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Abstract

Chlamydophila pneumoniae (C. pneumoniae) is an ob-
ligate, intracellular bacterium associated with a wide
variety of acute and chronic diseases. C. pneumoniae
infection is characterized by persistence and immuno-
pathological damage to host target tissues, including the
lung. Over the past 20 years, a variety of studies have in-
vestigated a possible link between C. pneumoniae infec-
tion and atherosclerosis, because of its role in all stages
of atherosclerosis, from initial inflammatory lesions to
plaque rupture. In the current highly active antiretrovi-
ral therapy (HAART) era, many human immunodeficien-
cy virus (HIV)-infected patients are experiencing health
problems that accompany the aging process, mainly the
risk of cardiovascular disease (CVD). There is renewed
interest in a link between atherosclerotic CVD and as
yet poorly defined environmental exposures, including
infectious agents. On the one hand, the patient with
HIV and lipodystrophy caused by HAART and exacer-
bated by C. pneumoniae infection could be a factor of
risk for atherosclerosis. An assessment of the therapy

(4 9

;guamﬁ.,g@ WJCID | www.wjgnet.com

54

against C. pneumoniae and HAART should always be
conducted. It is advisable that HIV-acquired immune
deficiency syndrome patients undergo a serological test
to determine exposure to C. pneumoniae and to assess
treatment options. On the other hand, in patients with
a positive serology to C. pneumoniae, an increment of
the body mass index has been found; therefore, it is
probable that the recurrent infection may play an im-
portant role in creating adverse endothelial conditions
allowing the infection by C. pneumoniae in its chronic
form, to damage the endothelial surface. Vascular stud-
ies would be necessary for corroboration.

© 2012 Baishideng. All rights reserved.

Key words: Acquired immune deficiency syndrome;
Atheroma; Chlamydophila pneumoniae; Immunobiology
of infection; Obesity; Inflammation
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INTRODUCTION

According to World Health Organization estimates, 16.7
million people around the globe die of cardiovascular dis-
ease (CVD) each year'. Of the total annual CVD deaths,
about 8.6 million occur in women. Heart attack and
stroke deaths are responsible for twice as many deaths
in women as all cancers combined”. In 2001, CVD con-
tributed to nearly one-third of global deaths. Low and
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middle income countries contributed to 85 percent of
CVD deaths".

On the other hand, antiretroviral therapy has dramati-
cally improved the life expectancy of patients with human
immunodeficiency virus (HIV)™. In the present highly ac-
tive antiretroviral therapy (HAART) era, many HIV-infect-
ed patients are experiencing health problems that accom-
pany the aging process, mainly the risk of CVD. There is
renewed interest in a link between atherosclerotic CVD
and as yet pootly defined environmental exposures, in-
cluding infectious agents. If epidemiologic and laboratory
evidence eventually supports this association, atheroscle-
rosis could emerge as another non-communicable chronic
condition related to infection. Chlamydophila pneumoniae
(C. pneumoniae) has been one of the most important agents
associated with atherosclerosis. Two types of observa-
tional studies are used to study an association between C.
preumoniae and atherosclerosis: seroepidemiology and the
demonstration of the organism in atherosclerotic tissue.
The first suggestion that C. prenmoniae might be associ-
ated with atherosclerosis was in 1988 when Saikku e# a/”
showed that persons with coronary artery disease (CAD)
more frequently had C. prenmoniae antibody than popu-
lation controls. These seroepidemiologic findings have
now been confirmed by many investigators around the
wortld, and several studies with similar findings have been
reported. Mainly, there are three types of studies on the
etiologic role for C. pneumoniae in atherosclerosis: animal
models, possible mechanisms and clinical treatment tri-
als. The animal model studies focus on determining if
C. pneumoniae can initiate or accelerate the atherosclerotic
process. Clinical trials will provide evidence for the role of
C. pnenmoniae in complications of atherosclerosis, usually
myocatdial infarction (MI) and related syndromes.

C. PNEUMONIAE AND ATHEROSCLEROSIS

C. pnenmoniae is an important cause of pneumonia. Its
prevalence was determined in community-acquired pneu-
monia during a period of 7 years in Italy. Serum samples
from patients with pneumonia were evaluated using micro-
immunofluorescence (MIF) assays to detect C. prennoniae-
specific IgG and IgM antibodies. 12.5% patients complied
with the diagnostic critetia of acute C. pnenmoniae infec-
tion",

Implicating C. pnenmoniae in the etiology of athero-
sclerosis is quite a complicated process because the Koch
postulates should be fulfilled before concluding that this
pathogen is causally involved in human atherosclerosis.

Lines of evidence associating C. pneumoniae with ath-
erosclerosis include seroepidemiologic studies, direct de-
tection of bacterial components in atherosclerotic lesions,
occasional isolation of viable organisms from coronary
and carotid atheromatous tissue, and 7z vifro and animal
experiments (previewed in" ). Most cross-sectional and
prospective studies have correlated seroprevalence with
MI, chronic coronary heart disease (CHD), or stroke!”.
My colleagues and I evaluated the association between
CVD and antibodies against Chlamydophila in a Mexican
population. Study subjects included 70 CVD hospitalized
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patients. Serum IgG and IgM antibodies against C. pnen-
moniae were determined by MIF and compared with those
from 140 healthy individuals, matched by age and sex.
IeG antibodies against C. pnenmoniae were found in 94.3%
patients, as compared to only 37% of healthy individu-
als (P < 0.001); therefore, an association between IgG
antibodies against C. pmeumoniae and CVD was found"".
Likewise, we determined antibodies against C. preumoniae
in patients with acute MI and coronary risk factors. We
studied 100 patients hospitalized in the Coronary Unit
of La Raza Medical Center, Mexico. The patients had
increased seropositivity for C. pnenmoniae since 70% pre-
sented antibodies'"".

The strongest evidence associating C. pnenmoniae with
atherosclerotic CVD has been detection of bacterial
components in atherosclerotic lesions. C. pnenmoniae ap-
pears to display tropism for atheromas'”,

Detection of C. pneumoniae antigens or DNA in inti-
mal thickened tissue and fatty streaks of young adults and
Alaskan Natives (the latter group at low risk for coronary
atherosclerosis) supports an early microbial role in its
pathogenesis[lzl. Postmortem, the Alaskan retrospec-
tive study also positively correlated with prior systemic
infection due to the presence of C. pnenmoniae in athero-
sclerotic lesions. Studies from Seattle reported a slightly
higher detection rate in late stage lesions'”.

Detection of C. pnenmoniae in plaques has not cot-
related well with serologyr”l”, so investigators have at-
tempted to predict endovascular infection through poly-
merase chain reaction (PCR) recognition of microbial
DNA in peripheral blood monocytes. The prevalence of
C. pnenmoniae DNA in these mononuclear cells has varied
between studies (perhaps due to differences in both as-
say sensitivity and extraction procedures), but was 59%
in coronary angiography patients compared with 44% in
blood donors in one series; the rate appears to increase
with age!™'", However, some authors have not detected
circulating C. pnenmoniae in CAD™!,

In vitro studies support hypothesis that C. preunmoniae
might directly promote atherosclerosis. Infection of hu-
man endothelial cells augments the production of inflam-
matory cytokines and modulates expression of adhesion
molecules, enhancing recruitment of inflammatory leu-
kocytes to the vessel wall”. Animal experiments have also
explored the link between C. pnenmoniae and atherosclero-
sis. Intranasal or intratracheal C. presmoniae inoculation of
New Zealand white rabbits fed a normal diet produced
inflammatory changes of the aorta!"”

Inflammatory changes without foam cells and typi-
cal atheromas have also been observed in C. prenmoniae
infected mice fed a normal chow diet™”. However,
inoculation of C. pnenmoniae in mouse models led to ag-
gravation of experimental atherosclerosis induced by a

cholesterol-enriched diet!".

C. PNEUMONIAE ANTIBODIES, ELEVATED
BODY MASS INDEX AND CVD

The relationship between seropositivity for IgG antibod-
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ies of C. puenmoniae and lipid levels has been studied"”.
The presence of IgG antibodies to C. pnenmoniae is evi-
dence of exposure to the organism but a single measure-
ment will not distinguish between a primary infection, a
repeat infection or a chronic infection. Previous studies
showing an association between C. pnenmoniae infection
and lipid levels™*" largely ignored the role that con-
founding factors may have played in their findings. Sev-
eral factors may confound this association: for example,
low socioeconomic status, has been related to both el-
evated total cholesterol™ and C. pueumoniae infection™,
although these are not consistent findings”**!. The date
at which blood was collected may also have confounded
the association. Seasonal variation in total cholesterol and
high-density lipoprotein (HDL) cholesterol is a recog-
nized phenomenon, with a total cholesterol peak”" and
HDL cholesterol trough® usually occurring during the
winter months. The findings of the study"” are consistent
with the observation by Laurila ez 2/””, in a cross sectional
study of male reindeer herders in Northern Finland, of
decreased HDL, and HDL/total cholesterol ratio in sub-
jects with serological evidence of C. preunmoniae infection.
However, as in other studies of C. pnenmoniae infection in
which total cholesterol was measured” "™ Laurila ef at™"
did not observe an association between seropositivity
and cholesterol levels, though in a follow up study, total
cholesterol was increased in subjects with evidence of
chronic infection.

The most commonly reported infection-induced lipid
abnormalities in man and experimental animals have
been decreased HDL, cholesterol and elevated triglycer-
ides and very low density lipoprotein®", These effects
are part of the acute phase response, appear to be medi-
ated by cytokines such as tumor necrosis factor (TNF),
intetleukin (IL)-1, and IL-6P" and have been obsetved in
persons with serological evidence of C. puenmoniae infec-
tion™. The acute phase response to infection may there-
fore explain the association observed in the study"”, with
C. pneumoniae seropositivity and lowered HDL cholesterol
but does not convincingly explain the elevated total cho-
lesterol. The lipid response to chronic infection may be
different from that which occurs in acute infection.

This was the first study"” to examine the relation be-
tween infection with C. puenmoniae and lipid levels in both
men and women. In both sexes, an effect on total choles-
terol in the same direction was documented, but infected
men had lower HDL cholesterol concentrations while
infected women had higher concentrations. An epidemio-
logical robust association” was demonstrated between
an atherogenic lipid profile and evidence of infection
with C. pneumoniae and although the possible mecha-
nism of action may not be cleat, this finding may have
substantial public health implications. If treatment of
C. pneumoniae infection resulted in a sustained reduction
in total cholesterol similar in magnitude to the increase
seen in infected subjects in this study, data from meta-
analyses of cholesterol lowering trials™” would suggest an
expected decrease in the risk of ischemic heart disease in
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treated individuals (potentially 70% of the population) of
at least 20%.

Manifestations of CVD have been also associated
with chronic infection by Helicobacter pylori (H. pylori). This
was investigated in subjects classified according to serol-
ogy titers due to infection with C. preumoniae and H. pylori,
association between seropositivity and the degree of
obesity and fasting insulin levels, as well as social factors.
Frozen samples from serum of 310 middle-aged treated
hypertensive and 288 age-matched and gender-matched
normotensive controls from a defined population were
analyzed. The body mass index (BMI) was calculated as
kg/m”. Fasting blood samples were drawn for measure-
ment of serum lipid levels, blood glucose, plasma insulin
and serum lipids, including total cholesterol and triglycer-
ides. The titers for C. pnenmoniae were determined by MIE
Subjects with combined positive serology for H. pylori and
C. pnenmoniae are characterized by greater age, lower socio-
economic class and higher BMI, as well as higher fasting
levels of insulin compared to seronegative subjects. Obe-
sity might be a marker not only for lower socioeconomic
class but also for a greater than normal susceptibility to
such infections™.

