways are interwoven
with ICP0 phosphorylation, translocation and possibly
other infection events. The concerted efforts from
both viral and cellular sides determine the ultimate
productivity of an HSV-1 infection.

CoREST interaction: CoREST binding to ICP0 was
[125]
discovered by co-immunoprecipitation . CoREST is the
[126]
corepressor partner for REST . REST/CoREST are the
key components of a chromatin regulatory complex that
[127]
determines neural cell fate during development . The
CoREST binding of ICP0 is mapped to the amino acids
[89]
[125]
D671/E673 . Gu et al
showed that ICP0-CoREST
interaction depended on the presence of viral kinases
US3 and UL13, and a prolonged infection resulted in less
binding, suggesting that ICP0-CoREST interaction is a
regulated transient process. This interaction was found
essential for the dissociation of HDAC1 from REST/
[89,125]
CoREST complex in HSV-1 infection
. A recombinant
virus carrying a dominant negative CoREST incapable of
HDAC1-binding showed a higher viral productivity in the
absence of ICP0, which means the disruption of HDAC1[49]
CoREST interaction is beneficial for viral replication .
Furthermore, on the molecular level, a recombinant
virus containing D671A/E673A mutations had less ace
tylated histone H3 compared with the wild type virus
or a mutant virus that kept the effective ICP0-CoREST
[128]
interaction
. In contrast to these results, Everett
showed that depletion of CoREST did not improve the
[129]
yield of ICP0-null virus . The seemingly contradictory
results are reconciled from the fact that lysine-specific
demethylase-1 (LSD1), another important component
in the REST/CoREST complex, is required in HSV-1
[130]
replication
. Therefore the stoichiometry of REST/
[127]
CoREST/LSD1/HDAC components
may play a role in
determining the interaction to different viral proteins at
different infection phases.

Brain and muscle ARNT-like protein 1: Brain and
muscle ARNT-like protein 1 (BMAL1) interacting with
[48]
ICP0 is also identified by a yeast-2-hybrid screening .
The interaction site to BMAL1 is located in the exon
[48]
2 of ICP0 . BMAL1 and circadian locomotor output
cycles kaput (CLOCK), a histone acetyltransferase,
forms a heterodimer to regulate mammalian circadian
[140]
oscillation
. During HSV-1 infection, CLOCK is
stabilized and recruited to ND10, which acts as a
transcription activator to stimulate viral transcription and
[141]
replication .
RNF8: The identification of ICP0-RNF8 interaction was
based on the observation that RNF8 was degraded by
[42,43]
ICP0 in HSV-1 infection
. RNF8 is an RING type E3
ubiquitin ligase that plays a key role in histone ubiqui
tination and chromatin remodeling upon DNA double-

EF1δ interaction: Interaction between ICP0 and EF[96]
1δ was identified through a yeast-2-hybrid screening .
The binding has been mapped to the C-terminal residues
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[142,143]

[9,10]

stranded break (DBS) damage
. ICP0-RNF8 binding
is mapped to the phosphorylated amino acid T67 of
[43]
ICP0, and amino acid R42 of RNF8 . A recombinant
virus carrying the T67A mutation did not degrade RNF8
but had no problems in degrading DNAPK or USP7,
which means ICP0-RNF8 interaction is likely important
[43]
for a specific RNF8 substrate recognition . Interestingly,
knock-down of RNF8 only mildly delayed ICP27 gene
transcription and had no effects on viral DNA replication,
suggesting that the involvement of ICP0-RNF8 interaction
in responding to DBS DNA damage is, again, a complex
action.

phosphorylation status of ICP0

CONCLUSION
Like all herpesvirus family members, HSV-1 establishes
latent infection. The peculiar life cycle of HSV-1 nece
ssitates a close interaction and a delicate balance
between the virus and its host. ICP0 of HSV-1, a unique
multifunctional protein, plays a key regulatory role to
enhance gene expression in lytic infection and to reac
tivate virion production from latent infection. This protein
is tightly regulated on transcriptional, post-transcriptional
and post-translational levels. Through its intrinsic
functional domains and its ability to interact with a wide
range of binding partners, ICP0 can target many cellular
protein for proteasomal degradation and regulate various
cell pathways via protein-protein interactions.
To achieve its multiple functions, ICP0 undergoes
modification and subcellular translocation. Early in infec
tion, ICP0 is immediately imported into the nucleus
upon synthesis. Once inside the nucleus, it is recruited
to adhere at and then fuse with ND10 to co-mingle with
ND10 components. The ND10-fusion process ensures
ICP0 to quickly access large amounts of PML and Sp100
for degradation and to extensively interact with many of
the regulatory factors located within ND10. This early step
in HSV-1 infection is vital for the outcome of a productive
infection, not only by destroying and dispersing the re
pressive factors but also by capturing favorable factors
that help establishing replication compartment. Upon viral
DNA entering the nucleus, host cell attempt to silence the
foreign intrusion by: (1) forming ND10 bodies near viral
[148]
[149]
DNA ; (2) recruiting chromatin repressors ; and (3)
[45]
stimulating IFN responses . In a way, HSV-1 deploys
ICP0 to approach ND10 is a “smart” move because ND10
serves as a molecular hub for many cellular pathways
and it is able to recruit component factors upon specific
[78]
stimulations . Therefore, adopting factors recruited
to ND10 during infection while destroying and repelling
restrictive components is an effective strategy to boost
viral replication. In fact, various cellular check point
proteins such as USP7, CoREST, Cyclin D3, BMAL1 and
CLOCK are all recruited to ND10 upon infection and they
[47,135,141,149]
are found in HSV-1 replication compartments
.
In fact, HSV-1 replication compartments are established
at the sites where ND10 loci have been located before
[149]
their dispersal . ICP0 interacting with the molecular
hub ND10 is a major adaptation to coordinate the multitasking of ICP0 functions. Likely the sequential steps of
ICP0-ND10 interaction, ND10-adhesion, ND10-fusion,
[53]
ND10-retention , play important roles in achieving the
“destroy and then take over” strategy.
Once the replication compartments are set up in the
infected cells, ICP0 may have additional functions in a
diffused pattern in nucleus and then in the cytoplasm.
Whether the trafficking of ICP0 is regulated by posttranslational modification or proteolytic processing is
currently unknown. Solving the road map of ICP0 being
in the right place at the right time will be a continuous

WD repeat protein 11: WD repeat protein 11 (WDR11)
is a newly reported ICP0 interacting protein identified
[144]
[144]
by co-immunoprecipitation . Taylor et al
showed
that the trans-Golgi network localized WDR11 pulled
down several viral proteins including gB, VP16 and VP5
in additional to ICP0, suggesting its possible role in virion
assembly and egress.

POST-TRANSLATIONAL PROCESSING OF
ICP0
Modification

ICP0 protein contains 775 amino acids, but the apparent
[3]
molecular weight of ICP0 is about 110 kDa , suggesting
the presence of post-translational modifications for
ICP0. First of all, ICP0 is highly phosphorylated. On twodimensional gel electrophoreses, ICP0 phosphorylation
[6]
status changes along with the progression of infection .
The phosphorylation sites on ICP0 has been mapped to
three phosphor-clusters by tandem mass spectrometry.
Cluster 1 is at residues 222-250, cluster 2 is at residues
[145]
356-386, and cluster 3 is at residues 505-528
(Figure 1).
Davido and colleagues showed that serine/threonine
mutations in these clusters demolished the transacti
vation activity of ICP0 and reduced the viral replication
[145,146]
in mice
. Viral protein UL13 was found important
[147]
for ICP0 phosphorylation . However, how ICP0 phos
phorylation coordinates with ICP0 localizations or ICP0
protein-protein interactions to affect the infection is not
yet known.
Other modifications of ICP0 are understudied. ICP0
is believed to be nucleotidylated because it can be
32
radiolabeled in infected cells cultured with [α- P]GTP
3
[5]
or [2- H]ATP containing medium . ICP0 may also be
ubiquitinated because it is found to autoubiquitinate
[8]
itself in in vitro polyubiquitination assays .

Proteolytic cleavage and rapid turnover

At least in the infection of HSV-1 (strain F), ICP0 under
goes a rapid degradation at early infection in both
proteasome dependent and proteasome independent
[9]
manners. The protein is then stabilized at late infection .
The proteasome independent cleavage occurs in the
central region of ICP0 and the rapid turnover depends on
the cis presence of an active RING finger as well as the
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interest in the near future for herpes virology field.
[24]
ICP0 is required for latency reactivation . The
subtle balance of ICP0 level in latent infection may be
achieved by microRNA regulation. The rapid turnover of
ICP0 on the protein level may also be essential for the
maintenance and reactivation of latent infection. After all,
one good way to achieve massive spreading is to keep
the sporadic but not severe recurrent infections.
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Abstract

Agnya A Dau, Department of Surgery, Faculty of Medicine,
Tripoli Medical Center, Tripoli 82668, Libya

AIM: To determine hepatitis C virus (HCV) seropreva
lence among the Libyan population using blood donors
and applying the autoregressive integrated moving
average (ARIMA) model to predict future trends and
formulate plans to minimize the burden of HCV infection.
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METHODS: HCV positive cases were collected from
1008214 healthy blood donors over a 6-year period from
2008 to 2013. Data were used to construct the ARIMA
model to forecast HCV seroprevalence among blood
donors. The validity of the model was assessed using the
mean absolute percentage error between the observed
and fitted seroprevalence. The fitted ARIMA model
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and Asia represent the largest reservoir of chronic HCV
[4,5]
infection , though prevalence varies from one country
[2,3]
to another and among regions within each country .
The prevalence of HCV infection are highest in Africa,
ranging from 1% to 26%, and Egypt, Senegal, and
[6]
Cameroon have the highest rates worldwide .
Hepatitis C is well documented in Libya and different
studies have shown the prevalence of HCV infection and
[7-9]
genotypes among Libyans . Recently a comprehensive
study in over 1% of the Libyan population has shown
that the prevalence of HCV infection is 1.2%, varying
from 0.6% to 2.2% according to the region within the
[10]
country . The prevalence indicated an alarming increase
in HCV among the younger generation, particularly
within new emerging risk groups in Libyan society such
[10,11]
as intravenous drug users (IVDUs)
. As age increases
and disease progresses among infected individuals, there
will be an increase in expected complications. This will
place an increasing burden on the Libyan health care
system which is still developing. Hence, studies should
be directed to formulate policies to combat the effects of
infection.
Early identification of epidemics of infectious diseases
and prediction of their outcomes are an important step
toward implementing effective intervention measu
[12]
rements and reducing mortality and morbidity . Such
goals are a challenge in health care surveillance studies.
Mathematical dynamic modeling has contributed greatly
in exploring such challenges. Surveillance data however,
[13]
are usually necessary for these modeling purposes .
Different statistical models including linear regression
and correlation coefficients have been used for prediction
of viral hepatitis. Autoregressive integrated moving
average (ARIMA) or Box-Jenkins has potential application
[14]
in studies of disease dynamics . Helfinstein was the first
to show that the ARIMA model can be used successfully
for forecasting and predicting the different relationships
[15]
between viral infections and associated diseases .
Different studies applied such modeling to detect spi
kes, steps, and trends for hepatitis E, hepatitis B and
[16,17]
hepatitis C infection
. A considerable effort has been
undertaken to forecast the epidemiology of hepatitis C,
and different models were used to estimate the burden
[18]
and complications of the infection . Recently, Corson et
[19]
al used a mathematical model to project the future of
HCV among IVDUs and its impact on the future develop
ment of HCV-related morbidity and mortality.
Blood donors are generally considered to be a healthier
cohort of any community and viral hepatitis seropositi
vity among them may mirror the seroprevalence in
[20]
the general population . In Libya, a study conducted
between 1991 and 2001 indicated that the prevalence of
HCV infection ranged from 1.2% to 1.6% among blood
donors, similar to the prevalence among the general
population reported in 2014 of 1.2%, though it was
[7,10]
much higher (20.5%) among hospital personnel
.
Therefore, modeling and forecasting using HCV data
from blood donors may provide an opportunity for planning

was used to forecast the incidence of HCV beyond the
observed period for the year 2014 and further to 2055.
RESULTS: The overall prevalence of HCV among blood
donors was 1.8%, varying over the study period from
1.7% to 2.5%, though no significant variation was found
within each calendar year. The ARIMA model showed
a non-significant auto-correlation of the residuals, and
the prevalence was steady within the last 3 years as
expressed by the goodness-of-fit test. The forecast
incidence showed an increase in HCV seropositivity in
2014, ranging from 500 to 700 per 10000 population,
with an overall prevalence of 2.3%-2.7%. This may be
extended to 2055 with minimal periodical variation within
each 6-year period.
CONCLUSION: The applied model was found to be
valuable in evaluating the seroprevalence of HCV among
blood donors, and highlighted the growing burden
of such infection on the Libyan health care system.
The model may help in formulating national policies
to prevent increases in HCV infection and plan future
strategies that target the consequences of the infection.
Key words: Autoregressive integrated moving average
model; Libya; Hepatitis C virus; Blood donors
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV) infection has major
consequences and an overwhelming impact particularly
among developing countries, hence prediction of its
prevalence is important for future planning to mitigate
its impact. This is an innovative study highlighting the
importance of using a modified mathematical model
to forecast and predict the future prevalence and con
sequence of HCV infection using data collected from
blood donors. The results will allow strategists in health
care services to plan immediate and long-term policies.
Daw MA, Shabash A, El-Bouzedi A, Dau AA, Habas M; Libyan
Study Group of Hepatitis and HIV. Modeling the prevalence of
hepatitis C virus amongst Libyan blood donors: Investigation of
a preventive strategy. World J Virol 2016; 5(1): 14-22 Available
from: URL: http://www.wjgnet.com/2220-3249/full/v5/i1/14.htm
DOI: http://dx.doi.org/10.5501/wjv.v5.i1.14

INTRODUCTION
Hepatitis C virus (HCV) has been known to be one of the
leading causes of chronic viral hepatitis with devastating
consequences such as cirrhosis and hepatocellular car
cinoma which are the major reasons for liver transplan
[1]
tation . The geo-epidemiology of HCV infection varies
[2]
greatly and is dynamic over time . Indeed, 3% of the
world’s population are chronically infected with HCV and
[3]
over 3 million new infection occur each year . Africa
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Table 1 Number of blood donors included in the study,
Tripoli, Libya, 2008-2013

Table 2 Seroprevalence of hepatitis C virus among blood
donors, Tripoli, Libya, 2008-2013

Study period

Yr

2008
2009
2010
2011
2012
2013
Total

No. of volunteers
35859
65330
254177
173873
260139
218836
1008214

No. HCV seropositive

Prevalence (%)

OR

95%CI

Minimum Maximum

Lower Upper

937
1713
3958
3060
4480
3749
17897

2008
2009
2010
2011
2012
2013
Total

2.6
2.6
1.5
1.7
1.7
1.7
1.8

1.4
1.4
0.8
0.7
1.1
1.1
1.1

2.3
1.7
1.3
1.3
0.8
0.9
1.4

2.8
3.4
1.6
2.0
2.6
2.5
2.5

2.0
1.1
0.9
0.8
0.6
0.7
1.0

3.2
4.1
2.1
2.8
2.9
2.7
3.0

2011-2013 were post-revolution years where many Libyan were injured
during the Libyan conflict (2011)[35]. HCV: Hepatitis C virus.

using the Box-Jenkins method. The identification and
selection steps for ARIMA were carried via autocorrelation
and partial autocorrelation functions. The model para
meters were determined by the maximum likelihood
method. Goodness-of-fit among ARIMA models was
compared using diagnostic checks such as residual
analysis and other relevant information. The accuracy
of the model was finally subjected to critical estimation
and rigorous checking to fulfill the required criteria for
the model. The details of the ARIMA model were recently
[21]
described by Yu et al
in 2013 and used to analyze
the epidemiology of HIV infection among the Korean
population.

and intervention to control HCV infection. In this study,
we aimed to forecast the prevalence of HCV trends
among blood donors by analyzing HCV dynamics and
highlighting the need for further intervention strategies.

MATERIALS AND METHODS
Ethical consideration

The study was reviewed by the Board of the Faculty of
Medicine, Tripoli, Libya, who declared that the utilization
and analysis of microbial epidemiological data did not
require oversight by the Libyan National Ethics Com
mittee. Hence, no ethical approval was needed for this
study.

Statistical analysis

Data were analyzed using Microsoft Excel, Minitab
version 15 (State College, PA, United States), and SPSS
version 16 (SPSS Inc., Chicago, IL, United States). A
P-value < 0.05 indicated a significant difference between
HCV and HBV prevalence. The Excel 2007 forecast
function was used to predict the number of infected
people. The following equation was used to calculate the
expected number of infected persons each year, 1-Y =
613.2X + 836.5, where Y = number of expected infected
persons with HCV, and X = the serial number for the year
calculated from 2008; for example for 2009 and 2010
the serial numbers were 2 and 3, respectively.

Study population

A total of 1008214 healthy individuals, aged 18 to 50
years, were recruited from three different main blood
banks in Tripoli over 6 years from 2008-2013 (Table 1).
These included Tripoli Central Hospital, Karda Teaching
Hospital, and Tripoli Reference Laboratory. Each person
was subjected to screening for known risk factors asso
ciated with blood donation according to the national and
international standards applicable in all three hospitals.
Those who failed to meet the criteria for blood donation
were excluded from the study, such as those who had
previous blood transfusion, jaundice, a history of illicit
drug-taking, and other potential risk factors.

RESULTS
A total of 1008214 volunteer blood donors were screened
for HCV over a 6-year period from 2008 till 2013. Of
these, 17897 were found to be positive for anti-HCV
antibodies, with an overall prevalence of 1.8%. There
was no apparent monthly difference in HCV infection
among individuals screened during the same year. Based
on year-to-year analysis, a substantial variation in the
seroprevalence of HCV was observed as shown in Table 2.
The highest prevalence of HCV infection was reported in
2008 and 2009 as (2.6%) though it was 1.5% in 2010
and 1.7% in 2011-2013. In 2008, 35869 individuals
were reviewed, of whom 937 (2.6%) were positive
for anti-HCV antibodies. During 2009 the number of
screened people doubled, and 1713 (2.6%) were positive
for anti-HCV antibodies. In 2010, the number screened
was 254177, a 7-fold increase compared with 2008,
and 3958 (1.5%) were positive for HCV antibodies. In

Laboratory diagnosis

The laboratory analysis was carried out using ELISA
(Vitros EciQ, Orthodiagnostic-Switzerland), and samples
were considered to be confirmed positive according
to the manufacturer’s instructions. HCV infection was
defined as the presence of anti-HCV antibodies in the
serum as detected by ELISA.

Modeling

The ARIMA model was developed to forecast the incidence
of HCV infection among blood donors in Libya. This was
applied using data for 72 mo between January 2008 and
December 2013 to then forecast the incidence of HCV
infection from January to December 2014 and predict
the prevalence of HCV infection from 2008 to 2055 under
nonexclusive expectation. The model was constructed
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2011, 3060 (1.7%) were HCV-positive. Although 260139
people were screened during 2012, the largest number
over the 5-year period, the prevalence was the same
(1.7%) as to that in 2011 and 2013, when a combined
total of 218836 persons were screened (Table 1).
ARIMA modeling was applied to the data for iden
tification, estimation, and then forecasting of HCV infection.
The first stage was construction of an estimation model
followed by forecasting and model evaluation. The data
collected from 2008-2013 was used to construct the
[14]
ARIMA model as depicted by Box et al . Figure 1 shows
the sample autocorrelation and partial autocorrelation
functions [autocorrelation function (ACF) and partial
ACF (PACF)] for the case structure which allowed identi
fication of an appropriate ARIMA form to model the
stationary series. A small variation was noted but it was
not statistically different from zero which confirms the
adequacy of the ARIMA model. The model forecast a
steady increase for the following 6 years.
The sample ACF and PACF in Figure 2 showed a good
fit which allowed us to determine the appropriate ARIMA
model for HCV seroprevalence among blood donors.
The adequacy of the model was evident as the residuals
of autocorrelation had little variation with no significant
difference (P > 0.05).
The plot of observed vs fitted values indicated
that the model provided an excellent fit of the data
as shown in Figure 3. The ARIMA model was used to
forecast HCV prevalence for 72 mo over the 6-year
period from January 2008 to December 2013 (Figure
3). Detailed analysis of observed vs forecast values of
HCV prevalence over the study period showed a steady
increase, with a maximum value at 1.8% to 2.01%,
and an increasing tendency beyond the observed period
in the short-term forecast (January-December 2014),
reaching a maximum of 700 per 10000 population (2.3%
to 2.7%). This was then used as a basis for estimating
the prevalence of HCV infection among the Libyan
population up to 2055, based on 6-year periods (Figure 4).
According to our model, the prevalence of HCV infection
will decrease and thus all sequelae of the infection will
continue to decrease steadily in the future.

of available epidemiological information from registered
blood donors in Libyan blood banks. The overall pre
valence of HCV among the blood donors was found to
be 1.8%, ranging from 2.5% in 2008 to 1.7% in 2013.
This is consistent with a recent comprehensive study
published by our group who reported that the preva
lence of HCV among the Libyan population varied from
[10]
0.6% to 2.2% . Comparing such results with regional
published data, the prevalence of HCV infection was
found to be similar to that in neighboring countries,
with 1.6% in Tunis and 1.8% in Algeria, though it was
[24,25]
higher in Egypt (22%)
. However, this was higher
than the prevalence among developed countries such as
[26,27]
the United States and Germany (< 1.5%)
. Hence,
further studies are needed to elucidate the different
factors associated with the higher prevalence of HCV
among Libyan blood donors.
In our study, the applied model showed accuracy for
the prevalence and dynamics of HCV infection among
blood donors over a 6-year period and the forecast after
that. This is in agreement with other studies who also
declared that this model provides a better forecast than
traditional methods for case notification of an infectious
[28]
disease . Although the prevalence of HCV was steady
over the last 3 years (1.7% for 2011-2013), we predicted
an increase for the year after. This was consistent with
other studies from China and Latin America which showed
that the prevalence of HCV was steady or increasing and
[29,30]
that the number of infected individuals will increase
.
This suggested that other risk factors are set to play a
major role in continued new infection. Further studies are
needed to clarify such an assumption.
Despite the increase in rates of HCV seropositivity
in this study, we did not predict the burden of HCV infec
tion over the next decades, nor did we calculated the
estimated number of individual morbidities associated
with HCV infection. However, different studies have
shown that the prevalence of HCV-related cirrhosis is
expected to increase by 24% within a decade, though
decompensated cirrhosis cases and hepatocellular carci
[31-33]
noma will increase by 50% within the same period
.
Hence, further studies are needed to elucidate such
consequent complications of HCV infection among Libyan
populations.
Modeling studies have projected a dismal future for
HCV infection and related disease burden. In general,
these models make forecasts based on current conditions
of low rates of screening and treatment, and thus do not
include a widespread program of identifying and treat
ing the large proportion of undiagnosed HCV-infected
[34]
individuals . According to the results of our model,
the incidence of the more serious outcomes of HCV
infection will continue to rise, at least until 2055, unless
modified. In our projections of HCV infection to 2055, we
did not take into account the effective HCV prevention
programs and the possible impact of the use of antiviral
medications. Both these developments could have a
considerable impact on our future projections, and thus
the prevalence of HCV infection projected to 2055 may
be less than that estimated by our model. Furthermore,

DISCUSSION
HCV infection has been known to be an important cause
of chronic liver diseases though accurate representative
epidemiological data are difficult to obtain, particularly
in developing countries, as this infection has been con
[2]
sidered to be endemic . Statistical analysis of surveil
lance data on the prevalence of various infections was
shown to be helpful in establishing a hypotheses to
highlight and anticipate the dynamics of HCV infection
and subsequently implement appropriate preventive
[22]
measures and allocation of required resources . The
ARIMA model is one of the most widely used forecasting
techniques due to its structured modeling base and accep
[23]
table forecasting performance .
In this study, we developed a calibrated ARIMA model
for HCV infection with the aim of taking full advantage

WJV|www.wjgnet.com

17

February 12, 2016|Volume 5|Issue 1|

Daw MA et al . Prevalence of HCV in Libyan blood donors

A

Case
1.0

Coefficient
Upper confidence limit
Lower confidence limit

ACF

0.5

0.0

-0.5

-1.0
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Lag number

B

Case

Coefficient
Upper confidence limit
Lower confidence limit

1.0

Partial ACF

0.5

0.0

-0.5

-1.0
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Lag number

Figure 1 Correlogram and partial correlogram for a case structure control used for autoregressive integrated moving average model. A: ACF; B: Partial
ACF. ACF: Autocorrelation function.
[37,38]

socioeconomic conditions in the country should be taken
in consideration, particularly among developing countries;
Libya is experiencing a major challenge regarding its
[35,36]
geographical, political and social-ethnic identity
.
Thus, future planning regarding infectious disease should
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be prioritized
.
Monitoring HCV seropositivity among blood donors
could be used to evaluate the effectiveness of the
national efforts and guidelines to provide safe blood
[39]
donation and good blood bank services . In many
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[41]

countries, HCV transmission rates decreased markedly
[40]
with the introduction of blood screening . Despite
such a decline, mathematical models still predict a
continuing rise in the prevalence of HCV infection within
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blood banks . This was evident in our study where the
increase in HCV seroprevalence may be attributed to
the lack of quality assurance within the blood donation
system. In Arab countries, blood transfusion is still a
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Figure 4 Modeled prevalence (not exclusive1) of hepatitis C virus infection by 6-year period, Libya, 2008-2055. 1Estimates assume stable risk populations and
HCV infection risks and do not adjust for treatment. HCV: Hepatitis C virus.

problem due to lack of an organized infrastructure and
altruistic volunteers. The main sources of blood donation
are usually relatives and friends who attend because of
social pressure and in an emergency where questions
[2]
regarding risk behaviors are rarely asked .
Many difficulties surround the determination of HCV
prevalence using blood donors, since high risk groups
including IVDUs are often excluded from blood donation,
leading to underestimation of the true prevalence of HCV
[42]
infection . Nevertheless, our data do not necessarily
represent the true HCV prevalence among the general
population and thus are in need of further updating.
The applicability and effectiveness of this monitoring
system in its practical application as conducted here is
able to detect the epidemic situation of HCV infection
in Libya. However, such an infection is dynamic and
evolves over time. Therefore, the model should be period
ically reassessed and updated to maintain long-term
sustainability and precision. This study highlights the
need for preventive initiatives and strategies to be
adapted by health care policy-makers to reduce HCV
infection.
In conclusion, there is an important need for moni
toring and predicting the prevalence of HCV infection to
reduce the substantial consequences particularly in develo
ping countries. The model applied was verified and could
be used to monitor and predict the epidemiology of HCV
infection. A better understanding of the epidemiology of
HCV infection will allow health authorities to revise and
plan new strategies within the health care system.

problem particularly among developing countries. Hence, using a simple and
reliable method for predicting the future course and consequences of this
infection are a priority for researchers and health care planners. Reliable data
regarding the prevalence of HCV infection among blood donors are available in
all blood banks and this could be used to achieve such objectives.
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Abstract
AIM: To test the pathogenicity of pseudorabies virus
(PRV) variant HN1201 and compare its pathogenicity
with a classical PRV Fa strain.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of the National
Research Center for Veterinary Medicine (IACUC protocol
number: 2015010402).

METHODS: The pathogenicity of the newly-emerging
PRV variant HN1201 was evaluated by different inoculat
ing routes, virus loads, and ages of pigs. The classical
PRV Fa strain was then used to compare with HN1201
to determine pathogenicity. Clinical symptoms after virus
infection were recorded daily and average daily body
weight was used to measure the growth performance of
pigs. At necropsy, gross pathology and histopathology
were used to evaluate the severity of tissue damage
caused by virus infection.
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RESULTS: The results showed that the efficient infection
method of RPV HN1201 was via intranasal inoculation
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a critical role in the control and eradication of PR.
Bartha-K61, a vaccine imported from Hungary, have
been widely used in China since the 1970s, and was
reported to provide complete protection from field
[2]
virus infection . Nevertheless, since October 2011,
severe PRV outbreaks have occurred on pig farms and
[9,10]
spread rapidly to the northern parts of China
. Most
of the infected farms had used Bartha-K61 vaccine
according to the manufacturer’s instructions, and the
serum samples obtained from the infected pigs had a
considerable positive rate of gE Ab detected by ELISA
[10,11]
(IDEXX Laboratories, Westbrook, United States)
.
The affected pigs presented with multiple clinical signs,
including high fever (usually ≥ 40.5 ℃), depression,
anorexia, respiratory distress, shivering, and systemic
[11,12]
neurological symptoms
. Pathologic examination of
viscera samples collected from dead pigs from different
provinces displayed consolidation, edema, and hemo
rrhage in the lungs, as well as necrosis in the kidneys,
indicating that newly-emerging PRV variants may have
[13]
higher pathogenicity than the classical strains . The
PRV infection in vaccinated pig herds indicates that
the traditional Bartha-K61 vaccine could not provide
complete protection to the current prevalent PRV variants
[11,14]
in China
. Accordingly, it is imperative to study the
pathogenicity of the currently circulating PRV variant
strains and develop newly effective vaccines to tackle the
problem.
In this study, we first established a PRV variant
HN1201 infection model in pigs according to different
inoculation routes, virus loads, and pig ages. The chara
cterized PRV variant HN1201 was then compared
with the virulent classical PRV strain Fa to determine
pathogenicity.

at 10 TCID50, and that the virus has high pathogenicity
to 35- to 127-d old pigs. Compared with Fa strain, pigs
infected with HN1201 showed more severe clinical sym
ptoms and pathological lesions. Immunochemistry results
revealed HN1201 had more abundant antigen distribution
in extensive organs.
CONCLUSION: All of the above results suggest that
PRV variant HN1201 was more pathogenic to pigs than
the classical Fa strain.
Key words: Pseudorabies virus; Pathogenicity; Virus
variant; Gross pathology; Histopathology
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pseudorabies virus (PRV) variant HN1201
has pathogenicity in 35 to 127-d old pigs via intrana
7
sal inoculation at 10 TCID50. Intranasal inoculation is
more efficient than intramuscular inoculation for PRV
challenge. PRV variant HN1201 showed higher patho
genic ability, as shown by the more severe clinical
symptoms, pathological lesions, and abundant antigen
distribution in extensive organs than the classical PRV
Fa strain.
Yang QY, Sun Z, Tan FF, Guo LH, Wang YZ, Wang J, Wang ZY,
Wang LL, Li XD, Xiao Y, Tian KG. Pathogenicity of a currently
circulating Chinese variant pseudorabies virus in pigs. World
J Virol 2016; 5(1): 23-30 Available from: URL: http://www.
wjgnet.com/2220-3249/full/v5/i1/23.htm DOI: http://dx.doi.
org/10.5501/wjv.v5.i1.23

INTRODUCTION

MATERIALS AND METHODS

Pseudorabies virus (PRV), also known as Aujeszky’s
disease virus or Suid herpesvirus type 1 (SuHV-1), is
the causative agent of pseudorabies (PR). Belonging to
the family Herpesviridae, subfamily Alphaherpesvirinae,
and genus Varicellovirus, the virus causes substantial
[1-3]
economic losses in the pig industry worldwide . The
PRV genome is a double-stranded linear DNA which is
[4,5]
about 143 kb in size and has about 70 ORFs . This
pathogen can infect numerous mammals, including
carnivores, ruminants, and rodents, yet pigs are the
[6,7]
only natural host for PRV as the reservoir of the virus .
PRV infection is characterized by neurologic symptoms
and death in newborn piglets, respiratory disorders in
elder pigs, and reproductive failure like stillbirths and
abortions in sows. Like other alphaherpesviruses, PRV
can establish a lifelong latent infection in the peripheral
nervous system of infected pigs. Latently infected pigs
can be recognized as a source of reinfection when the
latent viral genome reactivates spontaneously and the
[8]
infectious virus is developed .
Attenuated live or killed PRV vaccines have played

Viruses and cells

WJV|www.wjgnet.com

The PRV variant HN1201 was previously isolated from
[12]
the brain of infected pigs in Henan province . Briefly,
the infected pig brain sample was homogenized and the
supernatant of homogenization was subjected to 0.22
μm filtration. The filtrated supernatant was inoculated
on a PK-15 cell monolayer until the appearance of CPE
after 3 d. The virus was harvested after two cycles of
freeze-thaw and store at -80 ℃ until use. The classical
PRV Fa was purchased from the Institute of China
[15]
Veterinary Medicine Inspection . Permissive PK-15 cells
were cultured in Dulbecco’s Modified Eagle’s Medium
supplemented with 5% fetal bovine sera.

Experiment design and animals

To establish a PRV HN1201 infection model in pigs, in the
first animal experiment, twenty 60-d old pigs, five 35-d
old pigs, and five 127-d old pigs were used to evaluate
the pathogenicity of the virus by different inoculating
routes, virus loads, and ages of pigs. Twenty 60-d old
pigs were randomly allocated into the first four groups
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by Leica automatic dyeing machine. The samples were
blocked with 3% peroxide-methanol for 20 min at room
temperature for endogenous peroxidase ablation and
rinsed by phosphate buffer solution (PBS) twice. The
following steps were carried out in a moisture chamber:
(1) Samples were incubated with blocking buffer
containing normal horse serum (Beijing Zhongshan
Jinqiao, China) with 1:20 dilution with PBS at 37 ℃
for 20 min; (2) The horse serum was discarded and
samples were incubated in PRV monoclonal antibody
3B5 solution (Beijing Tian Tech Biotechnology, China)
with 1:800 dilution in PBS (pH 7.3) at 37 ℃ for half
an hour and then 4 ℃ overnight; (3) After rinsing with
PBS three times, HRP goat anti-mouse IgG (BTI, United
States) with 1:100 dilution in PBS (pH 7.3) was added,
and the slides were incubated for 1 h at 37 ℃; (4) After
rinsing with PBS three times, the slides were incubated
with AEC and kept at room temperature without light
for 5-10 min; (5) After rinsing with PBS three times, the
slides were stained with hematoxylin (freshly prepared)
1:10 dilution for 10 s; (6) The unbound hematoxylin
was washed away by running water, and the slides
were placed into water for 2 min; and (7) The slides
were allowed to dry naturally and then mounted with
water-soluble tablet seal before visualization by 200 ×
microscope photographs. The results were determined
by negative (-) and positive (+), with positive signals
interpreted as low (+), moderate (++), and intense
(+++), according to the intensity of staining.

Table 1 Outcome of infections with pseudorabies virus
HN1201 strain in pigs
Group
1
2
3
4
5
6

Pig age (d)
60
60
60
60
35
127

Pig No.
5
5
5
5
5
5

Virus titer
7

10
107
106
105
107
107

Route

Euthanized

im
in
in
in
in
in

3/5
5/5
2/5
1/5
5/5
5/5

im: Intramuscular; in: Intranasal.

(Table 1). Pigs in group 1 and group 2 were inoculated
7
with 10 TCID50 PRV HN1201 strain via intramuscular (im)
and intranasal (in) routes, respectively. Pigs in group 3
6
and 4 were inoculated via the intranasal route with 10
5
TCID50 and 10 TCID50 of PRV HN1201 strain, respectively.
To test the susceptibility of pigs to the virus at different
ages, five 35-d old pigs in group 5 and five 127-d old
pigs in group 6 were inoculated via the intranasal route
7
with 10 TCID50 PRV HN1201 (Table 1).
In the second animal study, ten 56-d old pigs were
randomly divided into two groups with five pigs in each
7
group. Pigs in groupⅠwere inoculated with 10 TCID50
PRV HN1201 via the intranasal route and group Ⅱ were
inoculated with classical PRV Fa strain with the same
dose and route.
All pigs used in the above two animal trials were free
of PRV and excluded by using gB- and gE-ELISA Kits
(HerdChek PRV, IDEXX, United States) and PCR method.
All pigs were also free of porcine reproductive and res
piratory syndrome virus, classical swine fever virus,
and porcine circovirus 2. Experimental pigs in different
groups were insulated in separate rooms throughout
the study. After virus inoculation, rectal temperature
and clinical signs were recorded on a daily basis. At 14 d
post-inoculation (dpi), all surviving pigs were humanely
euthanized and necropsied, and different organ samples
were collected. The collected samples were subjected to
pathological examination and gently inflated with 10%
neutral-buffered formalin for immunohistochemistry
examination. All animal trials in this study were approved
by the Animal Care and Ethics Committee of the China
National Research Center for Veterinary Medicine.

Animal care and use

The animal protocol was designed to minimize pain or
discomfort to the animals. The animals were acclimatized
to laboratory conditions (23 ℃, 12 h light/12 h dark,
50% humidity, and ad libitum access to food and water)
for two weeks prior to experimentation. All animals
were euthanized by barbiturate overdose (intravenous
injection, 150 mg/kg pentobarbital sodium) for tissue
collection. All procedures involving animals were reviewed
and approved by the Institutional Animal Care and Use
Committee of the National Research Center for Veterinary
Medicine (IACUC protocol number: 2015010402).

Statistical analysis

Differences of body temperature and body weight
between two infected groups in the second animal trial
were determined by using t-test in GraphPad Prism 5.0
Software (San Diego, CA). Differences were considered
statistically significant when P < 0.05.

Histopathology and immunohistochemistry

Representative samples were cut from the fixed tissues
and processed into paraffin blocks. Sections approximately
3-4 μm thick were cut into slides. Duplicates of the same
sections were used for hematoxylin and eosin (H and
E) staining and immunohistochemistry staining sepa
[16]
rately, as previously described . The H and E staining
was operated automatically by Leica fully automatic
dyeing machine according to standard procedures.
Immunohistochemistry staining was performed as
below. The prepared paraffin sections were mounted
on APES-treated slides and incubated overnight at
37 ℃. The slides were de-waxed via routine method
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RESULTS
Experimental infection of PRV HN1201

For routes of infection, all pigs in group 1 and group
7
2 inoculated with 10 TCID50 PRV HN1201 strain via
intramuscular and intranasal routes, respectively,
showed PRV-specific clinical symptoms such as fever
(40.0 ℃-41.5 ℃), respiratory distress, excessive
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Table 2 Clinical manifestations of pseudorabies virus HN1201 and Fa infection
Groups

Respiratory symptom
Vomit Respiratory distress Cough

Ⅰ (HN1201)

Ⅱ (Fa strain)

+
+
+
+

+
+
+
+
+
+

+
+
+
+
-

Neurological symptom

Sneeze

Salivation

+
+
+
+
+
+
+
+
+
+

+
+
+

Circling Posterior paralysis Muscle tremors Lay recumbent and paddle
+
+
+
+
+

+
+
+
-

+
+
+
+
+
+

+
+
+
+

Each row represents one pig in the corresponding group.

salvation, and neurological signs including convulsion
and ataxia. All pigs in group 2 were euthanized due to
moribund conditions from 5 to 7 dpi. Compared with
group 2, three pigs in group 1 were euthanized from 5
to 7 dpi and the other two pigs survived until the end of
the study (terminated at 14 dpi, Table 1).
6.0
All pigs in group 3 (10 TCID50) showed severe
respiratory symptoms and neurological signs, as descri
bed above, with two being euthanized 6 dpi. Compared
to pigs in group 3, respiratory symptoms such as coug
hing and shivering were more often observed in group 4
5.0
(10 TCID50). There was one pig out of the five in group
4 that showed neurological signs, and was euthanized
by the end of study (terminated at 14 dpi).
Young piglets are more susceptible to PRV infection
[6]
than elder pigs . To determine the pathogenicity of PRV
HN1201 in pigs of different ages, 35, 60, and 127-d
7
old pigs were inoculated with 10 TCID50 of virus. After
virus inoculation, pigs of different ages showed the
clinical symptoms as described above. All pigs in group
5 (35-d old pigs) were euthanized from day 4 to day 6
and all pigs in group 6 (127-d old pigs) were euthanized
from day 5 to day 8 due to the moribund conditions.
Therefore, unlike the classical PRV strains, this PRV
variant strain showed high pathogenicity in pigs of
different ages.

while only one pig showed the same clinical signs as pigs
in groupⅠ. Gross pathology examination at necropsy
showed that PRV HN1201 infection led to severe pul
monary consolidation and necrosis in the lung (Figure 1A),
encephalic hemorrhage in the brain (Figure 1B), and
hemorrhage and necrosis in the tonsil (Figure 1C). By
contrast, pigs infected with PRV Fa showed only slight
hemorrhage in the lung tissue (Figure 1D) and had no
obvious changes in the brain or tonsil (Figure 1E and F).
No other obvious pathologic change was found after two
virus infection in heart, liver, spleen, and kidney tissues.
There was no significant difference in rectal temperature
between the two groups in the first 5 d of study (Figure
2A). Pigs in groupⅠhad significant body weight losses
compared to pigs in group Ⅱ at 6 dpi (Figure 2B). At 5
  
one pig was
dpi, two pigs were euthanized in groupⅠand
euthanized in group Ⅱ. At 6 dpi, another three pigs were
euthanized in group I and all remaining pigs in group Ⅱ
survived to the end of the study.
Organ samples of pig tonsil, lung, cerebellum, lymph
nodes, kidney, and liver were collected for histologi
cal examination and immunohistochemistry staining.
Typical PRV infection is characterized by necrosis in
multiple organs. As shown in Figure 3, necrosis, con
gestion, or hemorrhage in all above organs of PRV
HN1201-infected pigs were observed after H&E staining
(Figures 3A-G), with neuronal intra-nuclear inclusions
also being observed in the brain. Compared to the
HN1201 infection, PRV Fa-infected pigs only showed
neuronal degeneration, necrosis in the brain, Purkinje
cell degeneration, and necrosis in the cerebellum
(Figure 3H andⅠ). In accordance with histopathology
results, immunohistochemistry staining showed signi
ficant strong positive signals in all of the above organs
obtained from pigs infected with HN1201 virus, whereas
only brain and cerebellum samples of one RPV Fainfected pig revealed positive results (Table 3).

Comparison of pathogenicity between PRV variant
HN1201 and classical Fa strain

Since the above results showed PRV variant HN1201 has
high pathogenicity in pigs of different ages, a classical
PRV Fa strain was used to compare pathogenicity. To
exclude the bias of pathogenicity of two PRV strains due
to the age of experimental pigs, ten 56-d-old healthy pigs
were randomly assigned to two groups, with five pigs in
each group. Pigs in groupsⅠand Ⅱ were inoculated with
PRV HN1201 and Fa strain, respectively, via intranasal
7
method at 10 TCID50.
As expected, all pigs in groupⅠdisplayed high
fever, anorexia, depression, respiratory symptoms, and
neurological signs as described in the first animal study.
In contrast, four pigs in group Ⅱ had no respiratory or
neurological symptoms, aside from sneezing (Table 2),
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DISCUSSION
Since late 2011, outbreaks of PR-like diseases have
occurred on numerous Bartha-K61-vaccinated pig farms
and gradually spread in China, causing huge economic
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A

B

C

D

E

F

Figure 1 Gross pathology examination at necropsy. Lung, brain, and tonsil samples after PRV HN1201 (A-C) or Fa strain infection (D-F). PRV: Pseudorabies virus.

A

42.0

Rectal temperatue

could not provide complete protection against the emerg
[11,14]
ing PRV strains
. Similar to classical PR, the disease is
characterized by the sudden death of new born piglets,
respiratory and neurological symptoms in growing pigs,
and stillbirth or the birth of weak piglets from sows.
However, the pathogenicity of the new emerging PRV
variant was never delineated and compared with classical
PRV strains. Therefore, it is necessary to determine
the pathogenicity of the current PRV variants before
any control measures are implemented to control the
disease.
PRV is tropic for both the respiratory and nervous
systems of swine. Viral particles enter sensory nerve
endings, thereby innervating the infected mucosal epit
helium. Morbidity and mortality associated with PRV
infection varies with host age, the animal’s overall health
[2]
status, and infectious dose . In this study, we first tested
the pathogenicity of PRV variant HN1201 by different
routes of virus infection, virus loads for inoculation, and
pig ages. Our results showed that intranasal infection
is more effective than intramuscular infection when
7
10 TCID50 viruses were used for inoculation. Pigs
infected with PRV 1201 by the intranasal route showed
more severe clinical symptoms and higher mortality
rates than those with intramuscular routes, and virus
loads were positively correlated with mortality rates.
The pathogenicity of some other PRV variant strains
[17]
have been studied recently . In a study by Luo et
[17]
6
al
(2014), pigs infected with the 10 TCID50 PRV TJ
strain by the intranasal route showed higher mortality
than those with a lower dose or were infected by the

HN1201
Fa

a
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41.1
40.5

Clinical fever
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39.5
39.0
38.5
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0
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Days post-inoculation
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800

Average daily gain (g)
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400
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200
0
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Figure 2 Rectal temperature (A) and average daily (B) body weight gain
(6 d post-inoculation) of pigs after pseudorabies virus HN1201 or Fa
infection. aP < 0.05, bP < 0.001.
[10,13]

losses to the Chinese swine industry
. Recent studies
have shown that PRV variants contributed to the recent
outbreaks of PR, and the traditional Bartha-K61 vaccine

WJV|www.wjgnet.com

27

February 12, 2016|Volume 5|Issue 1|

Yang QY et al . Pathogenicity of a Chinese pseudorabies variant

B

A

C

× 200

E

D

F

× 200

× 200

× 200

H

G

× 200

× 200

I
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Figure 3 Hematoxylin and eosin staining of multiple tissues of pigs inoculated with HN1201 (A-G) and Fa strain (H and I). A: Tonsil - tonsillar lymphoid tissue
necrosis and formation of large necrotic foci; B: Lung - vascular congestion and hemorrhage (lower arrow), with bronchial epithelial necrosis and necrotic cells within
the lumen (upper arrow); C: Brain - lymphocyte infiltration around the small blood vessels in the brain cortex, non-suppurative encephalitis; D: Cerebellum - Purkinje
cell degeneration and necrosis; E: Hilar lymph nodes - vascular dilatation and congestion, and lymphatic tissue necrosis; F: Spleen - white pulp structure disappeared
and white necrotic marrow lymphocytes formed large necrotic foci; G: Liver - necrotic foci formation; H: Brain - coalescing non-suppurative encephalitis with neuronal
degeneration and perivascular cuffing; I: Cerebellum - Purkinje cell degeneration and necrosis.

intramuscular route, which is consistent with our results.
7.0
Bama miniature pigs injected intramuscularly with 10
TCID50 PRV strain HeN1, another virulent PRV variant,
the animals exhibited only transient fever for 3-5 d, and
no other clinical symptoms or postmortem changes were
[10]
observed . Differences in pathogenicity and mortality
caused by different PRV viruses could be explained by
the virus load for inoculation, viral strain, and breed of
pigs, although these three viruses also share a more
than 99.0% similarity in their whole genome sequences.
Besides routes of inoculation and virus load, PRV HN1201
could infect pigs from 35 to 127 d old with PRV-specific
clinical symptoms, indicating that the PRV HN1201 strain
is highly pathogenic to pigs.
To compare the pathogenicity of newly-emerging PRV

WJV|www.wjgnet.com

variants with the classical PRV strain, PRV HN1201 and
Fa strains were used to infect pigs. Our results showed
that HN1201-infected pigs showed more severe clinical
signs and higher mortality rates than Fa-infected pigs
(5/5 vs 1/5). Pigs in the PRV HN1201-infected group
displayed high fever, anorexia, depression, respiratory
symptoms, and neurological signs. In comparison, four
pigs in the PRV Fa-infected group had no respiratory or
neurological symptoms, aside from sneezing. Meanwhile,
pigs infected with HN1201 had steady body weight
loss as compared with pigs infected with the Fa strain
(Figure 2B). Retarded growth was more often observed
in young piglets after PRV infection. However, the loss
of body weight of 56-d old pigs after PRV infection was
seldom observed, which proves the high virulence of
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Table 3 Virus antigen distribution and intensity in different organs of pseudorabies virus HN1201 or Fa strain by immu
nohistochemistry staining
Groups

Tonsil

HN1201

3+
3+
3+
3+
3+
-

Fa strain

Lung
3+
2+
3+
3+
3+
+
-

Lymph nodes
Mandibular

Superficial inguinal

Mesenteric

3+
2+
3+
++
3+
-

2+
2+
2+
3+
2+
-

2+
2+
2+
2+
3+
-

Brain

Cerebellum

Spleen

Liver

2+
2+
1+
1+
2+
2+
2+
2+
2+

1+
1+
2+
2+
2+
2+
2+
2+
2+

2+
3+
3+
2+
3+
-

2+
+
2+
3+
-

The positive staining signals were interpreted as negative (-), low (1+), moderate (2+), or intense (3+), according to the intensity of staining. Each row
represents one pig in the corresponding group.

in pigs of different inoculation routes, virus loads, and ages. Differences in
pathogenicity between the newly-emerging PRV variant and the classical PRV
strain were also compared.

PRV HN1201.
Gross pathological examination at necropsy revealed
more severe damage to the lung, tonsil, brain, cerebellum,
and lymph nodes in pigs infected with HN1201 strain
than in the Fa strain group. In line with pathological
results, histopathology examination showed remarkably
obvious necrosis in multiple tissues, such as the tonsil,
lung, brain, spleen, and liver in HN1201-infected pigs; in
contrast, necrosis caused by PRV Fa infection was only
limited to the brain and cerebellum. Immunochemistry
results also showed that PRV HN1201 infection lead to
more extensive virus antigen distribution in different
organs with more intense staining, while Fa infection
only had one cerebellum sample from one pig that
showed positive. Previous studies reported that inocu
lation of PRV through the nasal cavity resulted in virally[2]
induced neuropathological lesions . The kinetics and
locations of lesion appearance were consistent with a
transneuronal spread of PRV from the nasal epithelium
to synaptically-connected higher-order structures in the
nervous system. The intense PRV antigen location and
severe lesions of the brain, tonsil, and lung coincided
with the typical respiratory and neurological symptoms,
and may be due to intranasal infection. Therefore, the
above results further suggest the higher pathogenicity of
PRV HN1201 when compared to the classical Fa strain.
In conclusion, PRV HN1201 infection is more effective
through the intranasal route than the intramuscular
inoculation route, and the virus is highly pathogenic to
different ages of pig. Compared with classical PRV Fa
strain, HN1201 causes more severe clinical symptoms
and pathological lesions, with extensive antigen
distribution in different organs.

Innovations and breakthroughs

This study demonstrates that the currently-circulating PRV HN1201 variant
has higher pathogenicity in pigs than the classical PRV Fa strain via the mani
festation of more severe clinical symptoms and pathological lesions, with
extensive antigen distribution in different organs.

Applications

The authors proved the PRV variant to be more pathogenic in pigs as compared
to the classical Fa strain, which may partially explain the inefficacy of current
commercial PRV vaccines. Thus, a better understanding of the differences of
pathogenicity between variant and classical PRV may facilitate the development
of more effective vaccines.

Terminology

Pathogenicity of pseudorabies virus is the potential capacity of PRV to cause
PR-like syndrome in pigs. Pathogenicity of viruses may change due to virus
mutation and/or recombination. Study into the pathogenesis of currentlycirculating field viruses may provide first-hand data for disease control.

Peer-review

This manuscript reports the analysis of the pathogenicity of a new PRV variant
that the commonly-used vaccine cannot protect against, and is therefore
causing massive economic losses in China. The pathogenicity of this variant
and the classical PRV Fa stain is also compared. The experiment design and
results were clear and convincing. It will be interesting to see if the authors
can further explore the mechanisms of the enhanced pathogenicity of the PRV
variant behind these phenomena.
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Abstract
AIM: To investigate the neuropathology of the brain in a
rare case of remission following diagnosis of progressive
multifocal leukoencephalopathy (PML).

Institutional review board statement: The Institutional review
board of University of New Mexico finds IRB approval not appli
cable for post-mortem case reports.

METHODS: Consent from the family for an autopsy was
obtained, clinical records and radiograms were retrieved. A
complete autopsy was performed, with brain examination
after fixation and coronal sectioning at 1 cm intervals.
Fourteen regions were collected for paraffin embedding
and staining for microscopic analysis. Histologic sections
were stained with Luxol blue, hematoxylin/eosin, and
immunostained for myelin basic protein, neurofilament,
SV40 T antigen and p53. The biopsy material was also
retrieved and sections were stained with hematoxylin/
eosin and immunostained for SV40 and p53. Sections
were examined by American Board of Pathology certified
pathologists and images captured digitally.

Informed consent statement: Consent for post-mortem
examination was obtained from the family.
Conflict-of-interest statement: The authors have no conflict of
interest to report.
Data sharing statement: All blocks and slides from this report
are available upon request to the corresponding author according
to the policies of the pathology department at UNM.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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RESULTS: Review of the clinical records was notable for

31

February 12, 2016|Volume 5|Issue 1|

SantaCruz KS et al . Neuropathology of PML remission
ferentially infected with consequent loss of myelin and
coalescing demyelination plaques, sometimes leading
to mild-to-moderate axonal loss associated with axonal
spheroids. Long-term survival in patients with PML is
increasingly common in human immunodeficiency virus
(HIV)-infected people treated with highly active anti[1-8]
retroviral therapy (HAART) . In contrast, prolonged
survival in patients with immunosuppression following
[9,10]
solid organ transplant is unusual
. Here we present
an unusual case in which there was a 14-year clinical
remission after biopsy-proven PML, despite continued
immuno-suppression after liver transplant.
PML had been universally fatal, usually within 6 mo,
until the late 1990’s. Although no specific treatment has
proven particularly effective, enhancing natural immu
nity by reducing the effects of HIV virus or by altering
immunosuppressant therapy has been shown to improve
[11]
survival . One explanation for prolonged survival is
improved cellular immune responses against JC virus (JCV)
[12]
in long term survivors vs those with poor outcomes .
Detectable cytotoxic T lymphocytes specific for JCV -T or
VP-1 have been shown to be a prognostic indicator of
[12]
long-term survival in HIV patients . Although long-term
survival in immunosuppressed transplant patients has been
[13,14]
[9]
described
these cases are unusual and detailed
neuropathologic descriptions of residual demyelinating
plaques in patients in complete remission are few,
possibly because they are very rare or not frequently
[15]
examined post-mortem . This study therefore fills an
important gap in our knowledge of pathological processes
that appear in long-term survival.

a history of ulcerative colitis resulting in total colectomy
in 1977 and a liver transplant in 1998 followed by
immune-suppressive therapy. Neurological symptoms
presented immediately, therefore a biopsy was ob
tained which was diagnosed as PML. Immunotherapy
was adjusted and clinical improvement was noted. No
subsequent progression was reported. Review of the
biopsy demonstrated atypical astrocytes and enlarged
hyperchromatic oligodendroglial cells consistent with JC
virus infection. Strong SV40 and p53 staining was found
in glial cells and regions of dense macrophage infiltration
were present. On gross examination of the post-mortem
brain, a lesion in the same site as the original biopsy in
the cerebellum was identified but no other lesions in the
brain were found. Microscopic analysis of this cerebellar
lesion revealed a loss of myelin and axons, and evidence
of axonal damage. This single burned-out lesion was
equivocally positive for SV40 antigen with little p53
staining. Examination of thirteen other brain regions
found no other occult sites.
CONCLUSION: Our study reveals residual damage, rare
macrophages or other inflammation and minimal evidence
of persistent virus. This case demonstrates the possibility
of complete remission of PML.
Key words: Progressive multifocal leukoencephalopathy;
Progressive multifocal leukoencephalopathy; JC virus;
Remission; Demyelinating
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Progressive multifocal leukoencephalopathy
after organ transplant is rapidly fatal in most cases, with
an average time to death of 6.4 mo. We report a case
with no clinical progression over 14 years despite ongoing immunosuppressive therapy. At initial diagnosis
the biopsy demonstrated classic histopathological
features of JC virus. At autopsy, microscopic analysis of
the cerebellar lesion revealed a residual loss of myelin
and evidence of axonal damage without evidence of
viral activity. These results suggest that JC virus can be
kept in check even in a setting of immunosuppression,
and argue for more investigation into the microbiome of
the brain.

MATERIALS AND METHODS
Consent for the autopsy from the family was obtained
as approved by Presbyterian Hospital. According to
Internal Review Board of University of New Mexico
Health Sciences Center neither post-mortem material
nor case reports require IRB approvals. Clinical records
were retrieved, and the clinical history together with
results of all brain imaging studies that had been per
formed at UNM (12/2006 and 4/2008) reviewed. The
original imaging studies were not available, and, in
the absence of neurological symptomatology, imaging
and CSF sampling were not performed during the final
hospitalization, nor was post-mortem brain imaging
done.
A complete autopsy was performed with subsequent
examination of the brain after fixation. Gross examination
of the brain included coronal sectioning of the neocortex
at 1 cm intervals, and sectioning of the cerebellum and
brainstem at 0.5 cm intervals. The surface of each slice
was examined. Thirteen brain regions were selected,
slabs 1.5 cm × 1.5 cm × 0.1 cm dissected and these
were submitted for paraffin embedding. Histologic sec
tions were stained with Luxol blue, hematoxylin/eosin,
and for myelin basic protein (Dako, polyclonal rabbit
anti-human), neurofilament (Dako, Clone 2F11), SV40
T antigen (Calbiochem, Ab-2, PAb 416) or p53 (Dako,
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INTRODUCTION
Progressive multifocal leukoencephalopathy (PML) is a
demyelinating disease of the central nervous system
caused by reactivation of latent JC virus in immunocompromised individuals. Oligodendroglial cells are pre
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A

B

Figure 1 Computed tomography scans show no progression. A: Axial slice from the CT scan of 2006 showing the cerebellar lesion (red arrow), a small
calcification, and atherosclerosis of cerebral vasculature; B: Axial slice of the same coordinates as in (A) from the CT scan of 2008 showing the cerebellar lesion (red
arrow), as well as the calcification. Note the radiolucency of the cerebellar peduncle and the loss of tissue density in the cerebellum. This location corresponds to that
of the 1999 biopsy and the histologic sections examined at autopsy. CT: Computed tomography.

cardiovascular disease with episodes of atrial fibrillation
and rapid ventricular response, hypothyroidism, gout and
recurrent infections.
She had multiple hospital admissions from February
2012 to March 2013 due to gastroenteritis with subse
quent workup for stool pathogens that was negative.
She developed pancreatic insufficiency with findings
on ultrasound examination that showed an atrophic
right kidney, small liver and pancreatic cysts. Due to recur
rence of the gastrointestinal illness, and to ultrasound
findings, there was concern for an intraductal papillary
mucinous neoplasm of the pancreas with associated
pancreatic insufficiency. Computed tomography scan of
the abdomen showed diffuse dilatation of the pancreatic
duct, as well as a liver abscess. She died six days follow
ing abdominal imaging studies on March 25, 2013.
Mortality was due to complications related to remote
liver transplantation for primary sclerosing cholangitis.
An intraductal papillary mucinous neoplasm of the pan
creatic duct was identified at autopsy with associated
chronic atrophic pancreatitis. Post mortem examination
determined the immediate cause of death to be due to
infection from the liver abscess, cardiac arrhythmia and
cardiomegaly.
Neurologic and Radiographic studies: The patient
was seen by a neurologist at UNM on 3/2003, 2/2005,
12/2006, 6/2007, 4/2008, 7/2009, 4/2010 and 9/2011.
During this period symptoms were stable on the reduced
immunosuppressant protocol.
Imaging from 4/4/2008 was read as unchanged
compared to the computed tomography (CT) done
12/12/2006 (Figure 1). Both images show diffuse cere
bral as well as cerebellar atrophy. A region of greater
volume loss and accompanying low attenuation appeared
in the right cerebellar hemisphere and middle cerebellar
peduncle. Small foci of calcification were noted. These
were not significantly changed between the 2006 and
2008 images. No new areas of abnormal attenuation
were identified within the brain. Vertebral and internal
carotid artery calcifications were also noted.

Clone DO7) by immunohistochemistry at TriCore Refe
rence Laboratories, Albuquerque, NM. The SV40 T-antigen
(Ab-2) antibody is a mouse monoclonal antibody with
specific determinants unique to the SV40 large T antigen
and non-reactive with the small T antigen. The antigenic
epitope is between Ile83 and Lys128 of the SV40 large
T antigen, a region highly homologous to the JC virus
large T antigen. For each immunostain, positive and
negative controls were run in parallel. The paraffin block
containing the biopsy was retrieved together with its
slides from archives, new sections were made and also
stained for SV40 and p53. Sections were examined on an
Olympus BX40 microscope using 4 ×, 10 ×, 20 × and 40 ×
objectives, and digital images captured on an Olympus
DP26 camera using cellSens Standard software. Images
were prepared for figures using Adobe Photoshop to
resize, create multi-image panels, adjust levels and add
lettering.

RESULTS
Case history

A 76-year-old woman with a history of ulcerative
colitis had a total colectomy in 1977 and subsequently
developed sclerosing cholangitis. She received an
orthotopic liver transplant in 1998. In 1999 neurological
symptoms occurred, primarily consisting of ataxia in
a setting of immunosuppressive therapy for the liver
transplant. She was found to have a white matter
lesion involving cerebellar white matter with no other
sites of involvement. Brain biopsy performed in March
1999 showed classic changes of PML. The dosage
of immunosuppressive therapy with Tacrolimus and
Sirolimus was subsequently adjusted to minimize
progression of further neurological disease and her mild
cerebellar symptoms stabilized.
Her medical history was also significant for right hip
fracture in 2003, status post hip replacement complicated
by infection and requiring long term antibiotic therapy,
chronic renal insufficiency, due to congenital hypoplastic
kidney, end stage renal disease on dialysis since 2008,
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Figure 2 Histopathology of the original diagnostic biopsy. A: Histopathology of the cerebellar biopsy specimen from 1999 stained with hematoxilin and eosin.
Atypical glia is indicated by arrows. Inset shows higher magnification of one example. Numerous macrophages surround the atypical cells and fill the parenchyma; B:
Immunohistochemical staining for SV40 T antigen of another section from the biopsy shows numerous scattered strongly positive brown stain in nuclei of atypical glial
cells, consistent with oligodendroglial infection by JC virus. Inset shows a higher magnification of another example of a positive glial cell; C: Immunohistochemistry for
p53 detected strongly positive atypical glia and scattered weaker staining of macrophages consistent with inflammatory reaction to viral infection (A-C).

Pathological examination

matter were remarkable for white matter rarefaction, as
evidenced by loss of myelin that was nearly proportional
to axonal loss (Figure 3). Thus repair of the damage had
not occurred. However, continuing damage was not de
tected. The heavy macrophage infiltration observed in
the 1999 biopsy was absent, and macrophages were not
apparent. Classical features of PML, such as enlarged
oligodendroglial cells, were also mainly absent, atypical
astrocytes were rare and only weak nuclear SV40 or p53
immunostaining was noted (Figure 3). We considered
weak staining of the cytoplasm of glial cells to be nonspecific since this low level of background staining was
present in normal tissue within the section and also pre
sent in the negative control where no virus was present.
A few rare cells displayed slightly more intense staining,
which are shown in insets (Figure 3). Due to these
rare cells, we cannot rule out residual viral antigens or
continued low level of expression from latent virus in this
burnt-out lesion.
There was minimal involvement of overlying cere
bellar folia and minimal depletion of cerebellar granular
cells, as determined by lack of detectable pathologic
processes (Figure 3). Thirteen additional histologic
sections from throughout the brain were dissected and
processed according to the standard neuropathological
brain examination procedure. Random sections of peri
ventricular white matter, adjacent to the lateral ventricles
and the aqueduct, where infection is most likely to
spread, revealed no diagnostically significant abnormality.
Sections from the pons were also stained for SV40 and
p53 and no staining was detected.
Remarkably, fourteen years after diagnosis the
lesion appeared confined to a single focus in the cere
bellum, as in the original presentation. No additional foci
throughout the brain, which are normally common in
this multifocal disease, were found.