C. pnenmoniae infection has been linked to the de-
velopment of CHD, but its relationship to CHD risk
factors is less clear. The relation between past infection
with C. pneumoniae and tisk factors for CHD, including
body weight amongst subjects with and without CHD
was determined. Antibodies to C. pueumoniae and a range
of CHD risk factors were measured in 170 subjects, of
whom 43 had recent onset angina. The prevalence of
seropositivity was similar for subjects with and with-
out CHD and for those with or without hypertension.
However on multivariate analysis, only BMI remained
significant (P < 0.05). Although the study failed to find a
greater prevalence of antibodies to C. pneumoniae amongst
subjects with recent onset angina, there were associations
with a number of cardiovascular tisk factors. An increase
in body weight appears to underscore these relation-
ships[34’35].

Whether serum chlamydial lipopolysaccharide (cLPS),
C. pnenmoniae antibodies and high-sensitivity C-reactive
protein (hsCRP) levels are associated with BMI was ex-
plored. The study population consisted of 174 patients
with symptomatic carotid stenosis, abdominal aortic
aneurysm or occlusive aortic disease. Information on
BMLI, diabetes, smoking, hypercholesterolemia, and statin
therapy was available. Serum C. prenmoniae 1gG and IgA
antibodies, cLPS, hsCRP and total endotoxin acitivity
(totLPS) were measured. BMI correlated with cLPS (» =
0.197, P < 0.01) and with hsCRP (tho = 0.195, P < 0.01);
in addition, there was a positive correlation between
cLPS and hsCRP (tho = 0.499, P < 0.01). A trend of an
increasing proportion of C. pnenmoniae 1gG positivity (titer
= 64, P = 0.018) and higher serum cLPS (P = 0.01) con-
centrations was observed across the BMI range. Elevated
serum cL.PS levels were associated with an elevated BMI.
This is a novel finding and it strengthens the link between
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chlamydial infection and obesity. A lack of association
between totLPS and BMI suggests that the association
between infection and an elevated BMI may be specific
to certain pathogensm.

C. PNEUMONIAE INFECTION AND HIV

In 1991, the case of an HIV infected adult with C. pren-
moniae was reported. The patient presented with a clinical
picture suggestive of Prueumocystis carinii pneumonia (PCP)
but did not respond to standard anti-PCP therapy. The
diagnosis was eventually confirmed by bronchoscopy and

serology. C. pnenmoniae pneumonia should be considered
in the differential of pathogens that cause interstitial in-
filtrates in HIV infected individuals®".

Seven hundred and sixty-four healthy subjects, 96
HIV infected and 50 children with vertically transmitted
HIV infection were studied. In the HIV infected popula-
tion, C. pnenmoniae seroprevalence was higher than in im-
munocompetent controls (children, 26% »s 11%; adults,
60% s 40%). HIV infected subjects seem to be at higher
risk of developing C. preumoniae infections. Further stud-
ies are needed to elucidate fully the pathogenic role of
C. pnenmoniae in HIV infected subjects, because this high
antibody prevalence could be the result of cither a greater
rate of infection in immunocompromised subjects or a
polyclonal immunoglobulin activation commonly found
in HIV patientsBS].

The significance of chlamydia serum IgG and IgA
antibodies was studied by immunoperoxidase assay in
210 homosexual men at various stages of HIV infection.
Cross-sectional analysis of chlamydia IgG antibodies
indicated a significantly higher prevalence rate among
acquired immune deficiency syndrome (AIDS) patients
(27%) as compared to asymptomatic HIV seronegative
subjects (6.0%) (P = 0.022). The geometric mean titer
of IgG antibodies to chlamydia was also significantly
higher in AIDS patients (106.4) as compared to HIV se-
ronegative subjects (58.2) (P = 0.022)", The prevalence
of C. pnenmoniae antibodies was evaluated in an Italian
population of HIV infected and uninfected individuals
in relation to the presence of HIV risk factors. A statisti-
cally significant higher C. punenmoniae seroprevalence was
found to be related, by multivariate analysis, to sex, age,
and presence of HIV risk factors but not to the presence
of HIV infection itself. Likewise, HIV infected subjects
seem to have progressively lost their C. pnenmoniae 1gG
antibodies in mid and advanced stages of HIV infection.
High C. pnenmoniae 1gG titers are rarely found in advanced
stage HIV infected patientsw. Later, the same authors
described C. pnenmoniae infection in patients seropositive
for the HIV. They concluded that C. preumoniae is a pos-
sible cause of severe respiratory infection in Italian HIV
infected immunocompromised patients, and its presence
must be suspected when patients do not respond to ther-
apy with beta lactam agents or to anti-Preumocystis carinii
treatment'*",

The incidence of C. pneunmoniae tespiratory tract infec-
tion was determined in HIV positive or AIDS patients.

(49
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Twenty of 82 patients were found to have IgG antibodies
to C. pnenmoniae at titers ranging between 1:16 and 1:1024.
Seven of the patients had evidence of acute C. puenmoniae
infection. Results of this study indicate that C. prenmoniae
may play a role in the etiology of respiratory tract infec-
tions in HIV positive patients; this fact should affect em-
pirical antibiotic therapym].

On the other hand, C. pneumoniae DNA was investigat-
ed by PCR, in cerebrospinal fluid (CSF) specimens from
patients suffering from HIV-associated dementia complex
(HADC). Four (17.3%) cases of C. pnenmoniae infection
were identified among 23 HADC individuals with DNA
amplification of the major outer membrane protein gene
and 16S tRINA gene sequences. Sequence analysis revealed
significant homologies with C. pneumoniae compared to
Chlamydia trachomatis (C. trachomatis) and Chlamydophila
psittaci (C. psittaci). High mean levels of CSF specific anti-
C. pnenmoniae antibodies and C. pneumoniae antibody spe-
cific index values were significantly elevated by enzyme-
linked immunosorbent assay in these patients. The results
suggest a hypothetical role for C. puenmoniae in the patho-
genesis or progression of HADC™!,

C. pnenmoniae seropositivity is associated with CVD
and HIV infection. Cell-mediated immune responses are
important in the control of Chlamydia pnenmoniae, and
such responses may be impaired in HIV infected patients.
An assay for detection of interferon (IFN)-y in whole
blood stimulated with Chlamydia pnenmoniae antigen was
developed and studied in HIV infected patients and un-
infected controls. Among 34 HIV infected patients, none
had an IFN-y response to C. pneumoniae antigen, com-
pared with five of 32 healthy controls (P < 0.001). Fewer
HIV infected individuals elicited a serum IgG response
when tested with a commercial enzyme immunoassay (P
= 0.009), but this was not so for serum IgA (P = 0.12).
Additionally, the IFN-y and antibody assays showed a
trend towards a bivariate response in normal controls.
This indicates that cellular and antibody responses against
C. pnenmoniae may be mutually exclusive, with potential
implications for the role of this organism in the genesis
of CVD in both immunocompetent and HIV infected
populations™,

To better understand the possible role of C. prenmoniae
infection in the pathogenesis of epi-aortic lesions in
HIV positive patients, the presence of anti-C. preumoniae
antibodies was evaluated in a group of individuals sub-
jected to ultrasonography of the epi-aortic vessels. The
presence of specific antibodies in 129 subjects was de-
termined; 59 patients were HIV positive, 30 had carotid
plaques and 29 had no lesions. The control group was
composed of 70 subjects. All were subjected to ultraso-
nography of the epi-aortic vessels. IgG, IgM and IgA anti-
C. pnenmoniae antibodies were measured with MIF and
positive sera were tested for C. trachomatis and C. psittaci.
No subjects were positive for IgM. Neither IgA nor IgG
levels differed significantly in the three groups. The only
highly significant variable was the use of protease inhibi-
tors. Results suggest that the damage to the carotid wall in
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HIV patients was not due to C. pﬂeumaﬂz'ae[45]. In contrast,
our team determined whether the infection by C. prenmoniae
is a risk factor for atherosclerosis in patients with AIDS.
A case-control study of 43 patients with AIDS under
HAART (16 cases and 27 controls) was conducted. To doc-
ument atherosclerosis, a carotid and transcranial Doppler
ultrasound was performed. Anti-C. preumoniae antibodies
were determined using a MIF test for IgM and IgG levels.
To study the atherosclerosis risk factors, odds ratios wete
calculated for each IgG anti-C. pnenmoniae antibody titer. A
titer of 1:64 significantly increased the risk of atheroscle-
rosis. These results suggest that hypertriglyceridemia and
C. pnenmoniae infection coexistence significantly increases
the risk of atherosclerosis. The inverse geometric average
of the antibody titers against C. puenmoniae in individuals
with atheromatous plaque fell to 64, (two titers above
controls). This difference turned out to be statistically sig-
nificant. Exposure to C. preumoniae with positive antibody
(IgG) titers should be considered in any HIV diagnosed
patient as a risk factor for atherosclerosis, having found
that the inverse geometric averages of antibody titers are
significantly different when comparing cases and con-
trols, especially in patients with dyslipidemia, hypertrig-
lyceridemia or in patients whose treatments could cause
these conditions. An assessment of the therapy against
C. pnenmoniae and HAART should always be conducted.
When we studied patients with concomitant hypertrig-
lyceridemia, we found that the association increased
three-fold. It is advisable to serologically test HIV-AIDS
patients to determine exposure to C. Preumoniae and to

assess treatment OptiOﬂS[%] .

ATHEROMAS IN HIV AND C. PNEUMONIA
INFECTED INDIVIDUALS

The development of anti-HIV antiretroviral therapies has
significantly prolonged the life span of infected individu-

als, leading to the need to further understand the virus’
impact on chronic disease processes such as atherosclero-
sis'*".

HIV infection is associated to accelerated atheroscle-
rosis and vasculopathy, and although the involved mecha-
nisms have yet to be elucidated, there are observations
substantiating it: (1) An increase in the prevalence of
cardiac risk factors in HIV-infected individuals; (2) The
dyslipidemia reported after therapy with certain anti-HIV
antiretrovirals; and (3) The pro-inflammatory effects due
to monocyte/macrophage infiltration in HIV-infected
individuals'",

It has not been determined whether HIV per se can
infect smooth muscle cells (SMCs) and hence hastens the
development of vascular disease!"”

Atherosclerotic lesions are characterized by thicken-
ing of the intima and plaque formation, consisting of fi-
brous tissue encapsulating a lipid core. These lesions have
SMCs some of which contain phagocytosed lipids. The
presence of abundant macrophages is also recognized,
particularly surrounding the lipid core: this is known as
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an atheroma. Macrophages play a crucial role in lipid
phagocytosis and their function is referred to as “scav-
enging” since they attempt to remove the fat particles
infiltrating the intima. These macrophages may “super-
phagocytose” and lead to cell death and subsequent “fat
spillover” thus leading to atheroma formation. In terms
of pathogenesis, atherosclerosis has been mainly con-
sidered a lipid disorder whereby an excessive lipid influx
within the arterial wall and macrophage activity eventually
foment lesion development in an attempt to eliminate lip-
ids. It is currently known that macrophages do not only
act as scavenger cells but rather as veritable immunocom-
petent cells that interact with other inflammatory cells
such as lymphocytes and mast cells™,

Immunohistochemical analysis of atherosclerotic
plaques reveal the presence of macrophages and T
lymphocytes, frequently in close cell to cell contact™",
Furthermore, a vatiable number of these T lymphocytes
appear to be activated”. Aside from macrophages and T
lymphocytes, the atherosclerotic plaque also appears to
contain clusters of activated mast cells, particulatly in the
posterior area of the lesions”™. These aforementioned
observations have led to the understanding that an im-
mune intraplaque mediating cellular function is present
within the atherosclerotic plaque. Consequently, the
release of inflammation mediators or cytokines such as
growth factors and other proteins from these cells may
regulate a vast variety of cellular processes affecting the
components of the atherosclerotic plaque; this would
lead to a fine balance promoting plaque instability and its
complications o, its stabilization"”

Cytokines tend to be Th2 cell dependent, such as IFN-y
that may inhibit smooth muscle proliferation and decrease
its ability to synthesize extracellular matrix. IFN-y also
increases the recruitment of immunocompetent cells thus
regulating the expression of adhesion molecules on endo-
thelial cells and playing an important role in the perpetua-
tion of the inflammatory process. Other cytokines such as
I1.-1 and TNF may induce SMC apoptosis™.

Macrophages destabilize plaque by releasing matrix
metalloproteinases (MMPs). The macrophage layer, partic-
ulatly when foam-laden, produces several MMPs includ-
ing interstitial collagenase (MMP-1), stromelysin (MMP-3)
and gelatinases MMP-2 and MMP-9. The release of these
proteinases is controlled by inflammatory cytokines such
as TNF and IL-1. Mast cells may orchestrate this cytokine
release since the severity of the coronary syndrome cor-
relates directly with their activation and not with that of
macrophages or T' cells; mast cells may thus play a func-
tional role since they can release neutral proteases such as
tryptase and chymase, both capable of destroying compo-
nents of the extracellular matrix"

Finally, we must mention another mechanism operat-
ing in the process of immune activation within the arteri-
al wall and it relates to the influx of modified lipoproteins
such as oxidized low-density lipoprotein (OxLLDL) within
macrophages; these can induce non-antigen specific im-
mune activation, transforming monocytes into foam cells
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that in turn, lead to functional changes such as the release
of growth factors, cytokines and enzymes. The specific
activation of the adaptive immune response may play an
important role in atherosclerotic disease; some studies
have even shown increased levels of anti-OxL.DL. anti-
bodies as well as elevated titers against infectious agents.
Some implicated microorganisms include ¢ H. pylori and
C. pneumoniae, the most suspect. A relationship between
MI and CAD has been established with antibody titers
against C. preumoniae, as first described by Saikku ez al’
and subsequently confirmed by other groupsm. The fact
that chronic or past exposure to the above mentioned mi-
croorganisms exacerbates inflammation and contributes
to atherosclerosis has also been reported[sﬂ.

Chlamydia pneumoniae has been detected in atheroscle-
rotic lesions vza several methods such as electron micros-
copy, immunohistochemistry, PCR and the microorgan-
ism has also been cultured from atherosclerotic plaques'™.

HIV infection has been associated with abnormal
lipid proﬁlesm] and HAART may also cause lipid ab-
normalities and insulin resistance, both risk factors for
atherosclerosis”™. However, the role of HIV infection per
se and its effects on the vascular wall in atherosclerosis
pathogenesis are not well understood, although the effect
of HIV infection on endothelial dysfunction and HIV
infiltration of macrophages and monocytes has been
studied”. It has been shown that arterial SMCs express
three relevant HIV receptors: CD4, CCR5 and CXCR4.
They play a role in leukocyte viral entry’®!. SMCs are the
predominant cell type in arteries.

One possibility correlating HIV infection and ath-
eroma formation suggests that HIV can directly infect
SMCs and if so, hasten vascular disease. SMC infection by
HIV has been demonstrated 7z vivo and 7n vitro. HIV p24
protein has been detected by confocal fluorescence mi-
croscopy in SMCs of atherosclerotic plaques from HIV-
infected individuals. Also, SMCs can be infected  vitro
via CD4-dependent mechanisms, CXCR4 or CCR5 che-
mokine receptors and endocytosis; this leads to a marked
secretion of CCI2/MCP-1 by SMCs, a critical mediator of
atherosclerosis. SMC infection by HIV may be part of a
multifactorial mechanism that could explain the exacerbat-
ed atherosclerosis and vasculopathy seen in HIV-infected
individuals'”.

DYSLIPIDEMIA, METABOLIC
INFLAMMATORY CHANGES AND HIV

CVD risk associated with the fat redistribution seen
among HIV infected individuals remains unexplained,
but may be increased due to associated hyperlipidemia,
hyperinsulinemia, increased visceral adiposity, and the
prothrombotic state associated with these metabolic
abnormalities®”. Increased tissue type plasminogen ac-
tivator (tPA) antigen, a marker of impaired fibrinolysis,
predicts increased risk of CAD mortality among patients
with a history of angina pectoris and CVD”’, as well as
cerebrovascular events among individuals without a prior
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Figure 1 In the patient co infected with human immunodeficiency virus
Ichlamydia, under highly active antiretroviral therapy, a factor of risk can
occur to develop lipodystrophy and other disorders of the metabolism
of lipids as dyslipidemia or hipertriglyceridemia, conducting finally to
atherosclerosis. Thus same, in patients with re infections and obesity, would
be able to occur an activation in the mechanism of inflammation that has an
important role in the pathogenesis of atherosclerosis resulting in a cycle of in-
flammation, activation and continuous cell recruitment.

history of CVD'™. Further, there is a strong association
between hyperinsulinemia and impaired glucose tolerance
and levels of plasminogen activator inhibitor-1 (PAI-1)
and tPA in otherwise healthy adults™, suggesting a mech-
anistic link between insulin resistant states and increased
CVD. PAI-1 and tPA markers of fibrinolysis were chat-
acterized and correlated with an increased CVD risk in
HIV positive lipodystrophic patients compared with con-
trols. The effect of treatment with metformin on PAI-1
and tPA antigen levels in patients with HIV associated fat
redistribution was also analyzed. The data demonstrated
impaired fibrinolysis in association with hyperinsulinemia
and an increased waist to hip ratio in patients with HIV
infection and fat redistribution. This suggests that met-
formin improves the overall cardiovascular risk profile in
HIV infected patients with fat redistribution®.

We would suggest that (Figure 1) on the one hand, the
patient with HIV and lipodystrophy caused by HAART
and exacerbated by C. preumoniae infection, could be a risk
factor for atherosclerosis. An assessment of the therapy
against C. pneumoniae and HAART should always be car-
ried out. It is advisable that HIV-AIDS patients undergo
a serological test to determine exposure to C. puenmwniae,
and to assess treatment options. On the other hand, in
patients with a positive serology to C. preumoniae, an in-
crease in BMI has been found; therefore, it is probable
that the recurrent infection may play an important role in
creating adverse endothelial conditions that allow the in-
tection by C. pneumoniae in its chronic form to damage the
endothelial plate. Vascular studies would be necessary for
corroboration. In obesity, adipose tissue is inflamed and
many inflammatory molecules, such as IL-6 and TNE, are
produced. This low-grade inflammation in adipose tissue
induces insulin resistance and obesity, which are linked to
metabolic syndrome, type 2 diabetes and CHD. Slightly
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clevated serum C-reactive protein (CRP) levels act as a
marker of systemic inflammation, and have been shown
to increase the risk of CHD. The synthesis of CRP is
regulated by IL-6, which has been assumed to originate
largely from adipose tissue.

CONCLUSION

C. pnenmoniae is an obligate, intracellular bacterium associ-
ated with a wide vatiety of acute and chronic diseases.

C. pnenmoniae infection is characterized by persistence
and immunopathological damage to host target tissues,
including the lung. Over the past 20 years, a variety of
studies have investigated a possible link between C. preu-
moniae infection and atherosclerosis, because of its role
in all stages of atherosclerosis, from initial inflammatory
lesions to plaque rupture. In the present HAART era,
many HIV-infected patients are experiencing the health
problems that accompany the aging process, mainly the
risk of CVD. There is renewed interest in a link between
atherosclerotic CVD and as yet poorly defined environ-
mental exposures, including infectious agents. In addi-
tion, there is an association between possible chronic C.
prenmoniae infection and obesity.
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Abstract

Staphylococcus aureus (S. aureus) is an important hu-
man pathogen capable of causing a diverse range of =~ INTRODUCTION
infections. Once regarded as an opportunistic pathogen
causing primarily nosocomial infections, recent years
have seen the emergence of S. gureus strains capable
of causing serious infection even in otherwise healthy
human hosts. There has been much debate about
whether this transition is a function of unique geno-
typic characteristics or differences in the expression
of conserved virulence factors, but irrespective of this L ) )
debate it is clear that the ability of S, aureus to cause and extracellular proteins including a plethora of toxins.
infection in all of its diverse forms is heavily influenced - @#rens employs an equally remarkable array of regula-
by its ab|||ty to modulate gene expression in response tory elements to coordinate the production of these
to changing conditions within the human host. Indeed, virulence factors. These elements include (1) small, non-
the S. aureus genome encodes more than 100 tran-  coding RNAs'"; (2) alternative sigma factors (¢, ', and
scriptional regulators that modulate the production of o) responsive to various stress conditions™; and (3) #rans-
virulence factors either directly via interactions with acting transctiptional regulators. It is the latter two groups
¢is elements associated with genes encoding virulence that is the focus of this review. Indeed, one of the first
factors or indirectly through their complex interactions teports of a full S. aurens genome sequence identified 124

Staphylococcus anrens (S. anreus) is a rapidly evolving hu-
man pathogen that is a leading cause of both chronic,
biofilm-associated infections and acute, life-threatening
toxemias. Its ability to cause these infections is dependent
on its ability to coordinate the production of a myriad
of virulence factors. These include exopolysaccharides,
surface-associated protein adhesins, immune modulators,
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open-reading frames likely to encode transcriptional regu-
lators, 89 of which had not been previously identified”.
Generally speaking, these are DNA-binding proteins,
although some have also been shown to modulate viru-
lence phenotypes zia direct interactions with mRNAY. Tn
general, these factors, some upon activation, are capable
of binding a specific sequence associated with their target
genes and thereby either enhance or inhibit transcription,
although in many cases it has proven difficult to identify a
definitive recognition site. Many of these targets are them-
selves regulatory factors, thus creating a complex network
of virulence gene expression.

Because DNA-binding proteins are located in the cy-
toplasm, it is imperative to have a mechanism of sensing
the external environment and translating that informa-
tion into an intracellular change in gene expression. As
with other pathogens, this is often accomplished via two-
component systems. In some cases, the activating signals
for these systems are known, but in most cases they have
not been defined. S. aurens also produces many transcrip-
tional regulators that are not associated with a recognized
two-component system, and the activating signals for
most of these also remain undefined. Nevertheless, an
important role in virulence has been established for many
of these regulators, and summarizing these is the focus
of this review.

TWO-COMPONENT SYSTEMS

Bacterial two-component systems create a communica-

tion bridge to the external environment, allowing the
cell to translate an external stimulus into an intracellular
change in gene expression. The defining components
are a membrane-associated sensor histidine kinase (HK)
and a cytoplasmic response regulator (RR). The genes
encoding these components are often arranged in an
operon, and therefore co-transcribed, with other genes
involved in the same signaling pathway. After activation
from an external signal, the HK typically dimerizes and
trans—autophosphorylates[5]. This leads to phosphoryla-
tion of the RR, characteristically at a conserved aspartic
acid residue. Phosphorylation of the RR induces a con-
formational change allowing it to bind DNA at a specific
consensus sequence in a manner that alters transcription
of the target gene. Based on homology with recognized
sensors and response regulators, S. aureus has at least 16
two-component systernsm. In addition to their role in
pathogenesis, at least three of these systems have been
shown to modulate resistance to antibacterial agentsm,
thus further emphasizing their important role in patho-
genesis of S. aurens infection.

AgrAC

The most definitively characterized two-component
system in S. aureus is the accessory gene regulator (agr),
which was first identified as a transposon-insertion mu-
tant with a reduced capacity to produce multiple exotox-
s, AgrC is the sensor kinase, and it is responsive to the
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accumulation of an extracellular auto-inducing peptide
(AIP) that is encoded by agrD and processed for export
by AgrB. Induction occurs iz vitro as cultures enter the
post-exponential growth phase as the AIP accumulates,
thus making agr a prototype quorum-sensing regula-
tory system. This peptide recognition is a unique feature
of Gram-positive quorum-sensing systems, as Gram-
negative organisms sense small molecules, typically ho-
mosetine lactones” | rather than peptides. While agr itself
is highly conserved, variation in the AIP and its AgrC
receptor define interference groups, with the AIP of each
group inducing the expression upon interaction with its
cognate receptor but inhibiting induction upon interac-
tion with the receptor from each of the other groups“o]
After induction by AIP, AgrC autophosphorylates[11
and then phosphorylates AgrA, which is the cytoplasmic
response regulator that until recently was thought to bind

1

and activate only the agr-associated P2 and P3 promot-
ers. Induction of the P2 promoter leads to increased
transcription of the agr operon (agrABCD), resulting in
a positive feedback loop, while induction of the P3 pro-
moter results in increased transcription of RNAIII, with
the latter being a primary downstream effector of the agr
system“z].