Histopathologic review of the hematoxilin and eosin
stained slides from the cerebellar stereotactic biopsy
specimen of 1999 showed the classic features of PML,
including demyelination with abundant macrophages,
no lymphocytes or granulocytes and relative preserva
tion of axons. Occasional enlarged oligodendroglial cells
with dense chromatin and atypical astrocytes were
also present (Figure 2). To detect virus, SV40 T antigen
immunostaining was used. JC virus is a papovavirus
in the polyoma family. SV40 monoclonal antibody was
raised against a short peptide from the large T antigen
of Simian Virus 40, another member of this virus family.
This antibody also recognizes the large T antigen from
both JC and BK viruses. It does not recognize small T
antigens. SV40 immunostaining highlighted nuclei of
infected oligodendroglial cells and occasional blandappearing astrocytes, but did not highlight atypical
astrocytes in the biopsy. Staining for p53 was performed
to detect secondary viral effects on glia as support for
[16]
the diagnosis . The p53 antibody stained the nuclei of
atypical glial cells. Thus these atypical astrocytes were
likely reactive rather than infected. This review of the
biopsy confirmed the previous diagnosis of PML.
At autopsy, gross examination of the brain surface
and of coronal sections at 1 cm intervals revealed no
ventricular enlargement, and no periventricular, or other
white matter abnormalities. The brain was thoroughly
examined by coronal sectioning from forebrain to brain
stem and no areas of softening or discoloration were
found. PML frequently extends initially to periventricular
regions, yet no cerebral lesions were found in this case.
Sagittal sectioning of the cerebellum revealed a 1.0 cm ×
0.8 cm × 0.5 cm focus of tissue softening just lateral to
the vermis on the left, in the region of the original biopsy.
This is the area of the lesion identified in the 2006 and
2008 CT brain scans. This area of softening included
cerebellar white matter and the dentate nucleus.
On histologic examination of the post-mortem brain
sections from the original lesion in the cerebellar white
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Figure 3 Post-mortem histologic analysis. A: The cerebellar lesion examined by histology shows a severe loss of myelinated fibers in the white matter, as stained
by Luxol blue/Periodic Acid-Schiff. Note central pale area in the image. Also note that the surface folia, stained pink at the lower corners of the image, display no
involvement. Inset (left) shows a higher magnification of an axonal spheroid from the region of the lesion, indicative of residual axonal damage, stained by H and E.
Inset (right) shows another axonal spheroid from the same region at higher magnification also stained by H and E. Note that the pale lesion lacks evidence of active
viral infection, with no macrophage infiltration or other inflammatory processes; B: Myelin basic protein immuno-staining reveals a severe loss of myelinated fibers
stained brown in the cerebellar lesion. Note relative sparing of subcortical U-fibers (arrow). Inset (left) Higher magnification of a cell in the lesion stained for myelin
basic protein that shows ragged myelin distribution. This demyelination appears to be quiescent; C: Section of the lesion in the cerebellum stained for neurofilament
protein shows a loss of axons nearly proportional to the loss of myelin. Note relative sparing of subcortical U-fibers (arrow). Inset (left) shows higher magnification of
neurofilament staining in the area of the lesion. Axons apparently lost in the acute phase in 1999 have not regenerated; D: Examples of rare atypical astrocytes found
at the periphery of the lesion in H and E stained sections. Insets at higher magnification; E: SV40 immunostaining for T antigen shows some non-specific granular
pattern within the cytoplasm of a few glial cells in the region of the lesion, some faint nuclear staining and scattered acellular granular deposits. This staining suggests
latent infection with low levels of residual antigen. Insets show examples at higher magnification; F: The p53 immunostain shows that atypical astrocytes are mostly
negative. Inset (left) another example of an atypical astrocyte that does not stain at the same magnification, and inset (right) a rare example of a p53 positive atypical
glial cell. Macrophages were very rare and p53 staining was not observed. H and E: Hematoxilin and eosin.

the polyomavirus, JCV in immunosuppressed individuals.
Although long-term survival has been reported in PML,
the histological appearance of a demyelinating plaque in
complete remission has not been well described. Here
we show that demyelination in the original lesion was not
repaired despite 14 years of remission, while evidence of
continuing acute infection was absent.
The lack of defined viral particles, absence of pro
gressive lesions, and inflammatory processes suggests
that the virus had either been cleared or was latent. Since
polyomaviruses persist in cells in a latent form, either
[17,18]
episomally or when integrated into cellular DNA
,
surviving glia in the lesion could harbor latent virus and
continue to express viral antigens at low levels without
producing sufficient infective particles to spread the
virus.
The risk of PML is present throughout the post trans
plantation period with a higher case fatality and incidence
than reported in HIV patients on HAART or multiple
[9]
sclerosis patients treated with natalizum . There is no
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cure for PML, but prolonged survival rates are becoming
increasingly common; although in one series, patients
with cerebellar lesions tended to have a worse clinical
[6]
outcome . Magnetic resonance imaging brain findings
typically show leukomalacia with ventricular enlargement
secondary to destruction of the white matter at the site
of previous PML lesions, and focal areas of subcortical
[6,8]
atrophy with preservation of the cortical ribbon .
Although this case illustrates the classic histological
features of PML at initial presentation together with
neurological symptoms, imaging findings in the cerebel
lum and JCV confirmed biopsy, the patient’s neurological
symptoms were non-progressive despite continued imm
unosuppression. At autopsy, only residual damage in
the location of the original lesion was observed, and
histopathologic features of active infection in this region
were absent, presumably indicating an effective cellular
immune response against the virus. Serological workup
+
of HIV cases has suggested a role for CD8 cytotoxic
[12]
T-lymphocytes against JCV , although in this current
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case no significant lymphocytic presence was detected
in either the cerebellar biopsy or the post-mortem brain.
Recent reports suggest findings of mutated JCV in CSF
may correlate with slower or halted disease progression
in HIV but no correlation was found in transplant reci
[2,19,20]
pients despite similarly mutated virus
.
One of the earliest histopathological descriptions
of patients with long term survival with PML revealed
classical findings of progressive multifocal leukoen
[21]
cephalopathy, but with numerous eosinophils . Viral
particles were found in oligodendrocyte nuclei and
cytoplasm with electron microscopy. Other cases of long
term survival in non-HIV-infected patients are so rare
as to be reportable, and include immunosuppressed
[6,7,22]
patients for leukemia-lymphoma treatment
as well
[14]
[13]
as solid organ transplant such as kidney and liver .
The current case is unusual in that the neurological
status was stable and at autopsy, gross evidence of mul
tifocal pathology was absent, and histologic evidence
of active viral infection was absent. Despite detection
of low levels of viral antigen in the cerebellar region by
immunostaining at autopsy this patient was clinically
stable for fourteen years. No progression was detected
symptomatically, neurologically, or radiographically.
No evidence of progressive demyelination or spread of
pathology beyond the original lesion was found in postmortem evaluation of the brain.
A multicenter, retrospective cohort study of cases
of PML was performed among transplant recipients
at Mayo Clinic, Johns Hopkins University, Washington
[9]
University, and Amsterdam Academic Medical Center .
The incidence of PML was calculated at 1.24 per 1000
post transplantation person-years. In this study of 69
cases of PML associated with solid organ and bone
marrow transplantation, median survival following
symptom onset was 6.4 mo for solid organ vs 19.5 mo
for bone marrow recipients; with survival beyond one
[9]
year of only 55.7% . Anti-retroviral treatment for HIV
improves the immune system and is beneficial for those
[1]
with progressive multifocal leukoencephalopathy ;
however the only effective treatment for iatrogenically
immunosuppressed patients appears withdrawal or reconfiguration of life-saving immunosuppressive therapy
and consequent enhancement of their natural immunity.
The mechanisms for reactivation of latent JCV in brain
are poorly understood but thought to be related to immune
competence. Viral and/or host genotypes may also play
a role, since variation in human leukocyte antigens corre
[23]
lates with antibody response . Other viruses latent in
brain include herpes simplex virus (HSV). While HSV
DNA is found in a large percentage of normal brains,
little evidence exists as to whether HSV reactivates in
[24]
brain . Attempts to correlate HSV reactivation in the
brain with the risk of neurodegenerative diseases such as
[25,26]
Alzheimer’s are on-going
. How either HSV or JCV are
kept in check in the immune-competent infected person
remains a mystery.
Our study reveals residual damage, rare macro
phages, a few reactive astrocytes and minimal evidence
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of persistent viral antigen expression with no evidence
of viral replication and infective particle production.
This case demonstrates the possibility of complete
remission of PML with long-term survival in a patient
after solid organ transplant who was maintained on
immunosuppressive therapy.

ACKNOWLEDGMENTS
The authors would like to acknowledge the additional
neuropathological guidance and editorial contributions
of neuropathologist, Bette Kleinschmidt-DeMasters MD,
technical assistance of Kevin Reagan at UNM, histotech
Karen Buehler at TriCore Reference Labs, and digital image
editing of the first draft by Mike Grady.

COMMENTS
COMMENTS
Background

JC virus (JCV) causes progressive multifocal leukoencephalopathy (PML),
especially in immun-compromised patients. After solid organ transplant is
typically rapidly progressive and fatal.

Research frontiers

Here the authors present a case of PML in a patient who received a solid organ
transplant that did not progress for over 14 years despite on-going immunesuppression. The diagnosis was validated by pathological analysis of brain biopsy.

Innovations and breakthroughs

Rare insight into the histopathology of quiescent JCV infection and residual
damage, not repaired after 14 years, are presented. This is the first reported
histopathology of a JCV-induced lesion in remission.

Applications

This report demonstrates that PML progression may be halted but the original
lesion does not repair.

Terminology

JCV is a polyoma genetically similar to SV40. “JC” stands for John Cunningham,
the first patient in which the virus was discovered. It is very common in the
general population but only causes overt disease in immune compromised hosts.
PML thought to be caused by JCV, is a rare and usually fatal disease of the white
matter in the brain.

Peer-review

JCV is a human polyomavirus that infects greater than 60% of the human
population during childhood, and establishes a latent infection in healthy
individuals. Replication of the neurotropic strain of JCV in glial cells causes the
fatal demyelinating disease of the central nervous system, PML, which is seen
in patients with underlying immunocompromised conditions. PML has also been
described in patients with autoimmune diseases treated with immunomodulatory
therapies. PML is a mortal disease and there is no specific therapy. Long-term
survivors have been reported with no sign of viral reactivation and replication.
There is little known about neuropathologic description of long-term survivals. In
this manuscript, authors provided an interesting case report of a long-term PML
survivor with immunohistological evaluation. These observations are interesting
for the readers of the Journal.

REFERENCES
1

36

Engsig FN, Hansen AB, Omland LH, Kronborg G, Gerstoft J,
Laursen AL, Pedersen C, Mogensen CB, Nielsen L, Obel N.
Incidence, clinical presentation, and outcome of progressive

February 12, 2016|Volume 5|Issue 1|

SantaCruz KS et al . Neuropathology of PML remission

2

3

4

5

6

7
8
9

10

11

12

13

multifocal leukoencephalopathy in HIV-infected patients during
the highly active antiretroviral therapy era: a nationwide cohort
study. J Infect Dis 2009; 199: 77-83 [PMID: 19007313 DOI:
10.1086/595299]
Ferenczy MW, Marshall LJ, Nelson CD, Atwood WJ, Nath A,
Khalili K, Major EO. Molecular biology, epidemiology, and path
ogenesis of progressive multifocal leukoencephalopathy, the JC
virus-induced demyelinating disease of the human brain. Clin
Microbiol Rev 2012; 25: 471-506 [PMID: 22763635 DOI: 10.1128/
CMR.05031-11]
Focosi D. Does contrast enhancement predict survival in pro
gressive multifocal leukoencephalopathy? J Infect Dis 2009;
199: 1410-1411; author reply 1411-1412 [PMID: 19358677 DOI:
10.1086/597622]
Gasnault J, Costagliola D, Hendel-Chavez H, Dulioust A,
Pakianather S, Mazet AA, de Goer de Herve MG, Lancar R,
Lascaux AS, Porte L, Delfraissy JF, Taoufik Y. Improved survival
of HIV-1-infected patients with progressive multifocal leukoen
cephalopathy receiving early 5-drug combination antiretroviral
therapy. PLoS One 2011; 6: e20967 [PMID: 21738597 DOI:
10.1371/journal.pone.0020967]
Gheuens S, Pierone G, Peeters P, Koralnik IJ. Progressive multi
focal leukoencephalopathy in individuals with minimal or occult
immunosuppression. J Neurol Neurosurg Psychiatry 2010; 81:
247-254 [PMID: 19828476 DOI: 10.1136/jnnp.2009.187666]
Lima MA, Bernal-Cano F, Clifford DB, Gandhi RT, Koralnik IJ.
Clinical outcome of long-term survivors of progressive multifocal
leukoencephalopathy. J Neurol Neurosurg Psychiatry 2010; 81:
1288-1291 [PMID: 20710013 DOI: 10.1136/jnnp.2009.179002]
Stam FC. Multifocal leuko-encephalopathy with slow progression
and very long survival. Psychiatr Neurol Neurochir 1966; 69:
453-459 [PMID: 5971458]
Tavazzi E, White MK, Khalili K. Progressive multifocal leukoen
cephalopathy: clinical and molecular aspects. Rev Med Virol 2012;
22: 18-32 [PMID: 21936015 DOI: 10.1002/rmv.710]
Mateen FJ, Muralidharan R, Carone M, van de Beek D, Harrison
DM, Aksamit AJ, Gould MS, Clifford DB, Nath A. Progressive
multifocal leukoencephalopathy in transplant recipients. Ann
Neurol 2011; 70: 305-322 [PMID: 21823157 DOI: 10.1002/
ana.22408]
Shitrit D, Lev N, Bar-Gil-Shitrit A, Kramer MR. Progressive
multifocal leukoencephalopathy in transplant recipients. Transpl
Int 2005; 17: 658-665 [PMID: 15616809 DOI: 10.1007/s00147
-004-0779-3]
Antinori A, Cingolani A, Lorenzini P, Giancola ML, Uccella I,
Bossolasco S, Grisetti S, Moretti F, Vigo B, Bongiovanni M, Del
Grosso B, Arcidiacono MI, Fibbia GC, Mena M, Finazzi MG,
Guaraldi G, Ammassari A, d’Arminio Monforte A, Cinque P,
De Luca A. Clinical epidemiology and survival of progressive
multifocal leukoencephalopathy in the era of highly active
antiretroviral therapy: data from the Italian Registry Investigative
Neuro AIDS (IRINA). J Neurovirol 2003; 9 Suppl 1: 47-53 [PMID:
12709872 DOI: 10.1080/13550280390195388]
Du Pasquier RA. JCV-specific cellular immune response correlates
with a favorable clinical outcome in HIV-infected individuals with
progressive multifocal leukoencephalopathy. J Neurovirol 2001; 7:
318-322
Boulton-Jones JR, Fraser-Moodie C, Ryder SD. Long term

14

15

16
17

18

19

20

21

22

23

24
25
26

survival from progressive multifocal leucoencephalopathy after liver
transplantation. J Hepatol 2001; 35: 828-829 [PMID: 11738115 DOI:
10.1016/S0168-8278(01)00202-1]
Crowder CD, Gyure KA, Drachenberg CB, Werner J, Morales
RE, Hirsch HH, Ramos E. Successful outcome of progressive
multifocal leukoencephalopathy in a renal transplant patient. Am J
Transplant 2005; 5: 1151-1158 [PMID: 15816900 DOI: 10.1111/
j.1600-6143.2005.00800.x]
Gheuens S, Wüthrich C, Koralnik IJ. Progressive multifocal leuko
encephalopathy: why gray and white matter. Annu Rev Pathol
2013; 8: 189-215 [PMID: 23092189 DOI: 10.1146/annurevpathol-020712-164018]
Yang B, Prayson RA. Expression of Bax, Bcl-2, and P53 in pro
gressive multifocal leukoencephalopathy. Mod Pathol 2000; 13:
1115-1120 [PMID: 11048806 DOI: 10.1038/modpathol.3880206]
Coelho TR, Almeida L, Lazo PA. JC virus in the pathogenesis of
colorectal cancer, an etiological agent or another component in
a multistep process? Virol J 2010; 7: 42 [PMID: 20167111 DOI:
10.1186/1743-422X-7-42]
Wold WS, Green M, Mackey JK, Martin JD, Padgett BL, Walker
DL. Integration pattern of human JC virus sequences in two clones
of a cell line established from a JC virus-induced hamster brain
tumor. J Virol 1980; 33: 1225-1228 [PMID: 6245274]
Jensen PN, Major EO. A classification scheme for human
polyomavirus JCV variants based on the nucleotide sequence of
the noncoding regulatory region. J Neurovirol 2001; 7: 280-287
[PMID: 11517403 DOI: 10.1080/13550280152537102]
Delbue S, Elia F, Carloni C, Tavazzi E, Marchioni E, Carluccio S,
Signorini L, Novati S, Maserati R, Ferrante P. JC virus load in
cerebrospinal fluid and transcriptional control region rearrangements
may predict the clinical course of progressive multifocal
leukoencephalopathy. J Cell Physiol 2012; 227: 3511-3517 [PMID:
22253012 DOI: 10.1002/jcp.24051]
Kepes JJ, Chou SM, Price LW. Progressive multifocal leukoen
cephalopathy with 10-year survival in a patient with nontropical
sprue. Report of a case with unusual light and electron microscopic
features. Neurology 1975; 25: 1006-1012 [PMID: 1237816 DOI:
10.1212/WNL.25.11.1007]
Demir E, Liebert UG, Söylemezoglu F, Yalaz K, Köse G, Anlar B.
Childhood case of progressive multifocal leukoencephalopathy with
improved clinical outcome. J Child Neurol 2005; 20: 241-244 [PMID:
15832618 DOI: 10.1177/08830738050200031301]
Sundqvist E, Buck D, Warnke C, Albrecht E, Gieger C, Khademi M,
Lima Bomfim I, Fogdell-Hahn A, Link J, Alfredsson L, Søndergaard
HB, Hillert J, Oturai AB, Hemmer B, Kockum I, Olsson T. JC
polyomavirus infection is strongly controlled by human leucocyte
antigen class II variants. PLoS Pathog 2014; 10: e1004084 [PMID:
24763718 DOI: 10.1371/journal.ppat.1004084]
Roizman B, Whitley RJ. An inquiry into the molecular basis of HSV
latency and reactivation. Annu Rev Microbiol 2013; 67: 355-374
[PMID: 24024635 DOI: 10.1146/annurev-micro-092412-155654]
Bearer EL. HSV, axonal transport and Alzheimer’s disease: in
vitro and in vivo evidence for causal relationships. Future Virol
2012; 7: 885-899 [PMID: 23335944 DOI: 10.2217/fvl.12.81]
Itzhaki RF. Herpes simplex virus type 1 and Alzheimer’s
disease: increasing evidence for a major role of the virus. Front
Aging Neurosci 2014; 6: 202 [PMID: 25157230 DOI: 10.3389/
fnagi.2014.00202]
P- Reviewer: Sariyer IK, Williamson EM
S- Editor: Qiu S L- Editor: A E- Editor: Li D

WJV|www.wjgnet.com

37

February 12, 2016|Volume 5|Issue 1|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ISSN 2220-3249 (online)

World Journal of
Virology
World J Virol 2016 May 12; 5(2): 38-86

Published by Baishideng Publishing Group Inc

WJV

World Journal of
Virology
Editorial Board
2016-2019

The World Journal of Virology Editorial Board consists of 370 members, representing a team of worldwide experts
in virology. They are from 59 countries, including Argentina (4), Australia (8), Austria (4), Barbados (1), Belgium
(1), Brazil (7), Bulgaria (1), Cameroon (1), Canada (12), Chile (2), China (55), Croatia (2), Cuba (1), Czech Republic
(1), Denmark (1), Egypt (3), Ethiopia (1), Finland (5), France (10), Gambia(1), Germany (11), Ghana (1), Greece (2),
Hungary (1), India (13), Indonesia (1), Iran (2), Ireland (3), Israel (4), Italy (23), Japan (16), Kazakhstan (1), Kenya
(1), Kosovo (1), Mexico (2), Netherlands (5), New Zealand (1), Nigeria (1), Pakistan (1), Palestine (1), Poland (1),
Portugal (1), Romania (1), Russia (2), Saudi Arabia (1), Singapore (2), Slovakia (2), Slovenia (2), South Africa (2),
South Korea (6), Spain (19), Sweden (4), Thailand (8), Tunisia (1), Turkey (4), United Arab Emirates (1), United
Kingdom (8), United States (92), and Uruguay (1).

EDITOR-IN-CHIEF
Ling Lu, Kansas
ASSOCIATE EDITOR
Chun-Jung Chen, Taichung
GUEST EDITORIAL BOARD
MEMBERS
Chi-Ho Chan, Taichung City
Shih-Cheng Chang, Taoyuan
Hsin-Wei Chen, Miaoli County
Shun-Hua Chen, Tainan
Wei-June Chen, TaoYuan
Jiann Ruey Hong, Tainan
Reuben Jih-Ru Hwu, Hsinchu
Cheng-Wen Lin, Taichung
Na-Sheng Lin, Taipei
Tzou-Yien Lin, Taoyuan
Hsin-Fu Liu, New Taipei
Hung-Jen Liu, Taichung
Menghsiao Meng, Taichung
Wen-Ling Shih, Pingtung
Robert Yung-Liang Wang, Taoyuan
Chang-Jer Wu, Keelung
Chi-Chiang Yang, Taichung
Kung-Chia Young, Tainan
MEMBERS OF THE EDITORIAL
BOARD

Argentina
Angela Gentile, Buenos Aires
Pablo D Ghiringhelli, Bernal
Jorge V Pavan, Córdoba
Laura E Valinotto, Buenos Aires

WJV|www.wjgnet.com

Australia
Shisan Bao, Sydney
Jiezhong Chen, Nsw
Russell J Diefenbach, Nsw
Russell Diefenbach, Westmead
Ian M Mackay, Herston
John J Miles, Brisbane
David P Wilson, Sydney
Kong-Nan Zhao, Herston

Thiago M Lopes e Souza, Rio de Janeiro
Sonia M Raboni, Curitiba
Livia M Villar, Rio De Janeiro
Claudia L Vitral, Niterói

Bulgaria
Irena P Kostova, Sofia

Cameroon
Austria
Adly MM Abd-Alla, Vienna
Zoltan Banki, Innsbruck
Sabine Brandt, Vienna
Thomas Lion, Vienna

Barbados
Alok Kumar, Bridgetown

Belgium
Jan P Clement, Leuven

Richard Njouom, Yaounde

Canada
Stephen D Barr, London
Earl G Brown, Ottawa
Ivan Brukner, Montreal
Jingxin Cao, Winnipeg
Peter J Krell, Guelph
Jean F Laliberté, Vancouver
Honglin Luo, Vancouver
Xianzhou Nie, Fredericton
Xiaoli L Pang, Alberta
Jean-Pierre Routy, Montreal
Aiming Wang, Ontario
Decheng Yang, Vancouver

Brazil
Luciane P Gaspar, Curitiba
José P Gagliardi Leite, Rio de Janeiro
Luciano K de Souza Luna, Curitiba

I

Chile
Gloria L Arriagada, Vina del Mar
Marcelo López-Lastra, Santiago

February 26, 2016

China
Kun-Long Ben, Kunming
Guang-Wen Cao, Shanghai
Paul KS Chan, Hongkong
Yuan-Ding Chen, Kunming
An-Chun Cheng, Ya’an
Shang-Jin Cui, Harbin
Xiao-Ping Dong, Beijing
Zai-Feng Fan, Beijing
Jean-Michel Garcia, Hong Kong
Guan-Zhu Han, Nanjing
Yu-Xian He, Beijing
Xiu-Guo Hua, Shanghai
Wen-Lin Huang, Guangzhou
Margaret Ip, Hong Kong
Dao-Hong Jiang, Wuhan
Jian-Qi Lian, Xi’an
Xiao-Yang Mo, Hunan
Beatrice Nal, HongKong
Cheng-Feng Qin, Beijing
Hua-Ji Qiu, Harbin
Xiao-feng Ren, Harbin
Hong Tang, Chengdu
Jian-Wei Wang, Beijing
You-Chun Wang, Beijing
Ning Wang, Beijing
Mary Miu Yee Waye, Hong Kong
Patrick CY Woo, Hong Kong
Yu-Zhang Wu, Chongqing
Jian-Qing Wu, Nanjing
Rui Wu, Luoyang
Xin-Yong Liu, Jinan
Xu-Qing Zhang, Chongqing
Guo-Zhong Zhang, Beijing
Chuang-Xi Zhang, Hangzhou
Ping Zhao, Shanghai
Shi-Jun Zheng, Beijing

Croatia
Snjezana Z Lepej, Zagreb
Pero Lucin, Rijeka

Cuba
Maria G Guzman, Havana

Czech Republic
Daniel Ruzek, Ceske Budejovice

Denmark
Havard Jenssen, Roskilde

Finland
Jussi Hepojoki, Helsinki
Anne Jaaskelainen, Helsinki
Irmeli Lautenschlager, Helsinki
Pamela Osterlund, Helsinki
Antti Vaheri, Helsinki

Sunil K Lal, New Delhi
Sunil K Mukherjee, New Delhi
Ramesh S Paranjape, Pune
Sharma Pradeep, Karnal
Shamala D Sekaran, New Delhi
Rasappa Viswanathan, Coimbatore

Indonesia
France
Christian A Devaux, Montpellier
Jean Dubuisson, Lille
Duverlie Gilles, Amiens
Bedouelle Hugues, Paris
Eric J Kremer, Montpellier
Belec Laurent, Paris
Denis Rasschaert, Tours
Dominique Salmon-Céron, Paris
Christian Trépo, Lyon
Eric Wattel, Lyon

Andi Utama, Tangerang

Iran
Seyed M Ghiasi, Tehran
Farzin Roohvand, Tehran

Ireland
Carlo Bidoia, Dublin
Liam J Fanning, Cork
Weifeng Shi, Dublin

Gambia
Assan Jaye, Banjul

Israel

Germany
Claus-Thomas Bock, Berlin
Elke Bogner, Berlin
Andreas Dotzauer, Bremen
Ingo Drexler, Düsseldorf
Christoph Eisenbach, Heidelberg
Thomas Iftner, Erlangen
Florian Lang, Tuebingen
Jochen Mattner, Erlangen
Michael Nevels, Regensburg
Andreas MH Sauerbrei, Jena
Frank Tacke, Aachen

Ghana
Kwamena W Sagoe, Accra

Greece
Apostolos I Beloukas, Athens
George V Papatheodoridis, Athens

Hungary
Krisztián Bányai, Budapest

Irit Davidson, Bet Dagan
Yedidya Gafni, Bet Dagan
Murad Ghanim, Bet Dagan
Ilan Sela, Rehovot

Italy
Alberto Alberti, Sassari
Giorgio Barbarini, Voghera
Massimiliano Berretta, Aviano
Franco M Buonaguro, Naples
Maria R Capobianchi, Naples
Arnaldo Caruso, Brescia
Daniel O Cicero, Rome
Marco Ciotti, Rome
Cristina Costa, Torino
Piergiuseppe De Berardinis, Naples
Federico De Marco, Rome
Massimo EA De Paschale, Legnano
Maurizia Debiaggi, Pavia
Paolo Fabris, Vicenza
Daniele Focosi, Pisa
Simone Giannecchini, Florence
Fabrizio Maggi, Pisa
Roberto Manfredi, Bologna
Vito Martella, Valenzano
Giuseppe Portella, Napoli
Nicola Principi, Milan
Giovanni Rezza, Roma
Diego Ripamonti, Bergamo

Egypt
Mona El SH El-Raziky, Cairo
Samia A Kamal, Cairo
Abdel-Rahman N Zekri, Cairo

Ethiopia
Woldaregay E Abegaz, Addis Ababa

WJV|www.wjgnet.com

India
Akhil C Banerjea, New Delhi
Jayanta Bhattacharya, Pune
Runu Chakravarty, Kolkatta
Sibnarayan Datta, Tezpur
Kumar Jitendra, Punjab
Himansu Kesari Pradhan, New Delhi
Sachin Kumar, Assam

II

Japan
Masanori Daibata, Nankoku
Bin Gotoh, Otsu
Shoji Ikuo, Kobe
Takashi Irie, Hiroshima
Hiroki Isomura, Maebashi
Hideya Kawasaki, Hamamatsu

February 26, 2016

Eiichi N Kodama, Sendai
Emoto Masashi, Gunma
Hiromitsu Moriyama, Tokyo
Kenji Okuda, Yokohama
Nobuhiro Suzuki, Okayama
Takashi Suzuki, Shizuoka
Tetsuro Suzuki, Hamamatsu
Yoshiyuki Suzuki, Nagoya-shi
Akifumi Takaori-Kondo, Kyoto
Tetsuya Toyoda, Toyohashi

Kazakhstan
Vladimir E Berezin, Almaty

Kenya
George G Maina, Nairobi

Romania
Anda Baicus, Bucharest

Sweden
Russia
Anton Buzdin, Moscow
Elena V Gavrilova, Novosibirsk

Saudi Arabia
Ahmed S Abdel-Moneim, Al-Taif

Singapore
Sophie Bellanger, Singapore
Ding X Liu, Singapore

Kosovo
Lul Raka, Prishtina

Mexico
Slovenia
Uros Krapez, Ljubljana
Andrej Steyer, Ljubljana
Netherlands
Kimberley SM Benschop, Amsterdam
Benjamin Berkhout, Amsterdam
Byron EE Martina, Rotterdam
Willem JG Melchers, Nijmegen
Monique Nijhuis, Utrecht

Goran PL Bucht, Umea
Ali Mirazimi, Solna
Muhammad Munir, Uppdala
Bo F Oberg, Huddinge

Thailand
Prasert Auewarakul, Bangkok
Parin Chaivisuthangkura, Bangkok
Wasin Charerntantanakul, Chiang Mai
Wansika Kiatpathomchai, Bangkok
Sasisopin Kiertiburanakul, Bangkok
Winyou Mitarnun, Chiang Mai
Yong Poovorawan, Bangkok
Viroj Wiwanitkit, Bangkok

Slovakia
Gabriela Bukovska, Bratislava
Julius Rajcani, Bratislava

Juan E Ludert, Mexico City
Julio Reyes-Leyva, Mexico

Juan-Carlos Saiz, Madrid
Noemi Sevilla, Madrid
Natalia Soriano-Sarabia, Madrid

Tunisia
Olfa Bahri, Tunis

Turkey
Omer Coskun, Ankara
Iftihar Koksal, Trabzon
Aykut Ozdarendeli, Kayseri
Ayca A Sayiner, Izmir

South Africa
Janusz T Paweska, Sandringham
Dirk Stephan, Matieland

United Arab Emirates
Tahir A Rizvi, Al Ain

New Zealand
Olga S Garkavenko, Auckland

Nigeria
Olajide A Owolodun, Plateau State

Pakistan
Muhammad I Qadir, Faisalabad

Palestine
Ahmad Y Amro, Jerusalem

Poland
Brygida Knysz, Wroclaw

Portugal
Celso Cunha, Lisbon

WJV|www.wjgnet.com

South Korea
Sang Hoon Ahn, Seoul
Tae-Jin Choi, Busan
Young-Ki Choi, Cheongju
Kee-Jong Hong, Cheongwon
Bum-Joon Kim, Seoul
Junsoo Park, Wonju

Spain
Alí Alejo, Valdeolmos
Alfredo Berzal-Herranz, Granada
Rafael Blasco, Madrid
Julio Collazos, Usánsolo-Galdácano
Juan M Hernández, Madrid
Gómez L Jaime, Córdoba
Josep M Llibre, Badalona
Cecilio López-Galíndez, Madrid
F. Xavier López-Labrador, Valencia
JoséA Melero, Madrid
Luis Menéndez-Arias, Madrid
Andrés Moya, València
David R Pereda, Sevilla
Pilar Perez-Romero, Sevilla
Josep Quer, Barcelona
Daniel López Rodríguez, Majadahonda

III

United Kingdom
Shiu-Wan Chan, Manchester
Simon R Clegg, Preston
Chiriva I Maurizio, Nottingham
Iain M Morgan, Glasgow
Mark R Nelson, London
Adrian W Philbey, Glasgow
James P Stewart, Liverpool
Gavin WG Wilkinson, Cardiff

United States
Nafees Ahmad, Tucson
Ashok Aiyar, Los Angeles
Hizi Amnon, Bethesda
Judith M Ball, Texas
Igor M Belyakov, Frederick
Bradford K Berges, Provo
Preeti Bharaj, Orlando
Jay C Brown, Charlottesville
Victor E Buckwold, Walkersville
Alexander A Bukreyev, Galveston
Joseph J Carter, Seattle
Maria G Castro, Los Angeles
Yan-Ping Chen, Beltsville

February 26, 2016

Xiaojiang S Chen, Los Angeles
Chaoping Chen, Fort Collins
Pawel S Ciborowski, Omaha
Harel Dahari, Los Alamos
David A Davis, Bethesda
Don J Diamond, Duarte
Dimiter S Dimitrov, Frederick
Yajarayma JT Feldman, Sacramento
Vincent N Fondong, Dover
Phillip A Furman, Princeton
Shou-Jiang Gao, San Antonio
Kaplan Gerardo, Bethesda
David R Gretch, Seattle
Hailong Guo, Rochester
Haitao Guo, Indianapolis
Young S Hahn, Charlottesville
James M Hill, New Orleans
Wei Jiang, Charleston
Xia Jin, New York
Clinton Jones, Lincoln
Robert Jordan, Corvallis
Adriana E Kajon, Albuquerque
Krishna MV Ketha, Bethesda
Paul R Kinchington, Pittsburgh
Prasad S Koka, San Diego
Majid Laassri, Rockville
Feng Li, Brookings
Jin Ling, Corvallis

WJV|www.wjgnet.com

Yuanan Lu, Honolulu
Igor S Lukashevich, Louisville
Paolo Lusso, Bethesda
Ravi Mahalingam, Aurora
Barry J Margulies, Towson
Michael R McConnell, San Diego
George Miller, Boston
Mohammad Mir, Kansas City
Mansour Mohamadzadeh, Chicago
Thomas P Monath, Menlo Park
Jonathan P Moorman, Johnson City
Egbert Mundt, Stillwater
Karuppiah Muthumani, Philadelphia
Eleftherios Mylonakis, Boston
Hiroyuki Nakai, Pittsburgh
Debiprosad Nayak, Los Angeles
Oscar A Negrete, Livermore
Anthony V Nicola, Richmond
Shunbin Ning, Miami
Diana Nurutdinova, St. Louis
Phillipe N Nyambi, New York
Slobodan Paessler, Galveston
Krishan K Pandey, Saint Louis
Virendra N Pandey, Newark
Eric M Poeschla, Rochester
Andrew P Rice, Houston
Jacques Robert, Rochester
Rachel L Roper, Greenville

IV

Paula Saá, Rockville
Deepak Shukla, Chicago
Andrey Staruschenko, Milwaukee
Qiyi Tang, Ponce
Sharof M Tugizov, San Francisco
Christophe Vanpouille, Bethesda
Robert J Visalli, Savannah
Abdul A Waheed, Frederick
Xiu-Feng Wan, Mississippi State
Xiuqing Wang, Brookings
Jane H Wang, Chicago
Xinzhen Yang, Boston
Zhiping Ye, Bethesda
Kyoungjin J Yoon, Ames
Jianxin You, Philadelphia
Yan Yuan, Philadelphia
Lijuan Yuan, Blacksburg
Hong Zhang, Rockville
Luwen Zhang, Lincoln
Zhi-Ming Zheng, Bethesda
Hong Zheng, Tampa
Heshan S Zhou, Louisville

Uruguay
Matías Victoria, Salto

February 26, 2016

WJ V

World Journal of
Virology

Contents

Quarterly Volume 5 Number 2 May 12, 2016

REVIEW
38

Inflammatory and oxidative stress in rotavirus infection
Guerrero CA, Acosta O

MINIREVIEWS
63

Twenty years of human immunodeficiency virus care at the Mayo Clinic: Past, present and future
Cummins NW, Badley AD, Kasten MJ, Sampath R, Temesgen Z, Whitaker JA, Wilson JW, Yao JD, Zeuli J, Rizza SA

68

Hepatitis C virus/human T lymphotropic virus 1/2 co-infection: Regional burden and virological outcomes in
people who inject drugs
Castro E, Roger E

ORIGINAL ARTICLE
Retrospective Study
73

Active tracking of rejected dried blood samples in a large program in Nigeria
Inalegwu A, Phillips S, Datir R, Chime C, Ozumba P, Peters S, Ogbanufe O, Mensah C, Abimiku A, Dakum P, Ndembi N

LETTERS TO THE EDITOR
82

Viral outbreaks and communicable health hazards due to devastating floods in Pakistan
Saeed U, Piracha ZZ

85

Determination of 50% endpoint titer using a simple formula
Ramakrishnan MA

WJV|www.wjgnet.com

I

May 12, 2016|Volume 5|Issue 2|

World Journal of Virology

Contents

Volume 5 Number 2 May 12, 2016

ABOUT COVER

Editorial Board Member of World Journal of Virology , Hua-Ji Qiu, PhD, Professor,
Department of Swine Infectious Diseases, Harbin Veterinary Research Institute,
Harbin 150001, Heilongjiang Province, China

AIM AND SCOPE

World Journal of Virology (World J Virol , WJV, online ISSN 2220-3249, DOI: 10.5501)
is a peer-reviewed open access academic journal that aims to guide clinical practice and
improve diagnostic and therapeutic skills of clinicians.
WJV covers topics concerning arboviral infections, bronchiolitis, central nervous
system viral diseases, DNA virus infections, encephalitis, eye infections, fatigue syndrome,
hepatitis, meningitis, opportunistic infections, pneumonia, RNA virus infections, sexually
transmitted diseases, skin diseases, slow virus diseases, tumor virus infections, viremia,
zoonoses, and virology-related traditional medicine, and integrated Chinese and Western
medicine. Priority publication will be given to articles concerning diagnosis and treatment
of viral diseases. The following aspects are covered: Clinical diagnosis, laboratory
diagnosis, differential diagnosis, imaging tests, pathological diagnosis, molecular biological
diagnosis, immunological diagnosis, genetic diagnosis, functional diagnostics, and physical
diagnosis; and comprehensive therapy, drug therapy, surgical therapy, interventional
treatment, minimally invasive therapy, and robot-assisted therapy.
We encourage authors to submit their manuscripts to WJV. We will give priority to
manuscripts that are supported by major national and international foundations and those
that are of great basic and clinical significance.

Indexing/Abstracting

World Journal of Virology is now indexed in PubMed, PubMed Central.

FLYLEAF

I-IV

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li 	
Responsible Electronic Editor: Ya-Jing Lu
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Virology
ISSN
ISSN 2220-3249 (online)
LAUNCH DATE
February 12, 2012
FREQUENCY
Quarterly
EDITOR-IN-CHIEF
Ling Lu, MD, PhD, Department of Pathology and
Laboratory Medicine, University of Kansas Medical
Center, Kansas City, 3901 Rainbow Blvd, WHE 3020,
KS 66160, United States
EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director

WJV|www.wjgnet.com

Editorial Board

Responsible Science Editor: Xue-Mei Gong
Proofing Editorial Office Director: Xiu-Xia Song

World Journal of Virology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-85381891
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

COPYRIGHT
© 2016 Baishideng Publishing Group Inc. Articles
published by this Open-Access journal are distributed
under the terms of the Creative Commons Attribution
Non-commercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non-commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opinions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.wjgnet.com/bpg/g_info_20160116143427.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

PUBLICATION DATE
May 12, 2016

II

May 12, 2016|Volume 5|Issue 2|

WJV

World Journal of
Virology
World J Virol 2016 May 12; 5(2): 38-62
ISSN 2220-3249 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5501/wjv.v5.i2.38

REVIEW

Inflammatory and oxidative stress in rotavirus infection
Carlos A Guerrero, Orlando Acosta
be that the receptor usage and tropism of rotaviruses is
determined by the species, cell line and rotavirus strain.
Rotaviruses have evolved functions which can antagonize
the host innate immune response, whereas are able to
induce endoplasmic reticulum (ER) stress, oxidative stress
and inflammatory signaling. A networking between ER
stress, inflammation and oxidative stress is suggested,
in which release of calcium from the ER increases the
generation of mitochondrial reactive oxygen species
(ROS) leading to toxic accumulation of ROS within ER and
mitochondria. Sustained ER stress potentially stimulates
inflammatory response through unfolded protein response
pathways. However, the detailed characterization of
the molecular mechanisms underpinning these rota
virus-induced stressful conditions is still lacking. The
signaling events triggered by host recognition of virusassociated molecular patterns offers an opportunity
for the development of novel therapeutic strategies
aimed at interfering with rotavirus infection. The use of
N-acetylcysteine, non-steroidal anti-inflammatory drugs
and PPARγ agonists to inhibit rotavirus infection opens a
new way for treating the rotavirus-induced diarrhea and
complementing vaccines.
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Core tip: Rotavirus entry into the host cell requires cell
surface molecules providing binding, chaperoning and
oxido-reducing functions. Sialic acid/integrin α2β1, heat
shock cognate protein 70 and protein disulfide isomerase
(PDI) seem to perform these functions. Recently, the
cell surface oxido-reduction activity based at least on
PDI has been highlighted as a potential determinant of
the conformational changes that are required by viral
structural proteins in order to facilitate virus entry. The
rotavirus-induced oxidative stress and inflammatory
signaling is an attractive target for therapeutic intervention
as antioxidant and anti-inflammatory treatment has

Abstract
Rotaviruses are the single leading cause of life-threatening
diarrhea affecting children under 5 years of age. Rotavirus
entry into the host cell seems to occur by sequential
interactions between virion proteins and various cell
surface molecules. The entry mechanisms seem to involve
the contribution of cellular molecules having binding,
chaperoning and oxido-reducing activities. It appears to
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proved to efficiently inhibit rotavirus infection.

OXIDATIVE STRESS
Balancing oxidation-reduction (redox) status in cells
[18,19]
seems to be a crucial event for maintaining life
.
Molecular oxygen has the ability to form free radicals
which are highly reactive species having a single unpaired
electron in their outermost shell. Reactive oxygen
species (ROS) include the superoxide anion (O2 ) that
is transformed into H2O2 through the reaction catalyzed
by superoxide dismutase (SOD). H2O2 may interact
with transition metals such as iron and cupper to form
the hydroxyl radical (OH ). Reactive nitrogen species
(RNS) are initially produced in cells by the reaction of
nitric oxide (NO) and O2 that produces peroxynitrite
(ONOO ), whereas NO is biosynthesized by various
nitric oxide synthases. ROS and RNS are normally
generated by cellular metabolism and at low or moderate
concentrations play physiological roles including cellular
response to infectious agents, cellular signaling, ind
uction of mitogenic response, neurotransmission, blood
pressure regulation, smooth muscle relaxation, and imm
[20]
une regulation . Oxidative stress occurs when the
production of ROS and other reactive species overwhelm
the capacity of cellular antioxidant defenses to detoxify
these potentially injurious species. Redox imbalance
can be produced through an increased generation of
ROS, depletion of cellular antioxidant molecules and
[21]
decrease in antioxidant molecules . Harmful effects of
ROS are represented by oxidative damage to proteins,
lipids and DNA, whereas RNS can cause protein nitro
[20]
sylation, lipid oxidation and DNA fragmentation . On
the other hand, excessive ROS and RNS have been
linked to pathogenesis of cancer, cardiovascular disease,
atherosclerosis, hypertension, ischemia/reperfusion
injury, diabetes mellitus, neurodegenerative diseases,
[20,22]
rheumatoid arthritis, pulmonary disease, and ageing
.
Oxidative stress has been implicated in pathological
conditions associated with different human inflammatory
[23]
diseases . Cells have developed mechanisms to deal with
damaging oxidative environments. These mechanisms
include intracellular redox systems such as GSH/GSSG
+
+
(the glutathione system), NADH/NAD , NADPH/NADP
and Trx(SH)2/Trx(S-S) (the thioredoxin system).
GSH is the most abundant and ubiquitous intracellular
antioxidant in cells from higher organisms and oxidative
stress is commonly associated with decreased GSH or
increased GSSG levels. However, cellular oxidative stress
has been defined in terms of the disruption of biological
redox signaling events rather than a simple imbalance
[24,25]
between pro- and ant-oxidant systems
. Increasing
data suggest that oxidative stress is involved in the
pathogenesis of many diseases and disorders, including
infectious diseases caused by viruses affecting the
gastrointestinal tract.

Guerrero CA, Acosta O. Inflammatory and oxidative stress in
rotavirus infection. World J Virol 2016; 5(2): 38-62 Available
from: URL: http://www.wjgnet.com/2220-3249/full/v5/i2/38.htm
DOI: http://dx.doi.org/10.5501/wjv.v5.i2.38

INTRODUCTION
Rotaviruses are the major cause of severe, acute, and
dehydrating diarrhea in children under 5 years of age
worldwide. World Health Organization estimates that
more than 25 million outpatient visits and 2 million
hospitalizations attributable to rotavirus infections
[1]
occurred each year . Child deaths caused by rotaviruses
[2]
were estimated at more than 453000 in 2008 globally .
Rotaviruses belong to the family Reoviridae and their
11-segmented double-stranded RNA (dsRNA) genome
is encapsidated within a non-enveloped virion composed
by three concentric protein layers [triple-layered particle
[3]
(TLP)] . The outer layer is made of two structural
proteins, VP4 and VP7. The middle layer is composed
of VP6 that surrounds the core shell. The inner layer is
composed of the core shell (VP2), which encloses VP1,
[4,5]
VP3 and the genomic RNA .
Rotavirus entry into the host cell seems to be
mediated by the sequential interaction of virions with
various cell surface molecules including sialic acid
[6]
[7,8]
(SA) , heat shock cognate protein 70 (Hsc70) ,
[9-11]
[12]
integrins
and protein disulfide isomerase (PDI) .
Virion penetration into the host cell involves the loss of
VP4 and VP7 converting the TLP into a double-layered
particle (DLP), which becomes transcriptionally active by
[13]
generating positive-strand RNAs (mRNAs) . Besides
translation into viral proteins, positive-strand RNAs
also serve as template for synthesizing the new dsRNA
genomic segments. Electron-dense structures, named
viroplasms, appear early in the cytoplasm of rotavirusinfected infected cells. The dsRNA synthesis and the
[14]
initial steps of virion assembly occur in viroplasms .
Several structural and non-structural virus-encoded
proteins accumulate in viroplasms for participating in
the formation of viroplasms and contributing to dsRNA
[15,16]
synthesis and viral replication
. The newly assembled
DLPs bud into the endoplasmic reticulum (ER) lumen
where a transiently acquired envelope is later replaced
[17]
by an outer protein layer consisting of VP4 and VP7 .
Releasing of mature virions from infected cells take place
by either cell lysis or by a non-classical, Golgi apparatus[16,17]
independent, vesicular transport pathway
.
Here, we review the current knowledge on the oxi
dative stress and inflammation responses induced by
rotavirus infection and the contribution of these responses
to viral pathogenesis. The analysis of the implication of
cellular proteins having oxidoreductase, thiol isomerization
and chaperone activities is also emphasized in the context
of rotavirus entry into the host cell.
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The mammalian gastrointestinal epithelium, the largest
surface area contacting the external environment, consists
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of five major cell types (enterocytes, mucus-secreting
goblet cells, hormone-secreting enteroendocrine cells,
[26]
Paneth cells, and tuft cells) . Normally, the villus tip
enterocytes at 4-5 d post-differentiation spontaneously
undergo anoikis (apoptosis) before being shed into the
[27]
gut lumen . Rotaviruses proliferate in the non-dividing
mature enterocytes localized near the tips of the villi causing
alterations in the small intestinal epithelium leading to
[28]
diarrhea . Homeostatic control of the intestinal redox
environment seems to be a critical factor for maintaining
intestine functions. Cells from intestinal epithelium
must face the challenge not only of endogenously gene
rated ROS but also of oxidant agents, mutagens and
carcinogens accessing the luminal environment. Mucosal
integrity is ensured by the luminal redox balance of the
GSH/GSSG and cysteine/cystine (Cys/CySS) couples,
that are also involved in maintaining luminal nutrient
[27,29]
absorption, mucus fluidity, and microbiota
. Normal
intestinal cell transition from proliferative state to nondividing differentiated state or apoptosis has been
associated with increasing oxidation of intracellular GSH/
[29]
GSSG or extracellular Cys/CySS redox systems . The
homeostasis of the mucosal GSH is maintained through
[30]
[31]
GSH uptake , regeneration from GSSG , and de novo
[32]
synthesis . Nevertheless, the extracellular/luminal redox
environment is predominantly maintained by the Cys/
[33]
CySS couple, with contributions from the GSH system .
Recent advances on intestinal redox biology suggest that
the loss of intestinal homeostasis caused by oxidative
stress in the mucosal and adjacent tissues can alter
nutrient digestion and absorption, stem cell proliferation,
[27]
enterocyte apoptosis, and immune response . Under
standing the mechanisms by which rotaviruses alter the
intestinal homeostasis through the induction of oxidative
stress open the way for designing new strategies based on
the use of antioxidants as therapeutic tools for treating the
severe and dehydrating rotavirus-induced diarrhea.

molecular patterns and recruitment of several adaptor
proteins, signaling pathways are activated resulting in the
induction of cytokine production in virus-infected cells.
Activation of TLRs stimulates nuclear factor-κB (NF-κB)
and IRF3/7 signaling leading to the expression of type I
interferons (IFNs) IFN-α and IFN-β, the production of proinflammatory cytokines, such as pro-interleukin (IL)-1β,
[36]
and the activation of natural killer cells . RLRs, including
RNA helicases such as retinoic acid inducible gene I (RIG-I)
and melanoma differentiation associated gene 5 (MDA-5),
and double stranded RNA-dependent protein kinase (PKR)
[37]
are particularly important in viral infections . The NLR
[38]
family consists of 22 proteins in humans and 34 in mice .
NLRs are involved in various innate immunity-associated
functions including their assembly into multimeric protein
complexes named as inflammasomes which are in charge
[39]
of processing precursors of cytokines IL-1β and IL-18 .
NLRP1, NLRP3, NLRP6, NLRP12 and NLRC4 have been
found in distinct inflammasomes which participate in
the recognition of different stimuli such as bacteria and
[39]
viruses, among others .
Host cells response to viral infections through an
early innate response consisting in the expression
and secretion of typeⅠ, Ⅱ and Ⅲ IFN which, in turn,
stimulate the expression of numerous IFN-stimulated
[40]
gene (ISG) products having antiviral activities . The
IFN-regulatory factor (IRF) family of transcription factors
comprises nine members (IRF1 to IRF9) which play
crucial roles in activating innate and adaptive immune
[41]
responses to viral infection . IRF3, IRF5, and IRF7
are particularly important for inducing the expression
[42]
of typeⅠIFN . The activation of the NF-κB by virus
infection plays an important role during the induction of
[43]
innate immune responses . Transcription of typeⅠIFN is
induced by activation of RLRs RIG-I and MDA-5 following
[44]
recognition of cytoplasmic RNA . NF-κB plays a role
in the expression control of over 500 genes involved in
immune inflammatory responses, acute-phase inflammatory
responses, angiogenesis, oxidative stress responses, cell
adhesion, differentiation, apoptosis, AIDS, atherosclerosis,
[45,46]
asthma, arthritis and metastasis
. The central role
played by NF-κB signal pathway in physiological and
pathological conditions has made it a potential target for
[45,47]
pharmacological intervention
.
Rotavirus infection stimulates early antiviral gene
expression and IFN-β via a signaling pathway that involves
the participation of IFN-β promoter stimulator 1 which is
recruited to signaling complexes after activation of RIG-I
[48,49]
or MDA-5
. However, rotavirus PAMPs have not been
exactly characterized and some rotavirus replication
products have been suggested as activators of RIG-I
[48,49]
and MDA-5
. The exact identification of rotavirus
PAMPs that are recognized by RLRs have been judged
to be critical for understanding of rotavirus-host cell
[50]
interactions . Endosomal and cell surface membraneassociated PRRs, including TLR3, TLR7 and TLR9, have
been implicated in rotavirus recognition for stimulating
[51-53]
innate immune response to infection
. An increased
level of typeⅠand Ⅱ IFNs has been found in children and

INNATE IMMUNE RESPONSE
Innate immunity, the first arm of the host immunity
system, plays an important role in immediately controlling
the pathogen invasion before induction of the mechanisms
leading to an adaptive immune response. Innate immune
system activation occurs through the recognition of
pathogens by the germ-line-encoded pattern-recognition
receptors (PRR). These receptors recognize specific
structures present in pathogens, such as bacterial wall
components or viral dsRNA. PRRs function by recognizing
conserved pathogen-associated molecular patterns
(PAMP) that are expressed by the invading pathogens.
PRRs include toll-like receptors (TLRs), NOD-like receptors
(NLRs), RIG-I-like receptors (RLRs) and AIM2-like
receptors. Ten different TLRs have been identified in
humans, whereas there are 12 functional TLRs known in
[34]
mice . TLR9 is activated upon stimulation with viral DNA,
TLR7 and TLR8 are activated by viral single-stranded RNA,
while TLR3 activation is produced by viral double-stranded
[35]
RNA . Following receptor activation by virus associated
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[72,73]

animals as a consequence of rotavirus recognition by host
[54,55]
PRRs
. However, some studies have suggested that
whereas rotaviruses are able to trigger IFN production,
[56]
they also can suppress the IFN effects . Evidence
has been provided that both IFN-α/β and IFN-g play an
important role in host response to rotavirus infection.
However, their relative contribution may depend on the
nature of rotavirus strain, site of replication, synergistic
[50]
effects of IFN-γ, sustained replication and host age .
It has been shown that type Ⅱ IFNs have a relatively
modest effect in restricting early replication of homologous
rotavirus strains in comparison with a higher effect on
[57]
heterologous strains . Further studies are needed to
assess the roles of TLRs and IFNs during the early infection
by homologous and heterologous rotavirus strains.

life cycle by modulating infectivity
, serving as a
[7,8]
receptor molecule
or participating in viral assembly and
[74,75]
morphogenesis
. Hsc70 is a constitutively expressed
molecular chaperone belonging to the Hsp70 family.
Hsc70 has been reported to be involved in protection
from several forms of cellular stress performing multiple
cellular functions including assistance in folding of nas
cent polypeptides, prevention of protein aggregation,
translocation of proteins across membranes, chaperone
mediation of autophagy, survival of cancer cells, and
[76]
disassembly of clathrin-coated vesicles . Hsc70 has
been reported to protect cells from oxidative stress and
[77]
apoptosis . Although Hsc70 has not been reported as a
cell surface receptor facilitating attachment of Japanese
encephalitis virus (JEV) virions, it has been found to be
associated with virus penetration via clathrin-mediated
[78]
endocitosis . There is evidence showing that NF-κB
p65-induced cell proliferation is dependent on a NF-κB
[79]
p65-mediated decrease of Hsc70 levels . The abovementioned evidences indicate that chaperone and
oxidoreduction activities are present at different subcellular
locations which can be used by viruses during their life
cycle stages. Further studies must be conducted in order
to better understand the specific implications of chaperone
and oxidoreduction activities in both physiological and
pathophysiological conditions.

CELLULAR PROTEINS CONTRIBUTING
REDOX AND CHAPERONE ACTIVITIES
Cellular proteins having oxidoreduction and/or chaperone
activities have been shown to be essential for successful
replication of many viruses. In this context, PDI and
Hsc70, and other related cellular proteins, deserve to
be highlighted. The PDI family of dithiol-disulfide oxido
reductases comprises at least 17 members in mammalian
[58]
[59]
cells and up to 21 members including other organisms .
PDI is mostly present in the ER where it catalyzes the
oxidative formation of disulfide bonds in nascent proteins
[60,61]
entering the secretory pathway
. Conversely, PDI
acts as a reductase on cell membrane surface, thereby
[59,62]
reducing cell membrane-bound protein disulfide bonds
.
Erp57, a protein disulfide isomerase chaperone similar to
PDI, has been found to be involved in ER quality control
[63]
of newly-synthesized glycoproteins . Erp57 is located in
the ER but it is also present on the cell surface and plasma
[64]
membrane lipid microdomains (rafts) from some cells .
PDI family proteins catalyze the introduction, reduction and
isomerization of disulfides bonds and are also enzymatic
chaperones reconstructing misfolded proteins. Human
PDI is a 57 kDa protein containing four characteristic
thioredoxin-like domains, two of which containing the
[65]
common structural motif CXXC in the active site .
PDI redox activity can be inhibited by cell membraneimpermeant thiol/disulfide-reactive agents such as DTNB
[66,67]
[5, 5-dithio-bis-(2-nitrobenzoic acid)] and bacitracin
.
Recent studies have shown that Bak, a pro-apoptotic Bcl-2
protein, mediates the pro-apoptotic function previously
reported for several PDI members. This Bak-dependent
function of PDI is performed by inducing mitochondrial
outer membrane permeabilization, linking in this way ER
[68]
chaperone proteins and apoptotic signalling . NADPH
oxidase complex (Nox) is the major contributor of ROS in
cells. PDI has been shown to interact with Nox within the
[69,70]
ER and also in the citosol
. The PDI overexpression
has been shown to produce an increase in NADPH oxidase
[71]
activity, leading to increased levels of cellular ROS .
In the context of cellular chaperone activity, Hsc70
has been shown to play an important role in the virus
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PDI IMPLICATION IN VIRUS ENTRY
PDI redox function has been found to be needed for
entry of some viruses into the host cell. Early studies
demonstrated that human immunodeficiency virus (HIV)
entry was inhibited by membrane-impermeant thiol/
disulfide-reactive agents through inhibiting PDI redox
[66]
function or other cell-surface molecules showing redox
[80,81]
activity
. PDI and thioredoxin-1 have been shown to
reduce the disulfide bonds present on HIV glycoprotein
[82]
gp120 facilitating the virus entry . It has been suggested
that endothelial PDI reduces integrins β1 and β3 causing
[83]
the internalization of dengue virus . Avian leukosis
[84]
[85]
virus and Sindbis virus entry has been found to be
dependent on the generation of free thiols in their fusion
protein. The conserved cysteine residues from the hepatitis
B virus (HBV) envelope protein coating hepatitis delta virus
[86]
particles have been shown to be essential for virus entry .
Generation of free thiols in Newcastle disease virus fusion
(F) protein have been shown to be required for virus entry
[87,88]
into cells and cell fusion
; it has been suggested that
PDI family isomerases could be responsible for such thiol
[89]
generation . Cell surface PDI has been found to facilitate
[90]
the infection of HeLa cells by mouse polyoma virus .
Studies have identified novel functions of PDI that are
[91-93]
relevant for various diseases including virus infections
.
Rotavirus infectivity inhibition has been reported to be
caused by treatment of MA104 cells with DTNB, bacitracin
[12]
or anti-PDI antibodies . It was suggested that thiol/
disulfide exchange activity on cell membrane surface
was involved in rotavirus infection as DTNB can modified
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thiol-containing cell surface proteins and bacitracin can
react with proteins containing the tetra-peptide motif
CXXC. The cell surface PDI implication in rotavirus entry
was concluded from results showing a physical in vitro
interaction between PDI and TLPs and a significant
rotavirus inhibition caused by cell pre-treatment with
[12]
anti-PDI monoclonal antibodies (mAbs) . In the same
study, it was observed that infectivity of rotavirus TLPs
was reduced by pre-treating them with DTNB, whereas
pre-treatment of TLPs with bacitracin or anti-PDI mAb did
not affect TLP infectivity. These findings suggested that
rotavirus virions contain thiol groups that are required
for virus infectivity. From this study, it was concluded
that membrane-impermeant thiol/disulfide-reactive
agents and anti-PDI mAbs inhibit rotavirus infectivity at
[12]
entry but during a post-binding step . The implication
of PDI during the rotavirus entry process has been
further studied using synthetic peptides derived from
rotavirus structural protein amino acid sequences potentially
[94]
mediating cell surface PDI–substrate interactions .
Cysteine-containing VP4 and VP7 peptides were observed
to cause a significant inhibitory effect of infectivity when
added to MA104 cells by competing with infectious
virions. It was also found that antibodies against these
cysteine-containing VP7 or VP4 peptides significantly
inhibited rotavirus infectivity suggesting that PDI can use
at least these viral amino acid sequences for interacting
[94]
with rotavirus structural proteins . Interestingly,
antibodies to VP7-derived amino acid sequences inhibited
virus infectivity only after virions were attached to host
cell surface membrane. These finding allowed authors
to suggest that these VP7 amino acid sequences were
exposed after a cell surface interaction-dependent
[94]
conformational change occurred . From these findings
it can be summarized that a thiol/disulfide exchange
is contributing to rotavirus entry to MA104 cells and
that cell-surface PDI is a potential target for DTNB and
bacitracin-induced infectivity inhibition as cell surface
thiol/disulfide exchange blockade prevented at least viral
structural proteins from being modified by cell surface
proteins catalyzing thiol/disulfide exchange (i.e., PDI).
Incubation of TLPs, VP5, VP6 or VP7 with rPDI or PDI in
membrane-enriched fractions resulted in redox changes
in viral proteins as such proteins reacted with maleimide,
a thiol reactive moiety (Rivera M, Guerrero CA, Acosta
O. Manuscript in preparation). Taken together, the above
described findings suggest that cell surface PDI reducing
activity is implicated during rotavirus entry. This fact
opens the way for the rational design of membraneimpermeant thiol/disulfide compounds able to specifically
inhibit the virus entry into the host cell.

internalization of rotaviruses into the host cell takes place
through distinct endocytic pathways that are determined
[97-99]
by the viral structural protein VP4
. The rotavirus
spike protein VP4 is cleaved by trypsin into N-terminal
VP8* and C-terminal VP5* fragments to prime TLPs for
[100]
efficient infectivity . The structural characterization of an
infectious rotavirus particle has allowed authors to propose
a model involving a sequence of conformational changes in
VP4 leading to the distortion of host cell membrane during
[4,101,102]
entry
. However, the complete understanding of the
mechanisms by which rotavirus enter cells is still lacking.
Rotavirus structural proteins VP4 (VP5* and VP8*), VP6
[96,103]
and VP7
have been involved in different interactions
with cell surface molecules during entry. Experimental
results indicated that N-acetyl neuraminic (sialic) acid
(SA)-dependent/neuraminidase-sensitive strains bind
first through VP8* to SA before interacting with integrin
α2β1 whereas this integrin is directly bound by SAindependent/neuraminidase-insensitive strains through
[104-106]
VP5*
. Available evidence has indicated that SA is a
crucial determinant for the binding of both neuraminidase[6]
sensitive and neuraminidase-insensitive rotavirus strains .
Most commonly occurring human VP4 serotypes use their
VP8* subunit to interact with cell surface GM1 ganglioside
containing the internal N-acetylneuraminic acid, the most
[107,108]
common SA
. This is in contrast with most animal
rotaviruses that bind terminal sialic acids without using
[107]
GM1 for VP4 cell binding or infection . It has also been
shown that VP8* of a human rotavirus strains specifically
[109-112]
recognizes histo-blood group antigens
. After the
initial binding to SA and integrin α2β1, post-binding studies
have led to conclude that that rotavirus interacts with
[7,8]
cell surface Hsc70 . Similar studies have also shown
that rotavirus virions interact with integrins α4β1, αxβ2
[9,10,113]
or αvβ3 after their binding to α2β1
. Recently, it has
been reported that rotaviruses also interact with reducing
[12,94]
cell surface PDI during entry
, most probably through
their structural proteins VP5*, VP6 and VP7 which are
potential substrates of PDI (Rivera M, Guerrero CA, Acosta
O, manuscript in preparation). Post-binding interactions of
[7,8,103]
VP5 and VP6 with Hsc70 has been well documented
,
whereas post-binding interactions with integrins α4β1,
[9,10,113,114]
. However, the
αxβ2 or αvβ3 have involved VP7
sequence in which these post-binding interactions occur
has not been yet established. Interactions of cell surface
molecules and rotavirus structural proteins are summarized
and schematized in Figure 1.
Crystallographic studies of VP5* have suggested that
the trypsin cleavage of VP4 is determinant in generating
conformational changes priming the VP8* and VP5*
cleavage products for interacting with their corresponding
[101,102]
cell surface receptors
. It has been hypothesized
that a conformational transition from a dimer to a foldedback trimer of VP5* would facilitate the interaction of
VP5* with the lipid bilayer membrane, resembling the
fusogenic conformational changes in enveloped-virus
[101]
fusion proteins . Regarding the functional identity of
Hsc70, this protein could be a candidate contributing to

ROTAVIRUS ENTRY INTO HOST CELL
Several cell-surface molecules have been involved in
the early interactions between rotavirus virions and
host cells. Rotavirus entry seems to occur by sequential
interactions between virion proteins and various cell
[95,96]
surface molecules
. After these initial interactions, the
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Figure 1 Rotavirus-cell surface interactions during entry. A: The rotavirus particle-associated proteins (VP1/2/3/4/5/6/7) that enclose the viral genome are
represented. Cell surface molecules including sialic acid (SA), Hsc70, PDI, Erp57, thioredoxin (TRX), and integrins a4β1, axβ2, and avβ3 are also represented.
Infection is initiated by the VP8*-mediated binding (attachment) of virion to terminal or non-terminal (neuraminidase -resistant) SAs located on cell surface glycolipids
including gangliosides or to SAs located on cell surface glycoproteins. The N- and O-substituted derivatives of neuraminic acid (SAs) are indicated. Neuraminidaseresistant rotavirus strains can bind directly to integrin a2β1 through VP5* DGE sequence. SA-dependent strains bind first through VP8* to SA before interacting with
integrin a2β1 through VP5*. A putative caveolae containing raft-associated cell surface receptors is depicted. The sequence of virion-cell interactions taking place
after binding to a2β1 has not yet been established. However, several interactions involving rotavirus structural protein (VP5*, VP7 and VP6) and raft-associated
cell surface receptors (Hsc70, PDI and integrins a4β1, axβ2 and avβ3) have been documented. Interactions between rotavirus structural proteins and cell surface
molecules are illustrated; B: Disruption of rotavirus proteins (VP5*, VP7 and VP6) caused by cell surface-associated chaperone (Hsc70, PDI) and oxido-reductase
activities (PDI, integrin avβ3) is depicted. Hsc70: Heat shock cognate protein 70; PDI: Protein disulfide isomerase.

such conformational transition. Hsc70 has been proposed
as a penetration receptor mediating JEV entry into cell
by generating conformational changes in the envelope
glycoprotein E of JEV, the protein responsible for receptor
[115]
binding and membrane fusion
. Most likely, Hsc70
not only plays a role in anchoring rotavirus virions to cell
membrane but also generating conformational transitions
in VP5* to facilitate its transition from a dimeric to trimeric
conformation. Other studies have suggested that VP5*
bound to integrin α2β1 could undergo conformational
[10,116]
changes associated to its trimerization
. Integrin α2β1
has also been shown to undergo conformational changes
and activation that may facilitate binding of VP5* to cell
[10]
membrane .
Chaperones such as Hsc70 commonly interact with
hydrophobic regions of target proteins to perform ATP[117]
dependent protein complex disassembly . Although
Hsc70 interacts with VP4 through the domains aa
[8]
[103]
642-658 and aa 531-554 , the potentially fusogenic
domain of VP5* (aa 385-404) could be a Hsc70 substrate.
Hsc70-TLP interaction in solution seemed to induce
[118]
conformational changes in VP5* and VP7 . Moreover,
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there are studies showing that DLPs interact physically
with Hsc70 at least through the VP6 sequence aa 280-297
and that cell treatment with a synthetic peptide comprising
this sequence was able to inhibit infection by animal
[103]
and human rotavirus strains . In the same study, the
presence of antibodies to the VP6 synthetic peptide was
shown to also inhibit rotavirus infectivity, suggesting
that DLPs interact with Hsc70 during the entry process.
Overall, it is not unlikely that post-binding interactions of
rotavirus virions with Hsc70 might facilitate the generation
of conformational changes in VP5* leading to the trimeric
conformation able to destabilize de lipid bi-layer of cell
[119,120]
membrane or endocytic vesicle
.
Despite the identification of these potential receptors,
there is no known single cell surface protein whose rea
ction with specific antibodies leads to an almost complete
abolition of rotavirus infectivity. For instance, partial
inhibition of rotavirus infectivity by anti-Hsc70 or antiintegrin antibodies might be reflecting the existence
[96,99,121,122]
of alternative entry routes
or “dead-end”
[123]
pathways . Partial inhibition of rotavirus infectivity by
anti-PDI mAbs might be suggesting that rotaviruses use
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alternative entry paths or that the anti-PDI mAbs used
[12]
partially inhibited PDI activity . These mAbs have been
shown to inhibit PDI activity by 49% to 90%, depending
[66,124-126]
on the assay system used
. The finding that
bacitracin greatly inhibit PDI-TLP interaction in vitro
suggested that the CXXC motif in the PDI catalytic
domain was required for this interaction rather than the
presence of free thiols in virion proteins, as shown by
[12]
the insensitivity of this interaction to DTNB treatment .
Obviously, the PDI’s chaperone activity implication in PDITLP interaction cannot be ruled out because such activity
has been reported to have become notably reduced by
bacitracin treatment.
PDI, Hsc70 and integrin αvβ3 have been found to
[12,127]
interact in lipid microdomains (“rafts”)
, which have
been proposed as being essential platforms facilitating
efficient interaction between virus particles and cellular
[96,128]
receptors
. On the other hand, some reports have
indicated that PDI forms complexes with integrins α2β1
[129,130]
and αvβ3
that have been identified as cell surface
rotavirus receptors in MA104 cells. Since integrin β3 is
[129]
known to be an endothelial cell-surface PDI substrate ,
it would be interesting to determine whether free thiol
generation in this integrin is required for its activation
and interaction with rotavirus during entry. Evidence has
been provided that IL-1α-mediated innate response of
macrophages to adenovirus implicating the interaction
of virus RGD motif with integrin β3 for triggering the
[131]
activation of pro-inflammatory responses to the virus .
Interestingly, results have been presented that a specific
inhibitor of integrin β3 (a secondary adenoviral receptor)
attenuated the cytokine release and the inflammatory
hepatic toxicity induced by an oncolytic adenovirus
without interfering with its infectivity and oncolytic
[132]
properties . Integrin β3 expression has been shown
to be required and up-regulated by classical swine fever
[133]
virus (CSFV) infection . However, PDI expression has
been found to be inhibited in the heart, liver, spleen,
lung, kidney and mesenteric lymph node tissue from a
[134]
CSFV-positive pig . Evidence has been provided that
dengue virus serotype 2 (DV2) induce up-regulation of
integrin β3 which is also required for DV2 entry into the
[135]
cell . However, studies using intestinal cell lines showed
that rotavirus infection up-regulated the expression of
integrins α2β1 and β2, whereas down-regulated that of
[136]
integrins αvβ3, αvβ5, and α5β1 . It would be interesting
to examine whether cell surface PDI activates integrin β3
to facilitate rotavirus infection since PDI expression has
[127]
been up-regulated by rotavirus infection . It has been
found that dengue virus infection increases cell surface
PDI expression for activating integrins β1 and β3 and
[83]
facilitating virus entry into epithelial cells . Chaperone
and thiol-disulfide exchange activities are schematized in
Figure 2.
Rotavirus virion binding to the cell surface and
the subsequent post-binding events seem to involve
conformational changes and oxidoreduction reactions in
the virus structural proteins. Regarding the properties
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of cell surface proteins interacting with virus structural
proteins, it can be proposed that conformational
changes could be produced by the chaperone activity
characterizing Hsc70 and PDI, whereas redox status
changes involving also conformational changes could be
induced by oxidoreductase and thiol/disulfide isomerase
[129,137]
activities present in PDI and integrin αvβ3
. On
the other hand, there is evidence suggesting that thiol
isomerases such as PDI and Erp57 bind to β3 subunit of
integrins αⅡbβ3 and αvβ3 for regulating their function
during thrombus formation and that αⅡbβ3 also has an
[138]
endogenous thiol isomerase activity . These results
have led to propose that integrin β3 function might be
regulated by both exogenous and endogenous thiol
isomerase activity and that PDI inhibitors could be
useful therapeutic tools for treating integrin-associated
[138]
diseases .
Rotavirus structural proteins VP4, VP6 and VP7 have
been reported to contain cysteine residues able to form
[139-141]
intramolecular disulfide bonds
. However, crystal
[142]
[108]
[101,143]
structure studies of VP6
VP8*
and VP5*
have shown that these proteins lack disulfide bonds.
Rotavirus VP4 from many SA-dependent animal strains
contains five conserved cysteines at positions 203, 216,
318, 380 and 774. It has been shown for simian RRV and
SA11 that their VP4 contains two disulfide bonds residing
in the VP8* (Cys-203/Cis-216) and VP5* (Cys-318/
[139]
Cis-380) domains . A SA-independent variant of RRV
was reported to have an additional cysteine at position
267 that was able to form an alternative disulfide bond
implicating Cys-318 while co-existing with the disulfide
[144]
bond Cys-318/Cys-380
. The presence of highly
conserved disulfide bonds in VP5* has been suggested to
facilitate bringing together the trypsin cleavage sites, the
integrin binding site and the putative fusogenic peptide
[121,139]
into intimate proximity
. The mutant VP5* containing
mixed species of disulfide bonds was supposed to have an
altered conformation explaining its ability interact with the
[144]
host cell surface independently from SA interaction . In
[145]
this context, the concept of functional disulfide bonds
could be extended to the interactions between disulfide
bond-containing proteins of rotavirus virions and the cell
surface proteins having thiol isomerase activity including
PDI and integrins. Interactions of rotavirus structural
proteins and cell surface molecules during entry are
summarized in Table 1.
Research aims at unraveling the mechanisms involved
in rotavirus entry is very critical for understanding
versatility of rotaviruses in using different cell surface
receptors. However, the accumulated findings on
rotavirus entry mechanisms suggest that in addition
to the initial attachment to SA-containing molecules,
rotavirus structural proteins undergo conformational
changes mediated by cell surface chaperone and thioldisulfide activities. Clearly more research is needed to
fully understand if rotavirus certainly use alternative entry
pathways or at least partially shared pathways that finally
lead to the conversion of TLPs into transcriptionally active
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Figure 2 Schematic representation of chaperone and oxidoreduction activities during rotavirus entry. A: Cell surface reducing PDI has been shown to
form complexes with integrins a2β1 and avβ3 to generate free thiols in these integrins. Reducing integrin β3 can reduce thiol-disulfide bonds present in VP7; B:
Chaperone activity of Hsc70 can induce conformational changes in VP5* and VP7 priming them for further interactions; C: Cell surface reducing PDI can reduce thioldisulfide-containing VP5* and VP7 generating in them conformational changes needed for further interactions and entry. Hsc70: Heat shock cognate protein 70; PDI:
Protein disulfide isomerase.
[146]

DLPs

.