AgrA was also recently shown to bind the promoter
region of the gene clusters encoding phenol-soluble
modulins (PSMs)"”. PSMs are small toxins that lyse hu-
man neutrophilsm, a key host defense against staphylo-
coccal infection. While PSMs are found in virtually all
S. anreus isolates, the levels in which they are produced
vary widely among different strains due to differences in
the level of agr expression. This has been correlated with
increased virulence in several animal models of S. awureus
infection, although not necessarily owing to the increased
production of PSMs alone™".

RNAIII is the effector molecule of the 4gr regulatory
system. Although RNAIII includes the gene encoding
delta-toxin, which is itself a PSM", its primary contribu-
tion to virulence is regulatory. It is a stable RNA charac-
terized by 14 stem-loop structures and two long helices
separating two independent domains'"”, and it is these
stem-loops that are responsible for its regulatory effects!”.
RNAIII production is induced by the binding of phos-
phorylated AgrA to the P3 promoter, thus accounting
for its increased production 7 vitro as cultures enter the
post-exponential growth phase and AIP accumulates to a
critical threshold. In general, induction results in reduced
production of sutrface-associated proteins and enhanced
production of exotoxins™!

The phenotype of an RNAIII mutant is characterized
by major changes at the transcriptional level. However,
RINAIII itself functions primarily at a post-transcription-
al level to affect accessory transcription factors leading
to changes in virulence gene expression. For instance,
transcription of the gene encoding staphylococcal pro-
tein A ($pa) is increased in the absence of RNAIIL, but
this is due to the fact that RNAIII normally represses
production of other transcription factors (e.g,, SarT, Rot,
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and ultimately SarS) that would otherwise promote spa
transcriptionm, Thus, in the absence of RNAIII, this
repression does not occur, which results in the continued
high level expression of spa. Additionally, RNAIII binds
spa mRNA in a manner that both limits translation and
promotes RNase ITT-mediated degradation”.

This latter mechanism also plays a primary role in
the RNAIII-mediated induction of toxin productionpm.
This occurs via both direct and indirect pathways. For
instance, in the case of A/, which encodes ¢ toxin, the
bla transcript forms a stem-loop structure that sequesters
the Shine-Delgarno sequence, thus limiting translation.
RNAIIT overcomes this limitation by binding the Al
transcript and relieving this stem-loop structure™. The
translation of A/ is thus upregulated in the presence of
RNAIIT vz a direct interaction between RNAIII and Al
mRNA. In other cases, the regulatory functions are medi-
ated indirectly vz the interaction between RNAIII and
the 7ot transcript. Specifically, the regulatory functions of
Rot (repressor of toxins) and Agr are antagonistic, with
RNAIII limiting the production of Rot by binding to
the Shine-Dalgarno sequence of the rof transcript and,
as with the pa transcript, both inhibiting translation and
targeting the existing transcript for degradation by RNas-
ell". In addition to its regulation of the genes encoding
individual virulence factors, RNAIII also modulates the
expression of other two-component systems including
ArIRS, SaeRS and SrrAB, but the mechanism by which
this occurs is not known"*"*.

Taken together, these results imply that ggr plays a
central role in S. aureus regulatory circuits. This is also
reflected in the observation that mutation of agr has
been consistently associated with a reduced capacity to
cause infection””. Indeed, a primary determinant of the
hypervirulence of isolates of the USA300 clonal lineage
is their high level expression of 4gr and consequent high
level production of critical exotoxins including o toxin
and PSMs”". At the same time, this does not mean that
agr expression is critical in all forms of §. aurens infection.
One specific phenotype that may be particularly impoz-
tant in this regard is biofilm formation, with the high-
level expression of agr generally being associated with a
reduced capacity to form a biofilm™". Tt has been pro-
posed that induction of agr expression may be important
in promoting dispersal of . aureus cells from an estab-
lished biofilm, perhaps by inducing the production of
extracellular proteases and/or nucleases”". This suggests
that the expression of agrneeds to be carefully controlled
in the cells during biofilm development. However, several
reports have documented the isolation of ggr mutants di-
rectly from patients suffering from . aureus infection™ >,
and it has even been suggested that ggr dysfunction may
be adaptive for survival within an infected host™™. In
fact, this is one specific context in which zgr mutants
have been shown to preferentially accumulate™ perhaps
owing to both the negative impact of 4gr on biofilm for-
mation and the fact that its expression is metabolically
expensivem].
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SaeRS

The saeRS two-component system was first identified as
a transposon-insertion mutant deficient in exoprotein
productionm. saePORS is transcribed as a 4-gene operon
(saePORS), with SaeS and SaeR being the sensor and re-
sponse regulator respectively. A definitive role for SaeP
and SaeQ has not yet been determined, although they
may be involved in stabilization of SaeS in the membrane
and/or modulating its return to the dephosphorylated
state””. Once phosphorylated, SaeR binds to a spe-
cific target sequence (GTTAANGGTTAA) to activate
transcription of szePQORS itself*, This is very similar,
although not identical, to the AT-rich consensus bind-
ing site identified by Nygaard ez al” based on alighments
with additional SaeR-regulated target genesml

Several studies have demonstrated that sae also modu-
lates the production of virulence factors other than tox-
ins including surface proteins and capsule biosynthesis
components[sg’m’m. Several experimental observations
suggest that saePORS is downstream of agr, as well as
other regulatory loci. Transcription of s2ePQRS is activat-
ed by agr but is repressed by SigB, while SaeRS does not
seem to affect transcription of agr, sigB or sarA, suggest-
ing that SaeRS acts as an important downstream regula-
tor within the §. aurens global regulatory network >,
Genetic experiments on exoprotein production also
suggest that saePQORS is downstream of and epistatic
to ag’*”. Furthermore, inactivation of either agr or sae
had a comparable impact on the virulence of a USA300
isolate in a murine pneumonia model™. However, while
inactivation of agr or sae results in reduced production of
extracellular proteins, the exoprotein profiles of the two
mutants are not identical®™"”, Tt is also clear from several
studies that the two regulons are not equivalent[”’“’m.
For instance, inactivation of sze results in decreased tran-
scription of the f2bA and fnbB genes[39’4”, both of which
encode fibronectin-binding proteins, while inactivation
of agr has the opposite effect™. Thus, while sae seems to
function downstream of a4gr, it is also capable of regulat-
ing its target genes independent of agr.

One of the most commonly studied strains of .
anrens 1s Newman, which has a naturally occurring point
mutation in szeS resulting in substitution of a leucine with
a proline (L18P). This results in increased kinase activity
leading to constitutive activation of SaeR and increased
transcription of the saePORS genesml. However, only cer-
tain target genes within the SaeRS regulon are differen-
tially regulated in Newman due to the polymorphism of
SaeS. Class I target genes are sensitive to the SaeS" allele
and Class II genes are not. Although the mechanistic ba-
sis for this difference is not clear, it does not appear to be
due to a gene dosage effect™. When SaeS" is cloned into
wild-type Newman, it is dominant over SaeS", suggesting
instability of the system upon over-production, perhaps
due to SaeS phosphatase rather than kinase activity™'!.

Inactivation of sae is associated with increased tran-
scription of several genes encoding extracellular prote-
ases and increased accumulation of the corresponding
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proteases themselves”™, and this may well have an indi-
rect effect on other virulence phenotypes of §. aureus.
For instance, Newman is one of the few strains in which
inactivation of the staphylococcal accessory regulator
(sarA) does not result in an o toxin-deficient phenotype,
and it was recently demonstrated that this is due to the
hyperactivity of SaeS" leading to the reduced production
of extracellular proteases, and consequent reduced deg-
radation of the toxin, rather than transcriptional changes
associated with A",

The environmental cues modulating SaeRS activ-
ity have not been clearly defined but are associated with
stress conditions including high salt, low pH, and subin-
hibitory concentrations of antibiotic'*. Because SacRS
is induced by hydrogen peroxide and o-defensins, and
because many toxins are SaeRS-regulated, it has been hy-
pothesized that this system could promote escape from
polymorphonuclear leukocytes after phagocytosism].
Indeed, it has been demonstrated that an szeR.S mutant
strain has an impaired ability to survive in human neutro-
phils after phagocytosism]

ArIRS

Fournier ef al™” used transposon mutagenesis to identify
genes involved in the regulation of the multidrug efflux
pump NorA and identified 47745, inactivation of which
resulted in increased resistance to quinolones. ArlS is the
sensor and ArlR is the response regulator of this two-
component system. A subsequent study confirmed that
ArIRS also modulates the production of exoproteins,
but in this case the phenotype was opposite to that of
an agr mutant, with an @7/RS mutant exhibiting increased
production of multiple exoproteins[szl. Additionally, an
agr/ ar/ double mutant exhibited an exoprotein phenotype
comparable to the isogenic ar/ mutant, suggesting that
ar/RS' is upstream rather than downstream of agr. In con-
trast, a7/RS induces expression of sarA. To the extent that
sarA is a major repressor of protease production, this is
consistent with the observation that protease activity is
increased in an /RS mutant”’. Whether these effects are
direct or indirect remains uncleat.

Together, these results suggest that a7/RS may be a
key regulatory element that defines the “balance” be-
tween agr and sar. Both of these regulatory elements
have been implicated in biofilm formation, and a7/RS has
also been shown to have an impact in this regard. Specifi-
cally, inactivation of a/RS results in increased autolysis
and an enhanced capacity to form a biofilm"™. The fact
that the biofilm phenotype appears to be independent
of any effect on production of the Za-encoded poly-N-
acetylglucosamine (PNAG)"™, together with the dem-
onstration that extracellular DNA released from lysed
S. aureus cells contributes to biofilm formation®, sug-
gest that increased autolysis may be responsible for the
biofilm phenotype. However, the biofilm formed by an
ar/RS mutant is sensitive to exogenous proteinases, sug-
gesting that this biofilm is also at least partially dependent
on protein-protein interactions™. This is consistent with
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the obsetrvation that inactivation of a7/RS results in dra-
matically increased amounts of extracellular and surface-
associated protein AP both of which have been shown
to contribute to S. aureus biofilm formation". Finally,
ar/RS has been shown to promote the production of ad-
ditional virulence factors including the exfoliative toxin
and capsular polysaccharides, the latter being an indirect
effect mediated through its positive regulation of MgrA

production”™,

LytSR

Like ar/RS, the /tSK two-component system is a negative
regulator of S. aureus autolysis™” and biofilm formation'®"
and in fact a7/RS is an activator of A#SR transcription[()z]
These phenotypes are likely to be connected in that cur-
rent models suggest that /zSR, together with CidR, col-
lectively control the release of extracellular DNA (eDNA)
by influencing expression of the /¢4B and ¢dABC oper-
ons, respectively, in modulating the production of murein
hydrolases and consequently cell lysis®. Specifically, CidR
activation of ¢d operon results in increased production
of murein hydrolases, increased release of eDNA, and an
increased capacity to form a biofilm, while activation of
the /rg-AB operon by LytSR has the opposite effects”™".
Although a cause-and-effect relationship between these
phenotypes has not been proven, extracellular nuclease,
whether applied exogenously or produced by S. aureus,
has been shown to limit biofilm formation at least under

N .. 29,64,65
certain 7 vitro conditions' 2,

SrrAB

The s772AB two-component system was first identified
based on homology with the ResDE two-component
system in B. subtilis® . In response to OxXygen stress,
SrrAB represses expression of agr and the genes encod-
ing certain exotoxins, including TSST-1. However, it
also represses transcription of spa and the production of
protein A, which suggests that the impact of s72A4B is not
mediated directly through its regulation of agr but rather
by direct interactions between the SrrA response regula-
tor and the target genes themselves ™. StrAB also posi-
tively regulates expression of the #aADBC operon and
production of PNAG, apparently by repressing transcrip-
tion of the /zR-encoded repressorm. Whether the effect
of SrrAB on the production of protein A or PNAG af-
fects biofilm formation remains unknown, but the latter
has been correlated with increased resistance to phagocy-
tosis'™™. The link between oxygen availability, the activ-
ity of SrrAB, and the production of multiple types of
virulence factors provides an important example of the
link between central metabolic processes and virulence in
S. anreus, a link that is also increasingly being made in the
context of other S. aureus regulatory elements””.

HssRS

The AssRS two-component system is an iron-responsive
system that is highly conserved among Gram-positive
pathogens including B. anthracis, L. monocytogenes, S. epider-
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midis and E. faecalis, suggesting a conserved mechanism
of iron acquisition among these organisrns[m. Iron is an
essential nutrient for many bacterial species during in-
fection”"?. However, free iron is severely limited in the
human body but rather is complexed with a variety of
iron-binding proteins. Therefore, in order for bacterial or-
ganisms to acquire iron they must have a mechanism for
freeing complexed iron. In vivo, S. aurens can acquire iron
in the form of heme, likely accessed via lysis of eryth-
rocytes, using highly efficient transport systems that can
move heme into the bacterial cytoplasrn 7 . However, a
high level of heme is toxic to the bacterial cell. To avoid
toxicity, S. aurens senses heme by HssS resulting in HssR
phosphorylation and binding to the promoter of Ar£AB,
which encodes an iron efﬂux pump that maintains intra-
| Whether there is cross-talk
between this system and heme uptake systems, however,
has not been demonstrated. In the absence of HrtAB, in-
tracellular iron builds up causing a stress response charac-
terized by the increased production of multiple virulence
factors. Indeed, an Ar£4B mutant is more virulent than
the wild-type”, likely due to the stress response induced
by increasing intracellular heme.

cellular heme homeostasis”

Other two-component systems

The preceding discussion of two-component systems
in 8. aurens 1s by no means comprehensive, but it does
summarize the impact of some of the best character-
ized systems. However, in the interest of inclusivity, we
would note the existence of other, less well-characterized
systems including KdpDE, which has been shown to
link the AI-2/LuxS quorum-sensing system with capsule
productionm]; VraSR, which induces a stress response to
cell-wall inhibitors such as (3-lactams and vancomycin'™;
GraSR, which aids in resistance to oxidative stress, heat
stress, and vancomycin resistance'”; BceAB, which is
associated with altered susceptibility to bac1trac1n” and
NsaRS, which plays a role in biofilm formation as well as
cell envelope stability in response to cell wall and mem-
brane disruption™. An additional two-component system
that stands out from the others because it is the only one
that is essential in 5. aurens is WalKR (YycGF), which has
been shown to be involved in peptidoglycan crosslinking
and biofilm formation™™,

OTHER TRANSCRIPTIONAL REGULATORS
SarA-family

A primary class of transcriptional regulators that are not
part of a two-component regulatory system, but do in-
teract in multiple pathways with such systems, is the SarA
family. The first gene encoding a member of this family,
also identified in a screen of a transposon mutant library
based on altered production of exotoxins, was designated
the 5o, which was subsequently changed to s based
on identification of additional homologs now totaling
1™, Members of the SarA family have been shown to
interact with each other forming part of a complex regu-
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Figure 1 Proposed genetic regulatory network involving sarA family
genes and agr in Staphylococcus aureus. The model is constructed from
published Studies[25‘29,31,86,101,105,106,109,110‘114‘115,120-125,129.130,135,141‘144] that are mOStly
based on a limited number of laboratory strains. Therefore, it may not be entire-
ly applicable to all strains. Arrows indicate activation; blocked arrows indicate
repression.

rot

latory network controlling virulence factors (Figure 1).
While all are winged-helix DNA-binding proteins, they
can be divided into three structural families consisting of
(1) relatively small, single-domain proteins (SarA, SarR,
SarT, SarV, SarX and Rot); (2) larger, two-domain pro-
teins (SarS, SarU, and SarY) in which each domain shares
homology with the smaller homologs; and (3) small
homologs with similarity to the MarR protein of Gram-
negative bacteria (SarZ and MgrA) 3,

SarA

SarA, the prototype member of the SarA family, was
identified in a screen of transposon-insertion mutants
in the 8. aurens strain DB based in part on its increased
production of multiple exoproteins, a phenotype which
clearly distinguished saz4 from ag’™”. Based on this, it
was proposed that sar may function as a “counter-
regulatory system to that of ag/’. This is consistent with
the hypothesis that many regulatory functions in S. aureus
are defined by the “balance” between agr and sarA, an is-
sue that is discussed in more detail below in the specific
context of biofilm formation. However, subsequent stud-
ies also confirmed that SarA binds to intergenic region
between the agr P2 and P3 prornotersl%’87J and is required
for maximal transcription of 4g"™. Thus, it has become
clear that SarA modulates the production of S. awureus
virulence factors via both agr-dependent and agr-indepen-
dent pathways.

The sarA locus is complex and includes three pro-
moters (P1, P2, and P3) that drive the production of
three transcripts (sarB, sarC and sarA respectively), with
all three sharing the same termination site just down-
stream of the gene encoding SarA. The upstream sar4
P2 and P3 promoters modulate the production of SarA
by an unknown mechanism™”. Specifically, inactivation of
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P2 and P3 results in reduced production of SarA from
the P1 promoter, and while the effect is relatively modest
(approximately 2-fold), it appears to be functionally rel-
evant with respect to both the ggr-dependent and agr-in-
dependent pathways of SarA-mediated regulation™. This
may account for the inability to demonstrate a difference
between the three transcripts in complementation studies
using a multi-copy vector targeting the ea promoterm.

Both the signals that modulate SarA production
and/or activity and the binding site for SarA are pootly
defined. The DNA-binding activity of SarA is altered by
redox state iz vitrd". A recent report also demonstrated
that SarA is phosphorylated by at least two serine/threo-
nine kinases (Stk1/PknB and a pootly defined kinase
encoded by SA0077) and that this also alters its DNA-
binding capacitym. Two approaches have been taken
to identifying the SarA binding site, with the first be-
ing alignment of the promoter regions of genes whose
RNA products are altered in sar4 mutants” and the
second being the relatively unbiased approach of selec-
tive enhancement of systematic evolution of ligands by
exponential enrichment (SELEX) P4 but generally speak-
ing both approaches failed to define the characteristics
of a definitive binding site beyond it being AT rich. It
has been suggested on this basis that SarA may act as
an architectural accessory protein rather than a classic
transcription factor, a suggestion that is supported by the
observation that SarA supports E. co/i lambda phage in-
tegrase mediated site-specific recombination”"’. A recent
report describing the interaction between SarA, SarR (see
below) and ¢is elements within the agr promoter region
also suggested that SarA binding may locally bend DNA
in a fashion that brings AgrA into a favorable conforma-
tion to initiate transcription, particularly at the agr P2 pro-
moter"”,

Irrespective of the mechanism involved, it is clear
that inactivation of sarA results in major changes in the
production and/or persistence of multiple RNA tran-
scripts and that this has a global impact on the S. aureus
virulon. Transcriptional profiling comparisons between
the 8325-4 strain RN6390 and the clinical osteomyelitis
isolate UAMS-1 demonstrate that this is somewhat strain-
dependent, with the impact of mutating sz in the latter
being comparatively greater than the impact in the for-
mer”. RN6390 has defects in at least two genes that also
have a major impact on global regulatory circuits. One of
these is in 756U, which results in reduced activity of the
sigB regulonm. This is consistent with the observation
that szgB has been shown to increase expression of sarA4
and reduce the level of RNAIIT™. In this respect it is im-
portant to note that 8325-4 strains also have a mutation
in #eaR, which results in reduced production of SarSP,
a SarA homolog also shown to influence the regulatory
functions of SarA (see below).

As with agr, inactivation of sarA4 has been shown to
attenuate virulence in multiple animal models of . aureus
infection including endopthalmitis, septic arthritis, osteo-

myelitis, and endocarditis”"””. Interestingly, all of these
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infections can arguably be said to be biofilm associated,
an important observation given that inactivation of sar.A4
has been consistently shown to result in a reduced capac-
ity to form a biofilm™. In this respect it is also important
to note that the impact of sar4 on biofilm formation is
opposite to that of ag™”, thus suggesting that the role of
sarA in biofilm formation is independent of its regulation
of agr. Indeed, in RN6390, a strain which expresses agr at
high levels, inactivation of agr enhances biofilm forma-
tion in a manner that is reversed by concomitant inactiva-
tion of sarA, thus demonstrating that the impact of sar.4
is epistatic to ggr in this context. Taken together, such
results are consistent with the hypothesis that a primary
determinant of the overall patterns of . aureus virulence
factor production is the “balance” between expression
of agrand sarAY, perhaps to the point of determining
the relative capacity of different S. aureus strains to cause
chronic, biofilm-associated infections »s acute, toxin-
mediated disease.

There are several possible explanations for the
biofilm-deficient phenotype of sar4 mutants includ-
ing the reduced expression of the icaADBC operon
resulting in decreased production of PNAG, and the
increased production of extracellular nucleases and pro-
teases” "> Tt seems unlikely that the decreased
production of PNAG plays a predominant role given
that inactivation of sarA4 has a greater impact on biofilm
formation than inactivation of icaADBC™. Similatly, ex-
tracellular DNA has been shown to contribute to biofilm
formation, but inactivation of the genes encoding . aure-
us exonucleases has relatively little impact on the biofilm-

deficient phenotype of sarA mutants®**

. In contrast,
inactivation of the genes encoding extracellular proteases
has a significant impact on the ability of szr4 mutants
to form a biofilm™**'". The effect of these proteases
is presumably mediated iz degradation of surface-
assoclated proteins including FnbA, FnbB and protein A
(Spa), all of which contribute to biofilm formation in §.
anrens and have been shown to be produced in reduced
amounts in sar4 mutants owing to protease-mediated
degradationﬁl’m’mﬂ.

Interestingly, the increased production of extracellular
proteases has also been shown to result in the reduced
accumulation of critical extracellular toxins in szz4 mu-
tants, at least under i vitro conditions”". These include o
toxin and PSMs, both of which have been implicated as
primary determinants of the hypervirulence of USA300
isolates""”, Thus, while agrand sar4 have opposite effects
on the production of extracellular proteases, inactivation
of either generally results in a toxin-deficient phenotype.
This also suggests an alternative explanation for the re-
duced virulence of sarA4 mutants, although the relative
contribution of these two sar4-dependent phenotypes in
this respect remains to be determined.

Finally, the impact of SarA on exotoxin production
has been shown to be heavily influenced by SaeRS, with
the hyperactivity of SaeRS in Newman attenuating the in-
creased production of extracellular proteases to a degree
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that impacts the ¢, toxin and PSM phenotypes of a New-
man sarA mutant” . This, together with the impact of
SarA on expression of agr, provides direct indications of
the interactive role of SarA in S. aureus regulatory circuits.
Additional interactions involving other SarA homologs

are described below.

SarR

SarR was discovered based on its affinity for the sanAP2
promoter, with the binding of SarR repressing sarA"".
In contrast, SarA binds its own promoters to enhance
transcription, thus providing an example in which SarA
and SarR serve competitive roles in modulating gene
transcription. These two proteins also serve the opposing
roles with respect to Agr since binding of SarA, together
with AgrA, promote transcription from the agr P2 pro-
moter whereas binding of SarR has the opposite effect™.
It should be noted that SarR was originally shown to
activate agr P2 promoter“m‘ms]. This discrepancy was at-
tributed to the difference in ngB[gﬂ but it is unclear how
sigB reverses the effect. SarR promotes transcription of
the proteases Aur and SspA, and may be involved in the
SarA-dependent repression of these proteases, presum-
ably also »ia competition for binding sites in the pro-
moter regions”oq]. In addition, SatR also binds to the ro#
promoter“w’ms] but it is not known how SatR affects Rot.
Thus, SarR plays an important but opposing role to SarA
in both the agr-dependent and agr-independent pathways
of SarA-mediated regulation. Based on these findings,
SarR likely plays an important role in virulence due to its
regulation of the well-characterized regulators SarA, Rot
and Agr.