ER stress and interferon responses that are interfered by
[151]
viruses to ensure viral replication or pathogenesis .
Despite the advances in structural characterization,
the sequence of events occurring during uncoating for
generating and releasing DLPs into cytoplasm is still
[4,97]
unknown
. These events involve removing of structural
proteins VP4 and VP7 to produce DLPs. To this step, the
general event could be assumed as a set of reactions
proceeding in the opposite direction to those reported
for the morphogenesis of TLPS from DLPs during the
ER budding. Removing VP4 and VP7 led to generating a
hydrophobic surface that might facilitate the translocation
of DLPs into the cytoplasm through cellular or endosomal
membrane. However, the sequence of VP4 and VP7
assembly did not explain the mechanisms of entry[123]
associated uncoating . Recoating experiments in which
rotavirus DLPs are recoated in vitro with recombinant
outer proteins have been useful in approaching the
sequence of virion assembly in vivo. These experiments
allow obtaining an efficient in vitro coating of DLPs that
favors the hypothesis that in vivo VP4 assembly precedes
[123]
that of VP7 . Reversing the coating assembly during
entry means that VP7 should be removed before VP4,
except that VP4 underwent a previous trypsin cleavage
that generates VP8* and VP5*. However, VP8* is
supposed to be released from VP5* before cell membrane
[101]
destabilization .
Studies using cysteine-containing synthetic peptides
derived from VP4 and VP7 suggested that VP4 and
VP7 probably are PDI substrates as pre-treatment of
[94]
cells with these peptides inhibited rotavirus infection .

DLP-TLP INTER-CONVERSION
Rotavirus entry process contributes to convert TLPs into
transcriptionally active DLPs, whereas newly formed DLPs
are converted into new TLPs. Although the mechanisms
involved in this inter-conversion are not entirely composed
by the same reactions in opposite directions, it sounds
illustrative to compare some of these membraneassociated reactions: Those aimed at removing VP4
and VP7 from TLPs to generate DLPs and those aimed
at coating DLPs to generate TLPs. Cell membrane must
possess molecular systems capable of inducing the
necessary conformational changes facilitating viral proteins
[147]
to disturb cell membrane for penetration . In the case
of rotaviruses, potential receptors having chaperone and
[7,12]
oxidoreductase activity has been identified
. The ER has
been described as complex membranous network that is
[148]
used by many viruses during infection . ER participates
in rotavirus assembly especially during the late steps of
the morphogenesis events converting DLPs into TLPs.
NSP4 recruits VP4 and DLP to the ER membrane before
budding into the ER lumen where a transient membrane
layer is removed and replaced by VP7 to generate mature
[16,149]
TLPs budding from the ER
. The mechanisms involved
in removing the ER-derived transient membrane layer are
unclear, except that unassembled VP7 has been reported
[150]
to have a membrane lytic activity . Although formation
of virus-induced ER-derived structures is considered critical
[148]
for viral replication and assembly , viral infections induce
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Table 1 Cell surface molecules interacting with rotavirus structural proteins during entry
Cellular molecule

Rotavirus protein

Sialic acid
a2β1
a4β1
axβ2
avβ3
Hsc70

VP8*
VP5*
VP7, VP5*
VP7
VP7
VP5*, VP7, VP6

PDI

VP5*, VP7, VP6

HBGAs

VP8*

Activity

Viral protein motif involved

Ref.

Binding
Carbohydrate binding site
[108]
Post-binding
DGE (VP5*)
[106]
Post-binding
YGL (VP5*); LDV o LDI (VP7)
[11,121]
Post-binding
GPR (VP7)
[114,121]
Post-binding, oxidoreduction
161NEWLCNPMD169
[10,113]
Chaperoning
aa 642-658 (VP5*); aa 280-296 (VP6); aa
[8,103]
531-554 (VP5*)
Chaperoning, oxidoreduction aa 200-219 (VP4); aa 189-210 and aa
[12,94, Rivera M, Guerrero CA,
243-263 (VP7)
Acosta O, manuscript in preparation]
Binding
Carbohydrate binding site
[111]

Hsc70: Heat shock cognate protein 70; PDI: Protein disulfide isomerase; HBGAs: Histo-blood group antigens.

Similarly, pre-treatment of TLPs with antibodies against
these peptides led to decreased infectivity. These findings
allow hypothesizing that the disulfide bonds present in
VP8* or VP5* could be reduced by PDI facilitating the
TLP uncoating. The fact that PDI can produce in vitro
modifications in the redox status of VP4 and VP7 (Rivera
M, Guerrero CA, Acosta O, manuscript in preparation)
gives support to this hypothesis. It would be interesting
to know whether the mechanism causing the release of
VP8* from VP5* involves redox reactions. Disulfide bond
reduction could be a plausible candidate mechanism
for ensuring the conformational changes needed for
detachment of VP5* from integrin α2β1, contributing
in this way to make the entry process irreversible. VP7
maturation in the ER lumen has been reported to in
volve oxidation reactions caused by the oxidant PDI to
generate intra-molecular disulfide bonds and a proper
[140,152,153]
conformation to ensure its assembly on DLPs
.
The contribution of disulfide bonds to VP7 conformation
seems to be crucial for the structural and functional
roles of this protein during assembly and interaction
of virions with cell surface receptors. Since virus entry
leads to uncoating of TLPs by losing VP4 and VP7 to
release the transcriptionally active DLPs into cytoplasm,
it is tempting to propose that the reducing cell surface
PDI could contribute to destabilize VP7 by reducing its
disulfide bonds beside the contributions of the decreased
2+
Ca concentration and acidification reported to occur in
[154-156]
the endocytic environment
. DLPs in the absence
of VP4 and VP7 have been shown to be able to bud into
the ER lumen. Taking into account that the reduced VP7
seem to have low affinity for DLPs, it is not unlikely that
DLPs present in the endosomal vesicles can bud into
the cytoplasm through the permeabilized endosomal
[156]
membrane . In the opposite redox reaction, oxidized
VP7 has been shown to be required to remove the
transient lipid envelope in a calcium-dependent process
[16]
to generate mature TLPs in the ER lumen . Research
aims at knowing whether the reducing PDI is modifying
the redox status of VP7 in the endosomal membrane
would be useful to determine the potential participation
of redox reactions during generation of DLPs in vivo.
Interaction between the outer capsid proteins (VP4 and
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VP7) and PDI has been demonstrated in vitro and also
the generation of free thiols in these proteins after this
interaction. Similarly, thiol groups are generated in the
outer capsid proteins after TLPs contact the cell surface,
suggesting that PDI or other related thioredoxins are
able to reduce disulfide bonds in viral proteins (Rivera
M, Guerrero CA, Acosta O, manuscript in preparation).
Studies characterizing potential cell surface receptors
for rotavirus infection of small intestinal villus cells
from mice showed that raft-associated Hsc70, PDI and
integrin β3 played an important role in the rotavirus entry
[127]
process as previously shown for MA104 cells . It has
been reported that integrin subunit β3 and integrin α2β1
are present on the cell surface of murine and human
[157,158]
enterocytes
, and that rotavirus-susceptible MA104,
COS7 and Caco-2 cells also contain cell surface receptors
[113,128]
including αvβ3 and Hsc70
. The colocalization of
PDI, integrin β3, Hsc70 and rotavirus particles in lipid
microdomains (rafts) from MA104 and intestinal villus
[12,127]
cells
suggest that PDI reducing function at cell
surface can activate either integrins or VP7 to interact
[94]
each other during entry .
The role of thiol-disulfide exchange during rotavirus
infection is well documented, but the detailed processes
of this implication still remain incompletely elucidated.
Although PDI has emerged as a significant contributor
for generating thiol-disulfide-associated conformational
changes in rotavirus structural proteins during uncoating
and assembly of viral particles, contributions from integrins
and other thioredoxins cannot be ruled out. Again, a better
understanding about the involvement of thiol-disulphide
exchange in the rotavirus infection process could facilitate
the identification of potential targets of therapeutic
strategies.

OXIDATIVE STRESS AND ROTAVIRUS
INFECTION
Several studies have demonstrated the implication
of redox balance disruption in the establishing of viral
[159]
infection and the progression of virus-induced diseases .
The oxidants induced by viral infections include superoxide
- [160]
anion (O2 ) , which can be transformed into hydroxyl
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radical (OH ), nitric oxide radical (NO), H2O2 or peroxynitrite
(ONOO ) through enzymatic and non-enzymatic reactions.
The findings showing pathogenic interactions between
ROS and HIV stimulated research into the role these
interactions may play in the pathogenesis of many viruses,
opening the way for novel antioxidant-based antiviral
[161,162]
therapeutic strategies
. ROS may modulate the viral
replication and cellular response, and also contribute to
[163,164]
viral pathogenesis
. Virus-induced oxidative stress
[165]
[166]
has been reported during HIV
, influenza virus
,
[167]
[168]
HBV , hepatitis C virus , encephalomyocarditis virus
[169]
[170]
(EMCV) , respiratory syncytial virus (RSV) , dengue
[171,172]
[173]
virus
, and JEV
infections.
Early studies on rotavirus infection showed decreased
SOD and glutathione peroxidase activities in whole
[174]
intestine homogenates from infant mice . A more recent
study reported that rotavirus infection was able to induce
an increase in inducible nitric oxide synthase (iNOS) mRNA
in murine ileum and iNOS expression also in murine ileum
[175]
upon exposure to NSP4 . NSP4-induced release of NO
metabolites was reported in cultured human intestinal
[176]
epithelial cells incubated with purified NSP4 . Increased
NO metabolites were also observed in mice infected
with murine rotavirus EDIM beside upregulation of iNOS
[176]
mRNA in ileum, but not in duodenum or jejunum .
A prospective clinical study including acutely rotavirusinfected children showed that viral infection stimulated
[176]
NO production . However, studies using Caco-2 cells
infected with SA11 rotavirus showed that viral infection
increased the expression of the mitochondrial superoxide
dismutase (MnSOD) within the first 48 h.p.i. This increased
SOD expression was correlated with a decrease in ROS
generation during the early phase of infection (8 h.p.i.) and
[177]
a lack of cellular glutathione (GSH) depletion . Despite
the increase in enzyme activity was not directly proportional
to the rise in protein expression level in the cell lysates
studied, during the later post-infection times ROS returned
to the control levels even in the presence of increased
MnSOD protein expression. This fact was interpreted as
being due to an overproduction of mitochondrial ROS that
[177]
overwhelmed the activity of the MnSOD . Induction
of MnSOD overexpression has been shown to occur as a
consequence of increased production of ROS through a
pathway involving inflammatory cytokines such as tumor
[178,179]
necrosis factor-α (TNF-α) or IL-1
and activation of the
[180]
NF-κB factor by ROS . ER stress was found to increase
[181]
ROS
and also induce MnSOD through nuclear factor
NF-κB and AP-1 activation after exposure of HeLa cells to
[182]
various agents interfering with ER functions .
Acute gastroenteritis in piglets has been associated with
increased levels of high-mobility group box 1 (HMGB1) protein
(a nuclear DNA-binding protein), and serum haptoglobin
and ceruloplasmin which suggest an acute phase
[183]
response . A significant decrease of total antioxidant
capacity and antioxidant enzyme activities has been
found in serum from piglets affected with acute enteritis.
Increased values of oxidative stress indices, including the
malondialdehyde (MDA) and NO concentrations in serum
[183]
have also been associated with pathological condition .
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However, HMGB1 protein, acute phase response and
oxidative stress indices were even more prominent in the
cases in which porcine rotavirus infection took place.
Although there is a large body of information available
about the involvement of oxidative stress in viral infection
and its effects on cell functions leading to cell death, the
extent to which oxidative stress is part of a natural defense
response of cells to virus infection or a mechanism by
which viruses induce cell injury is still unknown. Advances
in the understanding of the role of oxidative stress in
rotavirus infection might contribute to improved treatment
strategies of rotavirus-induced diarrhea. Interestingly,
rotavirus infection of cultured cell lines, and in vivo
conditions using animals and human patients has been
[184-186]
shown to be inhibited by anti-oxidant therapy
.
These findings encourage research to clarify the role of
virus induced-oxidative stress as a damaging by-product
of infection or a condition required for a successful viral life
cycle.

ER STRESS AND ROTAVIRUS INFECTION
Disruption of protein folding homeostasis in the ER leads to
unfolded or misfolded protein accumulation in the ER lumen
and alteration in the calcium homeostasis. Protein misfolding
in the ER contributes to the pathogenesis of many diseases.
ER stress of intestinal epithelial cells activates signaling
pathways known as unfolded protein response (UPR) which
[187]
have been associated with inflammatory bowel disease .
Alterations in ER homeostasis are normally sensed and
followed by activation of the UPR pathway in order to
restore homeostasis by activating genes implicated in
protein folding. Failure to resolve ER stress causes activation
[188]
of apoptotic pathways that lead to cell death . Misfolded
proteins in the ER activate UPR and induce oxidative
stress and apoptosis in vitro and in vivo in mice, whereas
antioxidant treatment counteracts UPR activation, oxidative
[189]
stress, and apoptosis . Release of calcium from the ER
increases the generation of mitochondrial ROS leading to
toxic accumulation of ROS within ER and mitochondria.
On the other hand, sustained ER stress has been found to
potentially stimulate inflammatory response through UPR
pathways. Moreover, ROS produced as a consequence
of inflammation or mitochondrial dysfunction could
[190]
aggravate ER malfunction . This picture suggests that
a networking occurs between ER stress, inflammation
and oxidative stress. Dysfunctional UPR pathways have
been associated with numerous diseases including
several neurodegenerative diseases, stroke, metabolic
disorders, cancer, inflammatory disease, diabetes mellitus,
[190]
cardiovascular disease, among others
. A crosstalk
between ROS generation and ER stress response has been
proposed as the ER-stress-associated redox status may be
[191]
correlated with ER-stress-associated ROS . Although the
production of ROS has been correlated with ER stress in
many pathological states, the detailed mechanisms on how
changes in the protein-folding environment in the ER lumen
[192]
cause oxidative stress are still unclear .
Proper protein folding and disulfide bond formation
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[212]

that take place in the ER are critically dependent on
the redox status of the ER lumen. This compartment
is highly oxidizing showing a high ratio of GSSG/GSH,
[193]
which contrasts with the citosol environment
. The
oxidizing environment of ER lumen is required to ensure
disulfide bond formation and avoid aggregation or
[194]
unfolded protein accumulation in this compartment .
Resident enzymes of the ER lumen contribute to regulate
redox status and facilitate disulfide bond formation and
[195]
isomerization
. The oxidative folding of proteins is
facilitated by a family of ER oxidoreductases including
[196]
ERp57 and PDI among others
. Oxidative folding
catalyzed by ER oxidoreductases leads to their reduction,
whereas their reoxidation is performed by ERO-1, an
enzyme that can use molecular oxygen as an electron
[191,197]
acceptor
. Then, disulfide bond formation catalyzed
by ERO-1 is a significant source of the total generation of
ROS in the cell as the incomplete oxygen reduction leads
[198]
to the anion superoxide formation .
Given that in the ER occurs the major synthesis
and folding of secreted and transmembrane proteins,
alterations in the protein flux into the ER have been
associated ER stress. Recent studies have shown that
viroporins, small hydrophobic virus-encoded proteins
that oligomerize to form aqueous pores through cellular
membranes, play important role in virus replication by
affecting normal physiology of host cell and contributing
[199,200]
to viral pathogenesis
. Since replication of most
RNA viruses occurs in intimate interaction with the ER
and causes ER stress in the infected cells, its underlying
mechanisms are a central issue of the research about
virus-host interactions. Many viroporins localize to
the ER where alter the membrane potential of the ER
and modulate the ER stress response and autophagy
[201]
induction . Viral infections can act as stress signals
that alter ER homeostasis affecting negatively ER
[151,202]
functions
. Many viruses have been shown to cause
ER stress and induce one or more branches of the UPR
[199,203]
in the infected cells
. Some studies have shown
that several viruses induce ER stress and UPR signaling
but also modulate UPR for protecting the infected
cells from ER stress-mediated death to ensure virus
[204-206]
replication
. Several properties of the viroporins
suggest that they might also modulate the virus-induced
[207]
ER stress response . The relatively high concentration
2+
of Ca in the ER lumen is needed for proper functioning
of many calcium dependent chaperones and enzymes
[208]
including PDI . Many viroporins, including rotavirus
NSP4, induce leakage of ER luminal calcium into the
[209,210]
cytosol
affecting the calcium-dependent protein
folding machinery and consequentially inducing ER
stress. Translocation of NSP4 to mitochondria has been
observed to dissipate mitochondrial membrane potential
and induce apoptosis during the early infection. However,
the pro-apoptotic activity of NSP4 was counteracted
[211]
by NSP1, which activates PI3K/AKT
. In addition,
2+
autophagy could be induced by the increased Ca
concentration in the cytosol as it has been shown for
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foot and mouth disease virus
. Rotavirus NSP4, a
protein inducing diarrhea in young mice, has been
shown to anchor to the ER through its N-terminus,
where its domain spanning amino acids 47-90 has been
found to insert into ER membrane and show structural
[209]
characteristics of viroporins
. NSP4 has also been
shown to modulate autophagy induction in the virusinfected cells as cellular autophagy is required by rota
[213]
viruses to ensure their successful replication .
Rhesus rotavirus (RRV) has shown to induce ER
stress in the rhesus monkey epithelial cell line MA104 and
[214]
also activate two components of the UPR pathway .
However, this ER-mediated signaling was interrupted
at the transcription level by the non-structural protein
3 (NSP3). Specific virus-encoded proteins have been
identified as inducers of UPR during infection in the
[215]
[216]
case of coronavirus
, dengue 2 virus
, human
[217]
[218]
cytomegalovirus
and West Nilo virus . In contrast,
a single specific virus protein in RRV-infected MA104 cells
did not trigger the activation of UPR. It was supposed
that a multifactorial event involving either the budding of
the DLPs into the ER, the formation of viroplasms, or the
activation of genome replication could be the inducer of
[214]
the UPR .
Rotavirus infection has been shown to induce ER stress
leading to disturbances in the cellular calcium compartments
and generation of ROS. Rotavirus-induced diarrhea involves
[219]
a series of secretory and osmotic mechanisms
where
NSP4 plays a key role by inducing release of intracellular
[220,221]
deposits of calcium from enterocytes
and altering
[222]
ion secretion . It has been reported a NSP4-dependent
[223]
chloride secretion in human enterocytes , which has
also been demonstrated in Caco-2 cells infected with
[224]
SA11 rotavirus . In this case, NSP4-dependent chloride
secretion was associated with an increase in ROS and a
decreased reduced (GSH) to oxidized (GSSG) ratio. The
same effects were observed when Caco-2 cells were treated
with purified NSP4, whereas the increase in ROS and the
GSH imbalance were strongly inhibited by N-acetylcysteine.
These findings suggested an association between oxidative
[224]
stress and rotavirus-induced diarrhea . There are data
supporting the hypothesis that ROS can induce intestinal
epithelial cell apoptosis in mice through the Fas and Fas-L
[225]
expression .
A number of stimuli and insults, including pathogen
invasions such as virus infections have been found
to induce ER stress affecting protein folding function
and other disturbances including alterations in calcium
homeostasis and increase of ROS. Then, the ER-induced
UPR signaling has emerged as a central subject in the
context of pathological processes including virus infections.
However, the UPR-associated molecular mechanisms
leading to minimize the accumulation and aggregation
of misfolded proteins in response to virus infections need
further investigation to be completely understood. The
knowledge gained from UPR mechanisms could provide
basis for antiviral development.
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redox reactions, found that infection of MA104 and
Caco-2 cells with several rotavirus strains was significantly
[184]
inhibited by NAC in both cell systems . On the other
hand, the rotavirus NSP4-induced chloride secretion has
been shown to be inhibited by pre-treating Caco-2 cell
with NAC, suggesting that the enterotoxic effect of NSP4
[224]
is stress oxidative-dependent . Inhibition of rotavirus
infection by NAC was further demonstrated in ICR mice
infected with rotavirus ECwt as the percentage of viral
antigen-positive villus cells was significantly decreased
[185]
by NAC treatment . The use of NAC as a therapeutic
tool for treatment of rotavirus disease in children was
also demonstrated. Administration of NAC after the first
diarrheal episode was shown to decrease the number of
diarrheal episodes, excretion of fecal rotavirus antigen,
[186]
and resolution of symptoms after 2 d of treatment .
There is demonstration that TNF-α stimulates HIV
[246]
transcription through activation of NF-κB
and that
[247]
this stimulation is inhibited by NAC treatment . It has
been also found that intracellular thiols regulate NF-κB
activation since low thiol levels lead to its activation whilst
[248]
high thiols levels inhibit its activation . NAC has been
shown to be a potent inhibitor of NF-κB activation in terms
of inhibiting its nuclear migration and DNA binding activity
[249]
in vascular endothelial cells . NAC and other antioxidants
have been reported to inhibit hydrogen peroxide-induced
[45]
NF-κB activation . Moreover, NAC has been reported
to block NF-κB activation by interfering with IκB kinase
(IKK) activation and inhibitor of κB phosphorylation, which
suggested that ROS could be ubiquitous mediators of
[250,251]
NF-κB activation
. However, it has been reported
that NAC inhibits NF-κB activation in Hela and L929 cells
independently of its anti-oxidative function. NAC seems to
block selectively TNF-induced signaling by decreasing the
[252]
affinity of receptor for TNF . The NAC inhibitory effect on
NF-κB activation appears to be a well established fact.
It has been reported that NAC inhibits the expression
of VCAM-1 by interfering with the binding of NF-κB to
[253,254]
the VCAM-1 κB motif
. Many harmful effects of
TNF-α associated to endothelial dysfunction have been
partially prevented by increasing GSH through NAC
[255]
treatment . NAC has also been reported to completely
inhibit ROS, JNK and NF-κB activation induced by leptin,
suggesting that hyperleptinemia is sensitive to redox
[256]
signaling . Attenuation of TNF-α-induced p38 mitogenactivated protein kinase (MAPK) activity in pulmonary
vascular endothelial cells was obtained by NAC treatment,
suggesting that p38 MAPK pathway is regulated by redox
[257]
environment . Activation of NF-κB in response to various
signals, including IL-1, TNF and H2O2 can be inhibited
by NAC treatment, suggesting that ROS are common
[258]
signaling modulators . Moreover, NAC was found to
enhance the effect of IFN-α on liver tumor cells through
[259]
inhibition of NF-κB . On the other hand, some studies
suggested that NAC inhibits the upstream IKK activation
[260]
induced by TNF-α .
The NAC antiviral activity has mainly been associated
with inhibition of pro-inflammatory molecules including
those belonging to the NF-κB pathway and its associated

N-ACETYLCYSTEINE IN THE TREATMENT
OF VIRAL INFECTIONS
N-acetylcysteine (NAC) is an amino acid that functions
as a cysteine pro-drug and glutathione (GSH) precursor,
[226]
the most powerful cellular antioxidant . NAC is readily
deacetylated primarily in the liver to yield L-cysteine
[227]
thereby promoting intracellular GSH synthesis
. It
has been used during several decades as mucolytic
agent and also for the treatment of various disorders
[228]
including paracetamol intoxication
. NAC has been
also used for treatment of numerous disorders linked to
[229]
[230]
oxidative stress including gastrointestinal , renal ,
[231]
[232]
[233]
cardiovascular , pulmonary , hepatic , psychiatric
and neurological disorders. The mucolytic activity of NAC
is due to its ability to break up the disulfide bonds of
the high molecular weight glycoproteins present in the
mucus. NAC functions in cells as a free radical scavenger
antioxidant agent as it reacts with ROS such as H2O2 and
-[234]
OH
.
NAC has been used in the treatment numerous
infectious diseases, including virus infections. A significant
reduction of the incidence of clinical symptoms and
improvement of cell-mediated immunity were reported
[235]
after treatment with NAC . Similarly, GSH has been
reported to inhibit infection by influenza virus in both
[236]
cultured cells and mice
. High doses of NAC have
proven to be synergistic with oseltamivir treatment in
[237]
protecting mice from fatal influenza infection , whereas
a synergistic combination of NAC and ribavirin was also
effective in preventing mice from lethal influenza virus
[238]
infection . A long-term NAC administration attenuated
influenza symptoms in elderly patients with chronic
[235]
degenerative disease . In addition, a patient infected
with the A/H1N1 influenza virus improved rapidly after
treatment with a high-dose NAC therapy in combination
[239]
with antiviral medication
. NAC has been shown to
reduce H5N1-induced cytopathic effects, virus-induced
apoptosis and the production of some pro-inflammatory
molecules whereas it inhibited the activation of oxidant
sensitive pathways including NF-κB and mitogen acti
[240]
vated protein kinase p38
. However, a universal
inhibitory activity against influenza A viruses has not
[241]
yet been demonstrated . A successful outcome was
reported following early administration of NAC to children
affected with dengue hemorrhagic fever or dengue
[242]
shock syndrome complicated by acute liver failure .
Before highly active antiretroviral therapy (HAART),
NAC was tested to replenish GSH levels in HIV-infected
patients since cysteine and GSH levels decrease as the
[243,244]
HIV disease progresses
. However, NAC has been
offered as a useful adjunct therapy to increase protection
against oxidative stress, improve immune system
function and increase detoxification of acetaminophen
[245]
and other drugs in patients treated with HAART .
The sensitivity of rotavirus infection to NAC has
recently been demonstrated. A study that screened for
drugs with the potential ability to interfere with cellular
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generation of ROS. These findings suggest that inflam
matory and oxidative stress pathways are intimately
involved in the virus infection-associated pathogenesis.
Nevertheless, the underlying mechanisms of NAC treat
ment of virus infections need further research in order to
differentiate the direct and indirect effects associated with
its antioxidant ability. A probable direct effect on disulfide
bonds harbored in cellular and virus-encoded proteins
cannot be excluded.

activation. This suggested that rotavirus can efficiently
activate NF-κB in MA104 cells although this activated
transcription factor was not functional in enhancing gene
[268]
expression . On the other hand, the role of NSP1 has
been studied in modulation of apoptosis and it has been
found that NSP1 contributes to the establishment and
replication of bovine rotavirus wild type A5-13 in MA104
cells by inhibiting apoptosis through the activation of the
pro-survival pathways PI3K/Akt and NF-κB during early
[269]
infection stages .
Studies on malnutrition and concomitant rotavirus infe
ction in neonatal piglets have suggested an inflammatory
response during rotavirus infection. It has been shown
that concentrations of intestinal prostaglandin E2 (PGE2)
were elevated early after rotavirus infection regardless of
[270]
nutritional state . However, malnutrition increased PGE2
response to rotavirus infection while prolonged diarrhea in
rotavirus infected and malnourished piglets was found to
be associated with more intense and sustained expression
[270]
of local mediators or markers of intestinal inflammation .
Rotavirus pro-inflammatory actions have been suggested
based on studies in which the rotavirus infection of cultured
cells or mice was significantly inhibited by treatment with
various peroxisome proliferator-activated receptor gamma
(PPARγ) agonists and nonsteroidal antiinflammatory drugs
[184,185,271]
(NSAIDs)
. Cyclooxygenase-2 (COX-2), which is
[272]
responsible for increased synthesis of prostaglandins ,
seems to be mainly regulated by various MAPKs and
[273,274]
transcription factors such as NF-κB
. Moreover,
PKA-mediated ERK1/2 and NF-κB pathways have been
shown to be involved in the COX activity induction during
[271]
rotavirus infection
. The nonspecific COX inhibitor
indomethacin has been shown to significantly reduced
rotavirus Wa infection of Caco-2 cells. Similarly, inhibition
of the ERK1/2 and p38 MAPK pathways resulted in a
[271]
significant decrease of rotavirus infection of Caco-2 cells .
Antiviral effects have been obtained by treatment with
[275,276]
COX-2 inhibitors
. PPARγ ligands have been found
to downregulate the transcriptional activation of COX-2
[277]
through multiple mechanisms , including the inhibition of
[278]
multiple steps of the NF-κB pathway . Evidence has been
provided that rotavirus infectivity in MA104 and Caco-2 cells
and mice is significantly inhibited not only by NAC, but also
by pioglitazone and rosiglitazone which are drugs affecting
the NF-κB pathway involved in the COX-2 transcriptional
[184,185]
activation
. PPAR-γ agonists have been highlighted
as potential therapeutic tools due to their ability to downregulate the inflammatory responses to respiratory virus[279]
related pulmonary inflammation . PPARs participate
antagonizing oxidant and inflammatory pathways such
[280,281]
as NF-κB, AP1, and STAT
. Down-regulation of these
signaling pathways by thiazolidine-2-4-diones (TZDs),
including pioglitazone and rosiglitazone, has led to reduced
[282]
levels of oxidative products in monocyte/macrophages .
PPARγ has emerged as an anti-inflammatory and anti
oxidant gene since its encoded product may directly
modulate the expression of several antioxidant and pro[283-285]
oxidant genes in response to oxidative stress
.

ROTAVIRUS INFECTION AND
INFLAMMATORY SIGNALING
RNAs from rotavirus replication are sensed by RIG-I and
MDA-5, which result in induction of an IFN-mediated
innate immune response involving the activation of
[48,49]
IRF3
. However, NSP1 from group A rotavirus
is involved in evading innate immune response by
antagonizing the induction of IFN and IFN-stimulated gene
[261,262]
(ISG) products
. Rotavirus NSP1 has been shown
to be involved in the evasion of innate immune response
by interfering with the induction of IFN via induction of
the degradation of IRF-3, IRF-5 and IRF-7. NSP1 from
several rotavirus strains has been shown to target IRF3 for
[263-265]
proteasome degradation during early post-infection
.
Recent studies indicated that NSP1 can induce degradation
of IRF proteins (IRF3 to IRF9) by targeting their IRF
association domains needed for their dimerization and
[261]
nuclear translocation . Nevertheless, there is evidence
indicating that NSP1 from some rotavirus strains such
[266]
as OSU is inefficient in degrading IRF-3 . It has been
reported that IRF3 is activated and remains stable in cells
following infection with porcine rotavirus strain OSU. An
alternative mechanism for blocking induction of IFN-β
[266]
by rotavirus strain OSU has been recently reported .
Results from this work showed that NF-κB activation was
blocked in cells infected with rotavirus strain OSU due in
part to stabilization of phosphorylated IκBα. It was found
that the SCFβ-TrCP E3 ligase was targeted for proteosome
degradation by NSP1, which provided an explanation for
the IκBα stabilization and the consequent absence of NFκB activation in virus-infected cells. Most human group
A rotaviruses encode NSP1s that contain a C-terminal
recognition motif (DSGxS) for β-transducing repeat[267]
containing protein (β-TrCP) . This feature allows NSP1
to inhibit NF-κB activation by inducing proteasome[266]
dependent degradation of β-TrCP . Many NSP1s from
group A rotaviruses that lack the β-TrCP recognition motif
are then able to induce the degradation of IRF3, IRF5 and
[261,263]
IRF7
.
Regarding that rotaviral RNAs have the potential of
triggering activation of IFN, it has been also suggested
that sequestering of viral RNAs in the viroplasms and
in the progeny capsids could contribute to delay the
[50]
antiviral innate response in rotavirus-infected cells .
Moreover, it has been shown that infection of MA104
cells with rotavirus RRV is able to block expression of NFκB-dependent gene expression without reducing NF-κB
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[296,297]

However, it should be noted that oxidants such as ROS
could interact with NF-κB signaling pathways in many ways.
The transcription of genes depending on NF-κB influences
the ROS levels, and in turn, the ROS levels also regulate the
NF-κB activity levels. It has been argued that ROS influence
is context-dependent and even cell-type specific being
[286]
either positive or negative for NF-κB signaling .
Clearly rotavirus NSP1 has been implicated in downregulating interferon expression being a key factor in the
evasion of host innate immune response. However, the
NSP1 mechanism for anti-interferon activity seems to
be rotavirus strain-dependent. A more comprehensive
understanding of the rotavirus pro-inflammatory actions
could lead to identification of potential targets of antiinflammatory therapeutics. Cellular innate response to
rotavirus infection is schematized in Figure 3.

infected piglets has been reported
. It was hypo
thesized that this increased protein synthesis was mainly
due to actively proliferating enterocytes differentiating
and migrating up the villus. However, it was suggested
S6K
that rotavirus activates mTOR signaling through p70
since rotavirus-induced mobilization of calcium has
S6K[298]
been shown to be a stimulator of p70
. However, in
these studies it was not specified whether the increased
protein synthesis was either cell or virus-directed. On
the other hand, expression of some specific cellular
[299,300]
proteins is increased during viral infections
. COX-2,
an enzyme induced by pro-inflammatory agents, has
been reported to be increased in infections caused by
[301]
[302]
[275]
RSV , gammaherpesvirus 68 , influenza virus ,
[301]
[303]
herpes simplex virus , and EMCV . Despite Hsc70 is
a constitutively expressed protein, it has been shown to
[304]
be increased following infection with SV40 , Autographa
[305]
[78]
californica multiple nucleopolyhedrovirus
, JEV ,
[306]
and white spot syndrome virus . Evidence has been
shown that rotavirus ECwt infection of mice induce cellular
proteins COX-2, ERp57, Hsc70, NF-κB, Hsp70, PDI and
PPARγ in intestinal villus cells, whereas NAC treatment of
infected cells reduced Hsc70 and PDI to expression levels
similar to those observed in villi from uninfected control
[185]
mice . The virus-associated increased expression of
these cellular proteins adds evidence suggesting that
rotavirus infection benefits from inducing oxidative stress
and activating pro-inflammatory signaling in villus cells
since treatment of rotavirus infected mice with NAC,
NSAIDs or PPARγ agonists led to significantly reduced
[185]
infection . Inhibition of rotavirus infection by treatment
with antioxidants, NSAIDs and PPARγ agonists are sche
matized in Figure 4.
The dependence of viruses on the host translation
machinery imposes the recruitment of ribosomes for
the translation of their functions and inhibition of the
cellular innate defenses. More studies are needed to
understand the detailed mechanisms involved in the
strategy by which rotaviruses induce the shutoff of host
protein synthesis machinery.

ROTAVIRUS INFECTION AND PROTEIN
SYNTHESIS
Viruses are fully dependent on the host cell translation
machinery to produce their proteins needed for viral
replication. Viruses take control of host ribosomes,
translation factors and signaling pathways involved in
protein synthesis. This control ensures the production of
virus-encoded proteins and the inhibition of cellular innate
[287]
defenses . Most cellular mRNAs use a cap-dependent
mechanism for their translation that involves the binding
of a complex termed eIF4F comprised of eukaryotic
initiation factors eIF4G, eIF4E and eIF4A to cap structure
located at the 5’ end of the mRNA. However, some
cellular and many viral mRNAs use a cap-independent
mechanisms for initiating translation that involves an
internal ribosome-entry site located in the 5’untranslated
[288]
region of mRNAs that is use during ER stress . Viruses
have evolved a wide range of strategies for exploiting and
controlling the cellular translation machinery. Several virusencoded functions are dedicated to controlling the cellular
translation machinery including its initiation, elongation
[289]
and termination steps .
Early in the infection process rotaviruses takes over
the host cell translation machinery, inducing a shut off
of host cell-directed protein synthesis although not all
[290]
cellular proteins stop being synthesized
. Rotavirus
NSP3 has been implicated in the inhibition of cellular
mRNA translation by binding to eIF4G or interfering with
[291,292]
the shuttling of nascent cellular mRNAs
. Binding of
NSP3 to eIF4G disturbs its interaction with poly(A)-binding
protein which is required for the initiation of cellular mRNA
translation. However, siRNA-mediated knockdown of NSP3
expression and a NSP3 defective mutant failed to interfere
[293,294]
rotavirus-directed synthesis and its replication
.
Rotavirus-induced phosphorylation of eIF2α in a doublestranded PKR-dependent manner has been reported to
[295]
inhibit cellular translation . However, the presence of
naked RNA in rotavirus infected cells as part of the viral
[50]
cycle is an unresolved question .
Increase of jejunal protein synthesis in rotavirus-
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CONCLUSION
Despite the advances made over the past decade in
the understanding of mechanisms explaining rotavirus
infection, there are many unanswered questions regarding
entry and internalization processes of rotavirus. A relevant
question is whether rotaviruses have alternative entry
pathways since inhibition of any of the proposed receptors
failed to interfere completely with the viral infectivity. It is
tempting to hypothesize that rotaviruses seem to have
evolved to enter the target cell using three different types of
cell surface molecules: (1) binding molecules represented
by SA and some integrins; (2) chaperoning molecules
including Hsc70 and other heat shock proteins; and (3)
redox molecules such as PDI, Erp57 and other related
thioredoxins. The current proposed receptors for rotavirus
fall into these major categories of molecules supporting
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Figure 3 Cellular innate response to rotavirus infection. During rotavirus internalization viral nucleic acid may be exposed and recognized by either Toll-like
receptors (TLR3) or intracellular RIG-I-like receptors (RLRs). Activated RLRs can bind and activate mitochondrial antiviral-signaling protein (MAVS), which recruits
a signaling complex needed to activate cytoplasmic transcription factors including interferon regulatory factor 3 (IRF3) and nuclear factor-κB (NF-κB). On the other
hand, activation of endosomal TLR3 facilitates the adaptor TRIF recruitment, which allows the recruitment of signaling molecules such as IKKs that phosphorylate
IRF3 or NF-κB. Phosphorylated IRF3 is dimerized and then translocated to the nucleus. Signaling pathways induced by rotavirus infection produce phosphorylation
of IκB (inhibitor of NF-κB) and its subsequent ubiquitination and proteasomal degradation mediated by SCFβ-TrCP E3 ligase. This signaling pathway leads to NFκB translocation to the nucleus where, jointly with IRF3 and IRF7, binds to the interferon (IFN)-β promoter for transcription of IFN-β mRNA. Rotavirus can early
counteract signaling pathways of innate response by NSP1-mediated degradation of IRF3 and IRF7. NSP1 encoded by some rotavirus strains can target SCFβ-TrCP
for proteasomal degradation, whereas NSP1 from other strains has been implicated in the direct inhibition of the IFN-mediated STAT1 activation. NSP3 can interfere
with the translation of cellular-encoded proteins including those induced by the IFN signaling. The viroplasm, which includes some viral non-structural proteins
(NSP2/5/6), can protect viral RNAs from being recognized by some pattern-recognition receptors (RIG-I, MDA-5, among others) involved in antiviral response. MIT,
ER and PROT are indicated. IKK: IκB kinase; MIT: Mitochondria; ER: Endoplasmic reticulum; PROT: Proteasome; TNF: Tumor necrosis factor.

entry mechanisms. It should not be excluded that other
molecules, as yet undiscovered, could also perform the
same functions in other cell types and for other rotavirus
strains. Within this line of reasoning, it appears to be a
universal mechanism for rotavirus entry, but the receptor
molecules executing the entry mechanism might differ
partially or wholly depending on the species, cell line
and rotavirus strain. The receptor usage and tropism of
rotaviruses would be determined by the relative abundance
and physical proximity of the receptors in the host cell
surface. Rotavirus structural proteins implicated in the early
steps of the rotaviral life cycle are likely to be substrates
of the cell surface molecules having oxidoreductase,
thiol isomerase and chaperone activities which would be
responsible for the conformational changes these viral
interacting proteins need for ensuring internalization. Future
research should emphasize the elucidation of the reason
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why many receptors are used by rotaviruses. The fact
that rotaviruses induce oxidative stress and inflammatory
signaling offers an opportunity for the development of novel
therapeutic strategies aimed at interfering with rotavirus
infection. The use of NAC, NSAIDs and PPARγ agonists
to inhibit rotavirus infection opens a new way for treating
the life-threatening rotavirus diarrhea and complementing
vaccines. However, a major gap in the understanding of the
rotavirus infectious strategy is the fact that rotavirus seems
to antagonize the pro-inflammatory signaling in order to
ensure replication but anti-inflammatory treatment inhibits
virus infection. This gap poses a substantial challenge
because a more detailed characterization of the molecular
mechanisms underpinning rotavirus-induced inflammatory
signaling is needed. Another unsolved issue is that the
rotavirus-induced oxidative stress, seemingly at the same
time, influences positively and negatively NF-κB signaling,
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Figure 4 Inhibition of rotavirus infection by treatment with antioxidants, nonsteroidal antiinflammatory drugs and peroxisome proliferator-activated
receptor gamma agonists. NAC and AA can inhibit the production of ROS, whereas NAC can also affect IκB preventing the cytoplasmic activation of NF-κB. NAC
can further inhibit nuclear phosphorylated NF-κB preventing the transcription of pro-inflammatory genes. NSAIDs such as KTP, IND and DCF inhibit Cox-2 leading
to a significant inhibition of prostaglandin accumulation. On the other hand, ASA and IBF inhibit activation of NF-κB suppressing the transcription of IFN-a, IFN-β
and IFN-g, cytokines and interleukins. These NSAID treatments significantly inhibit rotavirus infections in cultured cells and mice. PPARg agonists such as 13(S)hydroxyoctadecadienoic acid (HODE), ALA and DHA, and thiazolidinediones such as PGZ, RGZ, and 2, 4-thiazolidinedione (TZD) activate PPARg leading to inhibition
of cytoplasmic NF-κB. PPARg can heterodimerize with the RA-activated RXR for promoting transcription of anti-inflammatory genes. This complex can also cause
inhibition of phosphorylated NF-κB which in turn leads to decreased transcription of pro-inflammatory genes. MIT, ER, and PROT are indicated. NAC: N-acetylcysteine;
NSAIDs: Nonsteroidal antiinflammatory drugs; PPARg: Peroxisome proliferator-activated receptor gamma; AA: Ascorbic acid; ROS: Reactive oxygen species; NF-κB:
Nuclear factor-κB; KTP: Ketoprofen; IND: Indomethacin; DCF: Diclofenac; Cox-2: Cyclooxygenase-2; ASA: Acetylsalicylic acid; IBF: Ibuprofen; IFN-a: Interferon-a;
ALA: Alpha-linolenic acid; DHA: Docosahexaenoic acid; PGZ: Pioglitazone; RGZ: Rosiglitazone; RA: Retinoic acid; RXR: Retinoid X receptor; MIT: Mitochondria; ER:
Endoplasmic reticulum; PROT: Proteasome.

whereas antioxidant treatment inhibits virus infection.
5
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The Mayo human immunodeficiency virus (HIV) Clinic
has been providing patient centered care for persons
living with HIV in Minnesota and beyond for the past 20
years. Through multidisciplinary engagement, vital clinical
outcomes such as retention in care, initiation of antiretroviral
therapy and virologic suppression are maximized. In this
commentary, we describe the history of the Mayo HIV Clinic
and its best practices, providing a “Mayo Model” of HIV care
that exceeds national outcomes and may be applicable in
other settings.
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HUMAN IMMUNODEFICIENCY VIRUS IN
MINNESOTA
Minnesota (MN) has a low prevalence of human
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immunodeficiency virus (HIV) infection when compared
to most other US States. However, new HIV diagnoses
in MN occurred at a rate of 7.2 per 100000 persons in
2011, the highest rate in the upper mid-west states
(North Dakota, South Dakota, Iowa and Wisconsin)
(http://www.cdc.gov/hiv/pdf/statistics_2011_HIV_Surve
illance_Report_vol_23.pdf#Page=68 accessed 6/10/15).
Male to male sex remains the most common risk factor
for HIV in MN; however, heterosexual transmission is
the most common risk factor for women. Women are
increasing in the HIV positive population in the US and
MN, with 24% of persons living with HIV (PLHIV) in MN
being female (http://www.health.state.mn.us/divs/idepc/
diseases/hiv/hivstatistics.html accessed 3/26/2015).
Nearly 20% of newly HIV-diagnosed persons are
immigrants to the United States. Women of color (nonCaucasian) represent 17% of the female population in
MN but comprise 73% of new HIV diagnoses among
women. African born women are diagnosed with HIV
at the highest rate of any ethnic group and accounted
for one third of new diagnosis among women in 2013
(http://www.health.state.mn.us/divs/idepc/diseases/
hiv/epiprofile/women.html accessed 6/10/15). MN
and the nation have made great strides in preventing
perinatal infection and each year an increasing number
of HIV positive women are delivering uninfected babies.
The rate of perinatal infection of babies born to HIV
positive women in MN between 2010 and 2012 was 1.7%
(http://www.health.state.mn.us/divs/idepc/diseases/hiv/
hivstatistics.html accessed 3/26/2015), usually resulting
from a lack of prenatal care or appropriate treatment of
mothers prior to delivery.
Although deaths have significantly decreased from
acquired immune deficiency syndrome (AIDS), the inci
dence of new AIDS diagnosis has remained stable. One
third of all new HIV infection cases diagnosed in MN have
AIDS or progress to AIDS within one year of diagnosis.
Health disparities exist, with African born individuals and
Hispanics being much more likely to be diagnosed later
than Whites, and African Americans (http://www.health.
state.mn.us/divs/idepc/diseases/hiv/hivstatistics.html
accessed 3/26/2015). The lack of routine HIV screening
upon immigration since 2010 has likely contributed to late
[1]
diagnosis among African born individuals .

were primarily men who have sex with men. They had
the typical opportunistic infections associated with HIV:
Pneumocystis pneumonia, disseminated Mycobacterium
avium complex disease, histoplasmosis, cytomegalovirus,
and central nervous system toxoplasmosis. Patients were
managed in the in-patient setting with the assistance of the
infectious diseases consulting service. The management
of their illness was restricted to treating the opportunistic
infections, as there was no anti-retroviral therapy available
at that time. Mortality was high; most PLHIV died within
6-12 mo of presenting to a medical center.
As the epidemic progressed, so did the knowledge
about the virus that causes it, how it is transmitted,
and how it causes diseases. The broad impact of the
HIV epidemic on other risk groups, including persons
with hemophilia, injection drug users, and those who
acquire infection through heterosexual transmission was
recognized. With the availability of diagnostic testing,
more patients were identified at an earlier stage than in
the prior years. Outpatient care began to expand. Until
the establishment of the Mayo HIV Clinic formally in 1996,
HIV care was provided by a handful of infectious diseases
physicians, primary care physicians and hematologists.
Among the first groups to be involved with HIV care at
Mayo was the Infection Prevention and Control group,
which formed an AIDS Committee, worked on infection
precaution measures related to patients suspected
with HIV, educated healthcare workers about HIV, and
formulated a blood and body fluid exposure policy. The
first multidisciplinary team approach to HIV care was
established in the hemophilia clinic. When the HIV test
became available, hemophiliac patients were tested for
HIV, allowing for detection of HIV at an earlier stage.
The HIV care team for these patients consisted of a
hematologist, an infectious diseases physician, and a social
worker.
The development of the first antiretroviral drugs
brought much-needed hope to PLHIV. However, these
early drugs were not as effective as current therapies
and introduced additional complexity to HIV caremanagement of often severe adverse drug effects as well
as increasing antiviral resistance. Potent antiretroviral
drugs and the ability to monitor viral loads in the clinic
setting became available in the mid-1990s. With the
recognition that combination antiretroviral therapy
(cART) is the right approach to treat HIV infection, the
tide of the HIV epidemic began to turn. The recognition
that the number of people infected and affected by
HIV was large and expanding, and that HIV infection is
a highly complex disease that requires a focused and
multidisciplinary approach, led to the establishment of a
formal and dedicated HIV clinic at Mayo Clinic in 1996.

HISTORY OF THE MAYO HIV CLINIC
The evolution of HIV care at Mayo Clinic is comparable to
other referral centers in the United States. Early cases of
AIDS were seen, and the focus was on identifying their
immune deficiency-related infections and conditions.
There was fear of contagion by the public and medical
professionals alike. There was no diagnostic test to
identify the condition and the risk of transmission in the
medical care setting was not defined in the early 1980s.
HIV was identified as the cause of AIDS in 1983,
and the first HIV antibody test was licensed by the
United States Food and Drug Administration in March
1985. Early in the epidemic, PLHIV seen at Mayo Clinic
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CURRENT STRUCTURE AND
ORGANIZATION
Population and demographics

Since the inception of the Mayo HIV Clinic, it has cared
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for over 1400 PLHIV. Now, more than 400 individuals
receive regular care at the Mayo HIV Clinic. The majority
of the patients live in Central or Southern MN; however,
a number of patients come from around the nation or
the world. In addition to providing regular HIV care, the
Mayo HIV Clinic also provides consultative care for PLHIV
while they are at Mayo for treatment of other medical
conditions.

house mental health care facilitates the uptake of mental
health care in our patients and communication between
providers.
Many HIV clinics have such a team who are involved
in the care of their patients. However, one of the unique
features that the Mayo model utilizes is team-based
multidisciplinary rounds for each patient. Patients have a
visit with a nurse, a physician, a pharmacist, and a social
worker. Cases are discussed at a round-table meeting that
includes each of these providers. Insights and suggestions
for optimizing patient care are shared, including factors
affecting medication adherence, virologic suppression, and
retention in care. Additionally, this model offers a system
of “checks and balances” whereby each member of the
team helps to improve quality of care and optimize patient
outcomes (Figure 1). Privacy and confidentiality are very
important parts of the multidisciplinary care provided by
the clinic. To ensure confidentiality, only a limited number
of individuals have access to protected health information,
and these multidisciplinary interactions occur in a private
work room in the clinic separate from the examination
rooms.
The nurse assists providers with preventive health
tasks, including immunizations which are administered
in clinic, phone triage, and patient education. The social
workers screen each new patient to the clinic. The social
workers address mental health needs, education needs,
support for families and significant others, financial needs,
intimate partner violence, risk reduction counseling, legal
issues, disclosing HIV-infection status to others, issues
related to stigma, and assist the patient with identifying
and accessing community resources. Patients who are at
< 300% of the United States federally defined-poverty
level and who have mental health, chemical dependency,
financial needs, or other barriers to care qualify for
intensive HIV case management through the Minnesota
Department of Health. Patients who do not meet these
criteria can still receive less intensive social work services
based on individual needs.
The role of the pharmacist is critical to optimize
adherence, maximize virologic suppression in our HIV
population, and ultimately improve HIV patient outcomes.
Within our care model, the pharmacist visits with every
patient in conjunction with his or her physician appo
intment for routine HIV care. The pharmacist verifies the
pharmacies where patients fill their HIV and non-HIV
medications; performs medication reconciliation; screens
for and identifies medication/supplement interactions; and
verifies appropriate administration of cART. The pharmacist
assesses adherence and identifies concerns that could
affect routine adherence. Finally, the pharmacist provides
adherence appropriate interventions and assistance with
tools to enhance, optimize, or correct adherence problems.
The pharmacist also provides a follow-up phone call one
week after initiating or changing medication therapy
to patients. The pharmacist aids the HIV care team by
assisting with clinical and administrative tasks, including
institutional formulary review of HIV medications upon
request, selection of appropriate ART for salvage therapy,

Structure and organization of the Mayo HIV Clinic

The Mayo HIV Clinic is run by a multi-disciplinary team,
[2]
which provides minimally disruptive care to cater to each
patient’s needs. Each patient is assigned to an infectious
disease fellow as his or her primary HIV provider. Seven
consultant physicians who specialize in HIV treatment
supervise fellows. As HIV has transformed into a chronic
medical condition with which patients live for decades,
they often require subspecialty medical care. Therefore,
formal relationships have been established with providers
in Obstetrics and Gynecology, Endocrinology, Nephrology
and Colorectal Surgery who are knowledgeable in HIV and
provide informed subspecialty care.
Medical evaluations of the patient at the first visit
and subsequent visits generally follow United States
national guidelines (https://aidsinfo.nih.gov/guidelines).
On average, a patient who is doing well will be seen in
the HIV Clinic every three months for laboratory testing,
a physician visit with their fellow, and visits with other
members of the multi-disciplinary team (discussed below).
These additional services are supported through United
States federal Ryan White Medical HIV Care Management
and Ryan White Transportation grants administered
through the Minnesota Department of Human Services.

Additional services provided by the Mayo HIV Clinic

When a person has been potentially exposed to the HIV
virus, providing HIV post-exposure prophylaxis using
combination antiretroviral therapy can significantly reduce
the risk of transmission. Since HIV providers are facile with
the risks of HIV transmission and HIV medications, any
person potentially exposed to HIV as a result of a health
care related blood or body fluid exposure or a sexual
assault is provided an appointment in the HIV clinic within
one business day of exposure for an evaluation, education
and medications if needed as well as follow up testing.
In addition, the Mayo HIV Clinic has a pre-exposure
prophylaxis program, through which persons who are at
high risk for acquiring HIV through sexual transmission or
injection drug use are evaluated for starting anti-retroviral
medicines to prevent HIV acquisition.

MULTIDISCIPLINARY ENGAGEMENT
The Mayo HIV Clinic relies on multi-disciplinary engage
ment from a team of providers including infectious disease
fellows and consultants, a dedicated nurse, three social
workers with expertise in HIV-case management, and a
specialty pharmacist. Mental health care is available in the
HIV clinic by a dedicated psychiatrist. This model of in-
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other medical centers across the United States, including
Puerto Rico and Mexico. Successful HIV care delivery within
medical centers requires a close HIV team-collaboration
among local PCPs and their continued vital roles in the
care for their patients. Supplemental opportunities for
PCPs in any location within the Mayo Clinic Health System
and Mayo Clinic Care Network to connect with the Mayo
HIV Clinic team include formal electronic consultations
(eConsults), access to the web-based AskMayoExpert and
through telemedicine consultations in select locations.

Mayo HIV Clinic structure

Specialty
HIV
pharmacists

Infectious
disease
physicians

Appointment
coordinators and
appointment
secretaries

Person living
with HIV

HIV
case workers
and
social workers

OUTCOMES AND THE HIV CARE
CASCADE
cART saves lives, but unfortunately only approximately
one quarter of PLHIV in the United States are successfully
treated with cART and benefit from this lifesaving therapy.
There are a number of biopsychosocial barriers to achieving
this goal along the “HIV Care Cascade”, which is defined as
the critical steps in the identification and treatment of PLHIV.
The elements of the Care Cascade include: (1) Diagnosis
of HIV infection; (2) Referral to a specialist, or “Linkage
to care”; (3) Regular engagement in clinical care; (4)
Initiating cART; and (5) Virologic suppression, or therapeutic
control of viral replication with effective cART. CDC statistics
from 2011, the most recent year data was available and
analyzed, revealed that 86% of PLHIV in the United States
were aware of their diagnosis; 40% were engaged in
care; 37% were prescribed ART; and 30% achieved viral
[3]
suppression .
To define the Mayo HIV Clinic Cascade of Care, we
conducted a retrospective review of incident HIV diagnoses
based on first time positive HIV Western Blot or fourth
generation enzyme-linked immunosorbent assay testing,
or first time positive HIV nucleic acid testing, collected at
Mayo Health System sites in Olmsted and the surrounding
counties of Goodhue, Wabasha, Dodge, Winona, Mower,
Fillmore and Houston, and performed at Mayo Medical
Laboratories from 1/1/10-10/31/14. The study was
approved by the Mayo Clinic Institutional Review Board
(IRB# 14-006660), and medical records were reviewed
(only if research authorization was not refused) according
to institutional and state requirements. During the study
time period, 50 new diagnoses of HIV infection were made
in the local region. Forty-two (84%) were linked to care, as
defined by referral for HIV specialty care and at least one
clinic visit within 3 mo of diagnosis. Thirty-six (72%) were
engaged in care, as defined by at least 2 clinic visits at least
three months apart within the first year after diagnosis.
Thirty-six (72%) were prescribed cART, and 30 (60%)
achieved a plasma HIV RNA viral load < 50 copies/mL,
i.e., were virologically suppressed, within 6 mo of initiating
therapy. Despite some variation in the absolute definitions
of the steps along the Cascade of Care making direct
comparisons challenging, these numbers far surpassed
United States national levels noted above. Therefore, it is
evident that the Mayo HIV Clinic excels in clinical outcomes
for PLHIV through improved engagement in care and

HIV nurses

Figure 1 The Mayo human immunodeficiency virus Clinic structure. The Mayo
human immunodeficiency virus (HIV) Clinic provides a model of multidisciplinary,
patient-centered care.

collaborates with the care team to assist with drug therapy
decisions for our patients, and provides drug therapy
information/education for staff, residents, and fellows.