SarS§

SarS (previously designated SarH1) was discovered us-
ing a search for proteins with affinity for the promoter
region of agr-P3, spa, hla and ssp. However, SarS only af-
fects expression of spa and hla but not RNAIII or mp”wj.
Sar§ is an activator of spa and a repressor of /la but it
is repressed by Agr and SarA and activated by SigB and
TcaR""". The fact that Sar$ is regulated by SigB and
TcaR may explain why SarA affects bz transcription dif-
ferently in RN6390, in which both SigB and TcaR are

. . .. . 2
defective, than in other clinical isolates'" ',

SarT/SarU

SarT was originally described by Schmidt ez al'™ fol-
lowing a search for SarA homologs“mj. The sarl gene
encodes a 118-residue protein and is present in certain
strains of S. aureus including members of Clonal Com-
plex 8 (CC8), to which CA-MRSA strains of the USA300
lineage and RN6390 belong, but absent in other clinical-
ly-relevant strains such as UAMS-1 (CC30 lineage)" ™',
In the RN6390 background, sarT and agr are mutually
repressive thus forming a negative feedback loop. In ad-
dition, sarT is also repressed by SarAl"™, Repression of
agr by SarT was thought to explain the repression of hla
by SarT in RN6390" " However, a later study shows
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that Sar'T represses bla via sae independently of agrand roz
in strain COL""". A high level of 4gr in RN6390"" may
account for this difference. In RN6390, SarT also induces
expression of protein A but indirectly through activation
of sarS.

Adjacent to but divergently transcribed from sarI is
sarU, whose expression is repressed by SarT™"'". Addition-
ally, inactivation of sarU results in a reduction of both
RNAII and RNAIII expression, suggesting a positive ef-
fect of SarU on agr. Because sar" has been shown to be
repressed by agr, these relationships implicate a feedback
loop involving SarT, SarU and RNATITM,

Recent studies have concluded that serT and sarU
are expressed at undetectable levels by northern blot'"”,
However, deletion studies have revealed downstream ef-
fects of these genes, suggesting that they are expressed
at very low but relevant levels!"™>'">" For instance, it has
been shown that a significant number of spontaneous
non-hemolytic variants arise in biofilms that are pheno-
typically but not genotypically agr deficient. Transcrip-
tional profiling of these variants found a 6-fold reduction
in sarU suggesting SarU may be responsible for the agr
deficiency™. These results imply that SarU may play a
key role during biofilm-associated infections by modulat-

ing agr.

SarV

SarV was identified based on homology to SarA family.
Both SarA and MgrA repress sarl” gene expression. SarV
is involved in regulation of autolysis, which may be part
of the common pathway through which SarA and MgrA
control autolysis'”. Under laboratory conditions, sarl”
is poortly transcribed and the protein is not detectable in
various strains in all phases of growth, likely due to re-

pression by SarA and MgrA""”,

SarX

SarX was also identified based on sequence homology
with the SarA family of transcription regulators. SarX
has been shown to have maximal expression during the
stationary phase of growth“zzj. MgrA positively regulates
sarX gene expression. SarX also acts as a repressor of
the agr locus and can therefore regulate other genes via
Agr“zzl. SarX is highly expressed in RN6390 but is only
expressed at very low levels in several tested strains>”
possibly due to difference in SigB in these strains. SarX
has been shown to activate biofilm formation in S. epi-
dermidis"™ raising the possibility that it may also have an
effect on biofilm in S. aureus.

SarZ

SarZ was originally identified as a regulator of hemoly-
sins and promotes virulence in both silkworm and mouse
infection models"*". SarZ positively regulates agr and
mgrA expression but negatively regulates expression of
sarA. SarZ affects surface proteins, toxins and biofilm
through modulating the aforementioned global regulators
as well as direct activation on SspA protease“zsj. However,
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SarZ binding to the promoters of various target genes is
nonspeciﬁc”m’mm. In addition, SarZ activates SarS and is
activated by MgrAmS]. SarZ and MgrA therefore interact
in a positive feedback loop. SarZ expression is growth
phase dependent, with maximum expression during early
exponential phasem(ﬂ. Like MgrA, SarZ senses oxidative
stress via a conserved cysteine residue providing another

. . . 127,128
connection between metabolism and virulence' 1

MgrA

MgrA, also referred to as Rat and NorR, was identified
in three independent laboratories ", MgrA regulates a
multitude of virulence factors as well as antibiotic resis-
tance """, Truong-Bolduc ez al™" initially described
MgrA (NorR) as a regulator of NorA, which is a multi-
drug efflux pump providing quinolone resistance by
direct DNA binding to the NorA promoter™*"*?. Bind-
ing of MgrA to the NorA promoter is dependent on
phosphorylation by the kinase Stk1 (PknB), and RsbU is
involved in dephosphorylation of MgrA leading to strain-
dependent differences in MgrA function'>"",

MgrA has been shown to up-regulate expression of
175 genes and down-regulate expression of 180 genesm.
It was later shown that MgrA regulates bla and spa ex-
pression through ggr-dependent and independent path-
ways' . In addition, MgrA has been found to repress
biofilm formation, which is dependent on surface pro-
teins, in part, through agr-dependent pathway and DNA
release, probably by affecting LytSR and LrgAB“ZQ‘BS‘m].

MgrA has been shown to affect virulence in animal
models of infection”™ """, MgrA acts as a redox-switch as
oxidation of the unique cysteine residue leads to its dis-
sociation of MgrA from DNA"". Small molecules that
disrupt the DNA-binding of MgrA had been shown to
attenuate . anreus virulence in mice'" suggesting that
MgrA could be a potential drug target.

Rot

Rot, repressor of toxins, is yet another SarA homolog
It shares a high degree of sequence similarity to other
members of the SarA family, but differs by its pl value
(pI 5.0), which is more acidic than other SarA- homologs
(pl values ranging from 8.5 to 10.7). Rot was first iden-
tified using transposon mutagenesis and screening for
mutants capable of restoring the expression of o toxin
and proteases in an agr-negative backgroundlmj. Tran-
scription of rof originates from at least three promoters
and is growth-phase dependentlm’lm. Rot has an oppos-
ing effect on virulence gene expression by comparison
to ﬂgrp”’mj. RNAIII blocks the translation of 707 mRNA
via an antisense mechanism, which explains why the regu-
latory function of Rot is only detected in agr deficient
strains™""*). ClpX, a molecular chaperone, has also been
shown to modulate Rot expression, likely by stimulating
translation of the 7o mRNA piz a mechanism indepen-
dent of RNAIII". Rot has also been shown to repress
a-toxin production by repressing the SaeRS two-compo-
nent system' . In addition to toxins, Rot also positively

[139)
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AraC/XylS family transcription regulators

The S. anrens genome contains 6 ORFs with homology
to the AraC/XylS family of transcriptional regulators. Of
these, two have been characterized and demonstrated to
play a role in biofilm formation" """, Rbf was first iden-
tified using transposon mutagenesis in a screening for
biofilm-deficient mutants and demonstrated to control
biofilm in response to NaCl and glucose“m. It was later
determined that Rbf promotes biofilm formation via
repression of zaR, a repressor of the #aADBC operon
whose gene products synthesize PNAG. However, Rbf
is unable to bind specifically at the «aR promotermg’m]
suggesting other regulators or post-translational modi-
fication of Rbf may be involved. Rbf has been shown
to promote virulence in a murine foreign-body infection
model"™.

Rsp, another AraC family regulator, has recently
been characterized and shown to regulate biofilm forma-
tion"*). However, Rsp differs from Rbf by repressing
biofilm by negatively regulating surface proteins; in par-
ticular, FnbA, which has been shown to promote biofilm
formation in the cell accumulation phase“sﬂ. Interestingly,
Rsp inhibits biofilm through repression of FnbA at the
stage of primary attachment by direct binding to the pro-
moter of fb A",

CodY

CodY functions as a highly conserved regulatory tran-
scription factor in low-GC Gram-positive bacteria and
has recently been identified as a regulator of several
virulence factors in S. aurens” Y. CodY acts in response
to metabolite effectors such as GTP and the branched-
chain amino acids isoleucine, leucine, and valine!™”, all of
which interact with a branched-chain amino acid domain
on CodY, facilitating the direct binding of CodY to sev-
eral promoters associated with virulence genes“SSJ. It is
thought that CodY primarily acts as a negative regulator
of virulence genes in . anrens™ . Microarray analysis and
DNase footprinting of ¢dY mutant clinical isolates have
recently identified several negatively regulated targets
of CodY including agr, zea, and hid>>") . The agr locus is
responsible for regulation of many virulence factors and
thus, the repression of this locus by CodY has profound
phenotypic effects on the expression of virulence genes
in S. aurens. For example, capsular polysaccharide produc-
tion is repressed by CodY through agras well as by direct
promoter bindingllSSJ.

Apart from direct regulation of virulence genes,
CodY also affects metabolic regulation in S. aureus via
amino acid synthesis, carbon flow, nitrogen assimilation,
and transport systemslmj. CodY is activated in nutrient-
replete environments, repressing virulence factors and
metabolic synthesis genes. For example, CodY is associ-
ated with repression of a lactate dehydrogenase (/dh1),
which interconverts pyruvate and lactate!™". S. aurens
strains lacking /51 show significant attenuation of viru-

August 25,2012 | Volume 2 | Issue 4 |



Stress

—— > Target gene transcription

> N

Figure 2 Post-transcriptional regulation of SigB. After stress-induction,
RsbU de-phosphorylates RsbV, which can then bind specifically to RsbW there-
by removing RsbW from SigB. Phosphorylated RsbV is inactive and therefore
cannot bind RsbW. RsbW also promotes phosphorylation of RsbV to maintain
its inactivity. RsbW binds to SigB to inhibit transcription by preventing SigB from
complexing with the RNA polymerase (RNAP). Once SigB is free from inhibition
by RsbW, it can complex with RNAP forming the holoenzyme and activate tran-
scription of target genes. Active proteins are highlighted with yellow.

lence™”. Thus, CodY is able to regulate virulence vza di-
rect binding of virulence gene promoters and »z inhibi-
tion of metabolic regulatory pathways providing another
regulatory link between metabolism and virulence ™",
CodY is repressed by the intracellular chaperone
ClpCm], possibly zia ClpC-induced proteolytic degrada-
tion in association with ClpP. Although CodY acts as a
repressor of virulence genes, it can also be negatively
regulated under various environmental conditions, elimi-
nating the repressive effect of CodY on virulence genes.

Sigma factors
Sigma factors are highly conserved among bacterial
species. They provide promoter specificity to the RNA
polymerase, and are highly regulated by anti-sigma fac-
tors via direct binding of the protein'™. There are cur-
rently four identified Sigma factors in S. awrens: SigA,
which is responsible for transcription of housekeeping
genes; SigB, which is responsible for the transcription of
stress-response genes; SigS, which controls expression
of genes required for overall fitness and survival; and
SigH, which has a demonstrated involvement in compe-
tence and more recently, prophage integration and exci-
sion!!¥100

The most thoroughly studied of these is SigB, which
is transcribed from the four-gene operon rsbU WsigB
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that encodes an anti-sigma factor (RsbW), anti-anti-sigma
factor (RsbV) and RsbU, an anti-RsbV phosphataseps’w”.
The regulation of SigB is very tightly controlled by
RsbW, RsbV and RsbU (Figure 2). SigB controls expres-
sion of an array of genes responsible for the survival
of hydrogen peroxide-induced stress and desiccation as
well as production of the carotenoid staphyloxanthin and
164 SigB has also been demon-
strated to aid in heat tolerance and resistance to cell-wall

active antibiotics" ', The repressive effect of SigB on
[162]

extracellular proteases

V8 proteases positively regulates biofilm formation
because the presence of extracellular proteases has
been correlated with the inability to form a biofilm"*".
SigB regulates its target genes either by recognizing a
conserved sequence or by downstream regulators. For
example, SigB effect on sarA or agr expression has been
reported[%’m}. More recently, SigB has been shown to
regulate several extracellular virulence factors and capsule
through SpoVG!"™'” demonstrating a role for SigB in
virulence as a response to stress.

CONCLUSION

In this review, we describe several regulators involved in
virulence regulation. These represent only a fraction of
all regulators encoded in the S. aureus genome. S. aureus
is a pathogen that can cause a wide range of diseases and
can infect almost every tissue. It is thus not surprising
that a large number of regulators are needed to modulate
the production of various virulence factors in different
environmental conditions in the host. What is surpris-
ing is the high degree of complexity of the interactions
among the regulators. Compounding the complexity is
the finding that virulence genes in different strains of-
ten are regulated differently. The molecular mechanisms
underlying some of the strain differences have been
illustrated but most have not. Nonetheless, significant
progress has been made toward understanding virulence
gene regulation. However, most of the results have been
obtained by in vitro studies. The big challenge that lies
ahead would be to test the 7z vitro results in suitable ani-
mal models to better understand virulence gene regula-
tion in pathogenesis. With the rise of antibiotic resistance
and the prevalence of multi-drug resistant isolates, fully
understanding the virulence regulation in pathogenesis
may provide sound rationale for identifying regulators as
potential targets for anti-staphylococcal drug therapies.
Targeting a cellular factor not absolutely required for sur-
vival, such as a virulence regulator, may lessen selective
pressures, and therefore resistance, while still attenuating
virulence of the orgam'sm[m’m].
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Abstract

Approximately 7 million people worldwide acquire a
healthcare associated infection each year. Despite ag-
gressive monitoring, hand washing campaigns and
other infection control measures, nosocomial infec-
tions (NI) rates, especially those caused by antibiotic
resistant pathogens, are unacceptably high worldwide.
Additional ways to fight these infections need to be de-
veloped. A potential overlooked and neglected source
of nosocomial pathogens are those found in non-intru-
sive soft and hard surfaces located in clinical settings.
Soft surfaces, such as patient pyjamas and beddings,
can be an excellent substrate for bacterial and fungal
growth under appropriate temperature and humidity
conditions as those present between patients and the
bed. Bed making in hospitals releases large quantities
of microorganisms into the air, which contaminate the
immediate and non-immediate surroundings. Microbes
can survive on hard surfaces, such as metal trays, bed
rails and door knobs, for very prolonged periods of
time. Thus soft and hard surfaces that are in direct or
indirect contact with the patients can serve as a source
of nosocomial pathogens. Recently it has been demon-
strated that copper surfaces and copper oxide contain-
ing textiles have potent intrinsic biocidal properties.
This manuscript reviews the recent laboratory and clini-
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cal studies, which demonstrate that biocidal surfaces
made of copper or containing copper can reduce the
microbiological burden and the NI rates.
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INTRODUCTION

A nosocomial, or hospital-acquired, infection is a new
infection that develops in a patient during hospitalization.
Nosocomial infections (NI) are a worldwide problem
that occur both in developed and in developing countries.
For example, in the United States approximately 2 million
patients annually contract an infection while being hospi-
talized"| and it is the fourth among the causes of death
in the United States only behind heart disease, cancer
and stroke'”; in Europe in 2007 there were about 3 mil-
lion healthcare associated infections (HAI), of which ap-
proximately 50 000 resulted in death”’; in Germany alone
around 500 000 to 600 000 NI occurred during 2006
methicillin-resistant Staphylococcns anrens (MRSA) infec-
tions alone are estimated to affect more than 150 000
patients annually in the European Union; in Australia,
more than 177 000 NI occur per year'; in the province
of Quebec, Canada, the rate of NI is estimated to be
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around 11%[7]; and the rates of NI in developing coun-
tries are even higher™"".

NI can be bacterial, viral, fungal, or even parasiticm’ls].
Some of the most common nosocomial pathogens are
staphylococci (especially Szaphylococcus anreus), Pseudomonas
aeruginosa (P. aernginosa), Escherichia coli (E. coli), Clostridium
difficile (C. difficile), Streptococens species, Enterobacter spe-
cies, Acinetobacter species, Klebsiella species, influenza
121 The prevalence rates of path-
ogens that cause NI and have a high level of resistance to
antibiotic treatments, such as multidrug-resistant (MDR)
P. aeruginosa, extended-spectrum B-lactamase produc-
ing Enterobacteriaceae, MDR Acinetobacter baumannii,

MRSA, and vancomycin tesistant enterococci (VRE), are
28]

virus and noroviruses

constantly increasing around the globem’ , creating a
serious threat to the spread and treatment of infectious
diseases, because the resistant pathogens are significantly
more difficult to treat (e.g.,m).

Many measures to reduce the risk of pathogens trans-
mission are sought by health care officials, physicians
and scientists. These include improvement of national
surveillance of NI, use of aggressive antibiotic control
programs to reduce the spread of antibiotic-resistant
strains, healthcare staff education for improved hygiene,
1solation of infected patients, ultraviolet light sterilization,
use of disposable equipment, development of patient
care techniques to reduce risks of infection, improved
cleaning techniques, improvement of cleaning equipment
and sanitary facilities, increase in nursing and janitorial re-
3 Tt is estimated that
by using several of the above strategies simultaneously
about one third of NI may be eliminated”. These
measures are not the scope of this review and are widely
described elsewhere in the literature (e.g.,[31’37’4m). But it
is clear that even in clinical settings where all or most of
these measures are implemented, the rates of NI are still
too high, and thus new approaches to further fight these
infections need to be explored.

sources and better nutrition (e.g."

NI may occur via several manners. It is recognized by
the infection control community that the most important
and frequent modes of transmission of nosocomial path-
ogens are through direct-contact between an infected or
colonized person (e.g, health worker, visitor or patient)

41-44] T . :
B4 “and indirectly via contaminat-

[4-

and a susceptible host
ed intrusive medical devices™™, from the patient’s own
flora from one part of the host’s body to another™ and
via airborne particles™ "™,

In addition to the above well described modes of
transmission of nosocomial pathogens, others” and
wel hypothesised that contaminated textiles in hospitals
might be an important source of microbes contributing
to endogenous, indirect-contact, and aerosol transmis-
sion of nosocomial-related pathogens. Textiles are an
excellent substrate for bacterial and fungal growth under
appropriate moisture and temperature conditions, and it
was shown that bacteria and fungi can survive for pro-
longed periods in hospital fabrics™”. Microbial shedding
from the body occurs continuously[()o]. Microbial shed-
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. . . . 54,61 .
ding is greater in patlents[ 91 Thus a bactetium, when

shed into a textile fabric between the patient and the bed,
either on his pyjama, pillowcase, sheet, or mattress, would
readily proliferate since the moisture and temperature in
the textile microenvironment would promote its prolif-
eration. Others and we presented data that substantiate
this premise[(’z’“]
that bed making releases large quantities of microorgan-

. Importantly, it was found by others

isms into the atmosphere and the bacteria levels in the
air fall back to background levels only after approximately
30 min”*°

taminate adjacent surfaces, such as bed sheets, over bed

6-68 .
| The released bacteria were shown to con-

tables, and patients’ clothing, and even adjacent rooms iz
the air-conditioning systems. Similar results were reported
following undressing and redressing of patients[(m.

The contribution of contaminated hard surfaces, such
as floors, bedrails, bedside tables and door knobs, to NI
has been demonstrated too (e.g.,[70’80]). Similarly, contami-
nated textiles, such as contaminated sheets and pyjamas,
in addition to being a source of aerosol transmission of
microorganisms, can also directly contaminate the hospi-
tal personnel[sé’%’m’sz]. Hospital staff, even by using protec-
tive equipment such as gloves, can contaminate them by
touching the contaminated textiles or contaminated sur-
faces and then transferring the microorganisms to other
patients directly or indirectly by contaminating other sur-
faces, such as door knobs**Y. For example, it was found
that 65% of the nurses who performed activities on pa-
tients with MRSA in wounds or urine, contaminated their
nursing uniforms or gowns with MRSA. This in turn, can
readily contaminate the clothing and hands of healthcare
workers™ . High similar contamination of gloves and
gowns with MDR _Acinetobacter baumannii by healthcare
workers interacting with colonized patients has also been
reported™. Furthermore, it was found that 42% of per-
sonnel with no direct contact with patients contaminated
their gloves by touching contaminated surfaces’”.

Thus, we further hypothesized that use of antimicro-
bial textiles, especially in those that are in close contact
with the patients, may significantly reduce bioburden in
clinical settings and consequently reduce the risk of NIP7.
Being all surfaces biocidal in a hospital environment
would further reduce the risk of pathogen transmission
and NI since most common nosocomial pathogens can
tremain viable on sutfaces for months™*’. Indeed, it has
been shown that environmental disinfection interrupts
the transmission of microbial pathogens[79’80’83’86’87]. How-
ever, there are increasing concerns that routine surface
disinfection procedures in health care settings are fre-
quently inadequate and possibly counterproductive[ss’gg].
Consequently, the notion that having potent safe biocidal
non-intrusive hard and soft surfaces in medical settings,
in direct or indirect contact with patients, capable of re-
ducing the microbiological burden that would significant-
ly contribute to reduction in transmission of nosocomial
pathogens, is gaining recognition by the scientific com-
munity. This review focuses on the studies demonstrating
that hard and soft surfaces containing copper reduce the
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microbiological burden in clinical settings and the NI
rates.

COPPER HAS POTENT BIOCIDAL
PROPERTIES

Copper and copper compounds have a wide spectrum of
antibacterial, antifungal and antiviral properties (reviewed

in””. The wide range of microorganisms, including
gram negative and gram positive bacteria, yeast, fungi and
enveloped and non-enveloped viruses, that have been
shown to be killed by copper or copper compounds, are
summarized in Table 1. Importantly, copper surfaces or
copper compounds have also been shown to be effica-
cious against hard-to-kill sporesm%].

Copper exerts its toxicity to microorganisms through
several parallel mechanisms, which eventually may lead
to the microorganisms’ death even within minutes of
their exposure to copper”*” ", These include plasma
membrane permeabilization, membrane lipid peroxida-
tion, alteration of proteins and inhibition of their bio-
logical assembly and activity and denaturation of nucleic
acids”™". In general, the redox cycling between Cu™’
and Cu'", which can catalyze the production of highly
hydroxyl radicals, with subsequent damage to lipids, pro-
teins, DNA and other biomolecules”'"” makes copper
further reactive and a particularly effective antimicrobial.
Interestingly, two different “kill modes”, under dry and

wet conditions, have been attributed to copper surfac-
egl101102:104,105

BIOCIDAL SOFT SURFACES IN THE
HEALTHCARE ENVIRONMENT

Copper oxide is a non-soluble form of copper that, simi-
larly to other copper .co[r()gllpounds, has potent wide spec-
trum biocidal properties' . It has, therefore, been chosen
as the active copper form to be introduced into textile

fibres from which woven and non-woven fabrics can be
produced "™, These copper-impregnated products
possess permanent broad-spectrum anti-bacterial, anti-
fungal and antiviral properties that are not affected by
Washingsm’()l’%’m&l12] (Table 1). This technology, for ex-
ample, enables the production of biocidal fabrics (which
inter alia kill antibiotic resistant bacteria)™*”"'""*'""” anti-
fungal socks (which inter alia alleviate symptoms of
athlete’s foot)""™'" anti-viral masks and filters (which
inter alia deactivate HIV-1, Influenza A and other virus-

99,106,110,111 . R .
es)! | and anti-dust mite mattress-covers (which

may reduce mite-related allergies)" ™!,

As explained in the previous chapter, we hypothesized
that contaminated beddings may be an important over-
looked source of nosocomial pathogens and therefore
the use of potent biocidal beddings, especially pyjamas
and sheets, that are in contact with the patients, may sig-
nificantly reduce bioburden in clinical settings and con-

sequently reduce the risk of NI®”. Indeed, a pilot study
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with 30 patients, who slept overnight on regular sheets
and then overnight on sheets containing copper-oxide
demonstrated a statistically significant lower bacterial
colonization on the copper-oxide containing sheets than
on regular—sheets[64], clearly supporting our hypothesis.
Importantly, the development of biocidal textiles with
the purpose of using them in clinical settings to reduce
HAI is gaining momentum and other biocidal active
ingredients have or are being explored. These include
Cliniweave™" 9 citric acid™""”,
silver®" triclosan!™" quaternary ammonium com-
pounds[m], chitosan and zeolite" *'*. For biocidal textiles
to be introduced into the hospital textiles they should
have wide spectrum antimicrobial, antifungal and anti-

5 . . 11
1 organofunctional silane!
[12

viral properties, be effective against the already existent
antibiotic resistant microorganisms involved in NI, not
allow for the development of microorganisms against
the active component in them, be efficacious for the life
of the material, not be affected by commercial washings,
not cause skin irritation or sensitization and be safe to
humans following continuous dermal exposure. Some of
the above active ingredients have thus been found not
to be appropriate for use in hospital related applications
e. .’[120,124]).