COLLABORATION WITH PRIMARY CARE
PROVIDERS AND INTEGRATION ACROSS
THE MIDWEST PRACTICE
The Mayo HIV Clinic provides both HIV management and
some primary care services for patients within Central
and Southeast MN. For patients not living within that
region, our clinic delivers HIV care through developing comanagement partnerships with patients’ local primary
care providers (PCPs). These local PCPs typically manage
primary care and more emergent medical assessments.
Most PCPs, however, are not equipped to provide specialty
care to PLHIV. The Mayo HIV Clinic fulfills this role while
informing the local PCP of the HIV management-care
plans. The result is bidirectional and functional open lines
of communication. Patients maintain a central role in
reinforcing and supplementing the provider-to-provider
communication strategies. Many patients cherish the
relationships and trust they have developed with their
local health providers; a diagnosis of HIV infection should
not compromise this. The dialogue established between
Mayo Clinic and local PCPs enables their inclusion into
an expanded Mayo HIV “care team” for continued and
optimized care of their patients.
In addition to its Rochester campus, Mayo Clinic also
operates hospitals and outpatient clinics within the Mayo
Clinic Health System, located in over 60 communities
across the upper Midwest, and supports the Mayo Clinic
Care Network, involving institutional partnerships with 30
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penetrance of effective cART.
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RESEARCH PARTICIPATION
The Mayo HIV Clinic regularly engages in both investigator
and sponsor initiated research studies. These research
studies range from biomedical discovery using patientderived biologic samples to site participation in large
[4,5]
multinational randomized clinical trials . The Mayo
HIV Clinic is a clinical site for several past and present
International Network for Strategic Initiatives in Global
HIV Trials clinical trials and prospective cohort studies. In
general, the patients of the Mayo HIV Clinic are highly
motivated, engaged and enthusiastic participants in
research studies.
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Hepatitis C virus/human T lymphotropic virus 1/2 coinfection: Regional burden and virological outcomes in
people who inject drugs
Erika Castro, Elena Roger
with hepatitis C virus (HCV) and human T lymphotropic
virus (HTLV)-1/2 in people who inject drugs (PWID),
with a particular focus on disease burden and global
implications for virological outcome. In addition, the
available treatment options for HTLV-1/2 are summarized
and the on-going and likely future research challenges are
discussed. The data in this review was obtained from 34
articles on HCV/HTLV-1/2 co-infection in PWID retrieved
from the PubMed literature database and published
between 1997 and 2015. Despite unavailable estimates
of the burden of HCV/HTLV-1/2 co-infection in general,
the epidemiologic constellation of HTLV-1/2 shows high
incidence in PWID with history of migration, incarceration,
and other blood-borne infectious diseases such as HCV
or human immunodeficiency virus. The most recent
research data strongly suggest that HTLV-1 co-infection
can influence HCV viral load, HCV sustained virological
response to α-interferon treatment, and HCV-related liver
disease progression. In short, outcome of HCV infection
is worse in the context of HTLV-1 co-infection, yet more
studies are needed to gain accurate estimations of the
burden of HCV/HTLV-1/2 co-infections. Moreover, in the
current era of new direct-acting antiviral treatments for
HCV and proven HTLV-1/2 treatment options, prospective
clinical and treatment studies should be carried out, with
particular focus on the PWID patient population, with the
aim of improving virological outcomes.
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Abstract

Core tip: People who inject drugs (PWID) are at higher
risk of infection with blood-borne viruses and even co-

This review analyses current data concerning co-infection
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infections. Co-infections with human immunodeficiency
virus and human T lymphotropic virus (HTLV)-1/2 are
common, and well-studied, among PWID; however, the
rise of HTLV-1/2 co-infections with hepatitis C virus (HCV)
has gained much research attention and studies have
shown that the former influences the chronic disease
course of the latter. This review summarizes the data from
34 articles on HCV/HTLV-1/2 co-infection in the PWID
patient population, including current treatment options
and impact on virological outcome.

reported for Spain, Italy and Ireland, PWID represent an
especially affected population for HTLV-1 infection, even
[6]
though HTLV-2 is much more prevalent . In contrast,
clinical onset of associated chronic illnesses, such as
cancer [adult T-cell leukaemia/lymphoma (ATLL)] and
neurological disorders [myelopathy and tropical spastic
paraparesis (HAM/TSP)], has been reported in only
[8-10]
5%-10% of HTLV-1 carriers
.
Similar to HTLV-1, HTLV-2 can be transmitted intra
venously, sexually, or vertically. In the United States
and Europe, needle sharing is a major route of HTLV-2
[11-13]
transmission among the PWID population
. Moreover,
study of a cohort of PWID in the United States revealed
significant associations between HTLV-2 infection and
increased rates of pneumonia, acute bronchitis, urinary
[14]
tract infection, and myelopathy , and the authors noted
that the observed high correlation of HTLV-2 infection with
HCV infection was suggestive of injection practices as a
major route of transmission.
Studies of retroviral transmission carried out in various
developing countries have identified incarceration as a risk
factor, especially for HCV, suggesting that incarceration
may be a surrogate marker for risky behaviour in
[14]
general, such as needle sharing and unprotected sex .
In addition, our previous case report of HTLV in Eastern
European countries indicated that the criminalization of
drug use and lack of harm reduction strategies in prisons
may also serve to increase risk for sexual and parental
[15]
transmission .
Finally, the contribution of health care-associated
infection (or “nosocomial”) as a source of HCV and retro
virus transmission among migrant population originally
coming from limited resources settings has been largely
[16]
undervalued to date, with little research available . The
limited data reported has shown nosocomial rates ranging
[16]
from as low as 5% and all the way up to 19% .
In conclusion, the epidemiological constellation of
HCV/HTLV-1/2 co-infection is found within regions with
high rates of PWID and history of other risk factors
(Figure 1).
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HEPATITIS C VIRUS AND HUMAN T
LYMPHOTROPIC VIRUS-TYPES 1/2 COINFECTION BURDEN
The rate of hepatitis C virus (HCV) infection has reached
the level of a global epidemic, with an estimated burden
of 2.8% seroprevalence (anti-HCV antibody) in over 185
million individuals from both developed and developing
[1]
nations . In Europe and the United States, however, HCV
transmission occurs mainly through intravenous drug
[2,3]
use . While this practice facilitates spread of blood-borne
viruses, including the human immunodeficiency virus (HIV)
as well as the hepatitis B virus, it allows transmission of
HCV much more efficiently, as evidenced by the higher
incidence rates of HCV in people who inject drugs (PWID)
[3]
vs those with HIV . Specifically, the 2011 estimate of
[4]
global PWID seroprevalence for HCV was 67.0% . PWID
are a select population subgroup with extremely high
seroprevalences of HCV; as such, they represent a primary
driving force of the current HCV epidemic in high-resource
settings, accounting for the majority of new (80%) and
[5]
existing (60%) cases reportedly . Yet, the high proportion
of undiagnosed asymptomatic HCV carriers has precluded
obtainment of an accurate estimate of chronic hepatitis C
burden.
Human T lymphotropic virus (HTLV)-1 is an oncogenic
retrovirus with a similar worldwide incidence. Although its
founder effect remains unresolved, HTLV-1 shows high
endemicity in Southwestern Japan, sub-Saharan Africa,
South America, the Caribbean basin, the Middle East, and
[6]
Australo-Melanesia . The worldwide prevalence estimate
of 20 million infected people is based on a serological
screening from nearly 30 years ago, and an accurate
[7]
estimate of the current global burden is unavailable .
The main transmission routes are contaminated blood
products, sexual intercourse, and vertical transmission.
In Europe, most HTLV-1 carriers are descendants of
immigrants originally from regions with high endemicity
[6,7]
and often with an HIV co-infection . However, as
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CLINICAL AND THERAPEUTIC
IMPLICATIONS OF HCV/HTLV-1/2 COINFECTION
In order to gain a comprehensive overview of the current
available knowledge on the clinical and therapeutic
implications of HCV/HTLV-1/2 co-infection, we searched
the PubMed (www.pubmed.gov) literature database for
all articles affiliated with the terms “HTLV HCV”, “HCV and
HTLV coinfection”, “HTLV burden”, “HTLV treatment”, and
“HTLV migrants”. Exclusion of articles published before
January 1, 1990 left a total of 34 studies for review.

Clinical implications of HCV/HTLV-1/2 co-infection

A large-scale survey of residents of Iki Island in Japan,
an endemic region for HTLV-1 infection, conducted by
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which contribute to chronic inflammatory conditions
and include reactive oxygen species (ROS), tumour
necrosis factor alpha (TNFα), interleukins (IL1, 6, 8 and
18), nuclear factor-kappa B (NF-κB), hypoxia-inducible
[27,28]
factor (HIF), IFNγ, and cyclooxygenase (COX)
.
Moreover, contributions of different HTLV-1 oncogenic
pathways related to viral proteins have been recently
[29]
described recently . Additionally, a study of 199 HTLV-1
[30]
infected subjects by Treviño et al showed that the risk
of developing TSP was 10-times higher among HTLV-1
carriers who harboured the IL B-28 CT and TT alleles
than their counterparts who harboured the CC allele.
The same study also showed an association between
the CT polymorphism and increased HTLV-1 viral loads,
and that the CC allele is found more frequently among
asymptomatic carriers of HTLV-1 (62%). Collectively,
these data strongly suggest that HTLV-1 co-infection
plays a role in HCV viremia and evolution, attainment
of HCV sustained virological response to α-interferon
treatment, and HCV-related liver disease progression.
Briefly, the current evidence supports postulation of
worsening of HCV infection in the context of HTLV-1 coinfection.

HCV; HIV positive

Migration
and HCAI

Incarceration

Figure 1 Global risk factors for co-infection with hepatitis C virus and
human T lymphotropic virus-1/2 in people who inject drugs. Adapted from
Roger and Castro, 2014[15]. In this model, each circle represents a risk factor of
hepatitis C virus (HCV)/human T lymphotropic virus-1/2 co-infection in people
who inject drugs in the context of global migration patterns and increased health
care-associated infections (HCAI; also known as “nosocomial” or “hospitalbased” infections) in settings with limited resources, incarceration (particularly in
countries that lack harm-reduction programs for incarcerated populations), and
in the background of human immunodeficiency virus (HIV) or HCV infection.

[17]

Kishihara et al
showed that individuals with HCV/
HTLV-1 co-infection had a lower rate of natural clearance
of HCV RNA and of sustained virological response to
interferon (IFN) treatment than their counterparts with
HCV infection alone; moreover, the co-infected population
showed significantly higher HCV viremia (P < 0.05).
Other Japanese studies of HCV/HTLV-1 co-infection in
PWID showed associations with liver disease (6-fold
[18]
increased risk)
and liver cancer mortality (2.6-fold
[19]
increased risk) , leading to the hypothesis of an
HTLV-1–induced immune modulation and inflammatory
cytokine dysregulation that could affect HCV persistence
[20,21]
and progression to liver disease
. In contrast to the
[22,23]
Japanese findings, however, two Brazilian studies
of HCV/HTLV-1 co-infection provide epidemiological and
immunological evidence of a higher rate of spontaneous
clearance of HCV in patients with HIV/HTLV-1 co-infection
as compared to patients harbouring only an HIV/HCV
co-infection or an HCV mono-infection. The differences
between HCV and HTLV-1 interaction outcomes in these
two settings may be due to host genetic factors (e.g.,
HLA genotypes), study design, or other unmeasured
parameters of the study populations. Studies of the
molecular underpinnings of the HCV and HTLV-1
interaction outcomes have shown that HTLV-1-infected
T cells, together with viral gene expression and cellular
signalling mechanisms, can trigger a strong virus-specific
immune response and increased proinflammatory
[24,25]
cytokine production
. Moreover, the cellular immune
response has been implicated in the control of HTLV-1
infection as well as in the development of related
[26]
inflammatory alterations in patients . The cellular
+
immune response involves CD4 T cells differentiating
towards the Th1, Th2 and Th17 lineages, producing
a variety of proinflammatory cytokines, chemokines,
adhesion molecules and proinflammatory enzymes,
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Treatment implications of HCV/HTLV-1/2 co-infection

HTLV-1/2 asymptomatic carriers do not require treatment.
However, for HTLV1/2 carriers who experience clinical
onset of ATLL or HAM/TSP the current treatment options
are limited and those available have a suboptimal range
of efficacy. A meta-analysis of ATLL antiviral therapies
showed that α-IFN and zidovudine (AZT) combination
can induce complete remission and produce a high
[31]
(82%) 5-year survival rate in ATLL patients . Another
ATLL therapeutic approach, specifically the α-interferon,
arsenic and AZT combination, was evaluated in a later
study of 16 patients and showed induction of a beneficial
cytokine modulation response with a shift from the pretreatment Treg/Th2 phenotype to the Th1 phenotype
[32]
post-treatment . Thus, this triple drug combination
may be a useful treatment approach to restore an
immuno-competent microenvironment, which will
enhance the eradication of ATL cells and the prevention
of opportunistic infections. Yet another study evaluated
the combination of valproate (VPA) and AZT in patients
with advanced HAM/TSP and found that the treatment
may control viral replication through inhibition of the virus
reverse-transcriptase and/or its associated molecular
[33]
machinery . The same strategy has been evaluated
in non-human primates (Papio papio) naturally infected
with the simian T cell lymphotropic virus type 1 (STLV-1;
the equivalent of HTLV-1 which also causes simian ATLL).
The animals were asymptomatic carriers and treatment
with AZT/VPA induced a reduction of viral load which
[34]
relapsed after treatment interruption . A study of the
HIV integrase inhibitor drug, raltegravir, as treatment for
HTLV-1 (evaluating 5 carriers, including 2 with HAM and 3
asymptomatic) showed achievement of a transitory viral
load reduction during the 24 wk of treatment but with no
[35]
main clinical improvement . Finally, Abad-Fernández
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Table 1 Key features of hepatitis C virus and human T lymphotropic virus-1/2 co-infection
HTLV-1/2 infections are found in HCV co-infected PWID worldwide, as a consequence of unsafe injection practices
HTLV-1 infection induces chronic inflammation and oncogenic cellular changes
HTLV-1 co-infection of chronic hepatitis C carriers can increase HCV viral load, accelerate liver disease progression, and favour onset of liver
cancer
Evidence suggests that HTLV-1/2 clinical presentations can be linked to higher viral loads in contrast to asymptomatic HTLV-1/2 carriers
Available treatment data shows that HTLV-1/2 viral load can be suppressed but not eradicated
HTLV: Human T lymphotropic virus; HCV: Hepatitis C virus; PWID: People who inject drugs.

[36]

5

et al reported the only study to date in our collected
articles from the PubMed literature to assess the evolution
of HTLV co-infection (including with HIV, HTLV-2 and HCV)
among patients who received treatment for HCV and
showed reduction of HTLV-2 viral load in response to the
α-IFN and ribavirin combination treatment.

6
7

DISCUSSION AND FUTURE PROSPECTS
The main features of HCV/HTLV-1/2 co-infection, based
on evidence reported in the current literature, are
summarized in Table 1. Briefly, they highlight the role
of PWID as a core affected population and the negative
immune modulation effect of HTLV-1 co-infection in
patients with chronic hepatitis C. At the same time, HCV/
HTLV-1/2 co-infection remains an unresolved clinical
challenge; prospective studies looking at the HTLV-1/2
infection outcome in subjects receiving new direct-acting
antiviral treatments targeting the HCV infection will likely
provide further insights towards improvement.
The features listed in Table 1 are a source of new
research questions to be addressed. In addition, they
should challenge the clinical field to reflect on the pertinence
of adding HTLV-1/2 screening for PWID patients and
particularly in relation to caring for migrant populations from
high endemic areas in different worldwide settings.
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Abstract
AIM: To study the impact of rejection at different levels of
health care by retrospectively reviewing records of dried
blood spot samples received at the molecular laboratory
for human immunodeficiency virus (HIV) early infant
diagnosis (EID) between January 2008 and December
2012.

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
secondary de-identified/anonymous clinical data that were
obtained after each patient agreed to be enrolled in our treatment
program.
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METHODS: The specimen rejection rate, reasons for
rejection and the impact of rejection at different levels
of health care was examined. The extracted data were
cleaned and checked for consistency and then deduplicated using the unique patient and clinic identifiers.
The cleaned data were ciphered and exported to SPSS
version 19 (SPSS 2010 IBM Corp, New York, United
States) for statistical analyses.

button.
Inalegwu A, Phillips S, Datir R, Chime C, Ozumba P, Peters S,
Ogbanufe O, Mensah C, Abimiku A, Dakum P, Ndembi N. Active
tracking of rejected dried blood samples in a large program in
Nigeria. World J Virol 2016; 5(2): 73-81 Available from: URL:
http://www.wjgnet.com/2220-3249/full/v5/i2/73.htm DOI: http://
dx.doi.org/10.5501/wjv.v5.i2.73

RESULTS: Sample rejection rate of 2.4% (n = 786/32552)
and repeat rate of 8.8% (n = 69/786) were established.
The mean age of infants presenting for first HIV molecular
test among accepted valid samples was 17.83 wk (95%CI:
17.65-18.01) vs 20.30 wk (95%CI: 16.53-24.06) for
repeated samples. HIV infection rate was 9.8% vs 15.9%
for accepted and repeated samples. Compared to tertiary
healthcare clinics, secondary and primary clinics had twofold and three-fold higher likelihood of sample rejection,
respectively (P < 0.05). We observed a significant
increase in sample rejection rate with increasing number
of EID clinics (r = 0.893, P = 0.041). The major reasons
for rejection were improper sample collection (26.3%),
improper labeling (16.4%) and insufficient blood (14.8%).

INTRODUCTION
The recognition of prevention of mother-to-child trans
mission (PMTCT) as an essential tool for combating the
human immunodeficiency virus (HIV) epidemic has led
to its institution by the World Health Organization (WHO)
[1]
as a global health agenda . PMTCT programs can reduce
the risk of MTCT to less than 2%, and is today the most
efficacious tool for preventing pediatric HIV infection
[2-5]
globally . PMTCT programs have witnessed appreciable
success in Nigeria with documented MTCT rates ranging
from 1.3%-4.8% in mother-baby pairs who received
antiretroviral therapy (ARV), compared to MTCT rates
ranging from 39.8%-68.0% where no intervention was
[6-9]
administered . Nevertheless, MTCT is still a critical
challenge of the HIV/AIDS pandemic in resource limited
[10-13]
settings (RLS)
. According to UNGASS country reports,
only 30.1% of HIV positive pregnant women in Nigeria
received ARV to prevent MTCT in 2013, which resulted in
MTCT rates as high as 27.3%. And in the same year, only
3.9% of exposed infants received a PCR diagnostic test
[14]
within two months of birth . This low level of diagnosis
among HIV-exposed infants falls below the national
target of ensuring that at least 90% of all HIV exposed
[5]
infants have access to early diagnosis services by 2015 .
Especially with an estimated 52125 to 104250 infants at
[15]
risk of being infected with HIV without intervention .
Early testing of exposed infants from 4 to 6 wk of birth is
recommended by the WHO to insure timely diagnosis and
[1,16]
treatment of HIV positive children . Without intervention
HIV causes a 20% mortality rate in infected infants in RLS
by 3 mo of age, which increases to an estimated 48% and
[16,17]
52% before ages one and two, respectively
. Despite
this, the average age of initiation of ARV in pediatric HIV/
[17,18]
AIDS patients in RLS remains high
, and health-care
[1]
systems often fail to meet the national demands for care .
In 2012 only 12% of children eligible for ARV received
[19]
treatment in Nigeria . Reports also show high rates of
loss to follow-up (LTFU) of infants throughout the PMTCT
cascade in RLS, with an over 30% rate of LTFU by 3 mo
[20-23]
and more than 70% by 6 mo of birth
. It is estimated
that only 0.5% to 52.8% of infants eligible for early infant
diagnosis (EID) testing in RLS complete the care cascade
[22]
and eventually access treatment . Therefore, strategies
for improving patient retention should be a critical focus of
PMTCT programs with respect to the UNAIDS 90-90-90
[5]
targets . A review of the PMTCT cascade is essential

CONCLUSION: Programs should monitor pre-analytical
variables and incorporate continuous quality improvement
interventions to reduce errors associated with sample
rejection and improve patient retention.
Key words: Human immunodeficiency virus; Prevention
of mother-to-child transmission; Early infant diagnosis;
Dried blood spot; Pre-analytical error; Sample rejection
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: For early infant diagnosis of human immuno
deficiency virus, the samples of choice are dried blood
spots (DBS). DBS samples are received from over 100
health care centers at the Asokoro Laboratory Training
Centre. When DBS arrives the laboratory, a technician
receives the samples as well as all accompanying
laboratory request forms and all relevant documentation.
All routinely collected DBS samples are physically
examined for quality and acceptability for molecular
testing upon reception at the laboratory. Only samples
that meet the laboratory acceptance criteria are usually
tested. Samples which fail to meet the acceptance
criteria are registered in the sample rejection logbook
without being tested. All DBS samples accepted as fit-fortesting are electronically registered into the laboratory
information management system (LIMS). The use of the
LIMS reduces instances of transcriptional errors. DBS
samples are processed using real-time PCR technology
on the Cobas Taqman and Cobas ampliprep equipment.
DBS spots are cut, eluted into solution, and then placed
in the equipment where DNA extraction, amplification
and detection is automatically carried out. Once results
are ready, they are validated by the laboratory scientist
for accuracy and completeness. If assay is judged to be a
valid run, the assay is accepted with a click of a computer

WJV|www.wjgnet.com

74

May 12, 2016|Volume 5|Issue 2|

Inalegwu A et al . Enhanced tracking of rejected dried blood spots
to identify gaps towards achieving the goals of PMTCT
[24]
services . Careful consideration of the role of laboratory in
ensuring early diagnosis and universal access to pediatric
ARVs is also vital to ensure the widest possible coverage of
[25]
PMTCT services .
EID is a vital intervention which allows countries
to provide essential health services for all children and
to continue to make progress in keeping children alive
and healthy. Standard HIV antibody testing - as is done
with adults and older children - cannot identify infected
infants in their first year of life, as it also detects maternal
HIV antibodies that are transferred to the baby during
pregnancy (and subsequently decline slowly within the
[8,9]
first year of life) . More demanding testing methods
that rely on detecting HIV-1, or virological tests are
[19]
required for diagnosing infants . HIV DNA PCR test is
the most widely used initial assay for EID in industrialized
[1]
countries . Early HIV virological detection test at or after
6 wk of age for all HIV-exposed children identifies most
children infected before, during and immediately after
[6-9]
delivery .
The guideline for early infant diagnosis in Nigeria
provides that all HIV exposed infants have a first HIV
diagnostic test at 6 wk of age, a follow-up test at 6 wk
after cessation of breastfeeding and a confirmatory
[26-28]
HIV test at 18 mo
. Pre-analytical errors contribute
an estimated 60%-70% of all mistakes in laboratory
diagnostics and can render dried blood spots (DBS)
untestable, leading to specimen rejection with a resultant
[29-31]
negative impact on patients
. Common pre-analytical
errors associated with DBS rejection include: Labeling
errors, sample damage, missing or inconsistent data,
[32-35]
and insufficient volume
. High risk for rapid disease
progression and death necessitates the need for early
[36]
identification and treatment of HIV positive infants .
The goal of the present study was to investigate the DBS
sample rejection rate attributable to pre-analytical errors
and its effect on patient care in the PMTCT cascade at
the tertiary, secondary and primary levels of healthcare
service delivery in Nigeria and provide strategies to
reduce effectively to nil rejection at all levels of healthcare
service delivery in Nigeria.

January 8, 2008 to December 19, 2012 were retrieved from
the laboratory’s information management Microsoft Excel
database. The dataset included the following variables: (1)
Date of sample collection; (2) Patient’s hospital number;
(3) Laboratory number; (4) Date specimen was received
at the laboratory; (5) Specimen type; (6) Reason for
DNA PCR test (first test for healthy exposed baby, first
test for sick baby, follow-up test to confirm first test,
follow-up test after cessation of breastfeeding); (7)
Specimen suitability for analysis (accepted or rejected);
and (8) Reasons for sample rejection and other
demographic information. The demographic information
included: (1) Patient’s age; (2) Patient’s sex; (3)
PMTCT intervention administered to mother; (4) PMTCT
intervention administered to patient (exposed infant);
(5) Breastfeeding status; and (6) DBS collection clinic.
The dataset included information on samples received at
the molecular diagnostics laboratory from 150 healthcare
centers including tertiary (n = 9; 6%), secondary (n
= 101; 67%) and primary (n = 40, 27%) healthcare
centers within the Northern region of Nigeria.

Sample history

All routinely collected DBS samples were examined
for quality and acceptability for molecular testing upon
reception at the laboratory. Valid specimens were
accessioned and registered into the laboratory information
management register and Microsoft Excel template. Only
samples that met the laboratory acceptance criteria were
tested. Samples which failed to meet the acceptance
criteria were registered in the sample rejection log without
being tested. The laboratory records for accepted (valid)
and rejected samples were merged using the patient’s
hospital number and collection healthcare clinic identifiers.

Reasons for sample rejection

Reasons for sample rejection included: Sample quantity
insufficient for testing; Sample not properly labeled with
patient’s name, patient’s hospital number and the name
of the collection clinic; Improperly collected sample.
This includes all specimens which appeared diluted,
had alcohol halo or serum ring around it and specimen
which appeared abraded, over-saturated, clotted,
caked or layered; Sample that appeared discolored or
contaminated; Sample not properly packaged separately
to avoid cross-contamination; Sample not allowed to dry
completely before packaging and mailing; Sample for
babies younger than 6 wk or older than 18 mo of age;
and sample received without a patient/test request form.

MATERIALS AND METHODS
Study setting and design

This is a cross-sectional descriptive study conducted
among HIV-exposed babies from 150 health facilities
using prospectively collected data from the molecular
diagnostics laboratory of Institute of Human Virology,
Nigeria (IHVN). The IHVN is a not-for-profit organization
established in 2004 to scale up the US PEPFAR program
in Nigeria and conduct research and training towards
improving quality and promoting evidence based health
[37]
system strengthening . The IHVN currently has 10 out
of the 26 molecular diagnostic laboratories across the
six geopolitical regions of the country.
Laboratory data collected over a 5-year period from
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Study variables

The sample rejection rate was the primary outcome
variable in this study. The type and frequency of preanalytical errors associated with sample rejection and the
repeat rate for rejected samples were also determined
relative to the type of healthcare center where the sample
was collected. We also evaluated the HIV-1 positivity rate
and the mean age among infants presenting for HIV-1
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Table 1 Dried blood spot sample rejection rate by year
Year
No
Yes

Proportion of DBS

Rejected?
Count (%)
Total

Total

2008

2009

2010

2011

2012

2117 (6.5%)
2 (0.1%)
2119 (6.5%)

5186 (15.9%)
62 (1.2%)
5248 (16.1%)

6634 (20.4%)
223 (3.3%)
6857 (21.1%)

8759 (26.9%)
166 (1.9%)
8925 (27.4%)

9070 (27.9%)
333 (3.5%)
9403 (28.9%)

350

140

300

120

250

100

200

80

150

60

100

40

50

20

0
Total EID clinics
Rejected DBS
Repeated DBS

2008
41
2
2

2009
57
62
14

2010
95
223
36

2011
104
166
11

2012
131
333
6

31766 (97.6%)
786 (2.4%)
32552 (100%)

Figure 1 Annual early infant diagnosis collected
at clinics vs proportion of rejected and repeated
samples. EID: Early infant diagnosis; DBS: Dried
blood spots.

0

Year of sample collection

DNA PCR test for accepted and repeated samples.

786/32552 (2.4%) samples were found to have been
rejected. Only 8.8% of rejected samples were repeated.
Primary healthcare clinics had the highest rejection rate
of 4.0%, while secondary and tertiary healthcare clinics
had rejection rates of 2.6% and 1.3%, respectively.
Secondary healthcare clinics had a twice greater
probability (OR = 1.955; 95%CI: 1.557-2.455) and
primary healthcare clinics had more than 3 times higher
probability (OR = 3.051; 95%CI: 2.174-4.281) of DBS
sample rejection when compared to tertiary health
care clinics (P < 0.05). The repeat rates were 1.7%,
8.7%, and 14.1% for primary, secondary and tertiary
healthcare centers, respectively.
As shown in Table 1, the cumulative sample rejection
rate increased from 0.1% in 2008 to 3.5% in 2012,
while the repeat rate of rejected samples decreased
across the study period (Figure 1) from 2/2 (100%) to
6/333 (1.8%). The sample rejection rate also increased
with increasing number of EID DBS collection clinics
(Figure 2) in the PMTCT program (r = 0.893, P = 0.041).
We observed a high mean age of 17.83 wk (SD =
15.29; 95%CI: 17.65-18.01) for infants presenting
for first EID test in the program. A higher mean age
of 20.30 wk (SD = 14.31; 95%CI: 16.53-24.06)
was recorded for repeated samples among infants
presenting for a first EID test. The mean age of infants
for all repeated samples including patients presenting
for first test and follow-up test was 22.32 wk (SD
= 15.49; 95%CI: 18.60-26.05) vs 19.95 wk (SD =
16.43; 95%CI: 19.77-20.14) among samples that
were accepted at first collection. Additionally, the mean

Statistical analysis

The extracted data were cleaned, checked for consistency
and then de-duplicated using the unique patient and
clinic identifiers. The cleaned data were ciphered and
exported to SPSS version 19 (SPSS 2010 IBM Corp,
New York, United States) for statistical analyses. We
used descriptive statistics to establish the DBS sample
rejection rate and the reasons for rejection; and to
determine the mean age of infants presenting for first
HIV-1 DNA PCR test and for a follow-up test. Logistic
regression analysis was used to test the difference in
sample rejection rate between the different types of
healthcare centers providing care. Furthermore, we used
Pearson correlation coefficients (r) to test the association
between the annual sample rejection rate and the
number of clinics providing EID services. A P-value < 0.05
was considered statistically significant. The statistical
review of the study was performed by a biomedical
statistician.

RESULTS
After the data cleaning process, 32552 sample data
from laboratory records over the five-year study period
were included in the analysis. A total of 6322/32552
(19.4%) samples were sent from tertiary health clinics,
24777/32552 (76.1%) from secondary health clinics,
and 1453/32552 (4.5%) from primary health clinics.
Based on the laboratory’s sample rejection criteria,
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Table 2 Reasons for sample rejection by type of healthcare care center (n = 786)
Reason for rejection count (%)

Tertiary

Secondary

Primary

Total

No DBS card
Insufficient quantity of sample
No request form
Improper collection
Baby over age (≥ 18 mo)
Improper labeling
Improper packaging
Contaminated sample
Baby under age (< 6 wk)
Reason unknown
Total

5 (0.6)
15 (1.9)
6 (0.8)
25 (3.2)
6 (0.8)
17 (2.2)
4 (0.5)
0 (0.0)
2 (0.3)
6 (0.8)
86 (10.9)

76 (9.7)
72 (9.2)
39 (5.0)
171 (21.9)
58 (7.4)
110 (14.0)
53 (6.7)
5 (0.6)
19 (2.4)
40 (5.1)
643 (81.8)

4 (0.5)
29 (3.7)
0 (0.0)
11 (1.4)
0 (0.0)
2 (0.3)
8 (1.0)
0 (0.0)
2 (0.3)
1 (0.1)
57 (7.3)

85 (10.8)
116 (14.8)
45 (5.7)
207 (26.3)
64 (8.1)
129 (16.4)
65 (8.3)
5 (0.6)
23 (2.9)
47 (6.0)
786 (100.0)

DBS: Dried blood spot.
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Figure 2 Annual total early infant diagnosis
collected at clinics vs sample rejection rate.
EID: Early infant diagnosis; DBS: Dried blood
spots.
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[1]

age was 33.02 wk (SD = 17.70; 95%CI: 21.13-44.91)
for those presenting for a follow-up test among
repeated samples vs 35.55 wk (SD = 16.09; 95%CI:
35.03-36.08) for accepted samples. We established
a cumulative positive rate of 9.8% for all accepted
samples routinely tested over the 5-year period while
the positive rate for repeated samples was 15.9%.
The average turn-around time from sample collection
at the health facility to receipt of sample at the laboratory
was 3.82 wk ± 3.63 (95%CI: 3.69-3.95). Overall, the
most frequently occurring errors associated with sample
rejection were improper sample collection (n = 207/786;
26.3%), improper labeling (n = 129/786; 16.4%) and
insufficient blood (n = 116/786; 14.8%). Other reasons
for rejection included improper packaging, no sample
sent, no test request form sent, baby over-age (> 18
mo), baby under-age (< 6 wk) and contaminated sample
(Table 2).

EID testing . Without treatment, HIV related mortality
[38]
in infected infants peaks at 8 to 12 wk . Delay in
presentation for EID averts the opportunities to administer
[6,7,39]
ARV and reduce MTCT
, thereby permitting the
emergence of more severe clinical manifestation of HIV
[40]
infection in pediatric patients . Strategies that enhance
awareness of PMTCT and EID services, promote partner
involvement, provide economic incentives and offer close
follow-up to HIV positive women during pregnancy and
[41,42]
after delivery have been shown to be effective
. Active
tracking of HIV positive mothers using support groups
and mobile applications have also been shown to increase
uptake of services and retention of the mother-baby pair
[41,43,44]
in PMTCT programs
.
Establishing an accurate link between rejected
[32]
samples and the impact on clinical outcome is difficult .
However, the observed high rejection and low repeat
rates in addition to the higher mean age of infants at the
time of specimen recollection in this study suggest that
sample rejection further delays HIV diagnosis in infants
while emphasizing the importance of standardization
[30]
and monitoring of pre-analytical variables . Our study
agrees with other investigations where pre-analytical

DISCUSSION
The mean age of infants at first HIV DNA PCR test in this
study is far beyond the recommended age of 4-6 wk for
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errors are implicated in delayed diagnosis of infant
[33-35,45]
HIV
. Other adverse patient outcomes due to
sample rejection include demand for patient revisits for
specimen recollection, discomfort to the patient, test
abandonment or LTFU and time lost in waiting for results
with the accompanying cost implications associated with
[22,46,47]
multiple clinic visits
. The extended delay in results
may also have contributed to the high attrition and low
repeat rates among rejected samples.
Due to the importance of accurate and timely diagnosis
in the care and treatment of HIV positive children and the
increased risk for postnatal transmission, morbidity and
[6,7,48]
early mortality in untreated HIV
, greater attention
to sample quality, clear guidelines on the responsibility
and protocols for sample collection, error reporting and
initiating patient follow-up for timely specimen recollection
should be established. The high turn-around time of 3.82
wk ± 3.63 wk from sample collection to receipt at the
testing laboratory also suggests the need for improved
[49]
systems for rapid sample transportation . Lack of
standardized protocols for laboratory processes including
sample collection, specimen acquisition, management and
[50]
storage contributes up to 93% of errors in diagnostics .
Implementing standardized protocols for reporting and
managing non-conformance events can also improve
[46,47]
service performance
.
The majority of the samples in our study were reje
cted due to improper collection, a factor attributable to
personnel error and is seen to be highest in secondary
health clinics where the number of patients presenting
for EID testing is highest. A recent study reported that
staff sensitization on patient preparation, test request
forms, and sample management significantly reduced
[47]
pre-analytical error rate from 19.07% to 6.76% . Thus,
programs should intensify monitoring of pre-analytical
staff, processes and performance towards improving
[25,30,46,51]
sample quality
.
Significant correlations between the annual number
of DBS sample collection clinics and the annual sample
rejection rate also suggests that an increasing number
of EID clinics can put a strain on the program. Increased
focus on site-based EID training and mentoring activities
through 2011 is thought to be responsible for the decline
in DBS sample rejection observed in that year. The shift
to accelerated scale-up and decentralization of PMTCT
services to primary health clinics where Community
Health Extension Workers constitute a greater percentage
of the workforce may have contributed to the peak in
[52-54]
sample rejection recorded in succeeding year, 2012
.
This may also explain the higher relative risk of sample
rejection in primary health clinics.
Lapses in control, monitoring and supervision in the
pre-analytical phase of clinical laboratory services and
sample collection by non-laboratory personnel have
[55,56]
been implicated as red flags for error propagation
.
In the present study the infection rate among accepted
samples and repeated samples (9.8% vs 15.9%) is in
agreement with previous findings that LTFU can lead
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to low levels of detection of HIV infection in infants and
[22,57]
missed opportunities for care
. Active patient tracking
systems that use social workers to track patients have
been applied in Kenya to reduce LTFU among HIV, PMTCT
[43]
and tuberculosis patients from 21% to 15% . In other
studies, peer-based strategies that engage expert and
or mentor-mothers in educating and motivating HIV
positive mothers to access PMTCT services using their
own experience, have been instrumental in improving
[58,59]
retention of mother-baby pair in care
. Interventions
should therefore seek to educate mothers and guardians
on the grave importance of early diagnosis in pediatric
HIV.
Although Quality Management System (QMS)
is still seeing little application in Nigeria, an effective
QMS is critical to the success of the laboratory testing
[28,29]
networks
. Recent studies report that application of
Quality Improvement tools such as Rapid Results Initiative
and Continuous Quality Improvement interventions
that seek to identify and correct system defects can
significantly reduce sample rejection and increase patient
[41,44]
retention in PMTCT programs in the similar setting
.

Limitations

The current study is a retrospective analysis of laboratory
records which are often incomplete as evidenced by the
proportion of rejected samples with unknown reasons
for rejection. This can introduce misclassification or
information bias. Also it is often difficult to accurately
interpret retrospective data and the quality of data
collected over time. We did not investigate the reason
for requesting an HIV test for samples collected for a
follow-up test among repeated samples. This then does
not reflect the actual mean age of infants presenting for
a follow-up test among rejected samples as we could
not determine if the tests were follow-up due to sample
repeat or true follow-up tests.
Given the small size of the rejected samples compared
to the total number of routinely collected samples, we
did not test the statistical significance of the comparative
analysis between these groups. Additionally, due to
incomplete documentation we could not determine the
mean age of infants presenting for HIV-1 DNA PCR test for
the rejected samples.
In conclusion, the study demonstrates that DBS
sample rejection can further delay HIV-1 EID testing,
contributes to LTFU and adversely impacts program
and patient outcomes at various levels of healthcare.
An integrated multidisciplinary approach which engages
social support groups, health personnel, quality
improvement interventions as well as electronic and
mobile communication tools is needed to improve uptake
of PMTCT services and the overall health outcome of HIV
positive mothers and their infants. Intensified training
and monitoring of personnel, quality policies for sample
collection and patient follow-up should be integrated
into the scale-up agenda to prevent sample rejection
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and promote recollection when errors occur. Other
considerations should include continuous counseling and
active tracking of mothers and care givers to improve
patient retention and achieve the goals of PMTCT programs.
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LETTERS TO THE EDITOR

Viral outbreaks and communicable health hazards due to
devastating floods in Pakistan
Umar Saeed, Zahra Zahid Piracha
fall and lack of disaster management skills potentially
increase the transmission of waterborne diseases, vector
borne diseases and viral outbreaks. Due to severe
flooding, thousands of people lose their lives and millions
are displaced each year. In most of the cases the children
who lose their family members are forced into illegal
professions of begging, child labor and prostitution which
make them prone to sexually transmitted infections. Up to
date, no scientific study has been conducted nationwide to
illustrate epidemiological patterns of waterborne diseases,
vector borne diseases and viral epidemics during flash
flood. Mosquito sprays would not be a sufficient approach
for dengue eradication; mass awareness, larvicide and
biological control by Guppy fishes are also effective
strategies to overcome dengue problem. International
health bodies and non-governmental organizations must
take note of this alerting situation and take adequate
steps such as financial/medical aid in order to defeat the
after-effects of flood.
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Core tip: In Pakistan every year monsoon brings havoc
in term of devastating flood. Lack of management skills
results in increased transmission of waterborne diseases,
vector borne diseases and viral outbreaks. Due to severe
flooding, thousands of people lose their lives and millions
are displaced each year. In most of the cases the children
who lose their family members are forced into illegal
professions of begging, child labor and prostitution which
make them prone to sexually transmitted infections.
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Abstract
Pakistan is a developing country that has a population
of 190 million people and faces a huge burden of viral
diseases. Every year during monsoon season heavy rain
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our research group identified and isolated a virulent
phage (from sewerage water samples) against multiple
drug resistant pseudomonas aeruginosa responsible for
bacteremia, respiratory system infections, gastrointestinal
infections, dermatitis, soft tissue infections, urinary
tract infections, bone and joint infections and a variety
[8]
of systemic infections . The bacterial infections which
are resistant to antibiotics can also be reduced by
using bacteriophage therapy. The risk of communicable
disease (including viral hepatitis A, cholera, typhoid
fever, leptospirosis, malaria, West Nile fever, yellow fever,
dengue and dengue haemorrhagic fever) from flooding
can be reduced via chlorination of water to ensure safe
drinking water, vaccination against hepatitis A, malaria
prevention, health education and proper handling
corpses. The nature contains hidden remedies against
multiple diseases and there is a strong need to identify
[9,10]
therapeutic potentials of natural entities
.
Due to heavy rainfall and river overflow, in many
regions of Pakistan, standing water becomes breeding
sites for mosquitoes. It has been reported that more than
21204 people were infected with dengue in November
[11]
2010 after a worst flood in Punjab . The prevalence of
viral infections is unfortunately increasing day by day in
developing countries due to limited awareness among
[12,13]
the general population
. Although a new vaccine for
dengue fever has proven safe in nonhuman primates,
a lot of efforts are required to supply effective vaccines
at minimal cost. Up to now there is no vaccine against
dengue haemorrhagic fever in Pakistan. Although the
government of Pakistan took crucial steps to manage
the devastating situation through organizing awareness
programs at offices and educational institutes, and many
spraying teams for fumigating, spraying and fogging
affected areas, this problem survived for a few months
due to the complexity of this issue. The dengue infection
reoccurred in 2011, 2012 and 2013 due to heavy rain
fall of monsoon. In Karachi on average 700, 858 and 630
deaths were reported due to dengue infections in 2010,
2011 and 2012, respectively. But in 2013 the number of
deaths due to dengue has increased to 2706 cases which
depict a 323.4% increase in dengue cases compared
[14]
to 2012 . It has been reported that allied hospitals in
capital twin cities (Islamabad and Rawalpindi) of Pakistan
were receiving almost 25 fresh dengue cases every day.
In October 2013 it has been reported from Rawalpindi
that almost 722 suspected cases have been reported
since September 2013. It was further disclosed that
the provincial health department was hiding the actual
number of deaths only due to hiding the incompetence
[15]
of the department . Mosquito sprays would not be a
sufficient approach for dengue eradication, and mass
awareness, larvicide and biological control by Guppy fishes
are also effective strategies to overcome this problem.
Lessons should be learned from our previous mistakes
of poor flood management. The government of Pakistan
has to cope with the ongoing impact of Pakistan’s flood
and the resulting displacement of populations. Each year
Pakistan suffers lose water due to the absence of water

TO THE EDITOR
In Pakistan, heavy rain fall and lack of disaster manage
ment skills potentially increase transmission of waterborne,
vector borne diseases and viral epidemics. Communicable
diseases with increased risk of transmission during
flood includes viral hepatitis A, cholera, typhoid fever,
leptospirosis, malaria, West Nile fever, yellow fever, dengue
and dengue haemorrhagic fever. The country suffers loss
of numerous lives each year due to unprepared set of
mind. It has been reported that over the last three years,
due to severe flooding, thousands of people have lost
their lives and millions have been displaced. Many people
lost their conscious state of mind and mental health was
seriously disturbed. Sometimes children who lost their
family members are forced into illegal professions of child
labor, begging and prostitution which make them prone
to sexually transmitted infections. If the similar situations
remain persistent during the upcoming years, serious viral
epidemics, acting as threatening viral time bomb could
wipe out the entire nation. Policy-makers must provide
wider opportunities for the dissemination of awareness
and knowledge related to silent routes of viral transmission
and focus on epidemiological patterns associated with
[1,2]
emerging viral infections in Pakistan .
National Disaster Management has reported 118
deaths, above 800 injuries and loss of 325000 acres of
crops land, due to a flash flood which affected nearly
[3]
1700 villages . The healthcare facilities are mainly
administered by private sectors in Pakistan. Healthcare
and sanitation systems are inadequate at urban sectors
[4]
and very poor in rural areas . The government of
Pakistan has provided limited healthcare facilities as
compared to rapidly increasing population. It has been
reported that there are 127859 doctors and 12804
healthcare infrastructures in Pakistan to cater for more
[5]
than 175 million people . Among various hospitals, due
to in-appropriate facilities, patients travel from hundreds
of kilometers for the sake of basic healthcare facilities.
During flood, sometimes travel to only few kilometers,
is almost impossible. Pakistan again and again faced
serious flood problems in major provinces, which caused
hundreds of deaths and massive displacements due to
sheer negligence of National Disaster Management. Many
domestic animals were also infected by various diseases
due to flood. Heavy flood coming from India adds to
flooding misery. India released more than 170000
cusecs of water which severely damaged catchments
areas of Sutlej River near Kasur, affecting hundreds of
[6]
thousands of people . In Punjab, heavy rainfall swept
187000 acres of land and affected more than 165000
people in Rajanpur. In Sindh, Lyari and Malir have been
seriously affected by flooding. In Khyber Pakhtunkhwa,
regions heavily damaged by flash floods, in term of
damaged houses, infrastructures, loss of many precious
lives, water irrigation, and electricity, includes Peshawar,
Bannu, Chitral, Tank and Lakki Marwat. In Balochistan,
extensive damages have been reported from Jaffarabad,
[7]
Harnai, Jhal Magsi, Sibi and Loralai districts . Previously
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storage capacities. The water storage in deep wells and
dams will not only prevent flash flood, but it will also be
a positive step towards generation of electricity. There is
a strong need to improve surveillance at local, national,
and international levels to develop Disaster-Preparedness
Programmes and Early Warning Systems. International
health bodies and non-governmental organizations must
take note of this alarming situation and take appropriate
steps like financial/medical aid to defeat the after-effects
of flood.
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TO THE EDITOR
Currently, there are two methods (formulas) viz., Reed
[1]
[2,3]
and Muench and Spearman-Karber
are commonly
employed for the calculation of 50% endpoint by serial
dilution. To understand/apply these methods, moderate
mathematical skills along with calculator or computer
are essential. Here, I have proposed a simple formula
to calculate the 50% endpoint titre and this formula can
be used in addition to Reed and Muench or SpearmanKarber, methods but not exclusively at this point. In
the following section, the newly proposed method is
compared with two commonly used methods viz., Reed
and Muench and Spearman-Karber.

Received: January 7, 2016
Peer-review started: January 10, 2016
First decision: March 1, 2016
Revised: March 2, 2016
Accepted: March 17, 2016
Article in press: March 19, 2016
Published online: May 12, 2016

Abstract
Two commonly used methods for calculating 50% endpoint
using serial dilutions are Spearman-Karber method and
Reed and Muench method. To understand/apply the
above formulas, moderate statistical/mathematical skills
are necessary. In this paper, a simple formula/method for
calculating 50% endpoints has been proposed. The formula
yields essentially similar results as those of the SpearmanKarber method. The formula has been rigorously evaluated
with several samples.
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Reed and Muench method

log10 50% end point dilution = log10 of dilution showing
a mortality next above 50% - (difference of logarithms
× logarithm of dilution factor).
Generally, the following formula is used to calculate
“difference of logarithms” (difference of logarithms is
also known as “proportionate distance” or “interpolated
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Table 1 Calculation of virus titre in mice using the Reed and Muench method
Log10 virus dilution

Mice

Cumulative total

Percent mortality

Died

Survived

Died

Survived

Total

10
10
10
10
10
6
1

0
0
0
0
0
4
9

57
47
37
27
17
7
1

0
0
0
0
0
4
13

57
47
37
27
17
11
14

-1
-2
-3
-4
-5
-6
-7

57/57 × 100 = 100
47/47 × 100 = 100
37/37 × 100 = 100
27/27 × 100 = 100
17/17 × 100 = 100
7/11 × 100 = 63
1/14 × 100 = 7

Difference of logarithms = (63-50)/(63-7) = 0.23; log10 50% end point dilution = -6 - (0.23 × 1) = -6.23; 50% end point
dilution = 10-6.23; the titre of the virus = 106.23 LD50/mL.

Table 2 Calculation of virus titre in mice using the SpearmanKarber method

Table 3 Calculation of virus titre in mice using the new
method

Log10 virus dilution

Log10 virus dilution

-1
-2
-3
-4
-5
-6
-7

Mice
Died

Inoculated

10
10
10
10
10
6
1

10
10
10
10
10
10
10

-1
-2
-3
-4
-5
-6
-7
Total

x0 = 5; d = 1; log10 of 50% endpoint dilution = - [5 - ½ + 1 (17/10)] = -6.2;
50% end point dilution = 10-6.2; the titre of the virus = 106.2 LD50/mL.

Mice

Death score

Died

Inoculated

10
10
10
10
10
6
1
57

10
10
10
10
10
10
10

10/10 = 1
10/10 = 1
10/10 = 1
10/10 = 1
10/10 = 1
6/10 = 0.6
1/10 = 0.1
5.7

By using formula 1: log10 50% end point dilution = - (57/10 + 0.5) × 1 =
-6.2; 50% end point dilution = 10-6.2; the titre of the virus = 106.2 LD50/mL.
By using formula 2: log10 50% end point dilution = - (5.7 + 0.5) × 1 = -6.2;
50% end point dilution = 10-6.2.

value”): Difference of logarithms = [(mortality at dilution next

above 50%)-50%]/[(mortality next above 50%)-(mortality
next below 50%)].

Comparison of the newly proposed and existing
methods with an example of virus titration in
mice: For simplicity, it is assumed that 1 mL of each
dilution was inoculated (Tables 1-3).
The newly proposed formula has been intensively
validated with several samples and essentially yields the
same results as those by the Spearman-Karber method.
Therefore, the newly proposed method can be used in
addition to the existing methods but not exclusively at this
point.

Spearman-Karber method

log10 50% end point dilution = - (x0 - d/2 + d ∑ ri/ni)
x0 = log10 of the reciprocal of the highest dilution
(lowest concentration) at which all animals are positive;
d = log10 of the dilution factor;
ni = number of animals used in each individual
dilution (after discounting accidental deaths);
ri = number of positive animals (out of ni).
Summation is started at dilution x0.

Newly proposed method
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Intrinsic host restriction factors of human cytomegalovirus
replication and mechanisms of viral escape
Santo Landolfo, Marco De Andrea, Valentina Dell’Oste, Francesca Gugliesi

Abstract

Santo Landolfo, Marco De Andrea, Valentina Dell’Oste,
Francesca Gugliesi, Department of Public Health and Pediatric
Sciences, Laboratory of Pathogenesis of Viral Infections,
University of Turin, 10126 Turin, Italy

Before a pathogen even enters a cell, intrinsic immune
defenses are active. This first-line defense is mediated
by a variety of constitutively expressed cell proteins
collectively termed “restriction factors” (RFs), and they
form a vital element of the immune response to virus
infections. Over time, however, viruses have evolved in
a variety ways so that they are able to overcome these
RF defenses via mechanisms that are specific for each
virus. This review provides a summary of the universal
characteristics of RFs, and goes on to focus on the
strategies employed by some of the most important
RFs in their attempt to control human cytomegalovirus
(HCMV) infection. This is followed by a discussion of
the counter-restriction mechanisms evolved by viruses
to circumvent the host cell’s intrinsic immune defenses.
RFs include nuclear proteins IFN-γ inducible protein
16 (IFI16) (a Pyrin/HIN domain protein), Sp100, prom
yelocytic leukemia, and hDaxx; the latter three being
the keys elements of nuclear domain 10 (ND10).
IFI16 inhibits the synthesis of virus DNA by downregulating UL54 transcription - a gene encoding a CMV
DNA polymerase; in response, the virus antagonizes
IFI16 via a process involving viral proteins UL97 and
pp65 (pUL83), which results in the mislocalizing of
IFI16 into the cytoplasm. In contrast, viral regulatory
proteins, including pp71 and IE1, seek to modify or
disrupt the ND10 proteins and thus block or reverse
their inhibitory effects upon virus replication. All in all,
detailed knowledge of these HCMV counter-restriction
mechanisms will be fundamental for the future
development of new strategies for combating HCMV
infection and for identifying novel therapeutic agents.
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[9,10]

INTRINSIC IMMUNITY
The sensing of “pathogen-associated molecular patterns”
(PAMPs) - typically microbe nucleic acids and proteins
(usually absent from healthy hosts and thus hallmarks
of infection) - by germline encoded proteins serving as
“pattern recognition receptors” (PRRs) constitutes the
[2,16]
earliest step in the innate immune response
. Viral
nucleic acid including DNA containing CpG motifs, and
RNA species, including both double-stranded and singlestranded RNA, can be detected by Toll-like receptors
TLR3, TLR7-8 and TLR9, or PRR in the cytoplasmatic
[17,18]
or the nuclear compartment
. Two different innate
immunity signaling cascades are triggered by detect
ing exogenous nucleic acid. In the first, transcription
factors (TFs) are activated, such as NF-kB and IRF3,
culminating in the production of chemokines, cytokines,
[19,20]
and IFN-typeⅠ
. The second signaling cascade leads
to inflammasome complex formation; this activates
caspase-1, an enzyme that generates active cytokines
set for secretion by proteolytically cutting pro-IL-1β
[21-23]
and pro-IL-18
. Whereas PRRs activate signals
that inhibit infection indirectly, RFs provide front-line
defense by interfering directly with the activity of genes
essential for the virus’s replication. Indeed, this is often
computed before the production of antiviral cytokines
has even been activated. Thus, the properties of RFs
are clearly distinct to those of PRRs. First and foremost,
while RFs are basally expressed in many cell types, their
expression may be increased by IFN signaling. Second,
isolated RFs have been shown to exhibit antiviral activity
in cells, maintaining their capacity to inhibit precise steps
in the viral life cycle. Third, viral proteins have evolved
to antagonize certain RFs. Finally, genetic selection
driven by host vs pathogen coevolution has undoubtedly
[3]
operated on the genes for RFs . Thus, according to the
concept of intrinsic immunity, we can define cell as either
“restrictive” or “permissive” depending on viruses ability
[5,24]
to replicate efficiently within them
. Retroviruses
have presented a model that has played a pivotal role
in the development of our understanding of virus-host
[4,8,14,15,18]
interactions
. However, evidence now shows that
several other viruses are also counteracted by intrinsic
[25,26]
immunity, including herpesviruses
.
Here, we focus on the newest findings about human
cytomegalovirus (HCMV), which belongs to the Her
[27,28]
pesviridae family
, and provide a summary of the RFs
that perturb its replication (Table 1). Interestingly, HCMV
appears to have evolved a number of mechanisms to
counteract the action of restriction factors, ultimately
[29-32]
leading to the successful replication of viruses in cells
.

Landolfo S, De Andrea M, Dell’Oste V, Gugliesi F. Intrinsic
host restriction factors of human cytomegalovirus replication
and mechanisms of viral escape. World J Virol 2016; 5(3): 87-96
Available from: URL: http://www.wjgnet.com/2220-3249/full/
v5/i3/87.htm DOI: http://dx.doi.org/10.5501/wjv.v5.i3.87

INTRODUCTION
Viral replication in the infected cell is the result of
complex interactions between host and viral proteins.
Indeed, in the course of evolution, mammalian immune
systems have evolved to response via an array of cellular
defense mechanisms, which include both innate and
adaptive immune responses, designed to protect against
[1]
and remove invading pathogens . The innate immune
system, mediated by specialized cells such as natural
[2]
killer cells (NK), dendritic cells, and macrophages , is
the first to respond, but it is not very specific and does
not lead to a long-lasting memory of the response
to the pathogen. A specific form of innate immunity,
termed “intrinsic immunity”, has also been identified
of late, thus generating a third branch of the immune
system that was until now considered a bipartite system.
Intrinsic immunity involved a set of defense mechanisms
[3]
that operate on the cellular level , realized by cellular
proteins known as “restriction factors” (RFs), as they
can interfere with various steps of the virus replication
[4,5]
cycle . The word restriction factor was first coined by
research groups studying the murine immune response
to retroviruses. Work conducted over 40 years ago
revealed that “friend virus susceptibility factor-1” was
responsible for conferring resistance to infection by
[6]
retroviruses . Retroviruses consequently became a
model system for investigating intrinsic immunity and
have been instrumental in deepening our knowledge of
[7,8]
the interaction between viruses and their hosts . Over
time, the notion of “intrinsic immunity” get up from the
finding that the cells attacked by primate lentiviruses are
able to resist infection, despite the fact that no signaling
event appeared to be necessary for this form of defense,
and from the finding that these cells constitutively ex
press prototype human antiretroviral RFs, including the

WJV|www.wjgnet.com

[11]

APOBEC3 family of cytidine deaminases
, TRIM5a ,
[7]
[12]
[13,14]
Tetherin , SAMHD1 , and BST-2
. RFs are thus
germline-encoded proteins mediating the intrinsic cellular
immune response against viral replication. TypeⅠinter
ferons (IFN) have been demonstrated to increase the
expression of RFs, however cells targeted by IFN do not
[15]
rely on its activity for constitutive antiretroviral activity .

Core tip: Cellular “restriction factors”, active before
human cytomegalovirus (HCMV) enters the cells, form a
component of the intrinsic resistance to virus infection.
Examples of such factors are hDaxx, promyelocytic
leukemia, Sp100 - components of ND10 - and IFN-γ
inducible protein 16 (IFI16), an Interferon-inducible
protein of the Pyrin/HIN domain protein family. Over
time, viruses have developed mechanisms to counteract
ND10 and IFI16 through viral proteins, such as IE1
and pp71, or UL97 and pp65, respectively. Detailed
knowledge of these mechanisms will provide new
competencies useful to control HCMV infection and, in
turn, contribute to the development of novel therapeutic
approaches.
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Table 1 Overview of host restriction factors for human cytomegalovirus
Host restriction factors
PYHIN family
IFI16

Regulation

CMV inhibition

HCMV counter measure

Ref.

Type Ⅰ IFN inducible

HCMV-DNA sensing in the nucleus

Sequestration by HCMV pp65 for
MIEP activation
Protection from proteasome
degradation by pp65
Delocalization upon
phosphorylation by HCMV UL97
Not known

[42,43,46,60,72]

Targeting HCMV IE1 for
degradation
hDaxx binding by pp71 for
proteasome degradation
Prevention of KDM association with
the MIEP by HCMV UL138

[93-116]

Interaction with HCMV pp65 to inhibit
UL54 promoter
Antiviral cytokine expression
AIM2
ND10 family
PML
hDaxx
Sp100
KDMs

Type Ⅰ IFN inducible

MCMV-DNA sensing in the cytoplasm
Inflammasome activation

Cell cycle dependent

Transcriptionally inactive chromatin state of
MIEP induction

Cell cycle dependent

Inhibition of HCMV latency

[66]

[117]

CMV: Cytomegalovirus; HCMV: Human cytomegalovirus; MCMV: Murine cytomegalovirus; IFI16: IFN-γ inducible protein 16; PYHIN: Pyrin/HIN
domain; AIM2: Absent in melanoma 2; KDMs: Lysine-specific demethylases; MIEP: Major immediate early promoter.

responsible for its nuclear subcellular localization in
[46]
quiescent cells, such as: Fibroblasts , endothelial cells,
[47]
and keratinocytes (for a review see ). It is of interest
that IFI16 protein has also been identified within the
[34]
nucleolus . However, in fibroblasts, macrophages, and
keratinocytes, IFI16 is able to relocate from the nucleus
to the cytoplasm. In fibroblasts and macrophages, this
[42,43]
occurs following infection by herpesvirus
; while in
keratinocytes, exposure to ultraviolet B light is able to
[48,49]
trigger this redistribution
. In herpesvirus infection,
IFI16 redistribution is associated with inflammasome,
and after UVB exposure, it is associated with apoptosis.
IFI16 is able to form homodimers or bind to other proteins
[38,50,51]
to form heterodimers; its partners include: p53
,
[52]
[53]
[54]
[55]
Rb , BRCA1 , ASC and STING . Indeed, proteinprotein interactions are now thought to determine the
subcellular localization of proteins; however, the mole
cular mechanisms regulating the redistribution of IFI16
from the nuclear to the cytoplasmic compartment remain
unknown. Finally, a role of viral DNA sensor has also
[47,56]
been attributed to cytoplasmic IFI16
. Indeed, the
capacity of IFI16 to bind to viral DNA has been confirmed
[40,55-60]
both in vitro and in vivo
. It is now believed that
IFI16 may actually tune the innate immune response by
[47,56]
stimulating IFN-typeⅠrelease
. Thus, in addition to
the various types of protein-protein interactions involving
IFI16, another factor that may lead or contribute to IFI16
redistribution within the cell is its binding to microbial DNA.

THE IFN-γ INDUCIBLE PROTEIN 16
PROTEIN
The IFN inducible IFI16 protein is a member of the Pyrin
and HIN domain containing proteins (PYHIN) family; it
is coded by an IFN-inducible group of genes residing on
[33-35]
chromosome 1q23
. In humans, this family includes
five PYHIN proteins: The recently discovered “Pyrin
domain only protein 3”, “Pyrin and HIN domain family
member 1” (PYHIN1), “absent in melanoma 2” (AIM2),
“myeloid cell nuclear differentiation antigen” (MNDA),
[36,37]
and “IFN-γ inducible protein 16” (IFI16)
. All five of
these proteins possess an N-terminal PYRIN domain, and
at least four possess a conserved domain of 200-amino
acid repeats (HIN-200) within the C-terminal region
(in single or tandem copies), thus they are collectively
known as PYHIN. The PYD (or PAAD or DAPIN) domain is
a member of the death domain family and consists of an
α-helical motif that interacts with other PYD-containing
[38]
proteins . The HIN domain contains consensus motifs
encompassing the 200-amino acid repeats, according
to which it is classified into 3 subtypes, designated A,
[39,40]
B, C
. PYHIN1, MNDA, and IFI16 all contain nuclear
localization sequences located within their N-termini, and
[35,39,41]
as such are primarily expressed in the cell nucleus
.
However, in response to environmental stimuli, such
as viral infection, they undergo post-translational modi
fications, i.e., acetylation, and translocate into the
[42,43]
cytoplasm
. Alternative splicing of the IFI16 gene
[39]
produces three isoforms ; each isoform is made up
of two domains, designated A and B, each 200-amino
acid long. These domains are divided by a spacer
region that may vary in its length. The B isoform is
the most predominant and has been detected in an
array of histologically distinct cell types (i.e., immune,
[44]
endothelial, and epithelial cells ). The IFI16 N-terminal
[45]
region display a bi-partite “nuclear localization signal” ,
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Inhibition of HCMV replication by IFI16 and viral evasion

AIM2 and IFI16 are the two PYHIN members that
have been demonstrated to act as PRRs of intracellular
[51,60-66]
DNA of virus origin
. In particular, in cells infected
with Kaposi Sarcoma Associated herpesvirus, IFI16
was revealed to form a functional inflammasome by
[54]
interacting with ASC together with procaspase-1 .
Moreover, this virus triggered NF-κB and IRF3 expression
and activation [TFs routinely observed to be activated
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after DNA transfection or the infection with herpes
simplex virus type 1 (HSV-1)] could be inhibited by
reducing IFI16 expression (or its mouse counterpart
[67-70]
p204) using siRNA
. Besides its role as a PRR, IFI16
had previously been recognized to carry out a variety
of other functions in the cell, although none in relation
[35]
to antiviral activity (reviewed in ). However, our
understanding of the functions of IFI16 in the cell has
dramatically changed over modern years; this is largely
due to the results gained from the application of two
[42]
different experimental approaches (reviewed in ). The
first involves IFI16 knockdown through the use of specific
siRNA or IFI16 inactivation achieved by transfecting cells
with a lentivirus carrying a dominant negative mutant
[71]
form of the protein . For example, eliminating functional
IFI16 protein in fibroblasts isolated from human embryo
lung (HELFs), via either methodology, was shown to
significantly increase herpesvirus replication, including
HCMV. The second approach involves augmenting
the quantity of IFI16. The overexpression of IFI16 in
HELFs infected with HCMV was associated with a 2.5
log reduction in viral yield. However, light had yet to be
shed on the molecular mechanisms responsible for the
antiviral role of IFI16, prompting an investigation into the
consequences of overexpression on the distinct phases of
virus replication. Exploiting the luciferase reporter gene
methodology, transfection experiments were used to
study the effects of deleting the viral polymerase (UL54)
or UL44 promoters or introducing mutated forms of the
[72]
two . These studies indicated the IR-1 locus (inverted
repeat element 1), located upstream of the polymerase
transcription start-site, to be the object of IFI16-induced
virus suppression. Chromatin immunoprecipitation and
EMSA revealed that Sp1-like factors were effectively
blocked by IFI16 and that this in turn led to UL54 sup
pression. This result was confirmed by deleting the
element within the UL44 promoter responsive to Sp1,
which accordingly eliminated the suppressive effect of
IFI16 on HCMV replication (UL44 protein associates with
UL54 during viral DNA replication). Thus, in addition to
confirming IFI16’s role as a DNA sensor, for the first time
IFI16 had also been demonstrated to act as a restriction
[72]
factor of herpesvirus replication (Figure 1).
HCMV is nevertheless able to replicate in host cells
despite the restrictive capacity of IFI16. This suggests
that HCMV has developed evasion strategies to respond
[42,43]
to the effects of IFI16
. The first evidence sustaining
a plausible HCMV evasion strategy was obtained by
infecting fibroblasts with a BAC mutant unable to express
[42]
UL97 phosphoprotein . Early on during infection, IFI16
binds to virus DNA, but at a later time point during viral
DNA synthesis, IFI16 undergoes relocalization from the
nucleus to the cytoplasm. It was also revealed that this
virus-induced movement of IFI16 out of the nucleus
required that UL97 (a viral protein kinase) bound to
IFI16. Upon binding to UL97 phosphoprotein, IFI16
undergoes phosphorylation, which in turn promotes
its nucleo-cytoplasmic relocalization. IFI16’s ensuing
transfer into the virus assembly complex is regulated by
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the endosomal sorting complex required for transport
machinery. Finally, IFI16 becomes integrated into newly
assembled virions during the process of virus maturation
and budding, effectively expelling IFI16 from the infected
[42]
host . However, recent studies have revealed that IFI16
phosphorylation by UL97 is not the only mechanism
for HCMV escape from IFI16 restriction activity. Using
a BAC mutant virus unable to express the tegument
[73]
protein pp65 (pUL83) Biolatti et al (2016, unpublished
results) have demonstrated that IFI16 interacts with
pp65 targeting early gene promoters including that of
the viral DNA polymerase pUL54. The capability of IFI16
to downregulate virus growth was found to depend on its
interaction with pp65 at the UL54 promoter, as shown by
the growth properties of the HMCV mutant v65Stop in
IFI16 knockdown cells. Interestingly, at later time points
of HCMV infection, IFI16 was not degraded, as observed
in HSV-1 - infected cells, but it was protected by its
interaction with pp65. These data reveal a dual role for
pp65. Initially it modulates IFI16 activity at the promoter
of immediate-early and early genes, and subsequently,
it delocalizes IFI16 from the nucleus, thereby protecting
it from proteasomal degradation. Overall, these data
identify a novel activity displayed by the pp65/IFI16
interactome in the regulation of UL54 gene expression
and IFI16 protein stability during HCMV replication.
In summary, these experiments point toward IFI16
nuclear egression, subsequent to its binding to UL97
and pp65, as the mechanism through which HCMV is
successfully able to evade IFI16 restriction activity;
this removal of IFI16 from its site of restriction activity
is finalized with its incorporation into newly formed
[42]
virions and expulsion from the cell altogether . This is
most likely the event that, to all intents and purposes,
underlies the HMCV’s successful evasion of IFI16 an
tiviral activity (Figure 1, Table 1).

NUCLEAR DOMAIN 10
The nuclear matrix, hypothesized by some to organize and
regulate a number of nuclear functions within the nucleus
[74,75]
of eukaryotes
, contains discrete bodies designated
“nuclear domain 10” (ND10), “promyelocytic leukemia
(PML) nuclear bodies”, or PODS. These bodies appear as
sphere-like, measuring between 0.1-1 µm in diameter,
and in some circumstances they present a granular
center. ND10 can be found within the nucleoplasmic
domains collectively termed the interchromosomal space,
often next to proteinaceous bodies. Sp100, hDaxx,
and PML protein are three of the protein constituents
of ND10. These proteins recruit additional proteins that
[76,77]
are SUMOylated
. One of these additional proteins is
SUMO, a protein related to ubiquitin, and its conjugation
to PML is implicated in the further recruitment of yet
[76,77]
more binding partners
. ND10 are devoid of RNA or
[78]
DNA and they typically gather into clusters of 5 to 15 .
PML protein forms the outer “casing” of the structure,
and its protein partners are usually concentrated inside.
Functionally, ND10 play a regulatory role, influencing
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Figure 1 Simplified model of host restrictions against human cytomegalovirus and mechanisms of viral escape. IFI16 recognizes HCMV-DNA in the nucleus.
In the early phases of infection, HCMV-pp65 hijacks IFI16 to activate MIEP expression; later on the complex IFI16-pp65 blocks HCMV replication by inhibiting the
action of Sp1 on UL54 promoter. IFI16 is not degraded, but it was stabilized by its interaction with pp65. To evade IFI16 antiviral activity, HCMV induces nuclear
translocation of IFI16 upon recruitment of HCMV kinase UL97 to IFI16. In the cytoplasm, IFI16 activates STING-mediated antiviral cytokine expression. ND10
components (hDaxx, Sp100, PML) limit viral replication by silencing viral IE genes, inducing a transcriptionally inactive chromatin state of the MIEP via recruitment of
ATRX or HDACs to the viral DNA. The viral pp71 binds to hDaxx for proteasome degradation and relieves MIEP repression. Degradation of hDaxx is preceded by the
release of ATRX from ND10. IE1 promotes the dispersion of the ND10, by de-SUMOylation, with the consequent inhibition of PML oligomerization. HCMV: Human
cytomegalovirus; IFI16: IFN-γ inducible protein 16; PYHIN: Pyrin/HIN domain; AIM2: Absent in melanoma 2; MIEP: Major immediate early promoter; ND10: Nuclear
domain 10; ATRX: Alpha thalassemia and mental retardation syndrome X-linked; PML: Promyelocytic leukemia.
[79]

diverse key processes, such as DNA damage repair ,
[80-82]
[83-85]
[86,87]
oncogenesis
, apoptosis
, senescence
, and
[75,76]
gene expression regulation
. The fact that ND10 are
subject to profound biochemical modification during
[81,87-90]
virus infection is of particular interest
. During the
infection of quiescent cells, evidence indicates that NB10
accumulates viral DNA within their central core and/or at
their periphery. Moreover, considering the fact that IFNs
stimulate an increase expression of PML, hDaxx, and
[91-93]
Sp100
, it would appear that ND10 play a key role in
the innate antiviral response.

expression by siRNA and thus depletion of this ND10
constituent, for instance, was shown to increase the
susceptibility of “human primary foreskin fibroblasts”
[92]
(HFF) to HCMV infection . Indeed, the capacity of ND10
bodies to restrict HCMV is achieved by down-regulating
[93]
IE gene expression . Of note, when PML-null HFF
were used, HCMV infection resulted in the formation
[99]
of Sp100 and hDaxx . It has since emerged that it is
actually the virus itself that stimulates the recruitment of
[98]
ND10 constituents to nucleoprotein complex of HCMV .
What is more, studies suggest that this ND10-instigated
intrinsic immune response probably entails other ND10
[100-102]
associated proteins, like Sp100 and hDaxx
.
In summary, the results of studies carried out by
various groups together depict a scenario where all the
three key ND10 proteins - i.e., Sp100, hDaxx, and PMLare involved in restricting viral replication through the
[97,102-104]
silencing of viral IE gene expression
. In addition,
infection experiments comparing the effects of single
vs double knock-down of ND10 constituents found that
HCMV gene expression was actually lower in the single
knock-down cells compared with the respective double
[101,102]
knock-down conditions
. This undoubtedly points
toward the individual proteins playing independent roles
in HCMV restriction. Epigenetic mechanisms able to

ND10 restriction of HCMV replication vs viral evasion
tactics

Although aggregates of HCMV IE gene transcripts only
form adjacent to ND10 - originally considered the ideal
cellular location for HCMV to initiate its program of IE
gene expression - it was soon realized that early during
infection HCMV actually targets ND10 in order to destroy
[94-97]
them
(Figure 1, Table 1). The viral regulatory protein
IE1 is responsible for this activity; moreover ND10
destruction by IE1 correlates with efficient lytic repli
[98]
cation . ND10 are now understood to be key cellular
restriction factors playing an effective biological role in
the inhibition of virus replication. The silencing of PML
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block viral genome transcription and replication may be
[105,106]
involved
. During early infection, viral DNA exists in
a repressive chromatin state, a result of posttranslational
[106]
modifications of histones . Through its ability to recruit
to the viral DNA chromatin modifying enzymes, including
the histone deacetylases, or chromatin remodeling protein
“alpha thalassemia and mental retardation syndrome
[105,107]
X-linked” (ATRX)
, hDaxx has been demonstrated to
convert the HCMV immediate-early enhancer/promoter
[108]
(MIEP) into a transcriptionally inactive chromatin state .
Sp100 and PML have similarly been confirmed to interact
with enzymes that modify chromatin; once again im
plicating the contribution of possible epigenetic modi
fications in the intrinsic immune repression of IE gene
[109,110]
expression
.
Until now, the role of ND10 has largely been studied
in the context of productive HCMV infection. Interestingly,
[110]
Saffert and Kalejta
, using three different cellular
settings, including NT2 and THP-1 cells, primary human
+
CD34 cells, and two myeloblastic cell lines (Kasumi-3
and KG-1), provided evidence that hDaxx is also
involved in IE gene silencing in latent HCMV infections.
By contrast, the group led by Sinclair provide evidence
indicating that hDaxx protein is only marginally involved
in MIEP regulation during latent infection, since its
[105]
knockdown in NT2 cells block IE gene expression . To
[111]
solve this apparent discrepancy, Stamminger’s group
used the THP-1 monocytes recognized as reliable in
vitro latency model of HCMV. In non-differentiated
THP-1 monocytes, HCMV undergoes latency; while in
THP-1 cells induced to undergo differentiation towards a
macrophage-like phenotype, achieved using PMA, HCMV
[111]
enters its lytic cycle
. The results obtained showed
that the silencing of PML, hDaxx, or Sp100 expression
by small hairpin RNA in non-differentiated THP-1 mono
cytes did not have an effect on IE gene expression. In
contrast, the silencing of ND10 in differentiated THP-1
significantly augmented cells positive for IE gene ex
pression. Altogether, these conclusions indicate that
hDaxx, PML, and Sp100 serve as restriction factors of IE
gene expression, but are only marginally involved in the
[111]
establishment of HCMV latency .
Nevertheless, we know that HCMV is still able to
undergo successful lytic replication in spite of the restric
tive behavior of the ND10 constituent proteins; this
tells us that HCMV has co-evolved to circumvent this
aspect of the innate immune response. Indeed, we now
know that shortly after virus penetration, pp71 (the viral
transactivator tegument protein) moves to ND10 bodies
[112]
where it interacts with ND10 constituent proteins ; in
particular, it associates with hDaxx, which, as discussed
above, is capable of down-regulating IE gene expression
[113]
by silencing MIEP
. The interaction between pp71
and hDaxx results in the latter being directed down the
path of proteasome degradation, thereby relieving MIEP
[112]
repression . However, investigations by other groups
have recently shown that the scenario is actually much
more complex. Degradation of hDaxx is preceded by the
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pp71-stimulated release of ATRX from ND10, and it is
the displacement of ATRX that alleviates the repression
[113]
of IE gene expression .
While pp71 is fundamental to counteract the capa
city of both ATRX and hDaxx to silence virus genes, it
is the action of IE1 protein that seems to eliminate the
restrictive effects of PML protein. Indeed, IEI stimulates
ND10 body dispersal, with the associated displacement
of both PML and Sp100. At low MOI, IE1 synergizes with
IE2 and promotes the activation of various viral gene
[114,115]
expression
. However, only IE1 is required for ND10
dispersal. Moreover, the disruption of PML by IE1 is not
followed by degradation of PML via proteosome; instead
it becomes de-SUMOylated; which effectively inhibits
PML oligomerization and thus its ability to re-associate
[116]
within ND10 bodies
(Figure 1, Table 1).

lysine-specific demethylases
Lysine-specific demethylases (KDMs) inhibit the esta
blishment of HCMV latency by getting rid of epigenetic
“tags” present on histones associated with the repression
of MIEP. Interestingly, the viral UL138 protein counteracts
this defense by interfering with the association of KDMs
[117]
with the MIEP
(Table 1).
Thus, the presence of viral factors neutralizing cog
nate host restriction factors indicate that HCMV has
developed multiple escape strategies over lifelong coloni
zation at the cellular level.

CONCLUSION
In conclusion, frontline cell defense against HCMV re
plication is now known to be accomplished by different
proteins through different pathways. Moreover, the viral
countermeasures to overcome these restriction factors
are now clearly understood to involve a number of viral
proteins, including pp71, IE1, UL97, and pp65. Ongoing
research is presently being focused at compiling a more
in-depth picture of the molecular mechanisms involving
ND10 that underlie the host cell’s restrictive response
the viral evasion strategies.
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Microbiology laboratory and the management of motherchild varicella-zoster virus infection
Massimo De Paschale, Pierangelo Clerici
and causes an acute infection among children, especially
those aged less than six years. As 90% of adults have
had varicella in childhood, it is unusual to encounter
an infected pregnant woman but, if the disease does
appear, it can lead to complications for both the mother
and fetus or newborn. The major maternal complica
tions include pneumonia, which can lead to death if
not treated. If the virus passes to the fetus, congenital
varicella syndrome, neonatal varicella (particularly serious
if maternal rash appears in the days immediately before
or after childbirth) or herpes zoster in the early years
of life may occur depending on the time of infection. A
Microbiology laboratory can help in the diagnosis and
management of mother-child infection at four main
times: (1) when a pregnant woman has been exposed
to varicella or herpes zoster, a prompt search for specific
antibodies can determine whether she is susceptible
to, or protected against infection; (2) when a pregnant
woman develops clinical symptoms consistent with
varicella, the diagnosis is usually clinical, but a laboratory
can be crucial if the symptoms are doubtful or otherwise
unclear (atypical patterns in immunocompromised sub
jects, patients with post-vaccination varicella, or subjects
who have received immunoglobulins), or if there is
a need for a differential diagnosis between varicella
and other types of dermatoses with vesicle formation;
(3) when a prenatal diagnosis of uterine infection is
required in order to detect cases of congenital varicella
syndrome after the onset of varicella in the mother;
and (4) when the baby is born and it is necessary to
confirm a diagnosis of varicella (and its complications),
make a differential diagnosis between varicella and other
diseases with similar symptoms, or confirm a causal
relationship between maternal varicella and malfor
mations in a newborn.
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Abstract
Varicella-zoster virus, which is responsible for varicella
(chickenpox) and herpes zoster (shingles), is ubiquitous
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[9,20]

lymph nodes where it replicates
. Primary viremia
occurs 4-6 d after infection, with dissemination to, and
replication in other organs (liver, spleen, the sensory
ganglia); secondary viremia appears after about 14 d
(range 10-21 d) and is expressed in the form of a
[5,21,22]
skin infection and the characteristic rash
. The
macules quickly progress to papules and vesicles, and
then to scabs. The lesions appear at various stages
of development at the same time, and have a central
distribution, mainly on the trunk and face, and less on
[5,7]
the limbs . The vesicles contain many viruses, and
may therefore be the most important route of transmis
[23-25]
sion
. Patients are usually infectious from two days
before the rash until the formation of scabs generally
[26,27]
five days after
.
Herpes zoster (shingles) is caused by virus reac
tivation years after the first infection, during which the
virus migrates to the sensory nerve ganglia of the dorsal
[13,28]
root and establishes latent infection in neuronal cells
.
Its reactivation years or decades later causes the
reappearance of the lytic infection in up to 15%-30% of
[29-33]
the population
. The virus spreads unilaterally along
the dermatomes and produces vesicles confined to a
single dermatome of the skin, giving rise to a particularly
[34-36]
painful rash
. Post-herpetic neuralgia usually lasts
2-3 wk but, in some cases, it can last for months or even
[9,37]
years after the rash has disappeared
.
Reactivation is caused by a decline in cell-mediated
immunity (CMI) (particularly in specific T lymphocytes),
or immunosuppression due to diseases, transplantations
[9,18,38]
or medical therapies
, although other possible
predisposing factors may be considered as gender, seaso
nality, race, stress, exposure to immunotoxic substances,
[39,40]
trauma and genetic susceptibility
. It is more frequent
in the elderly (50% of people aged > 85 years of age
experience episodes of herpes), and in subjects with
CMI disorders (lymphoproliferative cancers, organ
[18,41,42]
transplantation, AIDS, etc.)
.

Group Inc. All rights reserved.

Core tip: Although varicella during pregnancy is
infrequent and congenital varicella syndrome (CVS) is
rare, every available means should be used to prevent
and diagnose them. Microbiology laboratories can
be crucial in these situations: Evaluating a mother’s
immune status with sensitive and specific tests for the
detection of antibodies; allowing a rapid diagnosis with
molecular biology tests when a clinical manifestation
may be due to different etiologies; following pregnant
women with varicella for the prenatal diagnosis of CVS
with close collaboration between molecular biology
investigators and specialists in imaging diagnostics.
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management of mother-child varicella-zoster virus infection. World
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INTRODUCTION
Clinical features of varicella-zoster virus

Varicella-zoster virus (VZV) is responsible for varicella
(chickenpox) and herpes zoster (shingles). Varicella is
typically a childhood disease. Children experience a slight
fever, fatigue and the appearance of typical vesicles on
[1]
the skin . Except in children aged < 1 year, complications
are rare (2%-6%), but include Staphylococcus and
Streptococcus super-infections of the lower and upper
respiratory tract (pneumonia is more frequent in children
aged < 1 year), conjunctivitis, corneal infections,
[2-5]
meningo-encephalitis and occasionally death . The
disease is infrequent in immunocompetent children and
adults, but complications are 25-40 times more frequent
than in infants, probably because of a lower cell-mediated
[5-9]
immune response than children . These complications
include a high fever, hepatitis, encephalitis, and especially
viral or bacterial pneumonia (the latter in 10%-20% of
cases), and the mortality rate without treatment may
[10-12]
be as high as 20%-45%
. In general, adult vari
cella accounts for only 5%-7% of the total number of
[5]
reported cases, but the mortality rate is about 35% .
Furthermore, 36% of immunocompromised subjects
may experience serious and deadly disease with visceral
dissemination and other complications (pneumonia,
[5,13-15]
meningo-encephalitis)
.
The infection may be transmitted by air (inhalation
of the virus from respiratory tract secretions or vesicular
fluid), fomites (e.g., skin cells, hair, clothing, and bedd
[16-18]
ing), or direct contact
. The incubation period is
usually 14-16 d (range 10-21 d), but may be up to 28 d
in subjects treated with immunoglobulins, and even
[5,9,19]
longer in immunocompromised subjects
. The virus
enters the body through various mucous membranes
(the nasopharynx, conjunctiva) and passes into regional
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The virus

VZV or human herpesvirus 3 is a DNA virus belonging
to the order Herpesvirales, family Herpesviridae,
[43]
subfamily Alphaherpesvirinae, genera Varicellovirus .
It is exclusively human, and has a diameter of about
[9,44]
175 nm
. Of the seven known genotypes (E1,
E2, J, M1, M2, M3, M4), five are phylogenetically
circulating groups, and two (M1 and M2) are probably
[30]
recombinants of E1 and J .
The genome consists of a unique long region of
107836 bp flanked by inverted repeat regions (the long
terminal repeat and internal repeat long and a unique
short region flanked by repeated internal regions (the
[45]
short terminal repeat and inverted repeat short) .
The DNA contains 70 genes that are expressed
sequentially during the lytic cycle with the production
of immediate early non-structural and late structural
[45,46]
proteins
. The structural proteins form an icosahedral
capsid (162 capsomeres) containing the DNA, linked
to the outer lipoprotein envelope by a tegument (amor
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[9,47]

[82-84]

phous-protein structure)
. The envelope is made up
of glycoproteins (gB, gE, gH, gI, gK) and is important in
virion attachment, entry, envelopment, cell-to-cell spread
[48]
and egress . After entering a cell, the virus replicates in
the nucleus where the pre-formed DNA is incorporated
into capsids that leave the nucleus through the nuclear
membrane. After passing the inner nuclear membrane,
a first enveloped virus is formed in the perinuclear space
and, by means of the fusion of this envelope with the
outer leaflet of the nuclear membrane, the nucleocapsid
is released into the cytoplasm. The nucleocapsids are rewrapped in the Golgi complex, and the mature virions
are released into the outer space after the fusion of
[49]
the vesicle membranes with the cell membrane .
Unenveloped virions can also pass from cell to cell, thus
contributing to the spread of the virus, for example in
[9,40]
the skin
. The latency phase is characterised by the
expression of only a small number of proteins, and the
resumption of the lytic cycle after latency leads to the
[40,50]
manifestation of herpes zoster
.

persist for several months
. They may also be found
during re-infection and reactivation, appearing 8-10 d
after the rash and peaking after 18-19 d in 50% of
[30,82,85]
herpes zoster cases
. However, IgM is not always
found in cases of full-blown varicella and so their absence
[30]
does not indicate the absence of infection .
IgA antibodies have the same trend as IgM and, in
the case of re-exposure or reactivation, reappear (or
[83,85,86]
increase) in 50%-99% of cases of herpes zoster
.
IgG antibodies appear about 9-10 d after the beginn
ing of the rash, peak after about 60-70 d, and then
decrease to lower levels for the rest of the infected
[82,87]
subject’s lifetime
. External boosters (contacts with
exogenous virus) or internal reactivation can increase
[9,34,51,52]
their titres over time
.

Epidemiology

Varicella is a ubiquitous disease: In countries with a
temperate climate such as North America, European
countries, more than 90% of the population contract
[54,88-93]
the infection before the age of 15 years
. It mainly
affects children with especially winter/spring seasonality:
It is estimated that 52%-78% of all reported cases of
varicella occur in children aged < 6 years, and 89%-96%
of cases in children aged < 14 years; only 5%-7% of
[5,94,95]
cases occur in adults
. The population incidence
is about 1300-1600 cases per 100000 inhabitants per
[87]
year , but varies with geographical location: It is
[96-98]
300-1291 cases per 100000 in Western Europe
,
[99-111]
164-1240 cases per 100000 in Southern Europe
,
[112,113]
350 cases per 100000 in Eastern Europe
, and
1500-1600 cases per 100000 in the United States (pre[114]
vaccine era) . The reported mortality rate is 0.04-0.06
per 100000 inhabitants, and 2-4 per 100000 cases of
[5,30,115-121]
varicella, including 35% of adult cases
.
Epidemiology is different in tropical countries, where
[5]
there is no marked seasonality . The infection is
acquired in childhood less than in temperate countries,
with only 25%-85% of subjects contracting primary
[122-131]
infection before the age of 15 years
. Various
hypotheses have been postulated to explain this diffe
rence, including viral inactivation due to high ambient
temperatures, race, interference from other more
prevalent viruses and a lack of exposure due to the
rural living conditions in the tropics, where VZV does not
[123,132-134]
circulate very much
. Advanced age of infection
and the severity of adult disease may be responsible for
the increased morbidity and mortality due to varicella
[59,135-137]
and complications in these areas
.
However, epidemiology in industrialised countries is
changing because of the increase in immigration and/or
greater vaccination coverage insofar as the incidence of
infection has decreased by 57%-95% in all age groups
[5,138-140]
in the places in which vaccination is widespread
.
As regards the herpes zoster, the reported annual
incidence is 120-480 per 100000 inhabitants (all ages),
and 720-1180 per 100000/year in people aged > 60
[18,27,141,142]
years
.

Natural immunity

Natural infection induces a long-lasting immunity that is
maintained and enhanced by internal reactivation and/or
[9,34,51,52]
external boosting after exposure to VZV
. A person
who has had varicella is usually protected against the
[5,9,53,54]
disease unless he or she is immunosuppressed
.
People with a history of varicella who are re-exposed
to the virus may develop a new infection but it is us
ually asymptomatic and can only be detected on the
[5,55,56]
basis of an increase in antibody titres
, but it may
sometimes be mildly symptomatic in the case of a
failure to develop or maintain cell memory (leading to a
reduction in specific T lymphocytes), or if the viral load is
[57,58]
too high
. Some studies have reported 4.5%-13% of
symptomatic cases in children with a reported previous
history of varicella, and there have also been cases
of varicella during pregnancy in the presence of weak
[58-63]
antibody positivity
.
Humoral immunity does not prevent latent viral infection
or subsequent reactivation in the form of herpes zoster, but
CMI is important to contain the virus because the virus
[9,64-67]
spreads through the human body intracellularly
. If
CMI is working correctly, the absence of antibodies after
infection does not automatically imply susceptibility to
re-infection, but a poor or absent response increases
incidence of herpes zoster even in the presence of anti
[9,34,68,69]
bodies as has been reported in the elderly
. Finally,
in addition to antibody-dependent cellular cytotoxicity,
[70]
natural killer cell cytotoxicity is also important .
Humoral immunity is expressed as the production of
antibodies against components of the capsomere and
[71-78]
surface glycoproteins
. The antibodies against the
surface glycoprotein components (anti-gE, anti-gB, anti[79-81]
gI and anti-gH) are particularly neutralising
.
In the acute phase, IgM antibodies appear 1-7 d after
the rash, peak after 14 d (range 7-30), and generally
disappear during convalescence, although they may
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Consequences of an infection contracted during
pregnancy

The short period between primary infection and reac
tivation may be due to an immature VZV-specific cell[172]
mediated immune response in the fetus . As 65%-85%
of the infants born with CVS are female, it has been
hypothesised that there is a higher rate of fetal death
[26,145,147,168,171]
among males
.
It has been estimated that 8%-25% of the cases
of viral transmission to the fetus occur during the first
two trimesters of pregnancy, but only 12% of these
cases actually develop CVS, and so the incidence of
[53,56,
CVS in different studies ranges from 0% to 2.63%
145,152,164,166,173-178]
. A meta-analysis of studies published
between 1986 and 2002 calculated a total incidence of
0.70% (0.55% in the first trimester, 1.4% in the second,
[26]
and 0% in the third) . The most important period of
transmission is between the fifth and twenty-eighth week
of pregnancy, particularly up to the twentieth week, when
[26,145,168,179]
the incidence of 0.91%
. Cases of CVS are rare
between the twenty-first and twenty-eighth week, and
[152,179-186]
are mainly described in individual case reports
.
The probability of observing cases before 3-5 wk and
after 28 wk of gestation is practically zero (in the latter
[26,145,159]
case because of fetal maturation)
. Considering
an average risk of two cases per 1000 pregnancies, the
number if expected cases per year was estimated to
be 41 in the United States, four in Canada, 2-10 in the
[26,54,90,187,188]
United Kingdom, and seven in Germany
.
The risk of a miscarriage is debated in the literature:
Some authors have indicated a 3% risk during the first
trimester, and an 8% risk during the second, whereas
others have found that the risk does not seem to
be any greater than the risk in uninfected pregnant
[16,145,159,166,173,176,189,190]
women
.

As varicella is a widespread disease, especially among
children, the global risk of exposure during preg
[54,56,143]
nancy has been estimated to be 12%-24%
.
Fortunately, as most adults in temperate countries are
already protected, the possibility of contracting varicella
during pregnancy among susceptible women is much
lower, and the estimated incidence of varicella is 0.1-3
[8,26,90,117,144-150]
per 1000 pregnancies
.
Contracting varicella during pregnancy can be very
serious for a mother, especially if it is contracted in
[10,151]
the third trimester
. In fact varicella can be more
severe in all adults than in children as it may lead to
complications such as meningoencephalitis, hepatitis and,
[16,152]
especially, pneumonia
. The incidence of pneumonia
during pregnancy does not seem to be higher than in
non-pregnant adults, but it is more severe in pregnant
than in non-pregnant women especially if it appears in
[6,10,19,26,56,121,144,153-157]
the third trimester of pregnancy
.
Pneumonia can appear in 5%-20% of pregnant wo
[54,121,152,158]
men
and leads to death in 20%-45% of cases
unless appropriate treatment is started, but with appro
priate treatment and better breathing management, the
[10,16,152-154,157,159-163]
mortality rate drops to 0%-14%
.
During pregnancy, the infection can also be tra
nsmitted to the fetus and, depending on the time of
transmission, may cause congenital varicella syndrome
(CVS), neonatal varicella, or childhood herpes zoster.
It has been estimated that transmission from mother
[56,90,145,164]
to fetus occurs in 8%-24% of cases
. Early
studies using IgM in the newborn as a sign of infection
(now considered a very insensitive marker) indicated
transmission rates of 5% in the first trimester, 10% in
[145]
the second, and 25% in the third .
The crossing of the placental barrier seems to occur
both viremic phases of incubation, but secondary viremia
[21,22,26]
seems to play a greater role in fetal transmission
.
Furthermore, infection arising from a lesioned birth canal
[165]
can cause intrauterine infection .

Neonatal varicella: In the case of mothers who
contract varicella in the four weeks before birth, there is
a 50% possibility of infection in the newborns, 20%-30%
[16,191]
of whom will actually develop the disease
. If the
maternal varicella appears 20-7 d before the birth, the
varicella in the newborn (if it develops) generally has
a benign and non-fatal course because newly born
infants have their mothers’ antibodies and the risk of
[5,26,131,165,191-193]
complications is low
.
In the case of maternal varicella between seven days
before and seven after delivery, 2/3 of the infants become
infected and 50% have severe symptoms because they
do not have maternal antibodies and their cell-mediated
[26,145,169,191,194,195]
response is insufficiently mature
. During
this period, the most dangerous situation is when
maternal varicella appears between five days before
and two days after delivery because, in the absence of
adequate therapy, the neonatal mortality rate may be as
high as 20%-30% and, even with therapy, may still be
[5,153,157,159,165,191,196-198]
7%
.
Maternal varicella may be transmitted transplacentally, or by means of ascending infection during
birth, or by means of respiratory droplets or direct
contact with infectious lesions after birth, and neonatal
disease may manifest itself with skin lesions, ulcerated

CVS: The characteristic defects include skin scarring
with a dermatomeric distribution; eye defects (micro
phthalmia, chorioretinitis, corneal alterations, cataracts);
limb hypoplasia with muscle hypoplasia; neurological
abnormalities (microcephaly, cortical atrophy, mental
retardation or bowel and bladder sphincter dysfunction,
cerebral calcifications); and (less frequently) ear, cardiac,
gastrointestinal and genitourinary abnormalities, slow
[26,145,166-168]
fetal growth and a pre-term delivery
.
It has been reported that the mortality rate during
the first month of life is 30%, but infants who survive this
period can have a good long-term outcome even though
there is a 15% risk of developing herpes zoster between
[26,53,145,147,159,169,170]
the fourth and forty-first month of life
.
CVS is probably due to herpes zoster-like reactivation
in utero rather than initial varicella, and this view is
supported by the fact that the skin lesions have a derma
[26,167,171]
tomal distribution similar to that of herpes zoster
.
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[5,30,206-209]

necrotic or hemorrhagic lesions, and/or systemic
disease (pneumonia, liver failure, encephalitis or coa
[16,26,53,159,165]
gulopathy)
. As the incubation period of
varicella transmitted in utero from the initial maternal
rash is 10-12 d (but may be as short as four days), the
varicella observed in infants in the first 10-12 d of life
is considered of intra-uterine origin, and that appearing
[53,90,145,159,165]
later as probably post-natal
.
In conclusion, if the newborn has passively acquired
maternal antibodies, post-natal varicella contracted from
the mother or from people other than the mother is rare
[193]
and more benign . However, if the baby is premature
(< 28 wk or < 1000 g), he or she is still at high risk in
the first six weeks of life because of the non-acquisition
of maternal antibodies as a result of the reduced
[131,192,199]
period of gestation
. Consequently, in the case
of planned childbirth, it is advisable to avoid delivery
during the 5-7 d after the onset of the rash in order to
[16,200,201]
allow the passive transmission of antibodies
.

10 years of age, but also in 74% of adults
;
vaccinated subjects are also at lower risk of developing
[115,210]
herpes zoster
. The vaccination was initially admini
stered as a single dose and, as it was not 100% effective,
[211-214]
failed to protect about 15% of treated subjects
.
There have been reports of cases of breakthrough
varicella (BV) in 10% of vaccinated healthcare workers
and 15%-20% of vaccinated children after one dose
due to primary (no take) or secondary vaccine failure
(immune response decreasing over time), and that 30%
of vaccinated subjects gradually lose antibodies after the
[5,9,30,215,216]
first dose
.
BV occurs more than 42 d after vaccination and is
[217]
due to wild-type virus . Its symptoms are milder than
those of classic varicella as there is no fever and < 50
skin lesions, which take the form of papules and tend
[5,218-220]
not to progress to vesicles
. Classic varicella is
associated with 250-500 lesions, but one study found
that 56% of the patients with BV had < 50 lesions,
33% had 50-300 lesions, and only 11% had > 300
[5,221]
lesions
. These occurrences of BV led to the indication
to administer two doses but, although the second dose
has minimised primary vaccination failure, BV may still
[5,206,222,223]
occur
.
Vaccination induces a humoral immune response
with the production of antibodies that appear after 3-5
wk, a cell-mediated response that appears after four
[224]
days in 50% of vaccinated subjects . The immunity
persists for at least 20 years, thus providing long-term
protection, and the subjects who remain seronegative
after vaccination still have the chance of acquiring
[9,30,165,225-228]
CMI
.
The rate of seroconversion in healthy children is
about 87%-100% after the first dose and 97%-100%
[5,9]
after two doses
and consequently, antibody testing is
[5]
not considered necessary after two doses . Vaccination
[229,230]
is generally stronger in children
: In adults, 78%
respond after the first dose and 94%-99% after the
[5]
second . As it is a live attenuated vaccine, vaccination
is not recommended in immunocompromised patients,
but may be considered in some categories of patients
(patients with human immunodeficiency virus infection
and normal CD4 cell counts, patients with leukemia,
[5,88,231]
candidates for transplantation, etc.)
.
Antibody titres gradually decline after the initial peak,
[30,226]
but can be restored by an external booster
. Like
the wild-type virus, the vaccine virus may also become
latent and then be reactivated to cause herpes zoster
[30]
in both healthy and immunosuppressed subjects .
However, the risk is lower and the symptoms are milder
[5,232]
and without complications
, probably because the
attenuated vaccine virus is less likely to be reactivated
and cause the a rash that allows the virus to travel to the
[25]
dorsal root and establish latency . Nevertheless, herpes
zoster is more frequent if there is a post-vaccination
[233]
rash
, which may occur in 5% of the subjects
[5]
receiving the first dose, and in 1% after the second .
It must also be borne in mind that herpes zoster in
vaccinated subjects may be due to the vaccine virus or

Herpes zoster in the first years of life: Maternal
varicella occurring after the twenty-fourth week of
gestation leads to asymptomatic fetal seroconversion
and the birth of an asymptomatic newborn; however,
herpes zoster may develop in the first years of life
(especially in the first or second year) because of viral
[202]
reactivation . The short latency period is due to the
[203]
infant’s immature cell-mediated response
. The
course of the disease is normally uncomplicated, but it
is recommended to check children with herpes zoster
for other clinical signs of intra-uterine infection especially
[147,203]
at ophthalmological signs
.
The incidence of herpes zoster is 4%-20% in the case
of documented in utero infection but, if this is not the
case and the mother had varicella during the pregnancy,
the incidence decreases to 0.8%-1.7% depending on
whether the maternal varicella appeared in the second or
[145,159,164,165,203]
third trimester
.
Herpes zoster may also occur after 2-41 mo of life
in 15% of newborns with CVS if the onset of maternal
varicella was between the eighth and twenty-fourth
[147]
week of gestation .

Prevention and treatment

Vaccination: The first live attenuated vaccine contained
wild-type OKA VZV cultivated human embryonic lung
fibroblasts (WI-38) and propagated embryonic guinea
[204,205]
pig fibroblasts
, and has been used in the United
States since March 1995. Commercial versions all use
the OKA strain but differ in terms of the number of
passages in guinea pig and human cells (with additional
passages in MRC5 cells), the viral load in each dose,
[9]
excipients and other patented aspects . It is currently
available as a vaccine to be administered alone, or in a
quadrivalent vaccine against measles, mumps, rubella
[5,206]
and varicella (MMRV)
.
It has been shown that a single dose is effective in
preventing varicella in 80%-85% of cases and severe
forms in 95%-100%, especially in children aged <
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the wild-type virus, and there also the possibility of their
[5,30,221,234,235]
recombination
.
The vaccine may also be useful in preventing
varicella if administered within 3-5 d of exposure to
infection due to contact, even if not entirely prevents
[5,236-238]
it
. However, as it is a live attenuated vaccine, it
is not recommended for pregnant women exposed to
[19]
infection . Furthermore, pregnancy should be avoided
[199,206,239,240]
for at least one month
, although it may
be offered to susceptible women before conception or
post partum, and it is not contraindicated during breast
[5,169,241]
feeding
.
Finally, a vaccine against herpes zoster that contains
a higher titre of the OKA strain used in the MMRV vaccine
has been approved for subjects aged > 50 years, and is
[5,242]
recommended for those aged > 60 years
.

general, the combined neonatal administration of VZIGs
(and antiviral agents) alters the clinical course of the
disease, but does not completely prevent it, and 50% of
[87,191]
the infants may still experience clinical symptoms
;
however, mortality is reduced (even if not entirely elimi
[16,153,191,261,262]
nated)
.
VZIGs are also recommended in premature infants
(born after 28 wk or later) who have been exposed
in the neonatal period and have mothers without any
evidence of immunity (i.e., there has been no passive
transmission of antibodies from the mother), and in
those born before 28 wk (or weighing ≥ 1000 g) who
have been exposed neonatally regardless of the immune
status of the mother (because the reduced gestational
period means that they cannot have acquired maternal
[5,26,165,199,263,264]
antibodies)
.
However, once again, infant administration is not
[261,262]
indicated if varicella has already appeared
.

Immunoglobulins: It has been found that, in order
to prevent the most serious consequences of infection
in susceptible pregnant women, immunoglobulins
(VZIGs) can be administered within 72-96 h of ex
posure (within 10 d according to the United Kingdom
[16,145,188,199,206,243-249]
guidelines)
. The difference in the
timing has been attributed to the different formulation
[21]
of the VZIGs . The protection lasts for about three
weeks, and any further exposure requires additional
[16,19,199,250]
administrations
.
The rationale underlying the administration of VZIGs
is that it can prevent or mitigate varicella by as much
as 75%, although some authors insist that it mitigates
[16,145,159,165,206,245,251-253]
rather than prevents varicella
. It
has been reported that 50% of the mothers treated with
VZIGs present an uncomplicated or mildly evolving form
[8,54,90,253]
of varicella, and 5%-25% a sub-clinical form
.
[254]
Fetal transmission also seems to be reduced
. As
the virus crosses the placenta during the two viremic
phases of incubation, it has been suggested that passive
prophylaxis may be effective if administered before the
[21,22,26]
first
. It has been reported that ZVIGs can reduce
intra-uterine transmission from 12.3% to 1.1%, and
[16,
reduce or practically eliminate the risk of developing CVS
54,90,145,164,254]
. There are in fact very few published cases
[166]
of CVS , but it is unclear whether VZIGs prevent CVS
because they prevent fetal viremia or prevent CVS even
in the presence of fetal viremia, and so there is still some
uncertainty concerning their real effectiveness in this
[26,159]
regard
. It has also been pointed out that, as CVS is
a rare disease, it is numerically and ethically difficult to
[54]
carry out studies . In any case, the guidelines indicate
the administration of VZIGs after exposure at any time
during pregnancy, and after childbirth if the delivery
takes place within 10 d of exposure, but not after the
[188,199,255-257]
appearance of the rash
.
The administration of VZIGs to newborns is indicated if
the mother had varicella symptoms between seven days
before and seven days after childbirth, and especially
between five days before and two days afterwards,
but is probably not necessary if maternal varicella
[5,16,165,174,247,258-260]
appeared before or after this period
. In
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Therapy: The most widely used drug, acyclovir (and its
precursor valacyclovir) is a synthetic nucleoside analo
gue of guanine that is highly specific for cells infected
by herpesvirus and does not interfere with human
[169]
DNA
. When phosphorylated by cellular enzymes
(thymidine kinases), acyclovir triphosphate inhibits
viral DNA synthesis by competing with deoxyguanosine
triphosphate as a substrate for viral DNA polymerase.
Incorporation of acyclovir triphosphate into viral DNA results
in obligate chain termination. Viral DNA polymerase is
tightly associated with the terminated DNA chain and is
[53]
functionally inactivated . Acyclovir crosses the placental
barrier, and can be found in fetal tissues, cord blood and
[19]
amniotic fluid .
It has been suggested that viral treatment after
exposure is a means of preventing or mitigating the
infection because, if administered within 24 h of the
appearance of the rash, its use in immunocompromised
children and immunocompetent adults reduces the symp
[21,26,252,256,265,266]
toms
. Consequently, it has been suggested
as prophylaxis in pregnant women (especially if VZIGs
[169]
are not available) , particularly if administered within
seven days of exposure and within 24 h of the onset of the
[26,54,252,265,266]
rash
. The use of acyclovir during pregnancy
has been widely debated in the literature: There is general
consensus concerning its use when the mother’s life is
in danger and as a means of reducing the severity of
[19,53,151,156,256,267]
complications occurring in late pregnancy
,
but its therapeutic and CVS prophylactic use before the
twentieth week of gestation is more controversial; some
authors favour its administration always, and others only
[10,16,19,53,54,151,156,169,252,256,267-271]
after 20 wk
.
As the virus crosses the placenta during both viremic
phases of incubation, the second of which seems to
play a greater role in fetal transmission, it has been
suggested that secondary viremia can be prevented
or minimised by acyclovir provided that it is not given
[21,22,26,265]
too early
. However, there are still doubts as to
whether inhibiting maternal viral replication can inhibit
or limit trans-placental transmission, thus reducing fetal
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[26,53,154,199,245,272,273]

mortality and morbidity
. It is important
to note that the use of acyclovir during pregnancy does
not seem to increase the risk of fetal malformations,
and that international registries show that the incidence
of embryopathies in women treated during the first
trimester of pregnancy is equal to that in the general
[16,269,274-277]
population
.
Finally the use of acyclovir in infants with varicella
can reduce the severity of the disease and the com
[153,259,278,279]
plications
. The are also a few case reports
indicating that it can block the ophthalmic and neuro
[279,280]
logical progression CVS in newborns
.

lesions of immunocompromised subjects or subjects
with disseminated zoster, and is rare if the lesions are
[16,17,285-289]
not exposed
. The risk of fetal infection is
virtually zero: Localised maternal zoster (the few
published data estimate 0.15-2 cases of herpes/1000
[90,147,290,291]
pregnancies
) does not seem to be associated
with fetal or in utero infection, nor with post-natal
infection because newborns are protected by passively
[56,90,145,147,166,173,191]
transmitted maternal antibodies
.
There are published case reports of fetal malformations
in mothers affected by localised zoster during pregnancy
but without any laboratory evidence of intra-uterine
[159,290,292]
infection
. Instead one case of a confirmed
VZV-infected newborn with CVS, whose mother had
disseminated herpes zoster after 12 wk of pregnancy,
[171]
was reported .
In subjects with BV, the disease is milder, fever free,
and with fewer skin lesions, which are generally atypical
with papules that tend not to progress to vesicles, and
so the subjects are not considered infectious until new
[30,218]
lesions appear
. Transmission affects 12%-37%
of susceptible contacts but, if the number of lesions is
> 50, the wild virus transmission rate is the same as
[293,294]
that of classic varicella in unvaccinated subjects
.
In the case of BV, the risk of fetal varicella is consider
ed to lower than that in unvaccinated subjects, but
the only data come from reports of cases without fetal
[159,295]
consequences
. In any case, the prophylactic and
therapeutic measures are the same as those for unvac
[159,165]
cinated women
.
In subjects with post-vaccination rash (OKA strain)
as a complication of vaccination, the rash appears in
4%-6% of the subjects vaccinated with one dose, and
[5]
1% of those receiving the second dose . Horizontal
[16,206]
transmission is rare
: There are very few reported
[5,206]
cases, and it only occurs in the presence of rash
. The
contacts have asymptomatic infections (seroconversion)
[5]
or only mild symptoms , but it is, important to check
whether the varicella, that develops within 42 d of
vaccination is due to the wild-type or vaccine virus.
Anti-VZV vaccinations should be avoided in pregnant
women because they involve a live attenuated vaccine,
and vaccinated women should avoid pregnancy for at
least one month, but no cases of fetal malformations
have been reported in inadvertently vaccinated pregnant
[16,54,156,199,206,239,240,296,297]
women
. There is one case of
transmission from a vaccinated child to a pregnant
[298]
woman without subsequent fetal infection . Further
more, no viral genome has been found in breast milk
after vaccination, and there have been no reports of
transmission through the breast milk of women vaccinated
after giving birth, who can therefore continue to breast
[16,241,299]
feed
.
Finally, no cases of transmission from patients vacci
[5]
nated with zoster vaccine have been reported .

THE ROLE OF THE MICROBIOLOGY
LABORATORY
Microbiology laboratories play an essential role in relation
to the general management of four aspects of maternal/
infantile VZV infection: Determining immune status after
VZV exposure; diagnosing varicella in pregnant women;
prenatally diagnosing intrauterine VZV infection and/or
CVS; and diagnosing neonatal infection.

Anamnesis

In the case that a pregnant woman comes into contact
with someone (usually a child) affected by varicella, the
first step is to record her medical history as this may
be important to establish the risk that she will contract
the infection. The main points to consider are the risk of
transmission, which depends on the source of infection
and the immune status of the pregnant woman.
Risk of transmission: This depends on whether the
source of exposure is someone with varicella, someone
with herpes zoster, someone with BV (due to wild-type
virus), or someone with post-vaccination rash (due to
the OKA strain).
In subjects with varicella, the horizontal transmis
[5,34,281]
sion rate is 61%-100% of susceptible contacts
.
Infection can occur 1-2 d before the appearance of
vesicles, lasts for 5-7 d after the onset of the rash, and
continues to be infectious until the vesicles are crusted
[1,26,282]
over
. The virus is transmitted by means of direct
contact or through the air (respiratory tract secretions
or the inhalation of aerosols from the vesicular fluid of
[5]
the skin lesions) . Infection normally occurs as a result
of close face-to-face contact or simultaneous presence
[16,19]
in the same room for 15-60 min
: Most authors
believe 15 min are sufficient, whereas others specify
5 min of face-to-face contact and 15 min in the same
[16,159,165]
room
. The risk of congenital varicella in a mother
who develops varicella during pregnancy has been
described above. Transmission due to asymptomatic
infection or re-infection has been hypothesised, but not
[169,283]
convincingly documented
.
In subjects with herpes zoster, the horizontal
[284]
transmission rate is 16% of susceptible contacts
.
Transmission primarily arises from the exposed skin
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Immune status: An anamnesis can provide important
information about a subject’s immune status because a
history of varicella is 90%-99% predictive of the presence
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Table 1 Anti-varicella-zoster virus seroprevalence rates in women in some countries with a
temperate climate
Country
United Kingdom
United Kingdom
Spain
Spain
Holland
Holland
Slovenia
Croatia
France
Germany
Finland
Italy
Italy

Population

Age

Pregnant women
Pregnant women
Women
Women
Women
Women
Women of childbearing age
Women (12% pregnant)
Women
Pregnant women
Pregnant women
Women
Pregnant women

Mean 28 yr
Mean 28 yr
19-39 yr
Not reported
Mean 47 yr
Mean 29 yr
15-49 yr
Not reported
Mean 30.4 yr
Mean 28 yr
Mean 30 yr
15-39 yr
15-49 yr

Anti-VZV seroprevalence (%)
95.8
94.8
92.3
95.3
93
100
97.2
84.3
98.8
96.7
95
87.4
89.4

Ref.
[301]
[308]
[309]
[313]
[311]
[312]
[314]
[315]
[316]
[317]
[318]
[321]
[310]

VZV: Varicella-zoster virus.

can be reassured after a careful history has been taken;
[304]
the others need to be referred for laboratory tests .

Table 2 Seroprevalence rates in some tropical countries
Country

Population

St.Lucia (Caribbean)
Tropical islands
Bolivia
Singapore
India
India
Iran
Saudi Arabia
Singapore

40-year-old
Pregnant women
Women of childbearing age
15-24 yr
25-34 yr
17-20 yr
Adults (rural areas)
Adults (urban areas)
Pregnant women
Pregnant women
15-24 yr
25-34 yr

Seroprevalence (%) Ref.
> 70
84
88.4

[123]
[131]
[322]

40
> 80
30
68.9
96.6
78.5
74.4
40
> 80

[95]

Labotoristic determination of immune status

In the case of women of foreign origin or those with a
negative history of varicella, as well as if there are doubts
any kind, it is necessary to search for specific antibodies
[8,16,139,151,159,247]
in order to determine immune status
. This
should be done as soon as possible because the results of
serological tests should be expected before 24-48 h and,
if they are negative, VZIGs must be administered within
[16,54,244,327]
96 h
. The antibodies detected within 7-10 d of
a contact with someone who is infected are considered
[328]
as having been acquired before exposure .
It is possible to investigate both cell-mediated and
humoral immunity. The tests that have been used to
[329-332]
detect cell-mediated responses are ELISPOT
, flow
[333,334]
[306,335-337]
cytometry
, hypersensitivity skin tests
, and
[338]
T cell cytokine response tests , but these have mainly
[294,339-341]
been used to test the response to vaccination
.
For example, a positive response to ELISPOT has been
found in 90% of subjects one year after vaccination,
[338]
and in 87% after five years ; the response is greater
[294,339,340]
after two doses than after one dose
. A positive
response to a hypersensitivity skin test has been found in
[337]
100% of subjects 5-7 wk after vaccination . However,
CMI tests cannot usually be used for routine purposes as
they require special instruments and the time necessary
is not compatible with a rapid response.
It is much quicker and easier to analyse antibody
responses, and many tests have been used to predict
disease susceptibility and the immune response to
vaccination. These include complement fixation (CF),
anti-complement immunofluorescence (ACIF), im
mune adherence hemagglutination (IAHA), passive
hemagglutination (PHA), radioimmunoassays (RIAs),
neutralisation tests (Nt), latex agglutination (LA), indirect
fluorescent antibody tests (IFA), fluorescent antibody to
membrane antigen (FAMA), time-resolved fluorescent
immunoassays (TRFIAs), immunoblotting (IB), enzyme-

[130]
[134]
[323]
[324]
[515]

of antibodies, although the time between vaccination and
exposure should be carefully considered as the antibodies
[54,199,224,300-334]
appear 3-5 wk after vaccination
.
If there is no reported history of varicella, antibodies
[54,302-306]
are in any case present in 70%-90% of cases
.
The seroprevalence rate is high in industrialised and/or
[99,150,301,307-321]
temperate climate countries
(Table 1).
However, a reported history of varicella is rather less
predictive in women from tropical countries where
[123,129-132,134,150,300,322-324]
the seroprevalence rate is lower
(Table 2).
The intense population movements of recent times
should encourage a careful evaluation of the epide
miology of a woman’s region of origin. Furthermore, a
previous vaccination (preferably formally documented by
a vaccination certificate) may be important for evaluating
antibody protective: As 78% of adults respond to the
first dose and 99% to the second, women who have
received two doses are considered protected, an antibody
search is not necessary, and immunoglobulins are not
[5,159]
indicated
. Vaccination policies vary from country to
country, and so it is necessary to consider a woman’s
[325,326]
country of origin in the case of recent immigration
.
It has been estimated that at least 80% of women
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linked immunosorbent assays (ELISAs) or enzyme
immunoassays (EIAs), glycoprotein ELISAs (gpELISAs),
chemiluminescence immunoassays (CLIAs), and enzymelinked fluorescent assays.

on infected cells allows neutralising antibodies to be
[389]
detected
. It has been used to assess protection
against varicella as a value of ≥ 4 correlates with
[215,347,376,390-392]
protection
. Its limitations are that it is
semi-quantitative, cannot be automated, and requires
specialised personnel and specific equipment; reading is
[30]
subjective and subject to inter-laboratory variability .
[54]
It is generally only used in specialised centres .

CF: One of the first tests was CF, but it is not very
sensitive, difficult to automate, and can only be used to
[342-349]
diagnose recent infection
.
ACIF, IAHA, PHA, RIA: The sensitivity and specificity
[350]
[351-356]
[357-359]
of tests such as ACIF , IAHA
, PHA
, and
[344,360-363]
RIAs
have been compared with other methods
[364]
with varying results , but they are generally impractical
and difficult to use for routine testing. Although RIAs are
[344,346,361]
more practical and sensitive
, they are no longer
usable because of the need for radioisotopes.

TRFIA: TRFIA is a quantitative test that has been well
standardised using an international calibrator and allows
[30,253,380]
the results to be expressed mIU/mL
. Some
Authors have indicated a cut-off value 150 mIU/mL as
the threshold of protection (positive > 150 mIU/mL,
doubtful 100-150 mIU/mL and negative < 100 mIU/
[380]
mL) , and others have reported that a cut-off value of
130 mIU/mL is capable of discriminating infection-naive
subjective (those that have never come into contact
with the virus) from those who have previously had
[393]
the infection among vaccinated subjects . It is more
sensitive and specific than many commercial ELISAs
but requires special equipment and is only used in a few
[54,380,394]
specialised centres
.

Nt: Nt measure the antibodies against virus glyco
proteins, and can therefore highlight the ability to
[342,343,365-375]
neutralise the infectiousness of the virus
.
A preparation of free virus from cells is incubated with
dilutions of the examined serum in order allow a virus/
antibody interaction. Inoculation of the mixture in a cell
indicator (MRC-5) allows the cytotoxic effect to develop
(in the absence of neutralising antibodies) or not (in their
presence). Sensitivity has been improved by adding
guinea pig complement (C-enhanced neutralisation test)
and/or anti-immunoglobulins (Ig-enhanced neutralisa
tion test), although some prozone effect has been
[366,369,372,376]
observed
. A titre of 1:2-1:16 (conventional
test) or 1:4 (enhanced test) is considered protective
against varicella, but not against re-infection, which
leads to a rise in antibody titre in the absence of clinical
[343,365,376]
symptoms
. Nt (primarily the C-enhanced tests)
have been found to be as sensitive as FAMA in some
studies, but they cannot be automated and, as they are
laborious and take a long time, they are difficult to use in
routine practice and are therefore only used in reference
[348, 366,367,376,377]
centres
.

IB: Some studies have used IB, particularly Western
blotting, which has been used to study difference in
the presence and intensity of the bands in patients
with varicella or herpes zoster, but its usefulness in
discriminating primary infection from an anamnestic
[75,82,362,395]
response is a matter of controversy
.
ELISAs and EIAs: ELISAs or EIAs, which use antigens
of the complete virus, are widely used because of their
[328,364,396-401]
simplicity and the possibility of automation
.
However there is considerable variation in the sensitivity
[380,394]
of the different tests
. They are generally suffi
ciently sensitive in subjects with a history of natural
infection, but not sufficiently sensitive to detect sero
conversion after vaccination as the antibody titres
induced by vaccination are a logarithm lower than in
[5,30,54,380,393,397]
the case of natural infection
. In vaccinated
subjects, the tests are less sensitive than FAMA as
studies have found that 58%-88% of the subjects who
were negative or borderline at ELISA were positive to
[91,96,402,403]
FAMA, which uses surface antigens
.

[377-380]

LA: LA is simple, cheap and rapid
. The sensitivity
of some commercial tests is comparable with that of
ELISAs in subjects with natural infection, but they may
give false positive reports and may not be sufficiently
[5]
sensitive in vaccinated subjects . Furthermore, they
cannot be automated easily.

GpELISA: The gpELISAs are ELISAs that use the
external glycoproteins (typically gE, gB, gH) as anti
[219,339,371,404-412]
gens of the solid phase
. They are
sensitive enough to detect low antibody levels after
vaccination, and have been used to evaluate the level
[407]
of protection : In one study, 95% of the vaccinated
subjects had a gpELISA value of ≥ 5 U/ mL six weeks
after immunisation, whereas those with values of < 5
[413]
were at three times greater risk of developing BV .
[30]
However, these tests were not easy to find .

IFA: Indirect immunofluorescence antibody tests allow
the detection of IgG or IgM antibodies which binds to a
spot of virus infected cells on a slide by a fluorescentlabled secondary antibody and can be detected
[348,381-383]
using a fluorescence microscope
. They are
sensitive and rapid tests, but manual and difficult to
automate, subjectively read, and unsuitable for large
[348,384]
numbers
.
[347,

FAMA: FAMA is considered the gold standard
376,379,385-388]
. It is highly sensitive because the pre
servation of the structure of the surface glycoproteins
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Electron microscopy: Electron microscopy has been
used, but it is laborious and does not distinguish HSV and
[332,424,430,431]
VZV
. It is more specific when using antibodies
conjugated with colloidal gold, although there may still be
[430,432]
. It is
cross-reactivity with other alphaherpesviruses
therefore impractical for routine screening.

standardised tests has led to the production of CLIAs
against international standards. The proposed cut-off
[414]
values are 150 mIU/mL
or 100 mIU/mL (negative <
50 mIU/mL; doubtful 50-100 mIU/mL; positive > 100
[327,403]
mIU/mL)
. Their ability to give a quantitative result
makes it easier to distinguish protected and unprotected
subjects: For example, when they were used before
VZIG administration to test women exposed to VZV
during pregnancy, it was found that the women with
CLIA (or TRFIA) values of < 100 mIU/mL were more
likely to develop varicella than those with values of >
[253]
100 mIU/mL . A value of 100 mIU/mL may therefore
differentiate women susceptible to infection from those
[253]
protected against exposure . However, some of the
international guidelines, while stressing the importance
of this value, point out that this cut-off value may vary
[54]
depending on vaccinations, ethnicity or age .

Virus isolation: Virus isolation in tissue cultures
was long considered the gold standard, and was used
to evaluate the sensitivity and specificity of other
[423,425,432-435]
tests
. It uses permissive cell lines in which
material is deposited from skin or mucocutaneous
lesions, or other biological fluids. The various cell lines
include human diploid lung fibroblasts (MRC-5, WI-38),
human lung carcinoma cells (A549) and primary rhesus
monkey kidney cells, which have different yields in terms
[434,436,437]
of viral replication
. However, the method suffers
from the need to particular sampling techniques, and
special sample transport and storage conditions as the
material must be obtained from the base of fresh vesicles
during the first 3-4 d, and immediately transported to
[429]
the laboratory because the virus is labile . In general,
viral culture sensitivity is good if specific, fluorescein
- conjugated monoclonal antibodies are added, but
is still less than that of the latest molecular biology
[423,434,438,439]
tests
. Viral cultures are also laborious, require
trained personnel and specially equipped laboratories,
and the results are subject to subjective interpretation.
[434]
They also take a very long time : Tube viral cultures
(the standard culture) require seven days to two weeks,
but this can be shortened 16-18 times by using shell
vial cultures as a centrifuge facilitates virus adherence to
the monolayer on round cover-slips, although there are
[348,440]
different opinions concerning the sensitivity
. Viral
isolation can be confirmed using immunofluorescence
[348]
and anti-VZV monoclonal antibodies . Viral cultures
may still be useful in determining the antiviral activity of
[441,442]
anti-VZV drugs
.

Microarrays: Finally, there are also some serological
microarray tests for the simultaneous screening of anti
bodies against VZV and viruses such as herpes simplex
virus (HSV-1 and HSV-2), cytomegalovirus, mumps, rubella
[415-419]
or measles
.

Diagnosing varicella in pregnant women

Varicella can still occur during pregnancy because the
woman may not realise she has been exposed or may
have consulted a doctor too late, or because the admini
[159]
stration of VZIG does not provide 100% protection .
Classic varicella is usually diagnosed clinically, but a
laboratory diagnosis may be crucial in doubtful cases such
as BV, in immunocompromised women, or varicella in
women who have received VZIG, or when it is important
to make a differential diagnosis with other exanthematic
diseases (especially HSV or enterovirus), arthropod bites
or stings, allergic reactions (Stevens-Johnson syndrome),
pityriasis lichenoides et varioliformis acuta, and guttate
[5,30,87]
psoriasis
.
Technological advances over the years have led to
the development of increasing sensitive and specific
tests for the diagnosis of varicella.

Direct fluorescent antibody assay: The direct
fluorescent antibody (DFA) assay uses specific fluor
escein-conjugated, polyclonal or monoclonal VZV
antibodies to detect VZV antigens on slides with cells
[235,423,425,433,434,438,443-447]
scraped from identified skin lesions
,
[348]
and there is also an immunoperoxidase version . The
monoclonal antibodies of choice are those against cell
[446]
membrane-associated viral antigens
. The assay is
highly specific and more sensitive than Tzanck smears or
[423,434,448]
viral cultures
, and as specific as but less sensitive
[348,428]
(73.6%-86%) than molecular biology tests
,
although it can be used if molecular biology tests are
[5]
not available . It is also rapid (about two hours), but it
needs special equipment that mean it can only be used
[348,349]
in limited areas
, and requires material collected
from the skin lesions, which have to be swabbed in order
to avoid any bleeding (any antibodies present in the
blood can stop the reaction and lead to false negative
[30]
results) .

Tzanck smear tests: Cytology (the Tzanck test)
was initially important as it can detect the cytopathic
[420-426]
effect of herpesvirus infection morphologically
.
Cells taken by scraping the base of the vesicles or
pustules of skin lesions during the rash are placed on
slides and, after Giemsa-Wright, hematoxylin-eosin
or Papanicolaou staining, are examined by means of
light microscopy for the cytopathic alterations typical
of herpesvirus (multinucleated giant cells, syncytia and
ballooning cell degeneration). Although this test is easy
to perform, rapid and cheap, its sensitivity is limited (only
[422,427]
40%-50% in comparison with cell cultures)
. It is
also influenced by the stage of the lesion as it is more
sensitive to material taken from fresh vesicles rather
[421,428]
than from pustules or scabs
and, above all, cannot
distinguish the lesions caused by HSV and those caused
[429]
by VZV .
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[222,477]

Molecular biology tests: Molecular biology tests based
on in vitro nucleic acid amplification (PCR) are now
[20,30,429,449,450]
considered the new platinum tests
. Various
types of PCR are used to diagnose varicella and herpes
[13,421,422,450-456]
zoster
, including nested PCR, which is
particularly sensitive, but susceptible to contamination
[348]
leading to false positive results . However, the latest
real-time PCR tests are not only rapid, easy to perform,
and as sensitive as nested PCR, but have also reduced
[348]
the risk of contamination . Furthermore, they can be
automated tests and used on a wide variety of materials.
They are more sensitive than viral cultures, DFA and
Tzanck smears particularly when primers for genes 28
[30,428,429,440,449,450,457]
and 29 are used
. Molecular biology
tests are also useful in the case of varicella appearing 7-42 d
after vaccination, in the case of herpes zoster appearing
42 d after vaccination and, in the case of the suspected
transmission of the vaccine virus, can distinguish virus
vaccine, wild-type virus and potential recombinants
[30,451,452,454,455,458-463]
of vaccine and wild-type viruses
,
although some tests have proved to be less appropriate
[30]
over time for these purposes .
There are also some multiplex assays that can
differentiate HSV-1, HSV-2 and VZV in cutaneous and
mucocutaneous samples, making them very useful in
the case of skin lesions of unclear etiology or immu
[429,464,465]
nosuppressed patients
. Multiplex tests are
rapid, need only a small volume of sample, and can
simultaneously detect different viral agents at the same
[466-468]
time in a single, closed-tube reaction
. They are
also robust enough to avoid the need for an extraction
step, thus reducing the time of execution at the expense
[468-470]
of only small decrease in sensitivity
.
Microarray and electrospray ionisation mass spec
trometry techniques have also been developed for the
[471,472]
detection of amplification products
.
The materials that can be used include skin swabs,
cerebrospinal fluid (CSF), broncho-alveolar lavage (BAL)
fluid, nasopharyngeal secretions, urine, saliva, blood,
intraocular fluid, amniotic fluid, follicular fluid, corneal
[159]
tissue and other body fluids. BAL is important
as
pneumonia is found in 5%-20% of pregnant women
[54,121,158,163]
with varicella
, although it can also be caused
by bacterial superinfection. Saliva can be useful for
[473]
diagnosing neurological diseases without rash , and
[429]
CSF for diagnosing encephalitis
. The materials of
[23,
choice in the case of varicella are the vesicles and scabs
449,450,474-476]
and so, once the lesions have resolved,
the probability of finding viral DNA by means of PCR
[30]
[474]
is virtually zero . Leung et al
(simultaneously con
sidered the use of skin lesions (vesicles, macular and/or
papular lesions, and scabs), buccal and throat swabs,
oral fluid, urine and blood in patients at the time of the
beginning of the rash and two weeks later, and found
that all of the material taken from skin lesions at the
time of the (and not just vesicles and scabs) are suitable
for search purposes, even the macules and papules
[30,408]
that have always been regarded critically
, This
is important because some atypical symptoms occur
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only with macules/papules, as in the case of BV
.
Sensitivity therefore does not vary depending on the
type of lesion and, during the rash, any skin lesion may
be suitable. Of the other tested materials, only the oral
samples were sufficiently sensitive to be used at the
beginning of symptoms.
Serology: Serology has been used to diagnose varicella,
but it has many limitations because it can be negative
in immunosuppressed subjects, falsely positive in trans
[364,478-480]
fused subjects, or cross-reactive with HSV
.
IgM and IgA antibodies have been used as indicators
of recent or current infection, but they may also be
[30,64,153,410]
present during re-infections and reactivations
.
In general, neither direct or capture IgM tests are as
[5,30,410,443,446]
sensitive as molecular biology tests
, and they
may also be non-specific in the presence of high IgG
[5,30,348]
titres
. It is probable that the time of sampling may
[474]
be important because Leung et al
found that only
25% of their PCR-positive patients with varicella showed
IgM in samples taken 0-3 d after the onset of the rash,
whereas other authors found that the percentage rose to
[85]
[410]
48% after four days or 77% after 1-7 d . Samples
may therefore be IgM negative if they are taken too soon.
IgG positivity in the absence of IgM usually indicates
past infection, and a search has limited usefulness in the
acute phase of the disease. However, it may be of help
when assessing seroconversion or a 4-fold increase in
titre between acute and convalescent serum samples
taken 7-10 d apart, although the need for two samples
[74,408,410]
postpones the diagnosis
. Furthermore, people
with a history of varicella or vaccination may have higher
levels of basic IgG, and a 4-fold increase may therefore
[30]
not be noticeable in the case of re-infection or BV ,
[30,474]
especially in the elderly
, and IgG may sometimes
no longer be present after two weeks of rash, thus
[481]
lengthening seroconversion times . It has also been
found that differences in titres during the acute phase
[474]
may be found in only 33% of PCR-positive cases
.
However, a search for IgG in CSF may be useful to
evaluate intrathecal synthesis in cases of VZV-induced
[482,483]
encephalitis
.
IgG avidity: The determination of IgG avidity may be
useful, and is usually done by separating low and high
antibody avidity using denaturing agents in an EIA,
[58]
IFA or CLIA test . Avidity is generally expressed as a
percentage of antibody titre by comparing the results
[484-486]
with and without the denaturing agent
, which
can be helpful in differentiating primary infection (low
avidity) and past infection, reactivations or re-infections
(high avidity), and then discriminating varicella and
[287,393,454,484,487]
herpes zoster
.
It has also been used to differentiate patients with
[393]
past infection and naïve patients after vaccination ,
although a number of points need to be borne in mind.
IgG maturation times are approximately 40-80 d
[393,484,486,487]
depending on the test used
, and this needs
to be taken into account. Antibodies against some
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nuclear proteins (p32 and p36) mature differently
from those against surface glycoproteins (they are
[484]
more likely to have low avidity)
, and establishing
[30]
a cut-off value can sometimes be arbitrary . The
results are different in immunocompromised and immu
[488,489]
nocompetent subjects
, and age may also be
[490,491]
a factor
: Low avidity may be found during reinfections in the elderly and in some cases of recurrent
[485,492]
infections in children
. Other things to consider are
the time since vaccination (first or second dose), and
the time since exposure or the onset of rash: Individual
situations (low responders to vaccination can maintain
[393]
lower antibody titres and low avidity over time) ; and
the type of infection (e.g., it is not useful in cases of BV
because it is likely that vaccinated subjects already have
[30]
high avidity in response to the vaccination itself) .

have disappeared) because, if it is negative, the
mother can be reassured she is carrying healthy fetus
in 90% of cases, although there is still the small risk of
[16,501]
miscarriage associated with amniocentesis
. If the
amniocentesis is positive, ultrasonography can be used
for confirmation, although it is possible that a mother
knowing the amniocentesis findings would prefer to
[169]
undergo an immediate abortion . The alternative is to
use amniocentesis to confirm ultrasonographic findings
of anomalies, although it must be remembered that
ultrasonography is not very sensitive or specific, and
[169,498]
so it does not detect all malformations
. Some
authors recommend following-up mothers who have
contracted varicella during pregnancy by means of ultra
sonography, and then searching for viral DNA in the case
[19,159]
of malformations
, insisting on always searching
for VZV DNA because other micro-organisms such
as Coxsackie B and HSV can cause congenital lesions
[502-504]
similar to those of CVS
. There is a report of a case
of fetal malformations due to HSV2 and not VZV in a
[502]
mother who contracted varicella during pregnancy ,
and conditions such as microphthalmia dermal aplasia
scleroderma (MIDAS) or microphthalmia with linear
skin defects (MLS) may also lead to malformations, with
[505,506]
maternal varicella being just a coincidence
.
There are few and unconvincing data concerning
chorionic villi as the PCR-detected presence of viral DNA
is not necessarily associated with an infected fetus,
but may due to false positivity caused by maternal
contamination or a placental infection not transmitted to
[169,506,507]
the fetus
.
In relation to other tests used in the past, viral
cultures in amniotic fluid and a search for IgM in fetal
[164,500]
blood are less sensitive
. The detection of IgM (which
[508,509]
was used before the advent of PCR)
was positive
[145]
in only 25% of the cases in a post-natal study
.
Furthermore, it can only be detected in fetal blood after
24 wk of gestation and so, if the infection occurs earlier,
[164,348]
the fetus may not show an immune response
.
Finally, sampling is more invasive and less safe than
amniocentesis.

Prenatal infection and the diagnosis of CVS

CVS is diagnosed using ultrasonography, computed
axial tomography (CAT) or magnetic resonance imaging
[164]
(MRI) and a search for VZV DNA in amniotic fluid ,
[348]
[164,493,494]
placental villi , and/or fetal blood
.
Ultrasonography is particularly useful for detecting
fetal malformations (limb deformity, microcephaly,
hydrocephalus, polydramnios, soft tissue calcification,
[90,180,495,496]
and intra-uterine growth restriction)
, and
is recommended after 16-22 wk of gestation or five
[16,187,493,497]
weeks after infection
. It is not sensitive
enough to detect congenital defects before the fourth
[16,493,497]
week
. The limitation of ultrasonography is that it
[169]
is not very much sensitive or specific , and so cannot
[498]
detect all abnormalities ; however, its predictive value
is better if there is a diagnosis of fetal infection with
[499]
positive VZV DNA .
Fetal MRI and cranial CAT may sometimes be useful
for further investigating the morphological abnormalities
[180,181,497]
detected by ultrasonography
.
VZV DNA can be sought in amniotic fluid, which is
considered the material of choice, but this should not be
done less than a month after maternal infection in order to
[53,164,187]
avoid false negative results
. VZV DNA can persist
for weeks in the peripheral blood of infected pregnant
mothers and, as a false positive result in amniotic fluid
due to maternal contamination has been reported, it has
been suggested that aminiocentesis should performed
[498]
after maternal viremia has become negative . The main
limitation of searching for VZV DNA in amniotic fluid is that
the presence of viremia does not automatically mean the
[164,500]
presence of fetal damage
. Only a small percentage
[164]
of VZV DNA-positive fetuses present CVS at birth , and
so amniocentesis has a good negative predictive value but
[16]
poor positive predictive value .
Given the limitations of ultrasonography and a search
[90]
for VZV DNA in amniotic fluid, Enders et al studied
the risk of CVS by combining both methods during pre
gnancy (Table 3). In literature, their use over time was
evaluated separating, which can be approached in two
[169]
ways . It may be better to perform an amniocentesis
first (but in any case not until the mother’s skin lesions
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Diagnosis in newborns

In most cases, a baby born after maternal infection is
healthy and there are no long-term consequences in
terms of intellectual performance and neurodevelop
[152,169]
ment
. Previous infection may possibly be demon
strated by the presence of IgM at birth, but as the
search is positive in only 25% of cases, it more likely
[53,145,169]
to be negative
. As the IgG antibodies passively
passed from mother to child have a limited half-life,
their detection more than seven months after birth may
[131,192]
be the only indication of intrauterine infection
.
However, it is important to monitor the child in order to
identify the occurrence of herpes zoster in the first 1-2
[510]
years of life .
The morbidity neonatal varicella is generally low in the
children of immune mothers because of the presence of
[193]
maternal antibodies
but in their absence, the children
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tests for the detection of antibodies makes it possible
to evaluate a mother’s immune status more precisely.
Quantitative ELISAs and CLIAs can help to determine
whether the detected antibody level is protective or
not on the basis of proposed cut-off values because,
although further studies are needed to assess whether
these can be extended universally to all pregnant women
regardless of age, geographical origin or race, they are
certainly valuable in case assessment. However, it is
important to stress the need for a widespread information
campaign to ensure that pregnant women are aware
of the risks of exposure, and promptly consult a doctor
quickly because, for example, specific immunoglobulins
need to be administered to susceptible women as soon
as possible after exposure.
The tests for the diagnosis of varicella have also
become increasingly sensitive and specific. The introduc
tion of molecular biology tests has opened up new
scenerios in all fields of microbiological diagnostics, and
the availability of simple and rapid multiplex tests capable
of simultaneously detecting multiple microorganisms
simultaneously can allow a rapid diagnosis when a clinical
manifestation may be due to different viruses, as in the
case of the skin lesions caused by HSV and VZV.
Finally, close collaboration between molecular biology
investigators (VZV DNA) and specialists in imaging
diagnostics (ultrasonography) is important in the followup of pregnant woman with varicella because this makes
it possible to make a prenatal diagnosis of CVS.

Table 3 Prenatal congenital varicella syndrome diagnosis
combining ultrasoonography and a search for varicella-zoster
[90]
virus DNA in amniotic fluid
Weeks of pregnancy
Initial
17-21
Follow-up
23-24
15-22/> 23

VZV DNA in
amniocentesis

Ultrasound Risk of CVS

Positive

Normal

Uncertain

Positive
Positive
Negative

Normal
Abnormal
Normal

Unlikely
High
Low

VZV: Varicella-zoster virus; CVS: Congenital varicella syndrome.

are at risk of contracting primary infection during the
[16]
first months of life from their mothers or other people .
Premature infants born after 28 wk of gestation are at
risk in the first six weeks of life because the reduced
gestational period means that they do not have maternal
[5,88]
antibodies
, and a diagnosis of varicella in the
newborn should therefore be related to maternal varicella
in the last month of pregnancy. Neonatal varicella is
more severe if varicella appears in the mother between
seven days before and seven days after delivery, es
pecially between five days before and two days after
delivery when the neonatal mortality rate can be as
[153,169,196]
high as 30%
. A diagnosis of neonatal varicella
is typically clinical but the contribution of a microbiology
laboratory may be important using molecular biological
tests (PCR) on vesicles or other biological liquids such as
[429]
CSF in cases of encephalitis . Also it is crucial in the
differential diagnoses with similar clinical manifestations,
such as those caused by HSV or enterovirus, syphilis or
[87,147,165,511]
incontinentia pigmenti
.
In the absence of a prenatal diagnosis (e.g., in the
case of sub-clinical maternal infection), and an infant
born with typical malformations of CVS the relationship
between these malformations and maternal infection
[283,512]
should be confirmed
. A search for VZV DNA using
molecular biology techniques on neonatal tissues (e.g.,
skin lesions, CSF) can provide evidence of intrauterine
[182,494,512]
infection
. Viral cultures are not recommended
[26,147,159,165,169]
because they are insensitive
, as is the
[145,147]
presence of IgM in blood (only 25% positive)
.
Molecular biology tests are also indicated in the case
of rare or uncharacteristic malformations, or when the
relationship between maternal infection and congenital
[513]
malformations is doubtful . Consideration should be
given to differential diagnoses of congenital varicella
with rubella, cytomegalovirus, HSV, Coxsackie virus,
[165,502-504,514]
Toxoplasma gondii, and MIDAS or MLS
.
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Abstract

Institutional review board statement: The study was reviewed
and approved by Reference Laboratory for Veterinary Quality
Control on Poultry Production, Animal Health Research Institute.

AIM: To characterize the circulating infectious bronchitis
virus (IBV) strains in Egypt depending on the sequence
of the spike-1 (S1 ) gene [hypervariable region-3 (HVR-3)]
and to study the pathotypic features of these strains.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee of the Reference
Laboratory for Veterinary Quality Control on Poultry Production,
Animal Health Research Institute.

METHODS: In this work, twenty flocks were sampled
for IBV detection using RRT-PCR and isolation of IBV
in specific pathogen free (SPF) chicks during the period
from 2010 to 2015. Partial sequencing and phylogenetic
analysis of 400 bp representing the HVR-3 of the S1
gene was conducted. Pathotypic characterization of one
selected virus from each group (Egy/Var-Ⅰ, Egy/VarⅡ and classic) was evaluated in one day old SPF chicks.
The chicks were divided into 4 groups 10 birds each
including the negative control group. Birds were inoculated
5
at one day by intranasal instillation of 10 EID50/100 μL
of IBV viruses [IBV-EG/1212B-2012 (Egy/Var-Ⅱ), IBV/
EG/IBV1-2011 (Egy/Var-Ⅰ) and IBV-EG/11539F-2011
(classic)], while the remaining negative control group was
kept uninfected. The birds were observed for clinical signs,
gross lesions and virus pathogenicity. The real-time rRTPCR test was performed for virus detection in the tissues.
Histopathological examinations were evaluated in both
trachea and kidneys.
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RESULTS: The results revealed that these viruses were
separated into two distinct groups; variant (GI-23) and
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segmented single-stranded RNA genome, approxi
mately 27.6 kb in length. Four main structural proteins
construct the IBV particles; namely the phosphorylated
nucleoprotein (N), the membrane protein (M), the spike
(S) glycoprotein and the small membrane protein (E).
The S glycoprotein is proteolitically cleaved into 2 separate
[6]
subunits; the S1 and S2 polypeptide . The S1 subunit is
attached to the viral envelope and is responsible for fusion
of virus envelope and the host cell membrane. It carries
virus-neutralizing and serotype-specific determinants
that located in the hypervariable regions (HVRs) of the
[7]
S1 subunit . Furthermore, S1 reveals high sequence
[8]
variability than S2 subunit . Hence, the evolutionary
characterization and detection of IBV is mainly targeting
the analysis of the variable S1 gene or the expressed S1
[9]
protein .
IBV variants are distributed worldwide, there are
[10]
more than 20 IBV serotypes differentiated globally .
Genomic insertions, deletions, point mutations, sub
stitutions and RNA recombination of the S1 gene are
[5,11]
associated with the emergence of new variants
.
Different serotypes of newly evolved variants from chi
ckens may cause partially efficacious vaccines or even
[12]
vaccine breaks .
In Egypt, IBV strains continue to spread everywhere
in the country, and have been isolated from both vacci
[13]
nated and non-vaccinated flocks . Different genotypes
were isolated from poultry flocks and they were similar to
Massachusetts, D3128, D274, D08880, 793B (4/91 and
[14-16]
CR88), IS/885/00 and Egypt/Beni-Suef/01
. In 2011,
two Egyptian strains, named Egy/Var-Ⅱ (Ck/Eg/BSU-2,
3/2011), were reported as a new IBV variant resembling
[16]
IS/885/00 strain according to sequence of the HVR-3 .
Recently in 2016, depending on the full S1 sequence,
[9]
Valastro et al clustered the Egyptian variant strains in
the GI-23 lineage which represents the unique wild-type
cluster geographically confined to the middle East.
Herein, twenty chicken flocks suffering from IBVlike symptoms were genetically and phylogenetically
analyzed based on the HVR-3 of S1 gene and compared
to the previously isolated Egyptian viruses and others
from neighboring countries along with common vaccine
viruses used. In addition, pathotyping of three viruses
was carried out to determine the pathogenic type of
isolates. The resulting information will provide a guide for
the matching level between field and vaccine viruses and
that will help for optimal use of existing live vaccines and
plan for future vaccine strategy.

classic (GI-1), where 16 viruses belonged to a variant
group, including 2 subdivisions [Egy/Var-Ⅰ(6 isolates)
and Egy/Var-Ⅱ (10 isolates)] and 4 viruses clustered to
the classic group (Mass-like). IBV isolates in the variant
group were grouped with other IBV strains from the
Middle East. The variant subgroup (Egy/Var-Ⅰ) was likely
resembling the original Egyptian variant strain (Egypt/
Beni-Suif/01) and the Israeli strain (IS/1494/2006).
The second subgroup (Egy/Var-Ⅱ) included the viruses
circulating in the Middle East (Ck/EG/BSU-2 and Ck/EG/
BSU-3/2011) and the Israeli strain (IS/885/00). The two
variant subgroups (Egy/Var-Ⅰ and Egy/Var-Ⅱ) found to
be highly pathogenic to SPF chicks with mortalities up to
50% than those of the classic group which was of low
virulence (10% mortality). Pathogenicity indices were
25 (Egy/Var-Ⅱ), 24 (Egy/Var-Ⅰ) and 8 (classic); with
clinical scores 3, 2 and 1 respectively.
CONCLUSION: These findings indicated that the recent
circulating Egyptian IBVs have multiple heterogeneous
origins in marked diversifying nature of their spread,
with high pathotype in specific pathogen free chicks.
Key words: Infectious bronchitis virus; Phylogenetic
analysis; Variant infectious bronchitis virus; S1 gene;
HVR-3 Sequencing; Egypt
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Infectious bronchitis became enzootic in Egypt
with frequent outbreaks of different variant in broiler
chickens in spite of intensive vaccination programs
used causing severe infections. These manuscripts
discuss the prevalence of these different variants with
pathotyping of these variants in specific pathogen free
chicks.
Zanaty A, Arafa AS, Hagag N, El-Kady M. Genotyping and
pathotyping of diversified strains of infectious bronchitis viruses
circulating in Egypt. World J Virol 2016; 5(3): 125-134 Available
from: URL: http://www.wjgnet.com/2220-3249/full/v5/i3/125.
htm DOI: http://dx.doi.org/10.5501/wjv.v5.i3.125

INTRODUCTION
Infectious bronchitis virus (IBV) is a highly contagious
viral disease causing severe economic losses in the
commercial poultry industry and is ubiquitous in most
parts of the world. IBV targets primarily the upper respira
tory tract; however the nephropathogenic strains have
a predilection for the kidney of young chickens causing
[1-3]
nephritis that can produce significant mortalities . In
layers and breeders, a decrease in egg production and
[4]
egg quality has been documented .
IBV is a coronavirus of genus Gammacoronavirus;
[5]
family Coronaviridae order Nidovirales . IBV is an
enveloped virus and has a linear positive sense non-
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MATERIALS AND METHODS
Samples and flock history

Samples were collected from twenty broiler farms from
12 governorates in Egypt, showing mild-to-severe
respiratory signs, in the period between 2010 and 2015
(Table 1). Samples were delivered to the Reference
Laboratory for Quality control on Poultry production
(RLQP), Egypt. The chickens were vaccinated with
H120 strain of IBV at one day of age. Chickens showed
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Table 1 Phylogenetic grouping of infectious bronchitis virus in the study
Isolate No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Isolate name

Age of birds (d)

Governorate

GeneBank accession number

Phylogenetic group

IBV-EG/12773F(3)-2012
IBV-EG/11539F-2011
IBV-EG/10643F(1-7)-2010
IBV-EG/116F-1(1)-2011
IBV-EG/11673F-2011
IBV-EG/11413F-2011
IBV-EG/10324F-2010
IBV-EG/1299B-2012
IBV-EG/1196F-2011
IBV/EG/IBV1-2011
IBV-EG/1138F-4-2011
IBV-EG/Qalyobia/121-2012
IBV-EG/1212B-2012
IBV-EG/1293B-2012
IBV-EG/1262F(3)-2012
CH/EGYPT/13200F/2013
CH/EGYPT/13950F/2013
CH/EGYPT/14251F/2014
CH/EGYPT/141107F/2014
CH/EGYPT/15919F/2015

20
23
19
30
20
25
17
18
15
25
18
22
14
21
28
20
25
22
32
26

Beni-Suef
Kafr-El-Shikh
Sharqia
Gharbia
Alexandria
Sharqia
Giza
Fayoum
Behira
Suez
Dakahlia
Qaliobeya
Al Behira
Fayoum
Ismalia
Giza
Alexandria
Suez
Giza
Dakahlia

KC608180
JQ839289
KC608171
KC608176
KC608173
KC608177
KC608172
KC608182
KC608174
JQ839288
KC608175
KC608181
JQ839287
KC608178
KC608179
KT832805
KT832806
KT832807
KT832808
KT832809

Classic1
Classic
Classic
Classic
Egy Var Ⅰ
Egy Var Ⅰ
Egy Var Ⅰ
Egy Var Ⅰ
Egy Var Ⅰ
Egy Var Ⅰ
Egy Var Ⅱ
Egy Var Ⅱ
Egy Var Ⅱ
Egy Var Ⅱ
Egy Var Ⅱ
Egy Var Ⅱ
Egy Var Ⅱ
Egy Var Ⅱ
Egy Var Ⅱ
Egy Var Ⅱ

1

Massachusetts - like strain.

from gels using the QIAquick Gel Extraction Kit (Qiagen,
Hilden, Germany). The purified RT-PCR products were
sequenced using Bigdye Terminator V3.1 cycle sequ
encing kit (Perkin-Elmer, Foster City, CA) and Applied
Biosystems 3130 genetic analyzer (ABI, United States).
Sequences similarities and relationships of the HVR-3
of the S1 gene from the 20 samples in this study were
compared with previously published IBV vaccine and
reference strains available in the public database (NCBI,
United States). Amino acids phylogenetic tree was drawn
for the sequenced isolates along with other vaccine and
reference strains available in the GenBank database using
[20]
MEGA version 6 . A comparative analysis of deduced
amino acids and nucleotide sequences of the HVR-3 was
created using the CLUSTAL W Multiple Sequence Align
ment Program, version 1.83 of MegAlign module of
[21]
Lasergene DNAStar software . Sequences generated in
the frame of this study were submitted to the GenBank
database with accession numbers showed in Table 1.

respiratory symptoms such as gasping, coughing, sneez
ing and tracheal rales with white diarrhea in some cases.
Necropsy showed mild to severe tracheitis with congested
lung. In addition, birds were suffering from kidney lesions
such as enlargement, congestion, and uroletheasis. The
samples were collected as pooled homogenate from
trachea and kidney. Further, the samples were prepared
as 10% w/v suspensions in PBS (pH 7.4) and centrifuged
at 3000 rpm for 10 min; the supernatants were then
collected for further analysis.

Virus detection and isolation

Viral RNA was extracted directly from the samples
by using QIAamp Viral RNA Mini Kit (Qiagen, Hilden,
Germany), following the kit manufacturer’s instructions.
The virus identification was confirmed by real-time
reverse transcription-polymerase chain reaction (rRTPCR) for the presence of the neucloprotein (NP) gene
sequence of the IBV using Quantitect probe RT-PCR kit
(Qiagen, Hilden, Germany), with specific primers and
[17]
probe targeting the NP gene .
Viral isolation from trachea and kidney was performed
[18]
according to Momayez et al . Nine-eleven day old SPF
chicken eggs were inoculated via the chorioallantoic
route. Dead embryos were investigated for the presence
of embryo stunting, curling, dwarfing, subcutaneous
hemorrhage and ureate deposition in the mesonephros.
The allantoic fluids from each sample were screened
using rRT-PCR for further confirmation.

Pathogenicity study

Forty SPF chicks of one-day-old were obtained from
the Nile SPF company, Kom-Oshim, Fayoum, Egypt.
The birds were housed in separate bio-safety level-3
chicken isolators in RLQP under strict hygienic con
ditions. Chickens were tagged with wing bands for
identification and randomly divided into 4 groups 10
birds each including the negative control group. The
first three groups were assigned for determination of
pathogenicity. Birds were inoculated at one day by
5
intranasal instillation of 10 EID50/100 μL of IBV viruses
(IBV-EG/1212B-2012, IBV/EG/IBV1-2011 and IBV[22]
EG/11539F-2011) according to Purcell et al , while the
remaining negative control group was kept uninfected.
The birds were observed for clinical signs, gross
lesions and virus pathogenicity. The clinical signs were

Sequencing of the S1 gene and phylogenetic analysis

Positive virus screening was further tested using a specific
primer set for the amplifications of the HVR-3 of the S1
gene using Qiagen one-step RT-PCR (Qiagen, Hilden,
[19]
Germany), according to the manufacturer’s protocol .
Amplificates of 400 bp in size were excised and purified
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97
99
90
86
79
79
79
80
83
82
82
77
97
89

98
88
85
79
79
79
80
83
81
82
77
94
87

72

IB-isolatevariant2-S1

90
86
79
79
79
80
83
82
83
77
96
89

73
99

IBV-IS149406-S1

84
76
76
76
79
82
80
80
74
88
90

70
92
94

76
76
76
85
87
86
83
74
84
83

86
91
91
90

100
99
72
74
72
78
98
81
80

65
87
87
86
85

IBV-isolate- QXIBV IBV-H120
IS-885-S1

99
72
74
72
78
98
81
80

65
87
87
86
85
100

IBVMa5

71
73
71
77
97
81
80

64
87
87
86
85
100
100

IBV-M41

95
96
80
71
78
81

81
63
63
63
63
61
61
61

[1]

95
83
73
81
83

68
90
90
89
92
83
83
83
69

83
71
80
81

80
63
63
62
63
60
60
60
98
68

76
80
82

82
66
66
65
65
65
65
65
82
66
83

79
78

68
84
84
83
82
95
95
95
63
80
62
68

IBV-variant- IBV-4-91
IBVIBV-D274
IBV-Eg/
1-S1-(1/96)
CR12188
11539F-2011
(Classic)

87

98
70
71
69
67
65
65
65
80
66
79
82
81

89
67
68
69
66
64
64
64
81
65
80
81
78
88

IBV-Eg/
IBV-Eg/
IBV1-2011 1212B-2012
(EGY-Var-1) (EGY-Var-2)

128

The 400 bp amplified PCR products of the HVR-3 of S1 gene were obtained from the 20 positive samples, then the partial sequencing of HVR-3 and sequence analysis was
conducted. Phylogenetic tree was constructed from the amino acid sequences of HVR-3 of the S1 protein (Figure 1). The results indicated that Egyptian IBV viruses in this
study were divided into two distinct groups (classic and variant). Sixteen isolates, isolate numbers 5 to 20 (Table 1), were found to be closely related to the variant group and 4
isolates, numbers 1 to 4 (Table 1), were genetically related to the classic genotype of Massachusetts strain.
The sixteen variant isolates were further subdivided into two subgroups: IBV Egy/Var-Ⅰand Ⅱ. Where, virus isolates, numbers from 5-10 (Table 1), were found to be
related to Egy/Var-Ⅰand they were very close to both the ancestral Egyptian virus (Egypt/Beni-Suef/01, Genbank accession number JX174183.1) and other viruses of Egy/
Var-Ⅰavailable in the GenBank, also to IBV-IS-1494-06. They share amino acid identities from 96% to 100% with each other (Table 2). Virus isolates, numbers from 11 to 20,
were clustered within the Egy/Var-Ⅱsubgroup (Ck/Eg/BSU-2/2011, Ck/Eg/BSU-3/2011 and IBV/IS/885-00) and other Egyptian related strains in the GenBank (Table 2, Figure 1).

Genetic and phylogenetic characterization

Samples representing the twenty flocks in this study showed positive results for detection of IBV using rRT-PCR. Virus isolation was obtained from the homogenate pool of the
rd
trachea and kidney from each flock. The allantoic fluid from the 3 passage of each sample further confirmed positive using rRT-PCR.

Virus screening and isolation

RESULTS

recorded daily for up to 14 d post-infection, according to clinical scoring formula presented by Wang et al . Gross lesions in the trachea and kidney as well as pathogenicity
[1]
index were calculated based on the criteria described in Wang et al . The presence of IBV was checked in samples obtained from the inoculated groups at 14 d post-infection.
The real-time rRT-PCR test was performed for the detection of virus in the tissues. Histopathological examinations were carried out on both trachea and kidneys, according to
[23]
Bancroft et al .

IBV: Infectious bronchitis virus.

Egypt/Beni-Suef/01
IB-isolate-variant-2-S1
IBV-IS-1494-06-S1
IBV-isolate-IS-885-S1
QXIBV
IBV-H120
IBV-Ma5
IBV-M41
IBV-variant-1-S1 (1/96)
IBV-4-91
IBV-CR12188
IBV-D274
IBV-Eg/11539F-2011 (Classic)
IBV-Eg/IBV1-2011 (EGY-Var-1)
IBV-Eg/1212B-2012 (EGY-Var-2)

Strain name
Egypt/
nucleotide identity (%) (upper right)
Beniamino acid identity (%) (lower left)
Suef/01

Table 2 Nucleotide and deduced amino acid identities of infectious bronchitis virus Egyptian isolates with other selected references and vaccine strains from different serotypes
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Eg/12197B/2012
CH/EGYPT/15919F/2015-SP1
IBV/CK/Giza-Egypt/USC-12/2014
41 IBV/Egypt/VRLCU-03/2012
IBV/Egypt/VRLCU-04/2012
IBV/CK/Menoufia-Egypt/USC-13/2014
18
Ck/Eg/BSU-3/2011
Ck/Eg/BSU-2/2011
15
IBV-EG/12105B

64

30

24

62

48
51
72

2

IBV-EGY/Qalyobia/121-SP1-2012
IBV/CK/Menoufiya-Egypt/USG-10/2014
55 42
60 IBV-EG/1236B
IB/chicken/Egypt/BSU-MN-KB44/2013
Eg/1265B/2012
IBV-EGY/1293B-SP1-2012
45 IB/chicken/Egypt/BSU-FA-KB27/2013
IBV/CK/Gharbia-Egypt/USG-2/2013 S1
95 29
IBV-EGY/1262F(3)-SP1-2012
IBV-EG/1212B-SP1-2012
CH/EGYPT/13200F/2013-SP1
63 CH/EGYPT/13950F/2013-SP1
CH/EGYPT/14251F/2014-SP1
CH/EGYPT/141107F/2014-SP1
IBV-EGY/1138F-4-SP1-2011
IBV-isolate-IS-885-S1
IBV-Sul/01/09 S1
99
99 IBV-IR-Razi-HKM3-2010
IBV-Eg/IBV1-SP1-2011
IBV-isolate-variant-2-S1
53
IBV-EG/1299B-SP1-2012
25
95
IBV-IS-1494-06-S1
61 IBV/Egypt/Menofia/VRLCU-09/2012
IBV-EG/11413F-SP1-2011
51
Egypt/Beni-Suef/01
IBV-EG/101-SP1-2010
25
Ck/Eg/BSU-4/2011
Ck/Eg/BSU-1/2011
24
IBV-EGY/11673F-SP1-2011
IBV-EGY/10324F-SP1-2010
IBV-EGY/1196F-SP1-2011
ITA/90254/2005
IBV/Ck/SP/18/08
87 IBV IS/1201
FR/L-1450L/05
98
IBV QXIBV
IBV-CK-CH-Guangdong-lezhu2-0905-S1
IBV-EG/1260B
4-91
99
IB-isolate-variant-1-S1-(1/96)
80
CR12188
82
IBV/Egypt/VRLCU-10/2012
98
IBV/CK/Cairo-Egypt/SCU-8/2013 S1
J2
IBV-D274
JX-99-01
IBV-strain-JF24-S1
Connecticut-46
IBV-EGY/10643F-1-7-Sp1-2010
98
Strain-D41
91
M41
44
IBV-EG/11539F-SP1-2011
29
Egypt-F-03
25
IBV-EGY/12773F(3)-SP1-2012
11 IBV-strain-ck-CH-LNM-091017-S1
IBV-strain-NGA-310-2006
9
H120
Ma5
11
IBV/CK/Menofia-Egypt/USC-7/2013
Eg/CLEVB-9/IBV/014
IBV-EG/116F-1(1)-SP1-2011

EGY/VAR Ⅱ

GI-23

EGY/VAR Ⅰ

QXIBV-like strain (GI-19)

793B serotype (vaacine-like strains) (GI-13)

Classic (mass-like strains) (GI-1)

Figure 1 Phylogenetic tree representing the partial amino acid sequences of the S1 gene for 20 infectious bronchitis virus isolates (marked with black
diamond) with other related infectious bronchitis virus and reference strains.
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Table 3 Necropsy findings of specific pathogen free chicks infected with infectious bronchitis viruses at one-day-old and the
examined survivor and dead birds during the 14 d observation
Group

1
2
3
4

IBV isolates code

IBV-EG/1212B-2012
IBV-EG/IBV1-2011
IBV-EG/11539F-2011
Negative control

No Lesion
0
0
3
10

Slight mucin
2
5
6
0

Necropsy
Trachea
Excessive mucin Mucosal congestion
5
3
3
2
0
1
0
0

Kidney
Swelling
Ureate
6
2
5
2
0
0
0
0

No Lesion
0
0
10
10

Congestion
2
3
0
0

Kidney and trachea score = no of chicks with lesion score of ≥ 1. IBV: Infectious bronchitis virus.

Table 4 Pathogenicity index based on clinical scoring and necropsy of kidney and trachea of specific pathogen free chicks infected
at one-day-old with infectious bronchitis viruses with examining survivors and dead birds during 14 d observation
Group
1
2
3
4

IBV isolates code
IBV-EG/1212B-2012
IBV-EG/IBV1-2011
IBV-EG/11539F-2011
Negative control

Observation record

Clinical score

Dead

Survived

Mortality (%)

5/10
4/10
1/10
0/10

5/10
6/10
9/10
10/10

50
40
10
0

3
2
1
0

1

2

Gross lesion score
Trachea

Kidney

10
10
7
0

10
10
0
0

Pathogenicity index
25
24
8
0

3

4

Pathotyp
High
High
Low
No

1

Clinical score[2,28]: Score 0: No clinical signs; score 1: Lacrimation, slight shaking of head, watery feces; score 2: Lacrimation, presence of nasal exudate,
depression, watery feces; score 3: Strong lacrimation, presence of nasal exudates, severe watery feces; 2kidney and trachea score: No of chicks with lesion
score of ≥ 1; 3pathogenicity index: No of chicks with lesion score ≥ 1 + 1 point for every 10% mortality; 4pathotypes: Low (pathogenicity index value 1-9),
intermediate (pathogenicity index value 10-18), high (pathogenicity index value ≥ 19). IBV: Infectious bronchitis virus.

Table 5 Virus detection from various organs of chicks post-inoculated with different
infectious bronchitis viruses using reverse transcription-polymerase chain reaction
Group
1
2
3
4

IBV isolates

Phylogenetic group

IBV-EG/1212B-2012
IBV-EG/IBV1-2011
IBV-EG/11539F-2011
Negative control

Egy Var Ⅱ
Egy Var Ⅰ
Classic (mass-like strain)

Virus detection (number of positive/total)
Trachea

Kidney

Lung

10/10
8/10
5/10
0/10

9/10
10/10
0/10
0/10

6/10
0/10
0/10
0/10

IBV: Infectious bronchitis virus.

Pathogenicity

Alignment analysis of the S1-HVR3 for both nucleotide
and deduced amino acid were performed and compared
with the previously published reference and vaccine IBV
strains commonly used in the field (H120, Ma5, D274,
4/91, CR88121 and 1/96) as well as original Egyptian
viruses Egy/Var-Ⅰand Egy/Var-Ⅱ. One virus represents
the consensus of each group was selected for the
comparative analysis (Table 2). Classic Egyptian IBV
isolates (1 to 4) showed amino acid identities reached up
to 98% with the Mass-like strains (H120, Ma5 and M41),
while they showed only about 78% amino acid identities
with the variant group. In comparison to vaccine strains
used in Egypt, the viruses isolated in this study share
different amino acid identities: For Egy/Var-Ⅰstrains,
including strain number from 5 to 10 they showed
identity from 78% to 81% for strains H120, Ma5, 4/91,
CR88, D274 and 1/96 (Table 2). In the meantime, Egy/
Var-Ⅱ strains shared 80% to 83% amino acid with them
(Table 2). The strains included in the classic group (1 to 4)
showed only about 71% to 76% with 4/91, CR88, D274
and 1/96 serotypes (Table 2).
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The pathogenicity of the IBV strains was evaluated by
a standard pathogenicity assay using SPF chicken. For
each group, the clinical and pathogenicity scores were
recorded (Tables 3 and 4). In group 1 and 2 (inoculated
with variant strains) sick chicks showed varying degrees
of coughing, sneezing, tracheal rales, and watery feces.
The severity of the signs increases in group 1 (Egy/Var-Ⅱ)
than group 2 (Egy/Var-Ⅰ); however, for group 3 (classic
strain) only mild respiratory signs were observed. The
clinical scores were recorded in Table 4. The mortalities
were 50%, 40%, and 10% and the recorded clinical
scores were 3, 2 and 1 in the three groups 1, 2 and 3,
respectively (Table 4).
Pathogenicity indices were 25, 24 and 8 for the
isolates in groups 1 (Egy/Var-Ⅱ), 2 (Egy/Var-Ⅰ) and
3 (classic), respectively (Table 4). Based on the lesion
in both kidney and trachea, isolates could be classified
according to the pathogenicity index to high virulent
(Egy/Var-Ⅱ and Egy/Var-Ⅰ) and low virulent (classic)
(Table 4). The main commonly reported macroscopic lesions
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A

B

C

D

E

F

Figure 2 Histopathology illustration of the trachea and kidney from experimentally infected chickens. A: Trachea (from Group 1) showed subepithelial
hemorrhage accompanied with goblet cell activation, inflammatory cells and edema; B: Trachea (from Group 2) with focal aggregation of lymphocytic cells and
epithelial desquamation, ulceration accompanied with goblet cell hypertrophy; C: Kidney (from Group 2) showed glomerular edema and glomerulonephritis with
extravasation of blood vessels between renal tubules; D: Kidney (from Group 1) with severe necrosis of renal tubules and focal lymphocytic aggregation; E: Trachea
of negative control group; F: Kidney of negative control group (H and E, × 20).

included: Congestion with casious plug in the trachea,
congested lung, swollen and congested kidneys with ure
ters distended with ureate. Grossly, the kidney lesions
were more severe in Egy/Var-Ⅱ group than in Egy/VarⅠgroup; however, the lungs were only affected in
Egy/Var-Ⅱ group (Tables 3 and 4). While in the classic
group the tracheal lesions were less severe than the
other 2 variant groups.
Virus distribution in tissues following virus inoculation
of one-day-old SPF-chicks with 3 IBV isolated strains:
IBV-Eg/1212B-2012 (Egy/Var-Ⅱ), IBV-Eg/IBV1-2011
(Egy/Var-Ⅰ) and IBV-Eg/11539F-2011 (Mass-like) were
described (Table 5). The virus was found in the trachea
and kidney in groups infected with variant strains (Egy/
Var-Ⅰ, Egy/Var-Ⅱ). The virus was not detected in the
lungs of Egy/Var-Ⅰgroup also from lung and kidney of the
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classic group. The negative control group had no virus in
tissues (Table 5).
Microscopic examination of sacrificed birds at 14 d
Post- infection and freshly dead birds revealed marked
loss of cilia, epithelial desquamation, lymphocytic cell
infiltration, epithelial hyperplasia and congested trachea
in both 2 subgroups of variant viruses (Egy/Var-Ⅰ,
Egy/Var-Ⅱ) (Figure 2A and B). Kidneys showed severe
changes, including hemorrhages, degeneration in renal
tubules and hyper cellularity of the renal glomeruli as
well as focal infiltration of inflammatory lymphocytes
in group 1 (Egy/Var-Ⅱ) of variant viruses and to lesser
extent in group 2 (Egy/Var-Ⅰ,) (Figure 2C and D). The
lesion for the classic group 3 of Eg/11539F-2011 (Masslike) showed the lowest severity in trachea and kidneys
in comparison to variant groups (data not shown).
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In this work, the three IBV strains (IBV-Eg/1212B-2012
of Egy/Var-Ⅱ, IBV-EG/IBV1-2011 of Egy/Var-Ⅰand IBVEG/11539F-2011 of classic Mass-like genotype) were
able to induce respiratory signs post-inoculation with
clinical scores of 3, 2 and 1; respectively (Table 4). In
addition, respiratory and renal lesions were recorded
(Tables 3 and 4). The virulence of the three strains (Egy/
Var-Ⅱ, Egy/Var-Ⅰand classic Mass-like) was assessed
in one-day-old SPF chicks for comparison. The three
IBV strains were able to produce 50%, 40% and 10%
deaths; respectively. It is well known that the most
severe clinical symptoms of IBV appear in very young
[30]
chicks and the severity decreased in older chickens .
This fact explains the high mortality rate observed in
infected chicks with IBV-Eg/1212B-2012 (50%) and IBV/
EG/IBV1-2011 (40%) (Table 4). These findings matched
[31]
with Wang et al , who reported mortality rates ranged
from 10% to 60% in experimentally infected chicks with
QX strain of IBV. Furthermore, these findings agreed
[32]
with Ignjatović et al , who found that strains of IBV
differed in their virulence for the respiratory tract, kidney
or oviduct. The majority of IBV strains, including those
of the Mass-like serotype produce prominent respiratory
[33]
disease . The possibility of re-isolations of H120 vaccine
strain cannot be excluded. Although vaccine strains
induced lesions in chickens, but the mortality did not
[31]
exceed 10% .
Trachea, lung and kidney were collected from infected
birds after intra-nasal inoculation and the virus tropism
was detected by rRT-PCR, the results were shown in
Table 5. IBV nucleic acids were detected more frequently in
the tracheal tissues than in the lungs, and kidney (Table 5).
[34]
Terregino et al
isolated IBV from kidney, trachea,
ovary, and oviduct following infection with the QX-IBV
strain.
The presence of acute interstitial nephritis and gross
renal ureates deposition and histological lesions in the
experimental chicks at day 14 post infection indicated
that IBV-Eg/1212B-2012 and IBV-EG/IBV1-2011 were
nephrogenic viruses. Severe renal hemorrhages were
observed grossly and histopathologically in dead birds
for the two viruses denoting that the deaths might be
resulted from acute renal failure rather than the respi
ratory distress (Figure 2). Similarly, variants of IBV
were reported as nephrogenic strains in Egypt: D274,
D3896, D1559, Egypt/Beni-Suef/01, 720/99 Israel,
[13,29]
4/91, IS/1494
. The microscopic picture of the renal
tubules matched with the general findings recorded with
[35]
nephrogenic IBV strains .
Regarding microscopic lesions in trachea associated
with IBV infection in day old SPF chicks and examined at
14 d pi, the findings appeared similar to those previously
[33]
recorded by Cavanagh et al , including: Deciliation,
degenerative changes and edema of the tracheal mu
cosa, irregular loss of epithelium, desquamation of the
epithelium in the tracheal lumen, goblet cell activation
and focal aggregation to diffuse massive lymphocytic
infiltration (Figure 2).
In conclusion, our results provide evidence of evolving

DISCUSSION
One of the main problems of IBV is the frequent emer
gence of several IBV serotypes or antigenic variants due
[2,24]
to high rates of S1 gene mutation
. Therefore, it is
important to detect these new emerging viruses and to
choose an appropriate vaccine against IBV infection. In
the S1 gene, there are three HVRs located within amino
acids 38-67 (HVR-1), 91-141 (HVR-2) and 274-387
[25]
(HVR-3) . Genotyping of IBV based on S1 gene sequ
encing, especially the HVRs, is the most reliable way to
classify IBV isolates. Usually IBV serotypes have a wide
range of genetic variations in the S1 gene ranged from 2%
[6,26]
to 25%
. In Egypt, many strains of live attenuated
and inactivated vaccines used to control IBV. However,
the outbreaks of the disease have continued to cause
[13]
severe infections .
In this work, 20 IBV isolates from commercial broiler
chicken flocks from 12 governorates were genotyped by
sequencing of the HVR-3 of the S1 gene. The molecular
data indicated that the IBVs isolated in Egypt during the
last five years evolved into two groups; variant (GI-23)
and classic (GI-1). The strains of the variant group (GI-23)
[9]
are indigenous and predominate in the Middle East ,
and in Egypt were subdivided into 2 subgroups according
[14,16]
to the sequence of the HVR-3
. The first subgroup of
Egy/Var-Ⅰ, represented by 6 viruses (Table 1), is very
close to the original Egyptian strain Egypt/Beni-Suef/01
[16]
and to Ck/EG/BSU-1,4,5/2011 isolated in 2011 . In this
work, viruses of Egy/Var-Ⅰ subgroup were also found to
be closely related to IS/1494/2006 with 96%-97% amino
acid identity. The second subgroup Egy/Var-Ⅱ included
10 viruses and they were mostly related to IS/885/00
strain with 90% amino acid identities (Tables 1 and 2,
Figure 1). Accordingly, Egy/Var-Ⅱ subgroup was shown
[15,16]
to be widely spread in Egypt during the last 5 years
.
However, full genome sequencing will provide more
[9]
accurate information about different subgroups . In the
meantime, the 4 isolates in the classic group (Mass-like
strain of GI-1) were genetically related to Massachusetts
strains and had the same phylogenetic origin. It showed
high amino acid similarity (98%) to H120 and Ma5
vaccine strains with 95% nucleotide identities (Table 2,
Figure 1). The four isolates of Mass-like strain were
obtained from vaccinated farms with the same strain.
Furthermore, previous studies have confirmed that
live IBV vaccines persist in chicks for many weeks after
[27-29]
administration with virus isolation
.
Phylogenetic analysis revealed that the variant IBV
isolates (Egy/Var-Ⅰand Egy/Var-Ⅱ) had a distant rela
tion to vaccine strains commonly used in Egypt, including
Ma5, H120, M41, 4/91, CR88, D274 and 1/96 (Table
2, Figure 1). The new IBV variants frequently emerge
as a result of a few changes in the amino acid structure
[6]
along the S1 protein . These changes may be due
to immunological pressure caused by the wide use of
live vaccines of different strain types along with field
virus infection. This can lead to genetic alterations and
[3]
recombinations allowing new field strains to evolve .
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the recent Egyptian IBV strains and showed two groups
of variants are co-circulating in Egypt with high mortality
in SPF chicks. The distinctive dissimilarity between these
variants and the widely used IBV vaccine reveal that
the antigenic drift is likely to occur under the long-term
immune pressure. Further epidemiological surveillance
studies are needed in order to explain the mechanism
of emergence of variants and their biological properties,
including pathogenicity and vaccine trails to help in
disease control.
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Neurological manifestations of Zika virus infection
Ana-Belén Blázquez, Juan-Carlos Saiz
south-east Asia in the 1980’s, the Micronesia in 2007,
the French Polynesia in 2013 and, more recently in
the Americas in 2015, where, up to date, the World
Health Organization (WHO) has estimated about 3-4
million total cases of ZIKV infection. During outbreaks
in the French Polynesia and Brazil in 2013 and 2015,
respectively, national health authorities reported
potential neurological complications of ZIKV disease,
chiefly an upsurge in Guillain-Barré syndrome, which
coincided with ZIKV outbreaks. On the other hand,
the emergence of ZIKV in Brazil has been associated
with a striking increase in the number of reported
cases of microcephaly in fetus and newborns, twenty
times higher than in that reported in previous years.
While investigations are currently assessing whether
there is an actual association between neurological
complications and ZIKV infections, the evidence was
enough worrisome for WHO to declare a public health
emergency of international concern. Here we present
an updated review addressing what is currently known
about the possible association between ZIKV infection
and the development of severe neurological disorders.
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Core tip: Zika virus (ZIKV), a mosquito-borne flavivirus,
was restricted to Africa until its spread to south-east
Asia, the Pacific, and, finally, to the Americas, where an
estimated 4 million cases of ZIKV infection have been
recorded, and where a worrisome possible association
of ZIKV with the development of severe neurological
disorders, such as Guillain-Barré Syndrome and
microcephaly, have been reported. In this contribution
we present an updated review addressing what is
currently known about the possible association bet
ween ZIKV infection and the development of severe
neurological disorders, remarking the urgent need for
further investigations to clearly resolve this point.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
Zika virus (ZIKV) is a flavivirus (Flaviviridae family)
transmitted mainly by Aedes mosquitoes. The virus was
restricted to the African continent until its spread to
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[9,10]

signaling in other flaviviruses
, and one in a NS5
domain which has been shown to mask the viral RNAs
[11,12]
from host recognition in the case of WNV
. In this
line, it has been hypothesized the possible adaptation
of the ZIKV virus to the human host by changes in non[13]
structural proteins . Thereby, Asian strains of ZIKV
differ significantly from the African ones in codon usage
[14]
in the NS1 region of the genome . Codon usage by
the pandemic strain is optimized for adaptation to
human housekeeping cells, which could facilitate viral
replication in human cells. In fact, codon optimization
could result in higher viral titers and increased infectivity
[15]
for mosquito vectors, as seen in other viruses .
Analysis of the polyprotein sequence predicted the
presence of potential N-glycosylation sites in the ZIKV
[4,16-18]
proteins prM, E and NS1
. Noteworthy, a 4 amino
acid deletion corresponding to the envelope protein 154
glycosylation motif was found in several ZIKV strains, in
a similar way to many other flaviviruses, such as West
[6]
Nile virus strains . Glycosylation has been associated
[19,20]
in some instances with virulence
, even though the
functional importance of the N-glycosylations is not
clear in related flaviviruses, since flaviviruses presenting
or not this N-glycosylation can maintain the same
[21]
antigenicity . Additionally, glycosylation could play a
[22]
role in replication and maturation . In fact, it has been
suggested that extensive mouse brain or cell culture
passage could lead to the deletion of the potential
glycosylation site, since there are differences on this
site even between ZIKV isolates with different passage
history, such as those of the prototypic strain ZIKV
[23,24]
MR766
. Even more, it has been suggested that
ZIKV may have experienced recombination in nature
and that a loss of the N154 glycosylation site in the
envelope protein was a possible adaptive response to
[25]
the vector . Therefore, a detailed analysis of whether
and how these differences are directly related to
virulence and pathogenicity has to be clearly elucidated
for a better control of ZIKV infection.

Blázquez AB, Saiz JC. Neurological manifestations of Zika virus
infection. World J Virol 2016; 5(4): 135-143 Available from:
URL: http://www.wjgnet.com/2220-3249/full/v5/i4/135.htm
DOI: http://dx.doi.org/10.5501/wjv.v5.i4.135

THE VIRUS
Zika virus (ZIKV) is a mosquito-borne Flavivirus classi
fied into the Flaviviridae family. It is closely related
to other important pathogens that affect human and
animal health such as Japanese encephalitis virus,
dengue virus (DENV), yellow fever virus (YFV), West
[1]
Nile virus (WNV) or St. Louis encephalitis virus . ZIKV
was first isolated in 1947 from the serum of a febrile
sentinel rhesus monkey in the Zika Forest (Uganda)
during the investigations performed to study the
enzootic cycle of YFV. The virus was isolated for the
second time from Aedes africanus mosquitoes collected
at the same site one year later. In both cases, the
virus was isolated by intracranial inoculation into infant
[2]
mice .
ZIKV genome is constituted by a positive polarity
RNA molecule of about 11 kb in length, comprising two
untranslated regions flanking an open reading frame
coding for a polyprotein of about 3420 amino acids.
Similar to other flaviviruses, the ZIKV single polyprotein
is expected to be post-translationally cleaved by host
and viral proteases into three structural proteins [capsid
(C), pre-membrane (prM), and envelope (E)] and seven
non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A
[3]
NS4B, and NS5) (Figure 1). The structure of mature
[4]
ZIKV particle has been recently described (Figure
2), and the virus particle has been observed to be
[5]
structurally stable even at 40 ℃ .
Phylogenetic analyses of the virus confirm its inclu
sion within the mosquito-borne flavivirus cluster with
the presence of two major lineages: One includes the
African strains, which is divided into two groups, the East
and the West African clusters, and the other gathers
[1]
the Asian and American strains . ZIKV life cycle, as
any other arbovirus, has several barriers to accumulate
mutations as a consequence of the intrinsic constraints
associated with dual replication in mammalian and inver
tebrate hosts, thus driving to a relatively slow fixation
[1]
of mutations . For instance, ZIKV strains collected over
a few years interval in Central African Republic show
[6]
minimal changes on their sequences .
Even though ZIKV strains from different continents
[1]
and outbreaks showed up to 99% identity , nonsynony
mous nucleotide differences have been described among
them that, in other flaviviruses, have been implicated in
viral infectivity. For instance, a full-length ZIKV genome
amplified from fetal tissues obtained during the Brazilian
outbreak presented five nonsynonymous mutations
[7]
when compared with the French Polynesian isolate .
Three of these amino acid changes were found in NS1,
[8]
implicated in immune evasion in the case of DENV ,
one in NS4B, related to the inhibition of type I interferon
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TRANSMISSION
ZIKV is transmitted by mosquitoes of the genus
Aedes, mainly of Aedes aegypti and Aedes albopictus,
although the virus has been isolated from other genus
[1]
such as Anopheles, Culex, and Mansonia spp . Both
Ae. aegypti and Ae. albopictus have a history of global
expansion associated with trade and travel and are
[26]
widely distributed .
Non-human primates are considered to serve as
reservoir hosts for ZIKV, although the primary species
have not been identified. ZIKV natural transmission
cycle has been described to involve Cercopithecus
[27]
aethiops and Erythrocebus patas monkeys in Africa ,
while ZIKV antibodies have been found among semi[28]
captive and wild orangutans in Asia (Figure 3). There
is no current evidence of other animals than humans
and non-human primates acting as amplifying hosts for
[29]
ZIKV . However, antibodies against ZIKV have been
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Figure 1 Schematic representation of Zika virus genome organization. The single open reading fram (boxes) that encodes both structural and non-structural
proteins is flanked by two untranslated regions.

another risk factor for horizontal transmission. In this
regard, ZIKV RNA and replicative virus have been found
[32-34]
in semen
. In 2008, a case of sexual transmission
was suspected to occur from an American scientist,
who contracted ZIKV infection in Senegal, to his wife.
Even though she had not left the United States during
the previous year, she also developed clinical symptoms
related to ZIKV infection. Even though, ZIKV was not
investigated in the semen of the patient, virus infection
[35]
was serologically confirmed in both . A recent retros
pective study in Italy detected ZIKV specific neutralizing
antibodies in the sera of a couple with a suspected
DENV infection, of which the female had not travelled
[36]
to tropical areas during the previous year . Later on,
in early February 2016, the case of a ZIKV infected
person after sexual contact in the United States has
[37]
been reported . In this line of investigations, the
CDC received reports of 14 cases of suspected sexual
transmission of ZIKV during February 2016, of which
only two were laboratory-confirmed and four classified
as probable cases of Zika disease. All reported cases
belonged to women which only known risk factor was
to have had sexual intercourse with symptomatic
partners recently returned from an area with ongoing
[38]
ZIKV circulation . Up to date, and according to WHO,
five countries have reported locally acquired infection in
the absence of any known mosquito vectors, probably
through sexual transmission (Argentina, France, Italy,
New Zealand and the United States). Additionally,
[39]
[40]
ZIKV RNA and infectious ZIKV in urine
and saliva
have been reported. All these data suggest that sexual
transmission could play a role on ZIKV infection and
transmission, even though this route seems unlikely to
play a major role in ZIKV spread. In any case, the CDC
have considered that ZIKV sexual transmission is of
particular concern and, consequently, have published an
interim guideline for prevention of sexual transmission
[41]
of ZIKV .

Figure 2 Schematic representation of Zika virus particle based on cryoelectron microscopy data[4].

found in many other vertebrate species, such as sheep,
[1]
goats, cattle birds, rodents and even reptiles .
Even though mosquito transmission is the main
cause of ZIKV outbreaks, other additional routes of
transmission have been proposed: Breastfeeding,
perinatal, sexual or by blood transfusion (Figure 3).

Horizontal transmission

The potential for viral transmission through blood trans
fusion was first suggested during the French Polynesia
outbreak. Almost 3% of blood donors, who were asym
ptomatic at the time of donation, were found positive
for acute ZIKV infection by specific reverse transcriptase
[30]
polymerase chain reaction (RT-PCR) . Moreover, in
a very recent prospective study carried out in 72 pre
gnant women in Brazil, 26 tested positive for ZIKV RNA
[31]
in blood samples . These data point to the need for
implementation of measures to prevent this way of
infection in endemic areas, and, in other zones free of
ZIKV, to advice people coming back from affected areas
[1]
to delay blood donations .
Besides blood transfusion, sexual activity could be
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Vertical transmission

ZIKV RNA in breast milk was first detected during the
[42]
outbreak in the French Polynesia and, more recently,
the presence of infective ZIKV particles, with substantial
[43]
viral loads, in breast milk has also been described .
Nevertheless, since there is no evidence supporting
viral transmission to babies by lactation, the CDC
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Alternative transmission routes: Perinatal,
sexual, breastfeeding, or blood transfusion

Sylvatic cycle

Urban cycle

Figure 3 Schematic representation of Zika virus transmission cycle, with a sylvatic natural cycle between mosquitoes and monkeys, and an urban cycle
between mosquitoes and human population.

encourage mothers to breastfeed their children, arguing
that the benefits of it outweigh the risk of transmission
(http://www.cdc.gov/zika/transmission/), as so do
the Pan American Health Organization (PAHO/WHO)
(http://www.paho.org), and several national health
authorities. However, it should be noted that breast
milk transmission has been previously documented in
humans and experimentation animal models in other
[44,45]
flaviviruses, such as DENV or WNV
.
In any case, the most worrying aspect of recent
ZIKV outbreaks is the increasing evidence pointing
to mother-to-child viral transmission, which can lead
to infants neurological disorders. As mentioned early,
perinatal transmission was documented for the first time
[42]
during the French Polynesia outbreak . Sera from two
mothers and their newborns were RT-PCR tested positive
for ZIKV, although contamination during delivery could
not be discarded. Later on, during the outbreak in Brazil,
RT-PCR detection and histopathologic findings in tissue
samples from two newborns with microcephaly who died
within 20 h of birth and two miscarriages showed the
presence of ZIKV. All four mothers had clinical signs of
ZIKV infection during the first trimester of pregnancy,
[46]
but not at the time of delivery or miscarriage . Further
reports in Brazil have described the presence of ZIKV
[31,47,48]
RNA in fetuses and amniotic fluids
. Even though
sporadic vertical transmission in humans has been
previously reported in other members of the Flaviviridae
[49]
[50]
family, such DENV
or YFV , the surprisingly high
number of infants born with microcephaly in Brazil
during the current outbreak, which could probably be
the result of a possible vertical transmission, has urged
the WHO to publish some advice for women who are
pregnant, or planning to become pregnant, to take
extra care to protect themselves from the bites of the
mosquitoes that transmits ZIKV (http://www.who.int/
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features/qa/zika-pregnancy/en/).

Clinical features of the disease

ZIKV infection has been described to be symptomatic
[51]
only in around 18% of the cases , causing a mild, selflimiting illness with an incubation period of up to 10
[52]
d . Signs and symptoms generally include an onset
of fever, maculopapular rash, arthralgia, myalgia, and
conjunctivitis, and can be often mistaken with other
arboviral infections, like dengue or chikungunya (Table
1). However, severe disease with hospitalization has not
[1]
been commonly needed until now . However, and even
though a causal link has not been yet established, there
seem to be growing evidences linking ZIKV infection
to Guillain-Barré syndrome (GBS) and microcephaly in
newborns. So that, due to this unexpectedly upsurge
of severe neuronal complications, a case definition
for ZIKV disease has been established by the WHO
(http://www.who.int/csr/disease/zika/case-definition/
en/) for the purpose of providing global standardization
for classification and reporting of ZIKV cases. These
interim guidelines distinguish between suspected cases,
probable cases, and confirmed cases of ZIKV disease,
[12]
showing the essential requirements for each of them
(Table 2).
GBS is a clinical syndrome of multiple autoimmune
etiologies, which involve idiopathic peripheral neuropathy
manifested as a progressive paralysis over 1-3 wk, with
a 5% death rate and up to 20% of patients left with a
[53-55]
significant disability
. Severe manifestation of GBS
[56]
with respiratory failure affects 20%-30% of cases .
GBS is the most common and severe acute paralytic
neuropathy, with en estimate incidence ranging 0.8-1.9
cases per 100000 people per year, with a 70% of these
cases associated with previous infectious diseases. The
syndrome was also first associated with ZIKV infection
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Table 1 Clinical features of Zika virus disease
Mild symptoms
Fever
Rash
Joint pain
Conjunctivitis
Muscle pain
Headache

Table 2 Zika virus disease interim case definitions according
to World Health Organization

Other complications of the disease
Suspected case

Guillain-Barré syndrome
Microcephaly in fetuses and newborns

A person presenting with
rash and/or fever and at
least one of the following
signs or symptoms:
Arthralgia, or
Arthritis, or
Conjunctivitis
(non-purulent/
hyperaemic)

[57]

during the French Polynesian outbreak in 2013 , where
the incidence rate of GBS cases was about 20-fold
[58]
higher than expected . Likewise, in Colombia, during
the ongoing outbreak, a three times higher number of
GBS cases than the averaged expected cases during
the 6 previous years has been reported. An association
between the increase of GBS cases and ZIKV infection
has also been reported in Venezuela (http://www.who.
int/csr/don/12-february-2016-gbs-colombia-venezuela/
en/). Very recently, two cases of GBS with confirmed
ZIKV infection have been notified from the United
States to the PAHO/WHO (http://www.who.int/csr/don/
21-march-2016-gbs-usa/en/). According to the WHO,
and in the context of ZIKV circulation, twelve countries
or territories have reported an increased incidence of
GBS and/or laboratory confirmation of a ZIKV infection
among GBS cases (http://www.who.int/emergencies/
zika-virus/situation-report/17-march-2016/en/). These
data point to an alarming increase in the potential
[59]
clinical severity of ZIKV infection .
In a case-control study performed during the French
Polynesia outbreak, 42 patients were diagnosed with
GBS at the Centre Hospitalier de Polynésie Française
(Papeete, Tahiti, French Polynesia). Study control cohorts
were age-matched, sex-matched, and residence-ma
tched patients who presented at the hospital with a nonfebrile illness (control group 1; n = 98) and age-matched
patients with acute ZIKV disease and no neurological
symptoms (control group 2; n = 70). Up to 98% of the
patients with GBS had anti-ZIKV IgM or IgG, compared
[60]
with 56% in control group 1 . Even though in this
study a history of past dengue virus infection seemed
not to differ significantly between patients with GBS
and those in the two control groups, other reports have
suggested that the simultaneous increase in dengue
and chikungunya infections in the region may have
[61]
contribute to the registered increase in GBS incidence .
The 42 GBS cases reported in the French Polynesia
between November 2013 and February 2014 contrasted
with the less than ten cases per year recorded during
the previous four years (http://ecdc.europa.eu/en/
publications/Publications/Zika-virus-French-Polynesiarapid-risk-assessment.pdf), and suggests a possible
[60]
association between ZIKV and GBS . GBS was also the
first important ZIKV-associated condition documented in
Brazil, with 121 cases during the first half of 2015 (http://
portalsaude.saude.gov.br/index.php/o-ministerio/
principal/secretarias/svs/noticias-svs/19139-eventodesaude-publica-relacionado-aos-casos-de-febre-do-
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Probable case

Confirmed case

A suspected case with
presence of:
IgM antibody against
Zika virus (with no
evidence of infection
with other flaviviruses)
and
An epidemiological
link (contact with a
confirmed case, or a
history of residing in
or travelling to an area
with local transmission
of Zika virus within
2 wk prior to onset of
symptoms)

A person with
laboratory
confirmation of
recent Zika virus
infection:
Presence of Zika
virus RNA or
antigen in serum or
other samples, or
IgM antibody
against Zika virus
positive and
PRNT90 for Zika
virus with titre ≥
20 and Zika virus
PRNT90 titre ratio
≥ 4 compared
to other tested
flaviviruses, and
Exclusion of other
flaviviruses

Available from: URL: http://www.who.int/csr/disease/zika/casedefinition/en.

zika).
Even though GBS has also been associated to other
[62,63]
[64]
arboviral infections, such as DENV
, WNV , or
[65]
CHIKV , it is believed to be a rare event. The onset of
[66]
GBS presumably involves an autoimmune process , and
although the possible factors determining the association
of GBS and ZIKV have not yet been established, it has
been suggested that sequential arbovirus infections
may exacerbate the immune response and trigger an
immunopathogenic process attacking peripheral nerves,
[58]
and thus leading to the onset of GBS .
No matter what, the most concerning manifestation
of ZIKV infection is the dramatic increase of reported
cases of microcephaly in Brazil. Microcephaly is a head
size smaller than expected for age, and is associated
to different genetic factors, maternal malnutrition,
intrauterine infection (including toxoplasmosis, cyto
megalovirus, or rubella), and exposure to toxins during
gestation (http://www.cdc.gov/ncbddd/birthdefects/
microcephaly.html). Microcephaly is defined as an
occipitofrontal head circumference below the third
centile, or more than 2 standard deviations (SD) below
[67]
the mean for sex, age, and ethnicity . Anyway, the
possible link of microcephaly with ZIKV is not still clear
among researchers. The Latin American Collaborative
Study of Congenital Malformations (ECLAMC) suggested
that this increase in reported cases of microcephaly
might largely be due to the intense search for cases of
the birth defect, and to misdiagnoses, that arose from
heightened awareness in the wake of the possible link
with ZIKV; and the WHO had also stated that the causal
relation of these disorders with ZIKV infection had not
[68]
yet been scientifically proven .
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According to the WHO data, between October
2015 and January 2016, Brazil reported 4783 cases
of microcephaly and/or central nervous system malfor
mation, while during the fifteen previous years the
average number of cases reported in the country was
[69]
163 per year . Although most of the Brazilian cases
have not yet been confirmed, as only a few studies
have investigated in detail the possible link between
ZIKV infection and fetus cerebral damage, an increase
in microcephaly and other fetal malformations has
[31,70,71]
been widely reported in Brazil
and the French
[72]
Polynesia . In a retrospective analysis of data
performed from the ZIKV outbreak in French Polynesia,
eight cases of microcephaly were identified between
September 2013 and July 2015. Seven of them occurred
in a 4-mo period around the end of the ZIKV outbreak.
With the development of a mathematical model, the
study estimated a prevalence of risk of microcephaly
associated with ZIKV infection in the first trimester of
pregnancy of 95 out of 10000 infected women (around
1%) vs a baseline prevalence of microcephaly of 2
[73]
out of 10000 . Two additional cases, linked to a stay
[74]
in Brazil, were detected in the United States
and
[7]
Slovenia . Even though no such a high increase has
been observed in ZIKV Brazil endemic neighboring
countries, a very recent report has diagnosed, for the
first time in Colombia, one newborn with microcephaly
and two with congenital brain abnormalities, which
[75]
tested positive for ZIKV , and Panama has recently
reported to the WHO a newborn with microcephaly and
occipital encephalocoele who died a few hours after
birth and also tested positive for ZIKV by RT-PCR.
It is also noteworthy to mention that first experi
mental studies with ZIKV infection in two mouse model
revealed that virus replication is mainly performed in
[76,77]
brain cells, such as neurons and astroglial cells
,
which would be in line with a possible physiological
mechanism linking ZIKV infection with microcephaly.
Otherwise, a very recent study have showed that ZIKV
infection of human cortical neural progenitors cells
derived from induced pluripotent stem cell produced
an attenuation of their growth, pointing to a possible
[78]
mechanistic link between ZIKV and microcephaly . On
the other hand, it has been hypothesized that infection
could damage the fetus either by evading the natural
immunoprotective response of the placenta by direct
transmission of the virus to the early embryo or fetus,
or by the placenta itself provoking a response to the
exposure, and thus contributing to, or causing, the brain
[79]
defects . In any case, the mechanism by which ZIKV
may cause fetal microcephaly is still unknown and,
thus, this point need to be clearly established.

Table 3 Preventive measures
Vector control measures
Removal of sources of standing
water
Implementation of accurate
mosquito control programs

the virus emphasizes the importance of vector control
strategies (Table 3). ZIKV is principally spread by
mosquitoes, and not by person-to-person contact,
although a limited number of cases of sexual transmis
sion has been reported. Accordingly, vector control
measures are analogous to those suggested in other
[3]
mosquito-transmitted diseases , such as removing
sources of standing water, insecticide application,
avoidance of mosquito exposure, and implementation
of accurate mosquito control programs. Besides these
vector control approaches, development of effective
ZIKV vaccines, and search for specific antiviral drugs
are current challenges for Zika disease.
Since the WHO declared a public health emergency
st
of international concern on the 1 of February of 2016,
a list of preventive guidelines has been assessed,
particularly during pregnancy. Recommendations for
pregnant women considering travel to an area with ZIKV
circulation and recommendations for screening, testing,
and management of pregnant returning travelers are
[80]
included in the CDC interim guidelines . However, it
should be taken into account that, even though ZIKV
has been identified in a few cases in fetuses with
microcephaly, this association does not demonstrate
causality, and it will be necessary careful assessment
to find the causal link between ZIKV infection and
[1,81]
microcephaly
. Furthermore, in the case of newborns
with microcephaly, the lack of data on short or longterm outcomes of neonatal or infant infection makes it
difficult to take into consideration more subtle effects of
ZIKV infection in the brain until later stages of childhood.
Therefore, systematic and longer-term follow-up is
mandatory to assess this point and to determine whe
ther there are more fetal effects.
On the other hand, Zika’s association with other
viral infections in humans, such as dengue and chikun
gunya, has raised questions about the potential roles
of these other viruses as cofactors for the more serious
[82]
complications of ZIKV infection . As the current
ZIKV expansion is occurring in regions where dengue
is endemic, pre-existing dengue immunity can cause
increased ZIKV replication in patients, resulting in
increased viremia and increased infectivity. In this sense,
the possibility of immune enhancement by pre-existing
heterologous anti-flavivirus antibodies, like DENV,
[13]
has been hypothesized to increase viral replication .
Immune enhancement has been reported to play a major
[83]
role in the pathogenesis of severe dengue infections .
In fact, ZIKV replication in cell culture were shown to be

Public health measures and future considerations

As in most flaviviral infections, there is no current
specific antiviral treatment, vaccine or prophylaxis
available for ZIKV. Treatment is generally sympto
matic and based on analgesics, antipyretics, and
antihistamines. This lack of specific measures against
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Personal preventive measures
Avoidance of mosquito exposure
Insecticide application
Prevention of sexual transmission by
use of preventive measures
Travelling avoidance to risk countries
during pregnancy
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[4]

enhanced by heterologous flavivirus antibodies . In any
case, the potential role of this immune enhancement by
previous infection with other flaviviruses as cofactors
for the more serious complications associated with ZIKV
should be addressed in future research.
Beyond the considerable efforts exerted by the
scientific community and the national and international
health authorities focused on improving the knowledge
on ZIKV infection, sufficient resources should be
allocated to provide the necessary tools for assessing
the potential mechanisms of ZIKV association to severe
neurological diseases, such as GBS or microcephaly, as
well as the development of more systematic diagnostic
tools, vaccines, and design of antiviral therapies.
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Regulation of Wnt/β-catenin signaling by herpesviruses
Kevin J Zwezdaryk, Joseph A Combs, Cindy A Morris, Deborah E Sullivan
family has developed mechanisms to interact with
and manipulate this pathway. Successful coexistence
with the host requires that herpesviruses establish
a lifelong infection that includes periods of latency
and reactivation or persistence. Many herpesviruses
establish latency in progenitor cells and viral reactivation
is linked to host-cell proliferation and differentiation
status. Importantly, Wnt/β-catenin is tightly connected
to stem/progenitor cell maintenance and differentiation.
Numerous studies have linked Wnt/β-catenin signaling
to a variety of cancers, emphasizing the importance
of Wnt/β-catenin pathways in development, tissue
homeostasis and disease. This review details how the
alpha-, beta-, and gammaherpesviruses interact and
manipulate the Wnt/β-catenin pathway to promote a
virus-centric agenda.
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Abstract
The Wnt/β-catenin signaling pathway is instrumental in
successful differentiation and proliferation of mammalian
cells. It is therefore not surprising that the herpesvirus
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for millions of years and have developed multiple
mechanisms to avoid immune recognition and manipu
late host signaling pathways to promote efficient
viral replication. This is evident in the ability of herpes
viruses to persist for the lifetime of the host while
[1]
causing limited adverse effects . In general, severe
symptoms are only seen in those individuals who
[2]
are immunocompromised . Accumulating evidence
suggests that herpesviruses interact with the Wnt/
β-catenin pathway to regulate viral gene expression
and alter host cell gene expression by manipulating
downstream signaling components during both active
infection and latency.
The Wnt/β-catenin pathway is responsible for a
signaling cascade that is required during embryonic
development and continues throughout the life of an
organism. Nearly every tissue and organ depends on
this signaling cascade for normal function. Correct
Wnt/β-catenin signaling is crucial in the development
of many organs including the brain, heart, lung, bone,
[3,4]
liver, kidney and gut among others . Many of these
essential roles continue in adulthood in relation to tissue
homeostasis, regeneration, maintenance and repair
functions. Additionally, Wnt/β-catenin has been shown
to be important in cell migration, genetic stability and
[5-8]
apoptosis . With such widespread influence on many
diverse signaling cascades, dysfunctional Wnt/β-catenin
signaling can have deleterious effects. Unregulated
Wnt/β-catenin signaling was first linked to human
disease in the 1990s when adenomatous polyposis coli
[9,10]
(APC) protein was found to interact with β-catenin
.
Since then, Wnt/β-catenin signaling has been impli
[11-15]
[16,17]
cated in many cancers
, fibrosis
, and metabolic
[18]
disease .
Although conclusive data on the importance of
Wnt/β-catenin signaling during the complete replication
cycle of all herpesvirus members are lacking, accumulat
ing data are beginning to reveal the importance of this
pathway to viral replication, latency and pathogenesis.
The potential to target the Wnt/β-catenin pathway for
therapeutic intervention is enormous but is compound
ed by the complexity of the signaling cascade, the
number of potential players involved during signaling
activation and its importance to cellular homeostasis.
Understanding how herpesviruses manipulate this
pathway has increased our knowledge of this important
pathway and may ultimately lead to novel antiviral
therapies.

focus on the canonical Wnt pathway but crosstalk of
the three signaling cascades has been reported and is
therefore unavoidable. Briefly, in the absence of Wnt
stimulation, cytoplasmic β-catenin is phosphorylated
and degraded by the ubiquitin-proteasome system
(Figure 1). Upon binding of Wnt, phosphorylation of
β-catenin is blocked allowing it to translocate to the
nucleus where it complexes with transcription factors
to upregulate Wnt target gene transcription (Figure
1). Canonical Wnt signaling is initiated when Wnts
bind to a heterodimeric transmembrane receptor
complex consisting of Frizzled (Fz) receptor and the
co-receptors low-density lipoprotein receptor-related
protein 5 (LRP5) and LRP6. The ligand interaction
induces conformational changes and subsequent
phosphorylation of target proteins. This results in
recruitment and signaling through the scaffold protein
Dishevelled promoting the inhibition of the destruction
complex, which contains Axin, APC, β-catenin, casein
kinase Iα/β (CKI Iα/β), and glycogen synthase kinase3α/β (GSK-3α/β). APC directly interacts with β-catenin
and Axin. Axin binds to the cytoplasmic tail of LRP6
and this complex is regulated through phosphorylation
by GSK-3 and CK1. When the destruction complex
is intact, Axin associated β-catenin is phosphorylated
by CKI and GSK-3β at N-terminal Ser/Thr residues.
Phosphorylated β-catenin is then recognized by the
E3 ubiquitin ligase complex β-TrCP (Beta-Transducin
Repeat Containing E3 Ubiquitin Protein Ligase) and
targeted for degradation by the proteasome. In
the presence of Wnt ligand, signaling results in the
dissociation of the destruction complex and loss of
GSK-3 mediated phosphorylation of β-catenin. Axin is
recruited to the phosphorylated tail of LRP preventing
β-catenin phosphorylation and ubiquitination. As a
result, β-catenin is free to accumulate and translocate
to the nucleus where it interacts with members of the
T cell factor/lymphoid enhancer-binding factor (TCF/
LEF) family of transcription factors and transcriptional
coactivators such as CREB-binding protein (CBP), E1Aassociated protein p300, and Pygopus to initiate Wnt
[22]
target gene expression . β-catenin can also interact
with many other transcription factors not linked to the
TCF/LEF family but that do play important roles in cell
[23-25]
maintenance and differentiation
. For more in depth
reviews on Wnt/β-catenin signaling, the reader is referred
[23,26-29]
to many of the excellent reviews available
.

HERPESVIRUSES

THE WNT/b-CATENIN SIGNALING
CASCADE

The taxonomic order Herpesvirales includes over
130 herpesviruses divided into three virus families:
Herpesviridae that can infect mammals, birds and
reptiles; Alloherpesviridae that infect amphibians
and bony fish; and Malacoherpesviridae that infects
[30-32]
some invertebrates, including molluscs
. These
classifications are based on genome size/structure
and biological function. Herpesviridae is a family of

Wnts are lipid-modified glycoprotein ligands that act in
an autocrine or paracrine manner. Wnt signaling can be
divided into three main signaling cascades: Canonical
Wnt and two β-catenin-independent pathways, the
[19]
non-canonical planar cell pathway
and the non[20,21]
canonical Wnt/calcium pathway
. This review will
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Figure 1 Canonical Wnt/β-catenin signaling pathway. In the absence of Wnt ligand stimulation, the β-catenin destruction complex - consisting of the proteins Axin,
CK1, GSK-3a/β, APC, and DVL - phosphorylate β-catenin allowing β-TrCP to ubiquitinate β-catenin marking it for proteasomal degradation. When stimulated by Wnt
ligands, engagement of the Fz receptor and co-receptors LRP5/6, induces signaling through DVL inhibiting the action of the destruction complex. This frees β-catenin
from degradation pathways allowing β-catenin to translocate and accumulate in the nucleus. β-catenin mediated interaction with TCF family transcription factors and
co-activators (CBP, etc.) and initiates transcription of target genes. APC: Adenomatous polyposis coli; β-TrCP: Beta-transducin repeat containing E3 ubiquitin protein
ligase; CBP: CREB-binding protein; CK1: Casein kinase 1; DVL: Dishevelled; Fz: Frizzled receptor; GSK-3: Glycogen synthase kinase 3; LRP: Low-density lipoprotein
receptor-related protein; TCF/LEF-1: T-cell factor/lymphoid enhancer-binding factor 1.

belong in the genus Simplexvirus while HHV-3 or Vari
cella-zoster virus (VZV) is classified in the genus
[32,33]
Varicellovirus
. Infection can result in skin vesicles
or mucosal ulcers and on rare occasions meningitis and
[2]
encephalitis .

enveloped, DNA viruses that is further divided into 3
subfamilies (Alphaherpesvirinae, Betaherpesvirinae and
Gammaherpesvirinae). A criterion for inclusion in the
Herpesviridae family morphologically is centered on
[33]
the virion structure . The virion is spherical in shape
and includes a core, capsid, tegument and envelope.
The core contains the viral genome, which is a linear,
double-stranded DNA molecule. The core is surrounded
by an icosahedral capsid that is enclosed within a
proteinaceous layer called the tegument. Finally, a lipid
bilayer envelope surrounds the exterior of the tegument
and completes the structure of the virion.
Humans can be infected by eight different herpe
sviruses. Herpesvirus infections are typically systemic,
although some may be localized. Gene expression
is tightly regulated and orchestrated in a temporal
manner. Simplistically, immediate-early genes encod
ing regulatory proteins are expressed soon after
infection, followed by expression of early genes that
are important for replication of viral DNA. Finally, late
genes encoding structural proteins are expressed.
Due to various host immune evasion strategies, her
pesviruses establish life-long latent infections in infected
individuals. In an oversimplified model in regards to
human infection, Alphaherpesvirinae establish latency
in neurons, Betaherpesvirinae in monocytes and
Gammaherpesvirinae in lymphocytes, monocytes, and
[1,32,34]
macrophages
.

HHV-1 (HSV-1)

To date there have been no focused, thorough investi
gations of the role of Wnt/β-catenin on HSV-1/2. The
studies that have been completed implicate individual
members of the Wnt/β-catenin signaling cascade in viral
pathogenesis. An example of this is the upregulation of
the antiviral cytokine interferon-β (IFN-β) during HSV-1
infection. In adult immunocompetent mice, macrophages
are essential for clearing HSV-1 from the blood; how
-/ever, it was observed that macrophages from Akt mice
display poor clearance of HSV-1. The Akt1 family of
serine/threonine kinases was shown to phosphorylate
β-catenin at serine 552 allowing accumulation and
[35]
β-catenin mediated induction of IFN-β . Akt1 classically
has been described as a β-catenin transcriptional pro
moter, exerting its effects by repressing GSK-3 mediated
[36]
β-catenin proteasomal degradation . Interestingly, the
serine 552-phosphorylation site is distinct from the site
typically targeted by GSK-3. The authors conclude that
Akt1 is responsible for inhibiting GSK-3 phosphorylation
of β-catenin on Ser9 and also for direct phosphorylation
of β-catenin at serine 552 allowing for stabilization,
enhanced nuclear translocation and transcriptional
activity of β-catenin (Figure 2).
[37]
In a second study, Choi et al
observed that
HSV-1 infection and replication was more efficient in a
fibroblast-like murine cell line, L929. Knocking down Axin
or treatment with Wnt3a conditioned media reduces

HUMAN ALPHAHERPESVIRUSES
The subfamily Alphaherpesvirinae includes three
members. The human herpesviruses 1 and 2 (HHV-1/2)
also known as herpes simplex virus (HSV) (type 1/2)
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alphaherpesvirus infections, how vital Wnt/β-catenin
signaling is to viral replication and pathogenesis remains
unknown. The studies mentioned above seem to portray
a conflicting role of β-catenin in viral replication. More
thorough studies using defined cell types and carefully
delineated “branches” of the Wnt pathway will provide a
clearer understanding.

Cell membrane
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b-TrCP

The human Betaherpesvirinae subfamily consists of the
three viruses: HHV-5 known as human cytomegalovirus
(HCMV), HHV-6A/B, and HHV-7 (the latter two are
[32,33]
commonly referred to as Roseolovirus)
. Infection
is usually asymptomatic but infectious mononucleosis
like symptoms are seen in HCMV infections and the
development of a rash is associated with Roseolovirus.
In immunocompromised individuals (organ transplant
patients, HIV positive individuals, etc.) or during
pregnancy, infection and/or reactivation of β-herpesvirus
can have life-threatening consequences. Of these three
viruses, HCMV is the most studied and is considered
the prototypical betaherpesvirus. As little is known
about Wnt/β-catenin regulation during infection by the
polyphyletic Roseolovirus group, this portion of the
review will focus exclusively on HCMV.

b-catenin
Proteasome

Ser552
b-catenin

IFN-b

Figure 2 β-catenin mediated antiviral interferon response during herpes
simplex virus 1 infection. HSV-1 infection induces activation of Akt1 activity.
Akt1 phosphorylates β-catenin on Serine 552 inhibiting degradation signaling
through GSK-3-mediated phosphorylation of β-catenin on Serine 9. β-catenin
can then accumulate in the nucleus to induce transcription of β-catenin target
genes such as the antiviral cytokine IFN-β. Akt1: Protein kinase B; HSV-1:
Herpes simplex virus 1.

HHV-5 (HCMV)

The Wnt/β-catenin pathway is one of the many cellular
pathways manipulated by HCMV to likely facilitate lytic
viral replication. By dysregulating the physiological
condition of the Wnt/β-catenin pathway, HCMV inhibits
or severely hampers the processes of cellular repli
cation, movement/migration, and differentiation among
[41,42]
others
.
HCMV infection of the placenta may cause impaired
invasion of placental-derived cells toward maternal spiral
arteries leading to shallow placentation and a deficit in
[43]
oxygen/nutrient flow to the developing fetus . The Wnt/
β-catenin pathway is important in the differentiation of
placental cytotrophoblasts into extravillous trophoblasts,
the invasive lineage of cells that remodel maternal spiral
[44-46]
arteries to establish blood flow to the placenta
.
Using an in vitro model of first trimester cytotrophoblasts
[41]
(SGHPL-4) infected with HCMV, Angelova et al
demonstrated that β-catenin protein levels decrease
significantly during the late stages of infection roughly
corresponding to expression of late proteins and
packaging of nucleocapsids into an envelope to produce
mature virions. This decrease in β-catenin protein is
dependent on proteasomal degradation and occurs in
all cellular pools including membrane, cytoplasm and
nucleus. Remaining β-catenin, aggregates near the
viral assembly compartment, a juxtanuclear region
present during infection involved in virion assembly
and egress; however, the reasons for this are currently
unclear. Transcriptional targets of β-catenin, such as
Dickkopf-related protein 1 (Dkk1) and Cyclin D, also
exhibit transcriptional repression as a result. However,

HSV-1 replication in L929 cells. They further showed that
Axin expression minimalizes HSV-1 induced cell death,
which in turn promotes increased HSV-1 replication. In a
follow up study, this group observed that HSV-1 infection
also induced autophagy but this is delayed in L929 cells
[38]
ectopically expressing L-Axin . The authors concluded
that delay in induction of autophagy favors HSV-1 viral
replication likely by suppression of HSV-1 mediated
cell death. The implication is that HSV-1 replication is
inversely related to Wnt signaling.
[39]
Lastly, Piacentini et al
demonstrated that HSV-1
infection disrupts synaptic function in cultured murine
cortical neurons through GSK-3 activation and intracel
lular accumulation of amyloid-β protein. In a previous
study this group showed that HSV-1 mediated increases
2+
in intracellular Ca is the main mechanism for activa
[39]
tion of GSK-3 in this model . These studies suggest a
possible link between HSV-1 pathogenesis and Alzhei
mer’s disease.
To date, the involvement of Wnt/β-catenin signaling
during VZV infection has been underinvestigated. Markus
[40]
et al observed an increase in canonical Wnt pathway
transcription in infection of neurons derived from human
embryonic stem cells. The Wnt pathway was unaffected
during late VZV infection of fibroblasts. Intriguingly,
like HSV-1 and -2, VZV will enter latency in neurons
but will lytically replicate in fibroblasts suggesting a
differing need for Wnt pathway modification by the
[40]
virus in different stages of the viral life cycle . Given
the limited studies on Wnt/β-catenin signaling during
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β-catenin mRNA levels actually increase in the same
[41]
timeframe . Consistent with these results, Ueland
[47]
et al
showed that plasma levels of DKK-1 were
significantly lower in solid organ transplant patients
[48]
with HCMV DNAemia. In contrast, Langemeijer et al
reported that HCMV infection increases transcriptional
activation of β-catenin in a glioblastoma cell line that is
dependent on expression of the virally encoded G-protein
coupled receptor, US28. These different results may be
explained by the use of different cell types and methods
to detect β-catenin activity.
The mechanism by which HCMV depletes membrane
stores of β-catenin is currently unknown although infection
[49]
extensively remodels cellular membranes . As for
cytoplasmic and nuclear stores of β-catenin, HCMV exerts
control at the level of the β-catenin destruction complex
as disruption of this complex with lithium chloride (LiCl),
a GSK-3β inhibitor can inhibit the degradation and
depletion of β-catenin during infection. It should be noted
that inhibition of β-catenin degradation does not rescue
[41]
transcriptional function of β-catenin . This may be
due to further regulation of transcriptional activity of
β-catenin, for example through regulation of β-catenin
coactivators like TCF/LEF-1, by the virus or due to
undetected post-translational modification of β-catenin.
Viral regulation of the destruction complex appears to
be mostly mediated at Axin1, the rate-limiting protein
in the β-catenin destruction complex in the cytoplasm.
PolyADP Ribose Polymerase 5a and 5b (PARP5a/b), also
called Tankyrase (TNKS as a combination of isoforms
1 and 2), PARsylates Axin1 leading to degradation
through the ubiquitin proteasome pathway. During
HCMV infection, TNKS PARsylation activity is inhibited
allowing for stabilization of Axin1 and stabilization
of the β-catenin destruction complex leading to the
degradation of β-catenin seen during infection (Figure
[50]
3) . This suggests that HCMV requires a complete
and competent β-catenin destruction complex for
degradation of β-catenin.
The non-canonical pathways of Wnt signaling,
although lacking direct β-catenin regulation, seem to
play a role in regulation of the canonical Wnt/β-catenin
pathway during HCMV infection. Wnt5a interacts with the
tyrosine-like orphan kinase 2 ROR2 and physiologically
activates the Wnt/Planar Cell Polarity pathway and Wnt/
2+
[42]
Ca pathway . During HCMV infection, infected cells
become insensitive to normal Wnt5a ligand signaling but
ROR2 expression is significantly increased. Uninfected
trophoblasts invade toward a Wnt5a gradient in vitro
but are incapable of doing so when infected despite the
increased presence of ROR2. The increase in ROR2
expression inhibits canonical signaling by repressing
β-catenin TCF/LEF-1 transcriptional activity. Knockdown
of non-canonical ROR2 that is overexpressed during
infection can rescue some function of the canonical
Wnt/β-catenin pathway in trophoblasts suggesting that
the canonical and non-canonical Wnt pathways are
[42]
deeply intertwined, especially during HCMV infection .
Targeting of Wnt/β-catenin signaling with select
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pharmacological inhibitors can inhibit viral replication
suggesting that some level of β-catenin or a member of
the canonical Wnt pathway may be necessary for viral
[51]
replication . Why HCMV infection overrides normal
Wnt/β-catenin signaling is unknown, but some research
indicates involvement of repurposing the molecular
members of the pathway to further HCMV replication.
Activity of GSK-3 has been implicated in assembly of the
viral nucleocapsid in simian CMV (infecting Chimpanzees
and Orangutans). Phosphorylation of the viral assembly
protein precursor (pAP) by GSK-3 may induce con
formational changes in the protein and stabilize pAP
interaction with the major capsid protein during capsid
[52]
assembly . Additionally GSK-3 (along with other
members of the β-catenin destruction complex) has
been identified as a target for phosphorylation by the
[53]
viral kinase UL97 . However, inhibition of UL97 activity
during infection does not seem to rescue β-catenin
degradation suggesting that UL97 phosphorylation of
GSK-3 is not the primary mechanism by which HCMV
depletes β-catenin stores (our unpublished data).
Further research must be conducted to determine the
importance of molecular mechanisms of Wnt/β-catenin
on viral replication itself.
HCMV infection has recently been associated
with a diverse array of diseases and disorders such
[54]
[55]
as diabetes , atherosclerosis , and some cancers
[56,57]
(reviewed in
), along with the abovementioned
issues with infection during pregnancy on the placenta
and developing fetus. As data show that HCMV infection
undermines normal functioning of canonical Wnt/
β-catenin and non-canonical Wnt signaling in diverse
ways, differing perhaps by infection of a multitude of
diverse cell types, it becomes key to better characterize
this viral regulation.

HUMAN GAMMAHERPESVIRUSES
The human Gammaherpesvirinae family includes two
members: Human herpesvirus 4 (HHV-4) commonly
known as Epstein-Barr virus (EBV) and HHV-8 or Kaposi’s
[32,33]
sarcoma-associated herpesvirus (KSHV)
. They are
further classified under the genera Lymphocryptovirus
and Rhadinovirus, respectively. EBV was one of the
first viruses to be associated with human cancer when
it was originally identified in Burkitt’s lymphoma. Since
then, it has become associated with B cell malignancies
and epithelial cell associated cancers. KSHV was dis
covered in 1994 when samples from AIDS-associated
Kaposi’s sarcoma came back positive for viral DNA
[58]
sequences . Diseases associated with KSHV include
B cell malignancy primary effusion lymphoma (PEL),
Castleman’s disease and the endothelial lesion, Kaposi’s
sarcoma.

HHV-4 (EBV)

The accumulation of β-catenin is seen in EBV-infected
epithelial and B cells. In the earliest report, Shackelford
[59]
et al
reported that β-catenin was not degraded in
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Figure 3 Human cytomegalovirus inhibits PARsylation activity of tankyrase 1 and 2 (PARP5a/b) to enhance infection. Regulation of Axin is the rate-limiting
step in the assembly and function of the β-catenin destruction complex. PARsylation, a process driven by NAD+, marks Axin for proteasomal degradation, inhibiting
β-catenin destruction complex formation resulting in β-catenin accumulation and transcription in the nucleus. HCMV infection causes inhibition of TNKS (PARP5a/b)
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+
β-catenin-mediated transcription. HCMV: Human cytomegalovirus; NAD : Nicotinamide adenine dinucleotide; PARsylation: Poly-ADP ribose modification; PARP5a/b:
Poly-ADP ribose polymerase 5a/b; TNKS: Tankyrase 1 and 2 (PARP5a/b).

lymphoid cells during an EBV type III latent infection.
The authors postulate that these observations may
be due to ubiquitinating enzymes or the dysregulation
of other oncogenes. Interestingly, this effect was
[59]
not observed during EBV type I latency infection .
Shortly after, a second group showed that telomeraseimmortalized human foreskin keratinocytes have
increased β-catenin accumulation after infection with
[60]
EBV . The mechanism was shown to be dependent on
latent membrane protein 2A (LMP2A) activation of Akt
and Akt-mediated inactivation of GSK-3, independent
of phosphorylation at Ser9. Treatment with LiCl led to
β-catenin accumulation in the cytoplasm, translocation
into the nucleus and activation of a TCF-responsive
reporter. In a follow-up study, the immunoreceptor
tyrosine-based activation and PY motifs of LMP2A
were found to mediate the accumulation and nuclear
[61]
translocation of β-catenin . Using LMP2A ΔPY mutants,
they showed that β-catenin levels and translocation
to the nucleus decreased along with epithelial cell
differentiation. The authors concluded that LMP2A
mediated epithelial cell differentiation appears to be
inversely correlated with β-catenin activation in this
model.
EBV latent membrane protein 1 (LMP1) has also
been associated with an increase in β-catenin levels in
[62]
[63]
EBV-infected BL cells . Jang et al
reported that an
E3 ubiquitin ligase, a human homolog of Drosophilia
seven in absentia (Siah-1), is repressed by LMP1.
Siah-1 binds APC and in a GSK-3 independent manner,
degrades β-catenin. However, another study using
transient and stable expression of LMP1 sequences
failed to find evidence that LMP1 induces Wnt/β-catenin
[64]
signaling or promotes the accumulation of β-catenin .
To further verify their observations, they proceeded
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to show that there was little evidence for interactions
between LMP1 and β-catenin. The authors proposed
that differences in cell lines and LMP1 sequences used
may account for the conflicting results in these two
studies.
Lastly, EBV-mediated dysregulation of Wnt/β-catenin
[65]
was associated with idiopathic pulmonary fibrosis (IPF) .
EBV detection in alveolar epithelial cells has been
associated with poor prognosis. Pathogenesis is believed
to occur in IPF due to repetitive epithelial cell injury that
may be mediated by EBV. Using transcriptomic data,
the authors identified altered Wnt/β-catenin pathway
transcripts. Specifically, Wnt5b expression was altered.
The authors conclude that EBV may be using a noncanonical Wnt/β-catenin pathway that includes CUX1 and
the EBV early gene Rta.

HHV-8 (KSHV)

[66]

Fujimuro et al first observed the association between
Wnt/β-catenin and KSHV in 2003. They made the
observation that in latently KSHV-infected B cell lines
derived from PEL, β-catenin accumulated at high levels
in the cytoplasm. KSHV infection of PEL cells results in
a high KSHV latency rate suggesting that the increased
levels of β-catenin may be linked to expression of KSHV
latency associated proteins. The latency-associated
nuclear antigen (LANA) protein proved to be the protein
responsible, as siRNA transient knockdown specific to
[67]
LANA, decreased levels of LANA and β-catenin . LANA
was originally shown to be involved in the tethering of
KSHV episomal genomes to host chromosomes to aid
[68,69]
in viral DNA replication
. Using a yeast-two hybrid
system, paired with coimmunoprecipitation assays,
LANA was also found to possess the ability to bind to
[67]
GSK-3α and GSK-3β .
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event . Additionally, as GSK-3 substrates typically
must be primed prior to phosphorylation by GSK-3,
a mutant (R96A) was used to determine if GSK-3
phosphorylation of LANA could proceed without priming.
Results showed that, under in vitro conditions, GSK-3
phosphorylation of LANA requires priming kinases.
The reader is referred to two comprehensive reviews
[71,72]
detailing the manipulation of GSK-3 by KSHV
.
Additional studies revealed that CKI and mitogenactivated protein kinase could each function as priming
[73]
kinases for GSK-3 phosphorylation of LANA . To
summarize, KSHV latency protein LANA, promotes
nuclear accumulation of GSK-3 to promote dysregulation
of β-catenin. Functionally, there is increased expression
of cyclin D1, and when β-catenin reporters have been
[74]
tested, there is increased activity . Surprisingly, it was
also determined that most of the GSK-3 in the nucleus
of LANA-expressing cells is in an inactive phosphorylated
form suggesting that despite increased GSK-3 present
in the nucleus, there is a decrease in nuclear GSK-3
activity. Inhibitor of the MyoD family a (I-mfa) and the
human I-mfa domain-containing protein (HIC) has been
shown to be negative inhibitors of the Wnt pathway.
[75]
Kusano et al
showed that LANA interacts with HIC
and I-mfa in the 995-1102 amino acid region of LANA.
This site is located near the GSK-3 binding site and
inhibits the LANA mediated transactivation of a β-catenin
construct. Furthermore, this interaction decreases
LANA-GSK-3 complex formation resulting in a decrease
in Wnt/β-catenin signaling associated transcription.
Thus manipulation of the Wnt/β-catenin pathway may
play a key role in LANA-mediated oncogenesis in KSHVinfected cells.
Lastly, a recent paper reports that KSHV viral IFN
regulatory factor 4 (vIRF4) targets the β-catenin/TCF
[76]
transcription complex . Using a TOPFlash system,
the data suggests that LANA and vIRF4 are negative
regulators of each other. Expression of LANA alone
resulted in increased β-catenin protein and transcri
ptional levels, but introducing vIRF4 reduced the levels
of LANA-mediated β-catenin/TCF activation. The authors
also observed that that this effect was not dependent
on β-catenin protein stability. In conclusion, the study
suggests that KSHV employs vIRF4 to block the
progression of the cell cycle at the G1-S phase to aid in
viral replication.
It has been proposed that dysregulation of the viral
[4]
gene program leads to nonlytic expression . Angelova
[77]
et al
show a novel pathway that KSHV uses to
upregulate the Wnt/β-catenin pathway. The KSHV virallyencoded G-protein coupled receptor (vGPCR) inserted
into a retroviral vector was transduced into endothelial
cells. The authors observed increased cyclin D1, Wnt7A
and pygopus 1 (Pygo) expression in vGPCR expressing
cells as compared to non-expressing control cells.
Additionally, β-catenin was found to accumulate in the
nucleus of vGPCR expressing cells and β-catenin/LEF1dependent TOPFlash reporter constructs displayed
increased activity. Initial data suggests that vGPCR-
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Figure 4 Kaposi’s sarcoma-associated herpesvirus latency upregulates
β-catenin. Establishment of KSHV latency involves expression of the latency
associated protein LANA. LANA binds with and translocates GSK-3 into the
nucleus after phosphorylation by GSK-3. This translocation of cytoplasmic pools
of GSK-3 prevents β-catenin destruction complex formation and stability of
cytoplasmic β-catenin. β-catenin translocation to the nucleus occurs resulting in
increased β-catenin-mediated transcription. LANA: Latency-associated nuclear
antigen; KSHV: Kaposi’s sarcoma-associated herpesvirus.

In addition to mediating the phosphorylation of
β-catenin as part of the destruction complex in the
cytoplasm, GSK-3 also translocates to the nucleus
during apoptotic stimuli in a cell cycle-dependent
manner. Nuclear levels of GSK-3 protein increase in
the nucleus of PEL cells specifically during the S phase
[66]
of the cell cycle . This results in lower GSK-3 within
the destruction complex and more unphosphoryated
β-catenin that translocates to the nucleus and activates
target gene expression (Figure 4). The authors proposed
that LANA promotes the accumulation of GSK-3 in the
nucleus, reducing the total amount of GSK-3 in the
cytoplasm.
Further studies revealed that the C-terminal region
of LANA displayed limited homology to the domain of
Axin that binds GSK-3β and is functionally similar to
[67]
Axin . LANA protein mutants were used to study the
[70]
binding potential between LANA and GSK-3β . These
291
studies showed that changing Phe
in the coding
sequence of LANA to Leu (F291L mutant), leads to a
reduction in binding to GSK-3 by 90%. The interaction
of the various components of the destruction complex
is mediated by phosphorylation, which also mediates
the interaction of LANA and GSK-3. GSK-3 and LANA
interactions require the LANA C-terminal GSK-3 intera
cting domain and GSK-3 phosphorylation of the LANA
N-terminus. Within this region are four consensus GSK-3
phosphorylation sites [(Ser/Thr)xxx(Ser/Thr)p]. Mutation
of the four consensus sites prevented GSK-3 binding to
LANA, suggesting that this is a phosphorylation mediated
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Table 1 Wnt/b-catenin molecular manipulations by human Herpesviridae
Virus

Pathway
component

Alphaherpesvirinae
HSV-1
β-catenin
Axin
GSK-3
Betaherpesvirinae
HCMV
β-catenin
Axin
ROR2
GSK-3
Gammaherpesvirinae
EBV
β-catenin
GSK-3
APC
KSHV

β-catenin
GSK-3

Stabilization, activation or
inhibition of pathway component

Outcome

Ref.

Stabilized
Stabilized
Stabilized

β-catenin stabilized, increased transcriptional activity of β-catenin
Reduced host cell apoptosis
Phosphorylation of APP

[35]
[37,38]
[39]

Inhibited
Stabilized
Activated
Stabilized

β-catenin degradation, decrease in β-catenin transcriptional targets
TNKS PARsylation activity inhibited resulting in β-catenin degradation
Repression of β-catenin TCF/LEF-1 transcriptional activity
Stabilization of pAP and promotion of HCMV replication

[41]
[50]
[42]
[52,53]

Stabilized
Inhibited

Accumulation of β-catenin in type III latency
LMP2A activation of Akt inactivates GSK-3 resulting in β-catenin
accumulation
LMP1 represses Siah-1 promoting β-catenin accumulation. LMP1 does not
promote β-catenin stabilization
Increased transcriptional activity, induction of viral latency/inhibition of
LANA mediated transactivation of β-catenin
LANA promotes nuclear accumulation of GSK-3

[59]
[60,61]

Activated/inhibited (conflicting
results)
Stabilized/inhibited (dependent
on viral stage?)
Inhibited

[63,64]
[66,76,77]
[67,70]

GSK-3: Glycogen synthase kinase 3; HCMV: Human cytomegalovirus; TNKS: Tankyrase 1 and 2 (PARP5a/b); TCF/LEF-1: T-cell factor/lymphoid
enhancer-binding factor 1; pAP: Protein precursor; LMP2A: Latent membrane protein 2A; APC: Adenomatous polyposis coli; LMP1: Latent membrane
protein 1; LANA: Latency-associated nuclear antigen; KSHV: Kaposi’s sarcoma-associated herpesvirus.

induced activation of the Wnt/β-catenin is through
the PI3K/Akt pathway, similar to what is seen in HSV
and EBV. This conclusion was contrary to prior work
suggesting that this effect may be mediated through
COX2 activity; it was found that PI3K/Akt inhibition
potently inhibited Wnt/β-catenin activity in endothelial
cells and prevented formation of capillary endothelial
[77]
tubes in vitro .

microenvironments by virally induced inflammation or
cellular metabolic shifts caused by alpha- and betaher
pesvirinae infection. Why would an evolutionarily success
ful viral family induce cancer in its host? Ultimately,
herpesviruses are successful because they coexist
with their host. The development of cancer due to the
persistence of a herpesvirus is likely an infrequent event
that is complicated by others factors such as altered
host cell metabolism and possibly the presence of other
pathogens. For example, HCMV is now known to alter
[78-81]
host cell metabolism during infection
. The changes
are very similar to the Warburg-effect first identified in
cancer cells.
Interestingly, a recent publication may bridge
the different actions of viruses on the Wnt/β-catenin
pathway during different stages of infection. Data from
[82]
Marcato et al suggests that the TCF/β-catenin complex
is instrumental in mounting an effective antiviral res
ponse. They linked two observations, namely, that IFN-β
is needed during the innate antiviral response and that
murine models lacking IFN-β are susceptible to viral
infections. In this paper, the authors show that inhibiting
GSK-3 using LiCl increases IFN-β expression if β-catenin
interacts with the IFN-β promoter by recruitment of
TCF/β-catenin complexes to the promoter region.
Using Rift Valley fever virus, a RNA virus belonging to
the Bunyaviridae family, they showed pathogenicity is
correlated to viral targeting of the β-catenin pathway.
Viral manipulation of Wnt/β-catenin signaling may
be impeded using small molecules inhibitors that target
[83]
the Wnt/β-catenin pathway. In fact, Chan et al
have
shown results displaying the potential of this treatment.
The authors used ICG-001, a small molecular Wnt
modulator (CBP/β-catenin antagonist) to inhibit the
growth of tumor spheres in a model of nasopharyngeal

SPECULATION AND QUESTIONS
Despite numerous studies addressing the role of
Wnt/β-catenin signaling in herpesviruses, there are
still many questions to address. It seems at odds that
the gammaherpesviruses would institute a program
promoting the accumulation of β-catenin whilst the other
family members inhibit the accumulation of β-catenin.
The range and complexity of the Wnt/β-catenin path
way makes a simple answer unlikely; but factors such
as stage of viral infection and cell type are obvious
candidates. As we understand more about herpes
viruses, it is conceivable that the herpesvirus family can
change the regulation and function of such an important
pathway at different times during the viral life cycle.
Control over apoptosis, cytoskeletal rearrangement,
migration and differentiation are all vital components of
viral control over the host cell that would be required at
different times post infection.
As mentioned previously, dysregulation of the Wnt/
β-catenin pathway is tightly associated with numerous
human cancers. In fact, most of the human herpe
sviruses can be thought of as oncomodulators, whether
in a direct manner such as in the expression of onco
genic viral proteins in gammaherpesvirinae infection
or through indirect generation of oncostimulatory
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carcinoma. This epithelial malignancy is associated with
EBV latent infection. It is hypothesized that ICG-001
targets the cancer stem cells within the tumor reducing
growth due to alterations in signaling cascades. To
date, no studies have looked at the direct effects of
small molecule inhibitors as antivirals, but targeting the
Wnt pathway is being explored in many other diseases
and should be examined in the context of herpesvirus
[28]
infection (reviewed in ).
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11

12

CONCLUSION
Human herpesviruses exploit the Wnt/β-catenin
signaling pathway to ensure successful replication and
survival in host cells (Table 1). The manipulation of
such an important signaling cascade by herpesviruses
should not be surprising as this pathway dictates the
expression of many essential transcriptional pathways.
The current literature provides an incomplete picture
of why herpesviruses alter the Wnt/β-catenin pathway
when they do. A deeper understanding of why her
pesviruses induce changes in the Wnt/β-catenin
pathway when they do, would provide vital information
about the viral purpose of manipulating this pathway
and how to interfere with this host manipulation
controlled by the virus. As we understand more about
virally induced aberrant Wnt/β-catenin we can develop
better antivirals and possibly apply this knowledge to
other human diseases associated with the Wnt/β-catenin
pathway.
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Abstract
AIM
To evaluate alterations of memory B cell subpopulations
during a 48-wk period in human immunodeficiency virus
type 1 (HIV-1) patients.
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METHODS
Forty-one antiretroviral naïve and 41 treated HIV-1
patients matched for age and duration of HIV infection
were recruited. All clinical, epidemiological and laboratory
data were recorded or measured. The different B
cell subsets were characterized according to their
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surface markers: Total B cells (CD19 ), memory B cells
+
+
+
+
high
(CD19 CD27 , BMCs), resting BMCs (CD19 CD27 CD21 ,
+
low
RM), exhausted BMCs (CD19 CD21 CD27 , EM), IgM
+
+
high
memory B (CD19 CD27 IgM ), isotype-switched
+
+
BMCs (CD19 CD27 IgM , ITS) and activated BMCs
+
low+
+
(CD19 CD21 CD27 , AM) at baseline on week 4 and
week 48.
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RESULTS
Mean counts of BMCs were higher in treated patients.
There was a marginal upward trend of IgM memory
B cell proportions which differed significantly in the
treated group (overall trend, P = 0.004). ITS BMC
increased over time significantly in all patients. Naive
patients had of lower levels of EM B cells compared to
treated, with a downward trend, irrespectively of highly
active antiretroviral therapy (HAART) intake. Severe
impairment of EM B cells was recorded to both treated
(P = 0.024) and naive (P = 0.023) and patients. Higher
proportions of RM cells were noted in HAART group,
th
which differed significantly on week 4 (P = 0.017) and
th
48 (P = 0.03). Higher levels of AM were preserved in
HAART naive group during the whole study period (week
4: P = 0.018 and 48: P = 0.035). HIV-RNA viremia
strongly correlated with AM B cells (r = 0.54, P = 0.01)
and moderately with RM cells (r = -0.45, P = 0.026) at
baseline.

INTRODUCTION
During the chronic human immunodeficiency virus (HIV)
infection and viral proliferation functional irritations of
B-cells take place like impairment of isotype switching,
polyclonal activation, divergences in the frequencies of
circulating B cell-populations and diminished immune
[1-3]
reactions to immunization .
+
+
The deprivation of memory B cells (CD19 CD21 
+
CD27 , BMC) reflects some dysfunction in HIV pati
[3,4]
+
+
+
high
ents . Reduced IgM BMCs (CD19 CD27 IgM ) is
[2,3]
also observed . During the course of the infection,
+
high
+
resting BMCs (CD19 CD21 CD27 , RM) are severely
[5]
impaired . Furthermore, dysfunctional B-cell subsets,
+
low
+
accounting for activated BMCs (CD19 CD21 CD27 ,
+
low
AM) and exhausted BMCs (CD19 CD21 CD27 , EM),
rise in these patients, while they appear at very low
[4]
frequencies in healthy subjects .
The phenotype of B cells that serves the immune
[6-9]
response to several antigens has been ambivalent .
The conflict primarily is targeted on the surface markers
[3,6,7,10-12]
of the B cells that respond to the antigens
. It is
currently challenged that IgM BMCs are merely in charge
of antibody production; since other memory subsets
+
+
such as isotype switched B cells (CD19 CD27 IgM ) also
[2]
produce anti-polysaccharide antibodies in vitro .
Highly active antiretroviral therapy (HAART) reduces
polyclonal B-cell activation but has only a constricted
effect on the remediation of B-cells and remains
to be elucidated which certain perturbations can be
[3,5]
repaired . The loss of memory is confirmed by in the
reduction of antigen specific BMCs post vaccine admini
[13,14]
stration, which is not reconstituted by HAART
. RM
cells are preserved if HAART is initiated immediately in
[14]
HIV confirmation of infection .
Aim of this study was to record and evaluate alter
ations of BMC subpopulations during a 48-wk period in
HIV-1 patients. Moreover, we prospectively studied the
impact of HAART on these cell populations seeking for
significant changes.

CONCLUSION
HIV disrupts memory B cell subpopulations leading to
impaired immunologic memory over time. BMC, RM,
EM and ITS BMC were higher in patients under HAART.
Activated BMCs (AM) were higher in patients without
HAART. Viremia correlated with AM and RM. Significant
depletion was recorded in EM B cells irrespectively of
HAART intake. Perturbations in BMC-populations are not
fully restored by antiretrovirals.
Key words: B cell subpopulations; Time-trend; Memory
cells; Human immunodeficiency virus infection; Highly
active antiretroviral therapy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: During the progress of human immunodefi
ciency virus (HIV) infection and viral replication functional
irritations of memory B-cell (BMC) compartment occur.
Depletion of BMCs is one hallmark of deregulation in
+
HIV-1 infection. Diminished levels of IgM BMCs are also
noted. Additionally, resting BMCs are severely impaired
and defective B-cell subsets, like exhausted and activated
BMCs circulate in peripheral blood. Significant fluctuations
of these B cells’ frequencies are recorded over time and
antiretroviral therapy may play a role on this observation.
Assessing these populations could potentially lead to
improvement in assessing vaccine responses and tracing
vulnerable patients to certain infections.

MATERIALS AND METHODS
This is a longitudinal study including 82 HIV patients
matched for age and duration of HIV infection, 41 of
whom were antiretroviral naive and 41 were under
HAART, with successful viral suppression (HIV-1 viral
load < 34 copies/mL). All rest data, including epide
miological (age, gender, HIV-1 transmission route, co
morbidities) and laboratory results, HIV-1 viral load,
current CD4 T-cell count, nadir CD4 cell count were

Tsachouridou O, Skoura L, Zebekakis P, Margariti A, Georgiou A,
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Sciences, SPSS Inc., Chicago, Ill., United States).

Table 1 Patients’ characteristics at enrollment

Age (yr)
Gender (male/female),
n (%)
Years on HIV infection
Nadir CD4 cell count
ART duration in months
HCV infection, n (%)
HBV infection, n (%)

HAART
naïve patients
(n = 41)

Treated
patients
(n = 41)

P value

31.76 ± 7.16
41 (100.0)/0 (0.0)

34.15 ± 6.17
36 (87.8)/
4 (12.2)
3.6 = 98 ± 4.41
326 ± 187.3
34.4 ± 14.18
3 (7.3)
4 (9.7)

0.168
0.065

3.27 ± 2.78
573.6 ± 223.4
NA
2 (4.8)
6 (14.6)

RESULTS
The demographics, clinical and rest data of eighty two
HIV individuals are illustrated in Table 1.
In order to confirm whether the percentages of B-cell
subsets were altered among treated and antiretroviral
naive HIV-1 individuals, the percentages of memory
B, activated memory, resting memory, exhausted
memory as well as isotype-switched and total B-cells
were assessed. Significant differences were observed
between the groups in relation to B cell subsets.
+
+
Mean counts of BMCs (CD19 CD27 ) were higher
in treated patients throughout the 48 wk (P = 0.987,
NS), with a gradual declining trend by the end of
th
the 48 week. Mean fraction of IgM memory B
+
+
high
(CD19 CD27 IgM ) cell-population found higher in the
treated group at baseline. There was a marginal upward
trend of the proportions which differed significantly in
the treated group (overall trend, P = 0.004) (Figure 1).
+
+
Isotype-switched BMC (CD19 CD27 IgM ) were slightly
elevated in patients without HAART compared to the
other group. The time trend variation was equivalent
in both groups, irrelevantly of HAART intake (P =
0.808). ITS B cell compartment raised significantly in all
patients, concerning baseline levels (overall significance,
P = 0.0005) (Figure 1).
HAART patients preserved higher proportions of
+
low
EM B cells (CD19 CD21 CD27 ) compared those
without treatment, with a downward trend along with
the progression of the disease, irrespectively of HAART
intake. These changes were not significant among
groups (overall significance, P = 0.876). Significant
depletion of EM B cells was recorded to both ART-naive
(P = 0.023) and rest individuals (P = 0.024) (Figure
+
high+
+
1). The fraction of RM cells (CD19 CD21
CD27 ) in
patients under HAART were higher and significantly
th
th
different on week 4 (P = 0.017) and 48 (P = 0.03).
The fluctuation over time of RM was nearly the same
though, in both groups (P = 0.201) with treated patients
having a significant overall increase (P = 0.003).
Patients HAART-naive maintained higher levels of AM
+
low+
+
(CD19 CD21 CD27 ) during the whole study period,
with the downward trend being significant in the treated
group (P = 0.004) (Figure 1).
HIV-RNA viremia strongly correlated with AM B cells
(r = 0.54, P = 0.01) and moderately with RM B cells (r
= -0.45, P = 0.026) at baseline, supporting the impact
of viral replication on these subsets (data not shown).

0.415
0.0005
NA
0.345
0.167

All quantitative data are presented as mean ± SD, median (IQR). HAART:
Highly active antiretroviral therapy; VL: HIV RNA viral load; HIV: Human
immunodeficiency virus; ART: Antiretroviral therapy; NA: Not applicable;
HCV: Hepatitis C virus; HBV: Hepatitis B virus.

recorded.
The Aristotle’s University Ethical Committee appro
ved the protocol and a written informed consent was
obtained from all participants. All study individuals were
asked to give blood sample on day 0 and on week 4
and 48.
Mouse anti-human fluorochrome-conjugated mono
®
clonal antibodies of Immunostep Company were
used: CD19-PerCP, CD27-PE, IgM-FITC, IgD-FITC and
CD21-FITC to count total B cells and BMC subsets
combined properly. One hundred microliter of blood
samples after adding 10 μL of the above combined
monoclonal antibodies were incubated in the dark
for ten minutes. In turn, red blood cells were thawed
upon ingestion of 2 mL of Lysis Buffer (BD Biosciences,
San Jose, CA) and incubated for another twenty
minutes in room temperature. B cells were assessed
pre vaccination. The different B cell subsets were
+
characterized as follows: Total B cells (CD19 ), BMCs
+
+
+
low
(CD19 CD27 ), EM (CD19 CD21 CD27 ), IgM memory
+
+
high
+
+
B (CD19 CD27 IgM ), RM (CD19 CD27 CD21high),
+
+
high
+
IgM memory B (CD19 CD27 IgM ), AM (CD19 
low+
+
+
+
CD21 CD27 ) and ITS (CD19 CD27 IgM ) at baseline
and on weeks four and forty eight. Results were expre
ssed as B cell absolute counts or as a percentage of the
total B cell population.
Sample processing and result extraction was per
formed in the XL Epics cytometer (Beckman Coulter™
Company, Florida, United States). The input capture,
cell staining and flow cytometry were performed
immediately in a blinded manner.

Statistical analysis

The comparison of variables at each time point was
performed using the independent samples t test or the
Mann-Whitney test in case of violation of normality. To
indicate the trend in the one year period, the median
percentage changes after 4 wk and 48 wk respectively
were calculated. All tests are two-sided, a P-value of
< 0.05 was used to denote statistical significance. All
analyses were carried out using the statistical package
SPSS vr 16.00 (Statistical Package for the Social

WJV|www.wjgnet.com

DISCUSSION
HIV infection impels to a broad amplitude of B cell
defects, like cell switching, depleted numbers of B
cells, production of uncommon B cell populations and
disfunctional immune responses even in patients under
[3,6,7]
HAART
. Furthermore, it is generally accepted to
augments the risk of several infections. Very scarce and
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Figure 1 Time trend alterations of memory B cells.

conflicting data are currently available illustrating the
significance of B cell subsets that mediate satisfactory
[6,7]
and protective immune responses .
Our study promotes the scouting and assessment
of specific BMC subpopulations interfered in humoral
responses, confirming few other authors claiming that,
not solely ITS and IgM BMC, but also AM and RM,
might contribute to impaired protection against certain
[7-12,14]
bacteria
. Recent studies focus on B cell memory
and immunological response post immunizations, though
[8-12,14]
most constitute solely cross-sectional studies
.
BMCs were increased in patients on HAART com
pared to naive on an annual basis, as confirmed in other
[2,15]
studies as well
. We showed rise of BMCs in both
groups, which depleted throughout time in a similar
[7]
pattern, that is in line with previous studies .
Interestingly, slight rise in IgM BMC was confirmed
in all patients. Patients on treatment preserved high
frequencies of them, confirming authors suggesting that
[15]
HAART preserves the levels of this specific subset .
Both treated and naive patients maintained their IgM
[15]
BMC over time, which is controversial in literature .
EM B cells are believed to be increased in naive
[2,6]
patients . Although in our study we did not confirmed

WJV|www.wjgnet.com

the former observation, gradual decrease has been
recorded irrespectively of HAART. Patients under HAART
had decreased AM cells compared to those without
treatment, explaining the effect of HAART which restricts
[2]
their expansion during the progress of HIV infection .
We additionally confirmed that AM B cells are preserved
[13]
in continuous viral replication . Even though effective
HAART is regarded to have no impact on RM, in our
study maintenance of high levels especially in the
treated group, implies that some restoration may be
feasible upon HAART initiation, regardless being not
[5,14]
during primary infection
.
Studies have shown that isotype switched B cells
[7]
are not affected in healthy individuals , but these are
dramatically impaired in HIV infection irrespectively
[15]
of HAART . Despite few studies that confirmed high
[2,15]
frequencies of ITS B cells in patients under HAART
,
[15]
our study confirmed more recent authors
showing
no effect of HAART, which underlies the need for further
investigation on this specific memory subset.
HAART introduction lead to further investigation on
these populations, concluding that most divergences
are reversible, implying that viremia has a causal
relationship. Viremia has been associated with the
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[16]

from functional and phenotypic perturbations, with conflicting results.

elevated frequency of AM cells . However, the impact
of HIV viremia has not been fully explained, apart from
[14]
in limited studies . Our study in lineage with other
authors has shown that viremia was linked to certain B
[14]
cell populations .
In conclusion, the data of our study points out that
significant divergences occur in specific BMC populations
in HIV patients. Natural course of HIV infection has
an immunological impact on distinct B cells, sparking
modifications on their absolute numbers and functions
in the peripheral blood of HIV adults. Furthermore,
HAART administration affects subsets like RM and AM
which are significant in secondary immune responses,
while has controversial implication in other BMC-com
partments. We propose that evaluation of BMC might
implicate in immunization and have clinical utility in
forecasting all susceptible HIV adults to bacterial and
other viral infections.
The significance of the paper lies to the fact that
HAART prompt initiation may alter few of the distur
bances that HIV infection itself promotes. Similar
findings for the significance of immediate initiation of
antivirals have been published recently, which insist that
HAART is necessary to be started once the diagnosis of
[17]
HIV infections has been confirmed .
Additionally, concerning the HIV vaccine develop
ment design, new scientific trends lean towards the role
of B cells in HIV pathogenesis and their possible use
to design and develop a proper vaccine for preventing
HIV infections. Multiple studies try to assess and
isolate the responsible B cell subsets that interfere to
the pathogenesis of HIV infection and will lead to the
[18,19]
vaccine development
.

Innovations and breakthroughs

This study aimed to assess over time the fluctuation of significant BMC subsets
for humoral responses in HIV patients and not in single time slot. The study
revealed certain time-trend differences among antiretroviral naive and treated
patients.

Applications

Literature is still ambiguous concerning the precise role of certain BMC
populations and the significance of HAART in restoring or preventing some
disturbances on them. ART intake affects subsets like resting BMC (RM) and
activated BMC (AM) which are significant in secondary immune responses, while
has controversial implication in other BMC. Evaluation of BMCs might intervene
in immunizations and have clinical utility in pointing out the susceptible HIV
adults to bacterial and other infections.

Terminology

CD27+ BMC comprise of CD21+ cells (RM) and CD21- cells (AM). RM are
depleted while AM rise during the natural course of HIV infection. The classical
CD27+ BMC are classified as ITS and un-switched subpopulations, while
the isotype-switched BMC subset represent BMC that have switched their
immunoglobulin from IgM and IgD to other classes. TLM (CD19+CD10- CD27CD21low), rise in HIV infected patients.

Peer-review

The article is well prepared and makes a pleasant and useful reading for those in
the field.
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Abstract
AIM
To investigate the role of subgenotype specific RNA
secondary structure in the compartment specific
selection of hepatitis B virus (HBV) immune escape
mutations.
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METHODS
This study was based on the analysis of the specific
observation of HBV subgenotype A1 in the serum/
plasma, while subgenotype A2 with G145R mutation
in the peripheral blood leukocytes (PBLs). Genetic
variability found among the two subgenotypes was
used for prediction and comparison of the full length
pregenomic RNA (pgRNA) secondary structure and base
pairings. RNA secondary structures were predicted for
37 ℃ using the Vienna RNA fold server, using default
parameters. Visualization and detailed analysis was
done using RNA shapes program.
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RESULTS
In this analysis, using similar algorithm and conditions,
entirely different pgRNA secondary structures for
subgenotype A1 and subgenotype A2 were predicted,
suggesting different base pairing patterns within the
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[1-5]

two subgenotypes of genotype A, specifically, in the
HBV genetic region encoding the major hydrophilic loop.
We observed that for subgenotype A1 specific pgRNA,
U
A
nucleotide 358 base paired with 1738 and nucleotide
G
C
587 base paired with 607 . However in sharp contrast,
U
in subgenotype A2 specific pgRNA, nucleotide 358 was
G
G
opposite to nucleotide 588 , while 587 was opposite
U
to 359 , hence precluding correct base pairing and
thereby lesser stability of the stem structure. When the
U
G
C
nucleotides at 358 and 587 were replaced with 358
A
and 587 respectively (as observed specifically in the
PBL associated A2 sequences), these nucleotides base
G
U
paired correctly with 588 and 359 , respectively.

C virus, etc. . Recent molecular evolutionary studies
have demonstrated that viruses evolve independently
under the influence of unique immunological milieu
in a given compartment, leading to the selection and
emergence of specific viral variants, which endow the
virus with an advantage to survive and persist in that
[2,6,7]
particular compartment
. Such compartment specific
viral evolution have extremely important implications
in emergence and re-emergence of immune-escape
mutants, antiviral resistant mutants, their long term
persistence and transmission through different non[1,7]
conventional routes .
HBV is the prototype member of the Hepadnaviridae
family of enveloped viruses with a very unique partially
[8]
double-stranded DNA genome . Despite having a DNA
genome, HBV exclusively uses an RNA intermediate (the
pregenomic RNA or the pgRNA) and a virus encoded
reverse transcriptase to replicate its genome through a
[8]
complex mechanism of primer shifting . Even though
HBV is classically considered to be a hepatotropic
virus, HBV related nucleic acids and proteins have long
been detected in different tissues, suggesting that
it replicates and propagates in various non-hepatic
[1]
tissues . Interestingly, some of these extrahepatic
sites have been shown to act as reservoirs and also
the source of reinfection after surgical and therapeutic
[9,10]
interventions
. Recently, ours and other research
groups have provided convincing evidences that the
HBV strains and their mutational signature pattern
present in different extra-hepatic compartments, are
often characteristically distinct from the HBV strains
circulating in the serum/plasma/hepatic compartments
and that immune escape/drug resistance mutations
are significantly more frequent in different extrahepatic
[2,4,11]
compartments in HBV carriers
.
In our previous studies, we have recognized the
subgenotype A1 (Afro-Asian subgenotype) as the
predominant subgenotype of HBV genotype A circula
ting in the sera/plasma of our study population and
that the occurrence of G145R mutation therein was
[12-14]
sporadic
. In sharp contrast, we documented the
confined and exclusive existence of HBV subgenotype
A2 with the potent “immune escape” mutation G145R
within the peripheral blood leukocytes (PBL), across the
study population, irrespective of the HBV genotype/
subgenotype circulating in the serum/plasma of the
[2]
respective individual . G145R is the mutation signifying
Glycine to Arginine substitution at amino acid residue 145
in the major hydrophilic loop (MHL), a B-cell epitope of
the hepatitis B surface antigen (HBsAg), which provides
a strong immune escape property. These observations
strongly signify that viral mutants with G145R does
have an explicit replicative advantage within the PBLs,
that are exposed to strong anti-HBs immunity and that
this mutation emerges specifically in the perspective of
subgenotype A2, but not in subgenotype A1. Moreover,
all the subgenotype specific nucleotide substitutions
C
C
A
in the MHL encoding region of A1 (505 , 514 , 616
T
T
A
G
C
and 619 ) and A2 (505 , 514 , 616 and 619 ) are

CONCLUSION
The results of this study show that compartment
specific mutations are associated with HBV subgenotype
specific alterations in base pairing of the pgRNA, leading
to compartment specific selection and preponderance
of specific HBV subgenotype with unique mutational
pattern.
Key words: Hepatitis B; Compartmentalization; Peripheral
blood leukocytes; pgRNA; RNA secondary structure;
G145R
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We have previously shown that, in our study
population, distribution of hepatitis B virus (HBV) sub
genotypes A1 and A2 is highly biased in the serum/
plasma and peripheral blood leukocyte (PBL) com
partments respectively. Analysing the predicted base
pairing patterns of pregenomic RNAs (pgRNAs), specific
for HBV subgenotype A1 and A2, we demonstrate that
the potent immune escape mutation G145R evolves
specifically in the context of HBV subgenotype A2.
The PBL compartment is exposed to strong anti-HBs
immunity, and thus G145R is highly advantageous for
the virus to persist. This explains the exclusive pre
ponderance of subgenotype A2 in the PBL compartment,
sharply contrasting the prevalence of subgenotype A1 in
the serum/plasma.
Datta S, Chakravarty R. Role of RNA secondary structure in
emergence of compartment specific hepatitis B virus immune
escape variants. World J Virol 2016; 5(4): 161-169 Available
from: URL: http://www.wjgnet.com/2220-3249/full/v5/i4/161.
htm DOI: http://dx.doi.org/10.5501/wjv.v5.i4.161

INTRODUCTION
Viral compartmentalization signify infection, persistence
and replication of viruses in off-target cells/tissues
or anatomical compartments of the host, and this
phenomenon is now believed to be a crucial event in
many important viral infections, including hepatitis B
virus (HBV), human immunodeficiency virus, hepatitis
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described previously for generation of full length pgRNA
[16]
sequence . The pgRNA templates so generated were
unpolyadenylated and included the terminal redundancy.
These two sequences served as the base sequences for
prediction of secondary structures, to which nucleotide
substitutions observed in the MHL encoding and flanking
regions of serum associated A1 and PBL associated A2
(as mentioned in the previous section) were substituted
respectively at appropriate nucleotide positions. Finally,
these two template sequences (approximately 3.3 kb)
were subjected to RNA secondary structure prediction
and comparison.

Table 1 Comparison of nucleotides at phylogenetically
informative sites of subgenotypes A1 and A2 in GenBank
sequences and in sequences isolated from our study population
Nucleotide
Position
of the HBV
1
genome

505
514
616
619

Base present in reference
GenBank sequences
Aa/A1
(Asia)

Aa/A1
(South
Africa)

Ae/A2
(Europe/
United
States)

c
c
a
t

t
c
a
t

t
a
g
c

Base in
Base in
genotype genotype A2
sequences
A1
isolated
sequences
2
from PBL
isolated
from
serum/
2
plasma
c
c
a
t

t
a
g
c

Prediction of RNA structure

1

Nucleotide positions indicate distance from the unique EcoRI site in
the HBV genome; 2Sequences isolated from our study population. HBV:
Hepatitis B virus; PBL: Peripheral blood leukocyte.

For prediction of the secondary structures, the pgRNA
sequences generated as stated above were submitted
[17,18]
to the Vienna RNA secondary structure server
.
The server predicts the minimum free energy (mfe)
secondary structures for single RNA sequences using
an algorithm proposed by Zuker and Stiegler, and also
calculates the equilibrium base-pairing probabilities by
means of partition function (pf) algorithm proposed by
[19,20]
McCaskill
. Apart from the mfe and pf, the server
also provides a centroid structure, which indicates the
reliability of the predictions, while the dot-plot which
provides information on base-pairing probabilities
[17,21]
of all the possible predicted structures
. All the
secondary structure predictions were performed for a
temperature of 37 ℃, keeping all the other parameters
[22]
to default . Visualization, annotation and analysis of
the mfe structures were performed using the RNAshapes
[23]
program . As the present study was focused on the
genetic variability of the HBV genome encoding the MHL
region of the surface gene, we restricted our detailed
analysis of base pairing pattern to the secondary stru
cture of the part of pgRNA, corresponding to the MHL
encoding sequence.

synonymous in nature, which aptly rules out the possi
bility that the predilection of the subgenotype A2 in
the PBL is due to the subgenotype specific epitopic
[2]
difference in the HBsAg . Taken together, the above
observations led us to hypothesize that the subgenotype
specific nucleotide substitutions might modulate the
base pairing of the A2 specific pgRNA in a way, which
favours the emergence of G145R.
In the present work, we compared the changes in
the base pairing of the pgRNA due to subgenotype A1
and A2 specific substitutions in the MHL encoding region.
Based on the RNA secondary structure predictions, we
demonstrate that the selection and emergence of G145R
within HBV subgenotype A2 sequences in the PBL
compartment occurs due to the differential base pairing
characteristics in the subgenotype A2 specific pgRNA.

MATERIALS AND METHODS
Sequences for analysis

HBV surface gene sequences, corresponding to the
nucleotide 341 to 660 of the HBV genome (nucleotide
position counted from the unique EcoRI site in the
HBV genome), that code for the epitopic MHL for both
subgenotype A1 sequences (isolated from serum/
plasma) and subgenotype A2 sequences (isolated from
PBL), obtained during our previous studies were used
[2,14]
in this analysis
. Using alignment of these sequences
[15]
along with other reference GenBank HBV sequences ,
subgenotype A1 and A2 specific nucleotide substitutions
[2]
(summarised in the Table 1) were determined earlier .
These nucleotide differences were consequently used
for studying the alterations in the subgenotype specific
base-pairing and folding of the pgRNA.
For subgenotype A1 and A2 specific pgRNA second
ary structure predictions, template sequences were
generated separately by editing two well defined
full length sequences, namely-GenBank accession
number DQ315784 (India) for subgenotype A1 and
GenBank accession number AJ309370 (France) for
subgenotype A2, respectively, following the method
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RESULTS
Changes in the nucleotide base pairing of the predicted
secondary structure of pgRNA

The gross structural features of the subgenotype A1
and A2 specific pgRNA were found to be entirely distinct
(Figure 1). The difference in the pgRNA structure
was also evident from the mountain plots showing
the mfe, pf, centroid, entropy and the dot plot of the
two subgenotypes. The difference in other features
are summarised in the Table 2. Detailed scrutiny of
the pgRNA secondary structures corresponding to
the MHL encoding genetic regions, revealed entirely
distinct pgRNA secondary structures with discrete intramolecular base pairing patterns due to the subgenotype
specific and variations between A1 and A2 sequences
(Figures 2 and 3). Interestingly, when we focussed
on the base pairing of the nucleotides encoding the
MHL region, we noted that in subgenotype A1 specific
U
A
pgRNA, nucleotide 358 base paired with 1738 and
G
C
nucleotide 587 base paired with 607 (Figure 2).
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A
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B
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0
4
3
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1
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0
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2
1
0

0
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Position

mfe
pf
centroid

150

Entropy

Entropy

Height

150

0

500 1000 1500 2000 2500 3000

Position

C

Figure 1 Comparative diagram showing the differences between different aspects of the predicted secondary structures of the pgRNA, specific for
HBV subgenotype A1 and subgenotype A2. A: Predicted minimum free energy (mfe) structures, coloured by base-pairing probabilities (according to the rainbow
scale shown in the middle, denoting base pair probabilities from 0 to 1). Colour of the unpaired regions denotes the probability of being unpaired; B: Mountain plot
representing the mfe structure (red line), the thermodynamic ensemble of RNA structures (green line), and the centroid structure (blue line). Positional entropy for
each position is presented below the mountain plot; C: Dot-plot showing the base-pairing probabilities of the two predictions.

correctly paired stem-loop structure, hence stabilizing
the local conformation. Nevertheless, the effects of
other substitutions were not as influential as these
two changes. The exclusive detection of subgenotype
A2 sequences with the abovementioned substitutions
in the PBL clearly suggest the selective advantage
C
A
of the pgRNA with 358 and 587 , and in turn the
importance of G145R immune escape mutation in the
PBL compartment.

Table 2 Comparison of the thermodynamic characteristics of
the minimum free energy secondary structure predictions for
subgenotypes A1 and A2 pgRNA
Features

Subgenotype A1

Subgenotype A2

Minimum free energy of the
optimal secondary structure
Free energy of the
thermodynamic ensemble
Minimum free energy of the
centroid secondary structure
Ensemble diversity

-1052.10 kcal/mol

-1049.50 kcal/mol

-1099.56 kcal/mol

-1098.93 kcal/mol

-722.20 kcal/mol

-679.21 kcal/mol

863.25

954.99

DISCUSSION
In this study, we present interesting observations
about the possible mechanism of compartment specific
selection of immune escape HBV mutants. Based on our
previous studies done on serum/plasma isolated HBV
genotypes, we have documented the predominance
of at least three distinct HBV genotypes in our study
population, namely genotype D (most abundant)
[13,14]
followed by genotypes C and A
. However, when we
investigated the paired HBV sequences isolated from

However in sharp contrast, in subgenotype A2 specific
U
pgRNA, nucleotide 358 was opposite to nucleotide
G
G
U
588 , while 587 was opposite to 359 , hence pre
cluding correct base pairing and thereby less stability of
U
the stem structure. When the nucleotides at 358 and
G
C
A
587 were replaced with 358 and 587 respectively
(as observed specifically in the PBL associated A2
sequences), these nucleotides base paired correctly
G
U
with 588 and 359 , respectively (Figure 3), forming a
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Figure 2 Diagram showing the genetic variability and the part of the predicted mfe structure, corresponding to the genetic region encoding the major
hydrophilic loop of subgenotype A1. A: Consensus nucleotide sequence (corresponding to positions 341 to 660 of the HBV genome) and predicted amino acid
sequence (corresponding to residues 63 to 168 of the HBsAg). Subgenotype A1 specific nucleotides (505C, 514C, 616A and 619T) and two variable nucleotides (358T
and 587G) are indicated by arrowheads; B: Detailed base pairing pattern of the mfe pgRNA structure, specific for subgenotype A1. Aforementioned variable sites are
encircled by pink circles and indicated by arrows and numbers correspond to their nucleotide position in the HBV genome. HBV: Hepatitis B virus; HBsAg: Hepatitis B
surface antigen.

serum/plasma and the PBLs, we surprisingly observed
the exclusive preponderance of the genotype A in the
PBL, irrespective of the HBV genotypes circulating
[2]
in the serum/plasma of any given individual . More
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interestingly, the genotype A sequences isolated from
the PBL was found to be markedly distinct from that of
genotype A sequences isolated from serum/plasma,
in terms of subgenotype and specific nucleotide sub
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Figure 3 Diagram showing the genetic variability and the part of the predicted mfe structure, corresponding to the genetic region encoding the major
hydrophilic loop of subgenotype A2. A: Consensus nucleotide sequence (corresponding to positions 341 to 660 of the HBV genome) and predicted amino acid
sequence (corresponding to residues 63 to 168 of the HBsAg). Subgenotype A2 specific nucleotides (505T, 514A, 616G and 619C) and two co-evolving nucleotides (358C
and 587A) are indicated by arrowheads; B: Detailed base pairing pattern of the mfe pgRNA structure, specific for subgenotype A2. Aforementioned variable sites are
encircled by pink circles and indicated by arrows and numbers correspond to their nucleotide position in the HBV genome. Part of the mfe structure is amplified in the
inset for better visualization of the base pairing. HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen.

stitution patterns. More precisely, subgenotype A1 of
HBV genotype A was prevalent in the serum/plasma
while in sharp contrast; subgenotype A2 was solely
[2]
isolated from the PBL .
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In the present study, we sought to examine the
selective advantage of subgenotype A2 in the PBL
compartment with the help of advance computational
prediction and analysis programs. We focussed our
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analysis on the examination of nucleotide sequences
encoding the dominant B-cell epitope (MHL) of the HBV
surface antigen, since in a number of other viruses,
analogous genetic regions (epitope regions of the
envelope protein) have been shown to undergo faster
evolution to facilitate the emergence of compartment
[2]
specific immune-escape variants . Interestingly, when
we compared serum/plasma circulating subgenotype
A1 sequences with PBL confined subgenotype A2
sequences, we found that only four subgenotype specific
[2]
nucleotide substitutions differentiate both sequences .
However, all these four subgenotype specific nucleotide
substitutions in the MHL encoding region were found to
be synonymous in nature (i.e., the sequence of amino
acids in the MHL remains same between subgenotypes
A1 and A2), suggestive of the fact that MHL epitope
diversity might not be directly relevant to the selection
of subgenotype A2 over subgenotype A1 in PBL. On
the other hand, in addition to these four subgenotype
specific nucleotide substitutions, two additional nucleo
C
A
tide substitutions (358 and 587 ) were evident with PBL
associated A2 sequences, across the study population,
which we have earlier shown to be co-evolving in the
[2]
PBL . Interestingly, we further noted that nucleotide
C
substitution 358 was also synonymous, while substi
A
tution 587 was non-synonymous and translated into
the potent immune escape G145R mutation of HBsAg.
Earlier studies have demonstrated that by virtue of its
definite advantages, G145R mutation helps HBV to
dynamically evade anti-HBs specific immune response,
thereby ensuring viral persistence in anatomical com
partments, which are exposed to strong anti-HBs
[2]
immunity . The association of these five synonymous
nucleotide substitutions and a potent immune escape
mutation with PBL associated Ae/A2 sequences led us to
A
hypothesize that the advantageous 587 (G145R) might
be selected at the pgRNA base pairing level and to verify
this hypothesis, this comparative study was undertaken.
On comparison of the pgRNA secondary structures,
we observed that the invariable association of subgeno
A
type A2 with the selection of nucleotide 587 (causing
G145R) most possibly occur in the context of genotype
A2 specific altered pgRNA base pairing patterns.
Fascinatingly, we observed that substitution of a uracil
(U, corresponding to Thymidine, T in DNA sequence)
to cytosine (C) at position 358 altogether changed the
C
local base pairing pattern of the pgRNA (358 paired
G
with nucleotide 588 instead of the normal pairing with
A
1738 in subgenotype A1). In the context of this altered
base pairing, a single nucleotide change (U to C) at 359
was found to stabilize the stem structures by pairing
G
with the wild type 587 , just opposite to it. However, the
nucleotide at position 359 encodes a Cysteine residue
at amino acid position 69 of HBsAg, which is extremely
essential for the generation of subviral 20 nm HBsAg
particles, and thus, any non-synonymous substitution
at this position is most likely to be detrimental for the
[24]
virus persistence . Therefore, based on the predicted
secondary structures, we hypothesized that, instead
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of selecting an altered nucleotide at this exceptionally
essential position (359), a compensatory alteration of
a single nucleotide (G to A) at position 587 is expected
to serve dual purpose, firstly it may help stabilize the
stem structure (by pairing with the highly conserved
T/U
359 ) and secondly it results in the emergence of a
potent immune escape G145R mutation, both of which
appears to be highly advantageous for the virus.
The HBV polymerase lacking proof reading function
has been implicated in the generation of random muta
tions and generation of “quasi-species”, of which the
genomes (viral DNA) or pregenomes (pgRNA) having
mutations useful for escaping the immune response
of the host are gradually selected and subsequently
[25]
become the prevalent viral population . Apart from
viral polymerase induced random mutations, host PBL
associated APOBEC (apolipoprotein B mRNA editing
enzyme, catalytic polypeptide) family of cellular cytidine
deaminases have also been shown to induce hypermutation (G to A mutations) in the HBV genome, which
has been suggested to cause genetic diversification and
consequently selective evolution among the divergent
[26-28]
genomes
. Nevertheless, the finding of selective
predominance of the point mutation leading to G145R
in the present study is highly significant in the context
of PBL, since PBLs are exposed to strong anti-HBs
humoral immune response and HBV variants with
G145R are capable of strongly neutralizing this immune
response, without any compromise in the replicative
[29,30]
competence, thereby ensuring viral perseverance
.
Whatever is the source of genetic diversification, in the
present work we describe a probable mechanism of
RNA folding, through which divergent viral genomes/
pregenomes having favourable mutations are selected
for propagation.
We acknowledge that the RNA folding predictions are
based on statistical/mathematical algorithms and the
biological relevance of these predictions are based on
their corroboration with the biological data. Interestingly,
the results of the present RNA folding predictions
beautifully elucidate the observed co-evolution of the
mutations at positions 358 and 587, which supports the
biological relevance of the observed predictions. The
results of the present study further implies that, certain
HBV mutations are selected at the subgenomic RNA level
(as they are synonymous at the protein level), which
may significantly alter the base pairing of the pgRNA,
which in turn may hasten the selection of mutations at
other sites. Interestingly, the mechanism suggested
in this work is very much similar to the mechanism
described for HBV genotype specific selection of the
A
most widely studied HBV precore mutation (1896 ),
which emerges to stabilize the stem-loop structure
[31]
of the epsilon “ε” signal of pgRNA . Altogether the
present study, support the findings of Kidd-Ljunggren
[16]
et al , that demonstrate the implications of genotype
specific differences in the pgRNA secondary structures
in the emergence of genotype specific variations in the
HBV genome.
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In conclusion, our results based on the predicted
RNA secondary structures suggest the role of HBV
genotype/subgenotype specific base pairing patterns
of the pgRNA in selection/emergence of advantageous
mutations. Furthermore, the observed association of
a potent immune escape mutation with a particular
HBV subgenotype, confined in a specific anatomic
compartment indicate the possible mechanism of
genotype/subgenotype specific compartmentalization
of HBV, which may have important implications in
extrahepatic maintenance and transmission of HBV
through hitherto unknown routes.
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AIM
To assess hepatitis C virus (HCV) geographic integration,
evaluate the spatial and temporal evolution of HCV
worldwide and propose how to diminish its burden.
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METHODS
A literature search of published articles was performed
using PubMed, MEDLINE and other related databases
up to December 2015. A critical data assessment and
analysis regarding the epidemiological integration of
HCV was carried out using the meta-analysis method.
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RESULTS
The data indicated that HCV has been integrated im
mensely over time and through various geographical
regions worldwide. The history of HCV goes back to
1535 but between 1935 and 1965 it exhibited a rapid,
exponential spread. This integration is clearly seen in
the geo-epidemiology and phylogeography of HCV. HCV
integration can be mirrored either as intra-continental
or trans-continental. Migration, drug trafficking and HCV
co-infection, together with other potential risk factors,
have acted as a vehicle for this integration. Evidence
shows that the geographic integration of HCV has been
important in the global and regional distribution of HCV.
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CONCLUSION
HCV geographic integration is clearly evident and this
should be reflected in the prevention and treatment of
this ongoing pandemic.

Studies have reported an upsurge in the prevalence
of HCV infection, particularly in developing countries
and in some European regions. Southern provinces in
Greece, Italy, France and Spain have reported higher
levels of HCV infection (2%-7%) than in the North
[5]
African nation of Libya . Certain geographical spots
in the Netherlands and Germany have a higher rate
of HCV infection (7%) than other regions in the same
[6]
countries .
The predisposing risk factors and modes of transmis
sion of HCV have evolved in various ways in different
parts of the world and this could have major implications
[7]
for prevention programs . However, many questions
concerning the roles of risk factors and lifestyles that
might be associated with the spread of HCV in different
regions remain unanswered. Like some other important
infectious diseases, HCV infection has been correlated
with geographical, historical, social, economic and even
political factors. Globalization and worldwide integration
have added new epidemiological concepts that are
clearly reflected in the prevalence of HCV worldwide.
Neither HCV genotypes nor risk of exposure can be easily
confined to certain regions or countries. Immigration,
massive population displacement, unsettled conflicts
and drug trafficking have aggravated the status of HCV
infection and made it difficult to obtain a clear picture of
HCV spread over the world. The objective of this review
was to assess the worldwide geographical integration of
HCV and its global evolution and to use the assessment
to propose strategies to intervene in its spread.

Key words: Geo-epidemiology; Integration; Hepatitis C
virus genotypes; Geography; Phylogeography
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Geographic integration of hepatitis C virus
(HCV) is a newly described epidemiological pheno
menon that is illustrated for the first time in this review
article. The global burden of HCV infection has sur
passed expectations and HCV genotypes are no longer
restricted to certain countries or regions. All countries
and their citizens are at a higher risk of HCV infection.
HCV integration can be either intra-continental or
trans-continental. Globalization, immigration and drug
trafficking, in addition to the traditional HCV transmission
factors, have acted as vectors for the geographical
integration of HCV. International efforts and new strate
gies that go beyond borders should be combined to
tackle this global threat.
Daw MA, El-Bouzedi AA, Ahmed MO, Dau AA, Agnan MM,
Drah AM. Geographic integration of hepatitis C virus: A global
threat. World J Virol 2016; 5(4): 170-182 Available from: URL:
http://www.wjgnet.com/2220-3249/full/v5/i4/170.htm DOI:
http://dx.doi.org/10.5501/wjv.v5.i4.170

MATERIALS AND METHODS
This study was conducted in four stages: (1) identifi
cation of the literature on HCV integration; (2) selection
of relevant studies; (3) extraction of data; and (4) data
sensitivity analysis. This review was designed according
to the Preferred Reporting Items for Systematic Reviews
[8]
and Meta-Analyses statement .

INTRODUCTION
Infection with hepatitis C virus (HCV) is a global public
health threat that affects millions of individuals world
wide. In recent years, HCV has become one of the
most important viruses. The global epidemic of HCV
is distributed unevenly, with a high disease burden in
low income regions and more than one-third of the
estimated worldwide burden in the Western Pacific
region. Approximately 32.2 million people have chronic
HCV infection in Southeast Asia alone, Sub-Saharan
Africa accounts for almost one-fifth of worldwide
infections and over six million people are infected in
[1]
Latin America .
Globally, about 27% of cirrhosis cases and 25%
of hepatic cellular carcinoma cases are attributable to
[2]
HCV . Based on death certificate analyses, it has been
estimated that there were about 3500 HCV-related
deaths in France in 2001 and 15000 in the United States
in 2007. In Egypt, there were an estimated 7379 HCVrelated deaths in 1999 and the number is expected to
[3]
more than double by 2020 . HCV-infected individuals
have a 2.4 times higher risk of all-cause mortality com
pared to the non-infected population, 26.5 times the
risk of liver-related mortality, and 1.8 times the risk of
[4]
non-liver-related mortality .

WJV|www.wjgnet.com

Search strategy and literature review

Relevant studies were identified by searching PubMed,
Scopus, Google Scholar and other databases using
the following key terms: HCV, HCV integration, his
tory, geography, epidemiology, phylogeography and
evolutionary analysis. Some articles were also found by
checking the lists of references in published papers. No
language or time restrictions were applied.

Publication selection criteria

All identified abstracts were reviewed by two co-authors
independently (Daw MA and El-Bouzedi AA or Ahmed
MO/Agnan MM and Drah AM). They were considered
eligible for full-text review if they provided accurate
information on the geo-epidemiology of HCV and the
distribution of genotypes. Data on evolutionary analyses
were also included to estimate the dates of HCV origin
and the temporal rates of virus spread from West Africa
and China to Europe and North America.
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Data abstraction and quality assessment

[14]

Western countries during 1945-1965 .
It has been suggested that colonization by European
countries played a major role in the spread of these
HCV genotypes, predominantly to the Americas but
[14]
also to former colonial territories in Asia and Africa .
Global dissemination of HCV-2 seems to have been
facilitated by the slave trade across the Atlantic and by
colonization. During the intense period of slave trade
(1700-1850), HCV-2 was disseminated from what is
now Ghana/Benin to the Caribbean. HCV-2 also found its
way from the Dutch colonies of Indonesia and Surinam
to the Netherlands with the migration of Javanese
[14]
workers to the Netherlands .

The data were independently abstracted by two coauthors (Daw MA with El-Bouzedi AA or Dau AA and
Agnan MM or Drah AM). The studies were assessed
using standardized data collection forms. The collected
data include publication details, type of study and
information on HCV transmission, the vectors involved,
phylogenetic analysis, historical follow-up and evaluation
criteria of the spread of HCV. If the evaluation results
were controversial, a consensus among the authors was
reached.

Data analysis

Data on the spatial spread of HCV was combined with
the phylogenetic and epidemiological information to
understand the dispersal of the virus worldwide. Further
more, sensitivity analysis was conducted and the con
sistency of the data search results was evaluated.

Epidemiological integration of HCV: The prevalence
of HCV varies widely, from as low as 0.1% in certain
Scandinavian countries to 23% in some African
countries (Figure 1). The prevalence rate is classified
as low (< 2.5%), intermediate (2.5%-10%) or high (>
10%). According to this classification, regions of low
endemicity include North America, Europe, Australia
and the Far East. Intermediate prevalence regions
include some Mediterranean countries, the Middle East,
Africa and South America. High prevalence countries
are Egypt, Cameroon, Burundi, Rwanda, Gabon and
Guinea in Africa, Bolivia in South America, and Mongolia
[15]
in Asia . However, 60% of all infected people are in
Asia, particularly in its southern and eastern regions.
China used to be considered a relatively high endemic
area (average seroprevalence of HCV 3.2% in the
[16]
general population) . In Taiwan, the prevalence was
estimated at 5.5%; it was 2.0%-14.2% in towns on the
main island and higher (2.3%-26.4%) on the Penghu
[17]
islands . The overall prevalence in South Korea and
Hong Kong is low (0.6%-1.1%) and is higher among
[18,19]
females
. Japan has one of the highest endemic rates
[20]
of HCV infection . The prevalence rate of viral hepatitis
in Southeast Asia is higher, where over 11 million people
are estimated to have HCV. The prevalence of HCV
infection among Malaysian adults has been estimated
at 2.5%. Similar results have been reported from
Indonesia, Cambodia, Thailand and the Philippines.
However, it is less than 1% in Laos, Myanmar and
Singapore, whereas the highest prevalence (> 6%) has
[21]
been reported in Vietnam . In India and Afghanistan,
HCV prevalence ranged from 0.5%-1.5%. However, in
Pakistan, about 6% of the population is suspected of
having HCV infection and in some regions the estimated
[22-24]
rate reached 31.9%
.
In the Persian-Arab regions of West Asia, there are
considerable regional differences in the prevalence of
HCV. In Iran, the prevalence of anti-HCV antibodies in
the general population ranges from 0.2% to 6.25% but
the overall average is < 1%, which classifies the country
[25,26]
as having a low frequency
. HCV prevalence was
higher in Iraq (2.3%), Jordan (3.5%) and the Gaza strip
(2.2%) but moderate in Lebanon (1%) and Syria (1%).
There are no national studies on the prevalence HCV in
the Arabian Peninsula and Yemen. HCV is considered

Statistical analysis

A statistical review of the study was performed by a
biomedical statistician.

RESULTS
Literature categorization and analysis of the
publications

The publications were identified primarily by online
searches. Unrelated studies were excluded based on the
title or the abstract. The search results were categorized
according to the historical, geographical, epidemiological
and clinical parameters. Each of these fields was
analyzed in the context of HCV integration.
History of HCV integration: Historical estimates have
speculated about divergence time, distribution patterns
and epidemic behaviors of HCV. Evolutionary analyses of
the HCV genome have shed light on its epidemic history
and transmission. Studies combining demographics with
phylogeographic and molecular clock analyses have
[9,10]
demonstrated the global dissemination of HCV
. The
origin and evolution of HCV may date back to centuries
[11]
ago in ancient China. An et al recently estimated that
the common ancestor of Chinese HCV variants (6 g
and 6 w subtypes) isolated in Hainan Island dates back
to between the sixth and ninth century. The authors
speculated that the ancestors of a particular group of
Austronesian-descended aborigines might have carried
the earliest HCV-6 strains when they sailed to and
settled in the Indochina peninsula in Southeast Asia,
where HCV-6 is now indigenous.
Viral phylodynamic analysis indicates that HCV was
disseminated in Africa before the rise of global travel
[12]
and modern medicine . It has been estimated that the
most recent common ancestor of the CAR HCV-4 strains
[13]
existed in the sixteenth century . CAR HCV-4 strains
spread rapidly and exponentially from 1935 to 1965, at
about the same time as in Cameroon and Gabon. There
is also epidemiological evidence of a wave of infection in
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Figure 1 Overall prevalence of hepatitis C virus infections and the distribution of different hepatitis C virus genotypes worldwide. HCV: Hepatitis C virus.

High prevalence rates of HCV have been found in the
southern European countries, particularly the southern
regions of Spain, Portugal, Italy and Greece, which have
[32,33]
the highest rates in Europe at 2.6%
. In Turkey,
which is the European bridge to the oriental states,
[34]
reported estimates range from 0.6% to 2.1% .
The HCV epidemic began later in Eastern European
countries, particularly in the Czech Republic, Albania
and Croatia. This delay is attributable to geographical
barriers, limited immigration from neighboring endemic
countries, and a delay in the increase in intravenous
[35]
drug use . The Czech Republic, Albania, Croatia,
Estonia and Hungary are low-endemicity countries
for HCV infection, where the prevalence rates range
from 0.2% to 1%, but it was 1.4% in Latvia, Poland
and Bulgaria. The highest prevalence was reported in
Romania (3.3%), followed by Lithuania and Ukraine
(2.3%). The Russian Federation and Baltic states
have a high prevalence of HCV, ranging from 1.26%
in the Republic of Belarus to 4.1% in some Russian
[36]
states . In the United States, Canada and Australia,
the prevalence ranged from 0.61% to 1.8% and the
number of people living with HCV is expected to con
[37,38]
tinue to rise
.
However, some studies indicated that there could
be high rates of false positive results in HCV serological
assays, as has been reported in Africa and China. In
studies in Sub-Saharan Africa, such as in Uganda,
Nigeria and the Republic of South Africa, the distinct
variations in results were attributed to the wide variety
of assays in use and to the different sample storage
[27,39]
conditions
. Hence, future studies on HCV should
give sufficient attention to testing strategies, sample
handling and storage and include these details in the
study reports.
Phylogenetic analysis of HCV genomes led to the

endemic among the less populated countries, such as
Qatar (6.3%), UAE (2.3%), Saudi Arabia (2%), Kuwait
(1.8%) and Yemen (2.5%).
In Africa, > 28 million people have chronic HCV
[27]
infection and future trends are difficult to predict .
Egypt has the highest prevalence in the world, with
the prevalence rate estimated at 14.7% among people
[1,28]
aged 15 to 59 years
. HCV has been well studied
in the other North African countries, particularly in
Libya. These countries are considered areas of low
[1,27]
endemicity, with prevalence rates of 1%-1.5%
. In a
recent study including 38 countries, seroprevalence was
highest (after Egypt) in Central African countries, such
as Gabon, Cameroon and Angola, and in some West
African countries, such as Burkina Faso and Benin. The
largest numbers of infected adults were in Nigeria, the
[27]
Democratic Republic of Congo and Ethiopia .
In Latin America, it is estimated that 6.8 to 8.9
million adults are infected with HCV, of whom over 4
million are in Mexico and Brazil, which are the only
South American countries that have carried out national
population-based studies. The overall prevalence of HCV
in Latin America is 1.5%; it varies from 0.1%-0.9% in
Suriname, Chile, Peru, Venezuela, Panama and some
other Latin American countries to 1.0%-3.4% in Brazil,
[29]
Mexico and Argentina .
In Scandinavian countries, the spread of HCV infec
tion started in the 1960s and peaked in the 1970s.
Nosocomial and sexual transmission were minor routes
and the main route was intravenous drug injection. The
overall prevalence of HCV was 0.4%-0.6%, with higher
[30]
rates among intravenous drug users and immigrants .
In central European countries, the prevalence of HCV
was slightly higher than in the northern region. It varied
from 0.6% in England, Luxemburg, Austria and Belgium
[31]
to 1.5% in certain parts of Germany and Ireland .
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Figure 2 Geographical distributions of endemic pattern diversity of phylogenetic clades of hepatitis C virus (1-7).

and 28% of HCV infections, respectively); genotype
1b is responsible for 16% of all infections, genotype
4a accounts for the remaining infections and the least
[46]
prevalent is genotype 5 (< 1%) . In Japan, 70% of
infections are due to genotype 1b and 20% are caused
by genotype 2a; the remaining infections are caused by
genotype 2b. HCV genotype 6 is more geographically
restricted than genotypes 1-3. It is found in parts of
East Asia (South China, Hong Kong, Taiwan and Macao)
and Southeast Asia (Singapore, Vietnam, Thailand,
Indonesia and Burma). There is no information on
HCV genotypes in the highly populated countries of
[47]
Bangladesh, Malaysia and North Korea .
In most European countries, the most prevalent HCV
subtype is 1b, although subtype 1a is more prevalent
among patients co-infected with human immuno
deficiency virus (HIV). In North America, parts of South
America, United Kingdom, Scandinavia and Australia, 1a
[42]
is the most prevalent subtype . In Greece, Poland and
the Netherlands, subtype 3 is responsible for 30% of all
cases, and in Russia and the Baltic States, subtypes 1b
[48]
and 3a share dominance . It is noteworthy that the
first HCV recombinant, RF2k/1b, was initially identified
in Russia but since then has also been identified in
[49]
Ireland, Estonia, Uzbekistan and Cyprus .
In Africa, genotypes 1, 2 and 4 appear to be
endemic in regions of West and Central Africa and in
the Middle East-North African region. Genotype 5 is
more prevalent in southern and eastern Sub-Saharan
Africa. Genotype 4 is the most frequent cause of chronic
hepatitis C in the Middle East, North Africa and Sub[50]
Saharan Africa . In Egypt, 90% of all HCV infections
[51]
are caused by type 4 . The emergent genotype 7,
which originated from Central Africa, is phylogenetically
very similar to genotype 2 variants. The greatest

development of a nomenclature for distinct virus
types and subtypes, comprising seven recognized
[1,7]
genotypes . The genotypes differ at 30%-35% of
nucleotide sites. The 7 genotypes are sub-classified into
67 subtypes plus 20 provisional subtypes. For strains
of the same subtype, nucleotide differences are less
[40,41]
than 15%
. However, while some genotypes are
ubiquitous, others are found only in specific regions,
where they exhibit a high diversity of subtypes (Figure
2). This distribution pattern and the antigenic and
biological differences between the HCV types point to
long periods of endemic infection during which there
was no significant exchange with types from other
[42]
regions .
Globally, genotype 1 accounts for more HCV
infections (46.2%) than any other single genotype.
Subtypes 1a and 1b account for 90% of all genotype
1 strains, at a ratio of 1:2 respectively. Over one-third
of infections with genotype 1 are in East Asia. The
next most common genotype is 3, which accounts
for 30.1% of cases and is found mainly in southern
Asia and in regions of Scandinavia. Genotypes 2, 4
and 6 are responsible for most of the remaining cases
of HCV worldwide (9.1%, 8.3% and 5.4% of cases,
[43]
respectively) . Genotype 2 is predominant in West
Africa, genotype 4 in Central and North Africa, and
genotype 6 in Southeast Asia. Genotype 5 is responsible
for < 1% of all HCV cases worldwide and is found
mainly in South Africa. The more recently identified
genotype 7 was isolated from a Congolese immigrant in
[40,44]
Canada
.
In China, genotype 1 is predominant (69.6%) and
type lb is more prevalent than 2a, whereas genotypes
[45]
3b and 6 are seen mainly in the southern provinces .
In India, the most prevalent genotypes are 3 and 1 (64%
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Figure 3 Plausible route of the integration of hepatitis C virus worldwide: The arrows indicate the probable route of spread (regional or transcontinental).

prevalence of HCV in the world (14.7%-32%) and has
high rates of morbidity and mortality from chronic liver
disease, cirrhosis and hepatocellular carcinoma. It is
alarming that > 20% of Egyptian blood donors are
seropositive for HCV. The dynamics of HCV in Egypt vary
from one region to another. Desert areas have the lowest
rates of anti-HCV positivity. The rates are higher in rural
regions than in cities, and higher in the Nile Delta than in
[51]
the Nile Valley . Libya, neighboring Egypt, is considered
an area of low endemicity for hepatitis C (1.2% average
[15]
prevalence) . The prevalence of HCV in Libya reaches
its highest (1.6%) in the regions closer to Egypt and
Sudan and lowest (0.2%) among other regions in the
mid-coastal and western regions, where they resemble
[5]
or are less than the rates in neighboring Tunisia . The
high prevalence rates in some parts of Libya could be
due to its proximity to Sub-Saharan countries and the
presence of large numbers of African immigrants. In the
same way, the Albatnan region of Libya, which has a
higher prevalence rate, borders Egypt, from where both
[5]
legitimate and illegal workers come to Libya .
Most cases of HCV in Egypt are of genotype 4a.
This strong homogeneity indicates epidemic spread
of HCV. On the other hand, different genotypes were
isolated from the Libyan population: Genotypes 1, 2, 3
and 4, as well as the newly emerged genotype 5. The
prevalence of these genotypes in Libya varies from one
region to another and is influenced by demographics
[53]
and risk factors . The dynamics of integration are
applicable in Central Africa and East Africa, notably in
Cameroon and Angola which have a high prevalence
of HCV comparable to that in the Democratic Republic
[54]
of Congo . HCV seroprevalence was intermediate in
the Horn of Africa: 2.7% in Ethiopia, 2.6% in Somalia
[27]
and 0.3% in Djibouti . In Southeast Asia, HCV
genotype 6 integrated within northern countries, such

diversity of genotype 2 is observed in West Africa. It has
been proposed that HCV genotype 2 originated from
[40]
West Africa and then spread to the east . Indeed, the
finding of a new genotype further indicates the endemic
nature of HCV in certain parts of Africa and again shows
that HCV infection may have evolved from a common
ancestor originating in this region of the world.
Geographic integration of HCV: The integration of
HCV is influenced by host population size and density,
the spatial distribution of the host, the frequency of
contact between individuals, and other epidemiological
factors. This is particularly evident in China and in
many countries in Southeast Asia, as well as in Western
Europe and Australia, possibly due to migration from
[45]
Africa and/or Asia . Endemic strains that are relatively
rare have circulated for a long time in particular regions.
Endemic strains of genotypes 1 and 2 are found mainly
in West Africa, strains of genotype 3 in southern Asia,
strains of genotype 4 in Central Africa and the Middle
East, strains of genotypes 5 and 7 in southern Africa,
and strains of genotype 6 in Southeast Asia. The global
emergence of HCV has been either intra-continental
or trans-continental (Figure 3). Nowadays, new strains
of HCV have been reported in different regions and
continents. They are due to surpass the commonly
known strains resident in these places, particularly
[52]
among high risk groups . This evolving process of
integration has played an important role in the spread
of HCV and thus there is a need for developing specific
strategies to combat the global spread of HCV infection.
Regional integration of HCV is seen in Africa and Asia.
The endemic subtypes of HCV genotypes 1, 2 and 4,
which are found mainly in geographically restricted areas
of West Africa and Sub-Saharan Africa, are nowadays
endemic in other parts of Africa. Egypt has the highest
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as Myanmar, Laos and Vietnam, while genotype 3
integrated in Thailand and Malaysia. In the island nations
of Singapore, Indonesia and the Philippines, genotype
1 was the most prevalent. Similar integration dynamics
have been observed in the Caribbean, India and the
[55]
Baltic region .
The transcontinental integration of HCV is clearly
mirrored between African and European countries,
particularly around the Mediterranean regions of north
African and southern European countries. The relatively
high rates of HCV genotype 4 in southern Europe could
be attributed to different factors: (1) the historic link
between regions in southern Italy and Spain on the one
hand and North Africa and the Middle East on the other
hand; (2) the employment of multiple-use needles and
glass syringes; and (3) the use of blood products that
have not been tested for HCV. HCV genotype 4 seems to
have recently spread from its endemic reservoir in Africa
to southern Europe by immigrants. The prevalence rates
of HCV type 4 have been rising in France, Italy, Greece
[56]
and Spain . In France, the prevalence of genotype 4
increased from 4% in 1990 to > 11% within one decade.
In Europe, most patients infected with HCV genotype 4
are intravenous drug users or patients co-infected with
[57]
HCV and HIV . Recently, genotype 4 was shown to
be the second most frequently detected genotype. One
study identified genotype 4 in 23% of a large cohort
of HIV-positive homosexual men from England, the
[58]
Netherlands, France, Germany and Australia .
Another example of trans-continental integration is
the existence of multiple types of “migrant clusters” of
people who moved from West Africa to other regions of
the world. These HCV types include the transfer of HCV2e and 2f to Indonesia, HCV-2i to Morocco, France,
Vietnam and Quebec, HCV-2j to Venezuela, HCV-2k to
Martinique and France, HCV-2m to Vietnam, HCV-2r to
Haiti and the Dominican Republic, and many unclassified
[59]
type 2 lineages to Suriname . The fact that genotype
2 is the most prevalent in West Africa, Europe, North
America and parts of South America could reflect
population dynamics resulting from the trans-Atlantic
slave trade in the past and/or immigration, as illustrated
by the identification of the new genotype 7 in Canada in
[40]
an immigrant from Central Africa . Figure 4 illustrates
the integration dynamics of HCV genotypes all over
the world. These trends clearly mirror the regional and
global integration of HCV. Such a profile of interaction is
associated with transmission and population dynamics
of HCV and thus may reflect differences in when HCV
infection occurred, which could influence the time of
the peak burden of complications of HCV infection, such
as cirrhosis and hepatocellular carcinoma. In view of
these trends, regional differences in the prevalence of
HCV genotypes and HCV epidemiology might have to
be taken into consideration by tailoring prevention and
treatment strategies to local needs.

influenced by population movements, demographic
factors, clinical practice and personal behaviors in
addition to the genetic entity of HCV. These global
integration vectors play an important role in the spread
of HCV worldwide. The outcomes of this integration
coincide with the epidemiological evidence associated
with immigration, trafficking and massive use of
iatrogenic procedures and IDU, which escalated as early
as the mid-twentieth century. The global prevalence of
HCV is determined more by these social, behavioral and
demographic factors than by genetic variation of the
virus.
In 2013, 231 million people (3.2% of the world’s
population) migrated to new host nations. Migrants
come mainly from developing countries in the south
and migrate to the developed nations in North America
and Western Europe. Migrants can be classified as
immigrants, migrants and seasonal workers, refugees,
[60]
asylum seekers, international students and others .
These newly emerged populations may suffer from
infectious diseases usually more exotic or more pre
valent in their own environment. These individuals come
from regions in which HCV is endemic and thus pose a
unique challenge to controlling the global prevalence of
[61]
viral hepatitis . A Canadian study from 2000 to 2007
compared immigrants with Canadian-born individuals
and demonstrated high rates of HCV infection among
immigrants. Compared to Canadian-born patients, immi
grant patients were more likely to be female, non-white,
[62]
older and to be infected with genotypes 4, 5 or 6 .
United States studies on refugee populations found that
the rates of HCV infection were up to 8% and only 1.8%
[63]
among nationals .
One study estimated that 50% of HCV infections
in the Netherlands are among immigrants, in whom
the prevalence (2%) was tenfold higher than in the
[61]
native population (0.2%) . Likewise, the prevalence
of chronic HCV in the United Kingdom among South
Asians, and especially among migrants from Pakistan,
may be as high as 2.7%, which is over fivefold higher
[64]
than in the general population (0.5%) . In Italy,
the prevalence of HCV among Sub-Saharan refugees
varied between 2.7% and 7.1%, while in Spain it was
12.5%, considerably higher than in the autochthonous
[65]
population . A recent study from Switzerland showed
that the molecular epidemiology of HCV infection in
low prevalence countries such as Switzerland is driven
mainly by migration rather than by the distribution of
[66]
virus genotypes in the native population .
The predominant HCV genotype in Middle Eastern
and African countries is genotype 4. It is noteworthy
that the prevalence of this genotype has been increasing
in southern Europe, with region-specific increases in
particular subtypes: 4a in Greece, 4d in Italy, 4c and
4d in Spain, and 4d in the Netherlands. The prevalence
of genotype 4 among high-risk individuals in France
increased from 15% of infections in 2003 to 22% in
2012. These changes in the trends of genotypes in
these countries corresponds well with the increasing

Factors associated with HCV integration: HCV
integration is a continuous dynamic phenomenon clearly
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Figure 4 The integration complexity of hepatitis C virus worldwide: Virus genotypes mirroring the integration are shown in different colors.
[64]

numbers of migrants from Africa . As the foreign-born
populations expand, the integration dynamics of HCV
[67]
will become globally imminent .
HCV transmission is closely associated with drug
trafficking routes worldwide and HCV positivity is found
among 15.6-98.7% of injection drug users. About 0.5%
of the world’s population injects drugs and of these
about 6.8% are infected with HCV. Drug injection is the
most common HCV transmission route and the main
risk factor for acute and chronic hepatitis C (33.3% and
[68]
83.7%, respectively) .
The largest populations of people who inject drugs
are found in China, Russia, the United States and Brazil,
followed by Mexico, Pakistan and Thailand. People
who inject drugs have a high seroprevalence of HCV
in almost all European countries. This pattern is seen
in Austria, Bulgaria, Cyprus, Greece and Romania and
the rates are even higher in Latvia, Portugal, Turkey
and Cyprus. The prevalence rate is < 30% only in the
Czech Republic, Hungary and Slovenia. It is noteworthy
that the rates of HCV seroprevalence have declined
[69]
in Germany, France, the United Kingdom and Italy .
In most developing countries, transmission via drug
injection is becoming more prevalent and replacing the
iatrogenic and habitual transmission methods that have
been reported for decades.
Intravenous drug use has become a predominant
factor in the integration and transmission dynamics of
HCV. This is clearly mirrored by the variations of the
genotypes among these at-risk populations. The most
commonly isolated genotypes worldwide from people
who inject drugs are genotypes 1a and 3a. HCV subtype
3a is endemic in Southeast Asia and is spreading among
intravenous drug users in the United States and Europe.
An increase in the prevalence of genotypes 1a and
3a has been observed in Germany, France, Italy and
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Portugal. Mixed infections have been identified in some
European countries: Italy (1b/3a), Germany (2a/3b) and
[70]
Sweden (1a/1b) . Eastern Europe (Russia and Estonia)
and Central Asia have the largest drug epidemics
globally, where the rapidly expanding HCV epidemic is
associated with the injection of heroin and new synthetic
[71]
or homemade drugs . The frequency of genotype 3a
is also rising in Eastern and Central European countries,
as reported in Romania, Bulgaria, Poland and Serbia and
Montenegro. It has been reported that people who use
drugs in England are more likely to have genotype 3a in
comparison to other risk groups, in whom genotype 1a
[71]
is the most prevalent . Thus, people who use drugs are
important contributors to the spread of infections to the
general population and drug trafficking is a key vector in
the integration and diversification of HCV. This factor is
boosted by other risk factors, such poverty, incarceration
and HIV co-infection.
Worldwide, HCV and HIV are among the leading
[71]
causes of death from infectious diseases . Rates of coinfection with HCV and HIV range from 1.2% to 98.5%
and co-infections are endemic, particularly in Asia and
[72]
Africa . In Europe and the United States, about onefourth of HIV-infected individuals are co-infected with
HCV. HCV infection outbreaks have been reported in
HIV-positive men who have sex with men in North
America, Europe and Asia. HCV co-infection reached up
to 26.9% among heterosexuals compared with the HCV
[1]
infection rate alone, which is reported to be 2.5% .
A cross-sectional study conducted between 2008 and
2010 in the Mazandaran province of Iran demonstrated
that 33.8% of HIV-positive patients were co-infected
with HCV and 25% were co-infected with both HBV
[72]
and HCV . The co-infection rates among intravenous
drug users ranged between 58.2% and 91.6% and
among commercial blood donors between 15.8% and
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71.6%. These rates are higher than among those who
become co-infected via sex (5.3%-20.0%). In Vietnam,
between 89.8% and 98.5% of HIV-positive intravenous
[73]
drug users are infected with HCV . In China, 62.4%
of HIV-infected individuals are seropositive for HCV.
The co-infection rate is much lower in India (8.3%) and
central, southeast and west African regions (4.9% to
[74]
8.5%) and much lower in North Africa (1.3%) .
Although HCV integration is clearly driven by mig
ration, drug trafficking and HIV infection, there are many
other additional factors: Health practices, hemodialysis,
poverty, imprisonment and HBV/tuberculosis co-infec
tions. A deeper understanding of HCV epidemiology
should take into consideration all these factors. In deve
loping countries, the routes of transmission of HCV
are also found within medical care, such as the use of
unsafe injections or improperly sterilized medical equip
ment, which are responsible for 40% of worldwide
HCV infections, as well as the use of blood and blood
[1]
products that have not been screened properly . The
prevalence of HCV infection in patients on maintenance
hemodialysis reached 63% in the Arabian Peninsula
(Kuwait, Saudi Arabia, Qatar and Yemen) and in China
it was 41%. Moreover, hemodialysis patients who had
blood transfusions were 5.65 times more likely to be
infected with HCV than their counterparts who had no
[1]
transfusions . HCV co-infection among HBV-infected
individuals ranged from 3% in Thailand to 22% in Japan,
[75]
23% in the United Kingdom and 30% in Spain . HBV/
HCV co-infection is more prevalent among the homeless,
sexual assault victims and victims of intimate partner
violence. Tuberculosis infection is also a major public
health issue associated with HCV; it is responsible for
more than a third of the opportunistic infections among
[75]
drug users who are co-infected with HCV and HIV .
HCV infection can be acquired during travel for
tourism or for medical treatment, particularly if the
distant area is to the Indian subcontinent or Africa.
Patients traveling abroad in general, and particularly if
they are planning to have hemodialysis abroad, should
be made aware of the risks and possibility of bringing
new HCV genotypes to their homeland. Homosexuality
is another prevailing factor for HCV transmission and
outbreaks have been increasingly reported among men
who have sex with men in Europe, Australia, Asia and
[76]
the United States . This is also emerging in developing
countries, such as in the Arabian Peninsula, where such
behavior is stigmatized. The spread of HCV may be
influenced by habitual and social vulnerabilities between
and within countries, urban and rural settings, and
according to the burden of risk groups and economic
status. This is clearly seen along the river Nile of Egypt
and in China and Southeast Asian islands. Economic
crises can influence HCV seroprevalence and the
distribution of circulating genotypes. This was shown by
outbreaks of HCV/HIV co-infections among intravenous
drug users in Athens and Bucharest between 2011 and
2013, as both Greece and Bucharest have the highest

WJV|www.wjgnet.com

unemployment rates among young people.

DISCUSSION
HCV is widely integrated, resulting in great heterogeneity
both in the prevalence of infection and in the distribution
of viral genotypes. This imposes a tremendous health
burden globally in terms of morbidity and mortality.
Hence, effective intervention requires a clear under
standing of the dynamics of viral epidemics. Despite all
scientific advances and the mounting knowledge of HCV,
[77]
it remains “a hidden pandemic” . HCV is considered
to be endemic in developing countries, which have
inadequate genotype data, and the largest populations
of HCV-infected individuals are in Asia (accounting for
3.6% of the global population), followed by Africa (3.2%
of the global population) and Latin America (1.4% of
[15]
the global population) . Most of these regions face
many structural, cultural, societal and political obstacles
in responding to this epidemic.
While preventive screening programs should be
mandatory, 99 countries do not perform routine screen
ing of blood donors for infectious agents that can be
transmitted by transfusion. In other countries, the
testing of blood donors for HIV, HBV and HCV is not
consistent and attention is given mostly to HIV. Even
where testing is done, there is preference for rapid
assays with poor quality control and the result is lack
of sensitivity. Testing based on nucleic acid is rare in
countries with low or middle income due to lack of
financial resources and skills. Even in Egypt, only 20%
of the blood supply is tested by nucleic acid methods.
Health authorities worldwide should give priority to
this issue because any efforts to prevent or limit HCV
transmission will not be effective unless the safety of
blood and blood products is guaranteed. Moreover, most
HCV infections are asymptomatic and in the absence
of comprehensive, coordinated surveillance systems,
the result is fragmented reporting and underestimation
[1]
of the disease burden . Improved surveillance is
important not only for gaining a better understanding of
the epidemiology of HCV but is also needed to identify
population groups that should be targeted in prevention,
testing and treatment programs.
Public healthcare systems, particularly in developing
countries, should simplify service delivery to HCVinfected patients and specifically track progress to
guarantee a high quality of services for both prevention
[78]
and treatment . People who inject drugs should have
priority because prevalence estimates of HCV among
this group is lacking in most countries. This is especially
the case in countries with low or middle income, where
[79]
data are scanty even for the general population .
Effective data collection and accurate reporting at the
national level is the key in any program targeting HCV
because it enables healthcare providers to implement
policies targeting the populations that require the
greatest attention.
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Social and educational programs have to be pro
moted, particularly in countries that still ignore and
stigmatize certain behaviors leading to HCV infection. All
groups prone to HCV and associated co-infections should
be included, whether they involve intravenous drug use,
heroin sniffing or sexual promiscuity. Disseminating
awareness of HCV infection in the general population
can be beneficial in two ways. First, people who become
aware exert pressure for provision of treatment. Second,
promoting appropriate behavior helps to limit the risk
of disease progression. Peer support has been pro
posed as one way to overcome these barriers. This is
usually accompanied by screening as recommended
by key United Nations agencies, such as the World
Health Organization, United Nations Office on Drugs
and Crime and Joint United Nations Program on HIV/
AIDS. The high rates of HIV/HCV/TB co-infection in
some settings indicate the need for another approach to
increase access to HCV care, namely, to move towards
an integrated policy resembling those used for HIV and
[1,79]
tuberculosis
.
A national action plan accompanied with national
guidelines for the treatment of HCV infection should be
advocated. Targeted populations should be provided
with equal access to medical care, reliable supplies of
medications and medical follow-up. Nowadays, it is
possible to treat almost every person with HCV regard
less of liver disease stage, viral genotype, past therapies
and comorbidities. However, this approach imposes
a heavy burden on the health system, particularly in
developing countries where it is most needed. Research
and operational projects supported by international
funds should be established particularly in low-income
[80]
countries .
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Abstract

Aroni Chatterjee, Agniswar Sarkar, Sabbir Ansari, Nilanjan
Chakraborty, ICMR Virus Unit, ID and BG Hospital Campus,
GB4, Kolkata 700010, West Bengal, India

Human immunodeficiency virus (HIV) infection among
men who have sex with men (MSM) has increased to
a drastic proportion throughout India in the last couple
of years due to a lack of productive identification and
management framework. In apprehension of social
disgrace these men attempt to live a normal hetero
conjugal life and, in the process, act as a bridge in
spreading the virus to their women partners. In this
case report we have highlighted two cases which clearly
distinguished the adequacy of HIV treatment among
MSM when they are diagnosed during early or late
phases of infection. An intensive and ample counseling
to comprehend the psychology and sexual behavior
of these men was found to be critically important in
both the cases. Our study, which is actually the first
of its kind, recorded and documented evidence of
HIV infected MSM from Eastern India and renders a
ray of hope among this marginally isolated group to
comprehend the challenges and health risks faced by
the MSM population. It also provides a format for the
medical practitioners here in managing and treating
related cases.
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these men is difficult and constraining. In the majority
of these people, same-sex behaviour does not block
having sex with women or taking part in conventional
marriages. Thus the expression “MSM” is not used to
depict someone’s sexual identity but to identify his
characteristic behavior.
An essential inconvenience in getting the related
MSM information is that homosexuality is concealed in
silence to a vast degree in India both on account of social
standards and on the grounds that it is unlawful. Homo
sexuality in India was formally classified by lawful code
Section 377 which, until recently, made sexual relations
between two men a criminal offence. Endeavours are
progressing to attempt legalization of homosexuality
in India; however these have not been successful
yet. In light of the fact that numerous MSM in India
don’t transparently share information on their sexual
behaviour, this has brought about meager information
about their sex conduct and its setting. Without this
clear knowledge, it is hard to arrange successful MSMrelated HIV counteractive action. With regards to this
disproportionally abnormal state of HIV risk, it is critical
to comprehend the socio-behavioural components that
may worsen sexual danger among this population. MSM
in India encounter different types of social and legal
discrimination. It is this pervasive narrow-mindedness
of society alongside the social pressure for men to take
part in heterosexual marital relations that have driven
numerous MSM to marry and have children. Numerous
MSM participate in unprotected anal and vaginal sex with
multiple male and female sexual partners. MSM in India
may play a “connecting” role in the spread of HIV among
the general population. Other studies have additionally
discussed that disgrace and stigma contribute to the
development of one’s negative self-images and low
self-regard, depression, expanded sexual risk behavior
and/or diminished utilization of HIV prevention services.
The silent riddle connected with institutional disgrace
and separation may generate ideal conditions for the
drastic acceleration of the AIDS epidemic. The social
stigma among these people may arise from healthcare
providers, employers and other administrative workers.
These difficulties create genuine obstacles against
successful HIV services procurement; segregation can
hinder access to HIV and sexual healthcare admini
strations and relative prevention programs. A compre
hensive understanding of the issues around disgrace and
discrimination would help MSM cross the obstructions
connected with disgrace concerning sexual risk,
disclosure issues and access to human health services.

Core tip: The role of men having sex with men
(MSMs) in the transmission and spread of the human
immunodeficiency virus infection among the general
population has been an active area of debate for
the last few years. This case report highlights the
grave weight of this issue from an Indian standpoint
and describes the health risks and related treatment
procedures concerning these men. Another major point
touched by this article concerns those MSMs who in fear
of social stigma and try to live a normal hetero conjugal
life and in the process act as a bridge in spreading the
virus to their women partners.
Chatterjee A, Sarkar A, Ansari S, Siddhanta S, Banerjee S, Sarkar
R, Chakraborty N. Spread of human immunodeficiency virus 1
among men who have sex with men is emerging as a genuine
social concern and affecting the general populace - case reports
from Eastern India. World J Virol 2016; 5(4): 183-188 Available
from: URL: http://www.wjgnet.com/2220-3249/full/v5/i4/183.
htm DOI: http://dx.doi.org/10.5501/wjv.v5.i4.183

INTRODUCTION
Human immunodeficiency virus (HIV) infection among
men who have sex with men (MSM) has been expand
ing drastically around the globe, especially in Asia.
This worldwide pattern is being found in India, with
the current evaluated HIV predominance among MSM
[1]
extending somewhere around 7% and 16.5% . This
is an major cause of concern in light of recent HIV
counteractive endeavours that have been drastically
extended across the country, bringing up second
thoughts about whether extra measures are required to
capture the spread of HIV in this populace. In Mumbai,
12% of MSM looking for deliberate testing and medical
advice were found to be HIV seropositive, while 18% of
the MSM screened in Andhra Pradesh were observed to
[2]
be infected . In another study, it was discovered that
[3]
close to 8% of the reported MSM’s were seropositive .
Despite the fact that discoveries from the Indepen
dent Impact Assessment Study demonstrate that the
National AIDS Control Program (NACP) has been con
sistently trying to end the HIV scourge in India over the
period 2007-2012, current intervention measures for
HIV transmission among MSM include single estimation
modalities and thus fail to resolve the delicate problems
associated with this socially marginalized group in
[4]
India . To deal with this issue, there is a requirement for
far-reaching, multi-layered approaches that effectively
counter the HIV aversion among these men. The idea
concerning the sexual character of MSM in India can
be fluctuating and fluid. Since people may change their
self-perception with time and behaviours might be
situational, crediting particular behaviours ascribed to
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CASE REPORT
Case 1

A 40-year-old man suffering from severe diarrhoea,
fever, drastic weight loss and nausea was admitted to
the Department of General Medicine, Calcutta Medical
College and Hospital, Eastern India. His HIV serostatus
was ascertained by an ELISA (HIV ELISA, Rapid test)
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and Western blot as recommended by the National
Aids Control Organization (NACO), Ministry of Health
and Family Welfare, Government of India. The fourth
generation HIV detection test performed with the
patient’s blood confirmed severe HIV infection. HIV
5
blood viral load was found to be > 1 × 10 copies/mL.
+
+
CD4 T-cell count was 32 and CD8 T cell count was 516
(Ratio-0.06). The man was confirmed with a diagnosis
of AIDS, the final stage of HIV infection. Upon rigorous
interrogation the man confirmed that he was primarily
diagnosed as HIV seropositive at another government
hospital “a few years back” (no documentation) but he
did not think of complying with the physician’s advice
or to follow up and lived a “normal” life. A thorough risk
review and rigorous counselling revealed that the patient
was homosexual and had sexual contacts (unprotected
anal intercourse) with multiple men (probably the cause
of HIV infection). But due to the fear of social stigma
he never revealed his sexual preference or HIV status
to anyone and continued to live a “straight” life with his
wife as a heterosexual man. His wife was also diagnosed
with HIV seropositivity.
Upon admission, the patient showed high fever
with a significant evening rise, severe headache, rapid
seizures, and drastic weight loss. The patient admitted
to suffering from nausea, difficulty breathing, seizures
and vomiting for quite a considerable time span. He also
had a dry cough with mild expectoration and mild chest
pain. The patient was mildly febrile with the presence of
mild pallor, slightly anaemic, and had low blood pressure
(106/58 mmHg) with a pulse rate of 110 beats/min.
Clinical examination revealed acute lymphadenopathy.
On detailed examination, the man was found to have
severe syphilis with chronic genital ulceration, acute
pulmonary tuberculosis and human cytomegalovirus
(HCMV) retinitis. HCMV IgM was detected in the patient’
s blood, followed by confirmation of HCMV DNA by PCR
detection. Real-time PCR estimated the viral load of
6
HCMV to be 5.9 × 10 DNA copies/mL of serum. Indirect
ophthalmoscopic examination revealed the presence of
retinal haemorrhage with a hardened peripheral lesion,
characteristic of HCMV retinitis. Cerebrospinal fluid
culture, Mantoux test and sputum culture confirmed
the presence of Mycobacterium tuberculosis. Test for
cryptococcal capsular antigen turned out to be negative.
Head CT scan of the patient revealed abnormal enhance
ment of the basal cisternae. Chest X-ray and bronchos
copy showed bilateral lung infiltration with non-specific
diffused interstitial pneumonitis.
No clear evidence of cerebral palsy was observed
at neurological presentation but slight neck rigidity
was ascertained. A complete blood profile analysis of
the patient was recorded and is provided in Table 1.
The patient showed severe cachexia and very poor
nutritional index with a BMI of only 15.8.
After confirmation, the patient was immediately
put under highly active anti retroviral therapy (HAART)
therapy (zidovudine, lamivudine and nevirapine) for 2
+
mo. After 4 wk of treatment and a limited CD4 count
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Table 1 A detailed clinical blood profile analysis of the two
patients before start of treatment
Factors
CD4 count
CD4:CD8 ratio
HIV viral load
Haemoglobin
TC
Neutrophils
Lymphocyte
Eosinophil
Monocyte
Basophil
Platelets
Blood sugar (fasting)
Urea
Creatinine
Bilirubin
SGOT
SGPT
Alkaline phosphatase
Albumin
Globulin

Patient 1

Patient 2

32
0.06
> 1 × 105 copies/mL
9.1 g%
7100 cells/mm3
48%
34%
12%
12%
2%
270000/mL
117 mg/dL
48 mg/dL
1.1 mg/dL
0.6 mg/dL
129 IU/L
54 IU/L
225 IU/L
3.9 g/dL
3.7 g/dL

232
0.25
50000 copies/mL
9.5 g%
7000 cells/mm3
52%
24%
2%
2%
1%
200000/mL
109 mg/dL
38 mg/dL
2.1 mg/dL
1.2 mg/dL
119 IU/L
47 IU/L
185 IU/L
2.9 g/dL
3.5 g/dL

SGOT: Serum glutamic-oxaloacetic transaminase; SGPT: Serum glutamicpyruvate transaminase.

increase (CD4-54), the patient was immediately started
on a combination based antitubercular drug (ATD)
therapy as Directly Observed Therapy Short-course
(DOTS - Cat 1 regimen) along with dexamethasone
as corticosteroid therapy (0.4 mg/kg per day) and
pyridoxine 40 mg/d on a planned 4 wk regime. Along
with the ATD, the patient was also administered valgan
ciclovir tablet 450 mg once daily as maintenance therapy
against HCMV infection. For treating genital syphilis
the patient was given an intramuscular injection of
benzathine penicillin G (2.4 million units) once daily for 2
wk. But even after another 2 wk treatment, the patient
failed to show any significant improvements with regard
to his health conditions. He suddenly developed severe
respiratory distress, spasms and his fever relapsed.
He also complained of a gradual dimness of vision
and total visual blurring. He was put under ventilation
and immediate respiratory support. After few days he
succumbed to the veracity of the infections and died
due to multi-organ failure.

Case 2

A 21-year-old man suffering from fever and flu-like
symptoms along with severe diarrhoea and abdominal
cramping was admitted to the Department of General
Medicine, Calcutta Medical College and Hospital,
Eastern India. His HIV serostatus was found to be
positive by performing HIV ELISA, Rapid test and
Western Blot as recommended by the NACO, Ministry
of Health and Family Welfare, Government of India.
The fourth generation HIV detection test performed
with the patient’s blood confirmed HIV seropositivity.
HIV blood viral load was found to be 50000 copies/mL.
+
+
CD4 T-cell count was 232 and CD8 T cell count was
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920 (ratio-0.25). The man was diagnosed with acute
or latent HIV infection. Upon rigorous counselling the
patient admitted to being a homosexual and involved
in unprotected anal sex with multiple male partners for
quite a few years. He had never been sexually involved
with any women. Due to the fear of social isolation, he
never revealed his sexual preference to anyone. On
detailed examination, he was found to be infected with
genital syphilis and oral ulceration. Upon admission, the
patient showed high fever, severe headache, seizures,
vomiting and severe diarrhoea. He also had a dry cough
with no expectoration at all but complained of a mild
pain on the right side of the chest. The patient was
slightly anaemic, and had low blood pressure (115/68
mmHg) with a pulse rate of 92 beats/min.
No evidence of cerebral palsy or any other neurolo
gical involvement was ascertained. There was no sign
of lymphadenopathy. A complete blood profile analysis
of the patient was recorded and provided in Table
1. The patient showed poor nutritional index. Liver
function was found to be highly deranged with elevated
levels of both SGOT and SGPT. Hepatic cholestasis was
adequately observed by USG of the abdomen.
After confirmed HIV diagnosis the patient was
started on HAART (zidovudine, lamivudine and nevira
pine). Nevivir (200 mg) and lamistar were administered
daily for 8 wk. Septran DS and feronia were given orally
daily for 2 wk. After 2 mo the patient showed significant
signs of improvement with much-relaxed breathing
and no abdominal cramping. Cholestasis was found
+
to be resolving gradually. CD4 cell count increased to
almost double (CD 4-454) and HIV load in the patient’s
blood decreased uniformly (< 10000 copies/mL). As he
responded actively without any genotoxic side effects
towards the treatment, the anti-retroviral therapy was
carried on and he was kept under observation. The
doctors clearly made him understand the implications of
latent HIV infection and transmission and also discussed
the importance of regular medication to keep the
disease under control.

problems of this socially marginalized group as well as
[7]
the dereliction in garnering their trust . HIV infection
among MSM has been increasing in an exponential
manner throughout India in the last few years due to
the absence of efficient identification and productive
[8]
management systems . Because of the United Nations
sustainable developmental goals (Goal 3), a much
higher percentage of HIV-infected people are receiving
antiretroviral therapy now.
In trepidation of social stigma, these MSMs attempt
to render a normal hetero marital life and in the process
act as a bridge in spreading the virus to their women
partners. In this case report, we have highlighted two
cases which obviously distinguishes the adequacy of
HIV treatment among MSM when they are diagnosed
during early or late phases of infection. A thorough
and ample counseling to understand the psychology
and sexual behaviour of these men were found to be
vital in both cases. With the advent of highly active
antiretroviral therapy (HAART), which is a customized
combination of different classes of retroviral medications
that a physician prescribes based on patient’s viral load,
+
the particular strain of the virus, the CD4 cell count,
and disease symptoms etc treating HIV has become
much easier. There is a partial recuperation of the host
immune framework portrayed by a significant rise in
+
the number of CD4 T lymphocytes and this leads to a
decrease in AIDS-related mortality.
Early identification and appropriate treatment are
of most extreme significance to battle HIV infection.
Be that as it may, in a developing nation like India,
subjects having a place with a lower financial strata with
no or poor educational foundation and no knowledge
of HIV/AIDS, are mostly diagnosed late over the span
of the disease, just like the instance of the first patient
whose HIV status was recognized surprisingly when
+
his CD4 T-cell count had gone down too low. The vast
majority of the patients (like in our case) intentionally
ignore the doctor’s advice and do not follow up routinely.
Thus due to the absence of updated information,
awareness and the fear of transcendent social disgrace,
a large fraction of subjects are diagnosed very late.
Many of them remain reluctant to approach a doctor
about their condition and look for medical guidance
[9]
and consideration . The most imperative reason for
+
mortality in the case of patients who have low CD4 T-cell
number (or have developed AIDS) is the advancement
of a few end organ diseases (EODs). These EODs are
caused by different opportunist infections (OIs) which
have been left untreated as an after effect of late HIV
diagnosis inciting a progressive failure of the immune
[10]
framework .
This case report ideally documents the medical
conditions and disease transmission history of two HIV-1
infected homosexual men from Eastern India. The first
patient was diagnosed very late with his CD4 T cell count
plunging to as low as 32. Due to his own negligence and
in fear of social stigma he never disclosed his sexual
preference or HIV status with anyone. Despite having

DISCUSSION
In the latest United Nations General Millennium deve
lopment agenda on HIV/AIDS-Goal 6, it has been
reported that the percentage of individuals living with
HIV/AIDS globally has diminished by 40% up till the
end of 2013. However, in a study corresponding to
the MSM population in India who had undergone HIV
testing in the past 12 mo at different survey locations
across the nation, variable results ranging from
[5]
3%-67% were observed . In 2009, 46.3% of MSM in
Tamil Nadu had tested positive for HIV while the HIV
pervasiveness in a study from Mumbai was 12.5% with
[6]
14% of these men reporting STD side effects . Only
68% of the positively tested MSM returned to gather
their test reports. The above information demonstrates
the inability and failure of the health councils of India
to legitimately comprehend the requirements and
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by PCR, ELISA, 4 TH generation test suggested by National Aids Control
Organization. HCMV and M. tuberculosis were identified by ELISA, culture and
PCR.

multiple male sexual partners he continued to live with
his wife and had sexual relations with her. As a matter of
fact, he transmitted the virus to his wife. When he was
admitted to the hospital he was suffering from multiple
infections (both bacterial and viral), lying almost at the
verge of death. HAART would have helped him if he had
sought restorative medical help earlier.
Whether the cause be the narrow mindset of society
with respect to homosexuals, misconstruing the grave
ness of the issue by the patient or insufficient knowledge
among the people about HIV, ultimately the truth is that
the clinical improvement of the subject could have been
accomplished only if he had been treated earlier. The
second patient, a young homosexual man, somehow
comprehended the gravity of the circumstances and got
himself diagnosed in a timely manner with complete
support from his family. He was lucky enough that the
HAART responded actively for him. He survived and
hopefully will be cautious enough not to transmit the
virus to anyone else. To address this serious issue the
government should immediately develop a nationwide
programme to screen all MSM for HIV and enroll the
positive HIV cases for intense treatment.
Our study, which is actually a documented evidence
of HIV-infected MSM from Eastern India, provides a ray
of hope among this marginally isolated group in India
to understand the difficulties and health risks faced by
the MSM population and provides a format for medical
practitioners in dealing with and treating related cases.

Treatment

Highly active anti retroviral therapy was given to both the patients. Valganciclovir
was given to treat HCMV infection. DOTS was administered to treat tuberculosis.

Related reports

The role of men having sex with men (MSMs) in the transmission and spread
of the HIV infection among the general population has been an active area of
debate for the last few years. The main aim of this study is to share the actual
scenario in an economically poor resource setting concerning homosexual men
who, in fear of social stigma, try to live a normal hetero conjugal life and in the
process act as a bridge in spreading the virus to their women partners.

Term explanation

MSM are highly prone to develop HIV infection due to unprotected sex, but in
fear of social boycott suppress their identity thereby act as vectors to spread the
disease among other individuals.

Experiences and lessons

In this article, authors have discussed two cases which clearly distinguished the
adequacy of HIV treatment among MSM when they are diagnosed during early
or late phases of infection. Thorough counseling to understand the psychology
and sexual behavior of these men was found to be very important in both the
cases. In fear of social stigma these men try to render a normal hetero conjugal
life and in the process act as a bridge in spreading the virus to their women
partners.

Peer-review

The manuscript is well written and well presented. In this article the authors
presented 2 cases, one MSM who did not take HIV infection seriously and died.
The second case was a young MSM, starting treatment led to an improvement in
the patient’s condition. The paper is suited well for publication in the journal.
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