Until recently, only a few trials in clinical settings have
been performed with biocidal textiles. It was found that
bioburden was significantly lower on garments worn by
nurses when the garments were made from a silver and
copper containing antibacterial fabric. The antibacte-
rial textiles were tested in two hospital units, an oncology
surgery unit and an intensive care unit. Each garment
was provided with a piece of test fabric sewed cither on
the right or left side of the garment, while the regular
fabric of the garment on the other side was used as a
control. Thirty garments were tested in each unit. They
were all sterilized, so they would be free of bactetia at
the beginning of the experiment. The nurses wore the
same number of garments with the treated area on the
left side 1 d and on the right side the following day. Both
active and control sides of each garment were sampled
simultaneously and the bioburden determined. The
number of colony forming units (CFU) was significantly
lower on the bioactive patches than on the control areas.
The mean reduction rate was about 30% for the 60 gar-
ments tested. Reduction of about 50% of bioburden
on sheets containing copper oxide compared to regular
sheets, when used overnight by general ward patients, was
demonstrated®. Similarly, reduction of bioburden on
blankets containing a bound organofunctional silane was
also reportedm(ﬂ. Recently in a 16 wk, blinded cross-over
clinical trial that compared levels of bacterial contamina-
tion, a significantly fewer MRSA colonies were detected
on scrubs impregnated with nano-sized particles that in-
crease the surface tension of the scrubs than on standard
scrubs (http://www.vestexprotects.com/press/view/8-
Vestagen-Announces-Completion-of-First-Clinical-
Trial-of-Vestex). In contrast, a study that compared the
contamination rates of silver containing jackets and pants
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Table 1 Demonstrated biocidal efficacy of copper

Hard surface  Soft surface Other Ref.
Bacteria
Acinetobacter baumannii' + + + [130,164] UR?
Acinetobacter calcoaceticus/baumannii - - + [93,94,165]
Acinetobacter johnsonii + - [105]
Acinetobacter lwoffii - - + [166]
Bacillus cereus + - + [101,167-169]
Bacillus globigii - - iz [92]
Bacillus subtilis - + + [165,169-175]
Bacillus macerans - - + [176]
Brachybacterium conglomeratum * - - [105]
Brevibacterium - + - UR
Campylobacter jejuni * - - [129]
Citrobacter freundi - - + [165,177]
Clostridium difficile + - + [93,97,98]
Clostridium tyrobutyricum - - Sz [95]
Corynebacterium xerosis - + - UR
Deinococcus radiodurans + - - [101]
Desulfovibrio desulfuricans - - Sz [178]
Edwardsiella tarda - - + [179]
Enterobacter aerogenes - - + [168,180]
Enterobacter cloacae + + + [127,128,168,175]
Enterococcus sp." - = + [93]
Enterococcus ﬁzecalis1 + + + [64,108,112,136,137,168,180]
Enterococcus faeciuml + - - [127,128,137,155,181]
Enterococcus gallinarum + - - [137]
Enterococcus hirae + - - [182]
Escherichia coli + + + [64,100,101,105,108,109,112,127,128,133,139,147,155,165,
168-172,181,183-193]
Klebsiella pneumoniae + + + [112,130,165,193-195]
Kocuria marina + - - [105]
Kocuria palustris + - - [105]
Legionella pneumophila + - + [93,140,159,196-198]
Listeria monocytogenes + + + [64,140,180,199,200]
Muycobacterium tuberculosis' + - - [130]
Micrococcus luteus + + = [105,127,128] UR
Morganella morganii - - Sz [177]
Pantoea stewartii + - - [105]
Photobacterium leiognathi - + - [112]
Proteus mirabilis - - + [194]
Proteus vulgaris - - + [168]
Pseudomonas aeruginosa + + + [112,127,128,130,144,164,167,168,171,172,175,201,202]
Pseudomonas fluorescens + - - [199]
Pseudomonas nitroreducens - - + [169]
Pseudomonas oleovorans + - - [105]
Pseudomonas putita - - + [203]
Pseudomonas striata + - - [176]
Salmonella spp. + + + [64,129,165,183]
Salmonella typhi + = + [141,174,177,190,194,203,204]
Salmonella typhimurium + - - [141,142,199,201]
Sarcina lutea - - + [167]
Serratia marcescens - - + [171]
Shewanella putrefaciens i - - [199]
Shigella dysenteriae - - Sz [194]
Shigella flexnerii + - + [165,174,177,204]
Sphingomonas panni i - - [105]
Staphylococcus aureus' + 1 + [64,93,94,105,108,109,112,127,128,130,131,134,138,165,167-172,
175,181,184,199,200,205,206]
Staphylococcus epidermidis + + + [105,168,191,195,207] UR
Staphylococcus haemolyticus + - - [105]
Staphylococcus hominis + - - [105]
Staphylococcus warnerii + - - [105]
Stenotrophomonas maltophilia - - + [164]
Streptococcus faecalis + - [175]
Streptococcus pyogenes - + [168]
Streptococcus sp. - - + [165,208]
Vibrio cholerae’ + = + [141,190,209]
Yersinia pseudotuberculosis - - + [180]
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Xanthomonas compestris
Fungi/Yeast
Alternaria brassicae
Aspergillus bransilensis
Aspergillus carbonarius
Aspergillus flavus
Aspergillus fumigatus
Aspergillus niger
Aspergillus oryzae
Candida albicans
Candida glabrata
Candida krusei
Candida parapsilosis
Candida tropicalis
Cronobacter sakazakii
Cryptococcus neoformans
Culvularia lunata
Epidermophyton floccosum
Fusarium culmonium
Fusarium oxysporium
Fusarium solani
Microsporum canis
Myrothecium verrucaria
Penicillium chrysogenum
Pleurotus ostreatus
Pycnoporus cinnabarinus
Rhizoctonia bataicola
Rhizoctonia solani
Rhizopus stolonifer
Saccharomyces cerevisiae
Torulopsis pintolopesii
Trichoderma viride
Trichophyton longifusus
Trichophyton mentagrophytes
Tricophyton rubrum
Tricophyton schoenleinii
Virus
Avian influenza
Adenovirus type 1
Bacteriophages
Coxsackie virus types B2 and B4
Cytomegalovirus
Echovirus 4
Herpes simplex virus
Human immunodeficiency virus
Infectious bronchitis virus
Influenza A
Junin virus
Measles
Parainfluenza 3
Poliovirus
Pichinde
Punta Toro
Respiratory syncytial virus
Rhinovirus 2
Simian rotavirus SA11
Vaccinia
West nile virus
Yellow fever

+ o+ o+ o+

+ o+ o+
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+ [202]

4

[202]
UR
[210]
[96,172,203,204]
[96,211]
[96,114,172,202,211-214]

[212]
[64,96,104,108,109,112-114,130,168,169,173,193,204,211,214,215]
[168,180,194,204]

[168]

[168]
[168,180]
[216]

[211]

[195]

[211]

[96]
[96,202]
[96,195,204]
[204,211]
[212]

[96]

[185]

[185]
[195,203]
[213]

[203]
[103,104,169,217]
[215]

[212]

[204]
[113,114,194,212]
[113,211]
[194]

+ o+ + o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+

+ 4+ + +

'

+ 4+ + + o+ o+ o+ o+ + o+ o+

+ [111,205]

5 [99,218]

+ [219-223]
- [218]

- [99]

- [218]

+ [219,220]
+ [99,108,110,224]
+ [225]

- [99,111,135]
% [220]

- [99]
- [99]
% [222,226]
= [99]
= [99]
= [99]
= [99]
. [218]
= [99]
. [108]
= [99]

'Tested also against antibiotic resistant pathogens; “Unpublished data.

and of standard textile clothing used by 10 emergency
workers did not find any significant difference in the ex-

tent of microbial contamination between the textiles'

119]

It may be that a larger sample size was required to prove
the silver containing fabric efficacy. It should be taken
into consideration that in contrary to # vitro conditions,
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a continual re-inoculation with pathogens occurs during
real-life health care scenarios. In addition, the killing of
the microorganisms is not on contact, as it takes time for
the biocidal textiles to kill the exposed microorganisms.
Thus, obtaining sterile hospital or health-care associated
fabrics by biocidal textiles in a healthcare environment
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cannot be expected. Obviously, trials demonstrating that
the use of biocidal textiles does not only reduce biobut-
den in clinical settings, but also reduces NI rates, still
need to be conducted.

BIOCIDAL HARD SURFACES IN THE

HEALTHCARE ENVIRONMENT

On February 2008 the USA Environmental Protection
Agency (EPA) permitted the USA Copper Association
to make public health claims and state that copper alloy
products kill 99.9% of disease causing bacteria within 2
h and continue to do so when re—exposed“zﬂ. This ap-

proval has now been given to 355 different copper alloys
(including brass and bronze) following many years of
independent laboratory testing based on rigorous EPA
approved protocols. Copper is the only hard surface
metal that has received approval by the EPA to make
antimicrobial public health claims. In addition to the
tests conducted by the USA Copper Association in order
to obtain the approval for the registered health claims,
the biocidal properties of copper surfaces was demon-
98,100—102,104,105,127—‘142]. AS can

be seen in Table 1, copper surfaces can be regarded as

strated by many others as well®

a wide spectrum biocidal surface, as it has been found
to be efficacious against a wide array of gram positive
and negative bacteria, fungi and viruses. The biocidal
efficacy of copper surfaces increases with the copper
. [07,101,104,127,128,130,133,134,137,139] .
concentration , exposure peri-

[96-98,100-102,104,127-130,133-135,137,139,140,143] . 4. [127,128,131,136]
ods , humidity

[98,129,131,133,144]

and temperature . The higher the microorgan-

ism inoculum load is the longer it takes to reach complete
elimination of the exposed microorganisms!>****', In
contrast to stainless steel, which is the metal most widely
used in hospital care environments, copper surfaces are
highly reactive, and thus residual soil and build-up of
microbial cells is more likely to occur in copper surfaces
than on stainless steel'*”. Different cleaning solutions or
products may have different effects on the continual effi-
cacy of the copper surfaces' ™ and thus the right cleaning
and appropriate cleaning protocols of copper surfaces
need to be developed"”?.

Importantly, the significant contribution of copper
surfaces to the reduction of bioburden in clinical settings
has recently been demonstrated™>" """ One trial was
conducted in the United angdom“%], one in South Af-
rica*" and one in Germany"*,

In the United Kingdom study"* the efficacy of cop-
per surfaces to reduce bioburden was examined in a busy
acute medical ward, which included gastroenterology pa-
tients, and a cross-over model was utilized. A toilet seat,
tap handles and a ward entrance door push plate each
containing copper (60%-70% copper content) were sam-
pled for the presence of microorganisms and compared
to equivalent standard, non-copper-containing items in
the same ward. The items were installed at least 6 mo
prior to the commencement of the study to allow both
healthcare workers and staff to become accustomed to
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the copper containing items. The hospital staff followed
their standard cleaning routines, which included disinfec-
tion of both the control and test fixtures approximately
every 2 h. The items were sampled once weekly for 10
wk at 07:00 and at 17:00 to determine the number of
microorganisms present following quite and busy time
periods, respectively. The following specific indicator
bacteria were quantified: methicillin-sensitive Szaphylococcus
anrens (MSSA), MRSA, VRE, C. difficile and E. coli. After
5 wk, the copper-containing and non-copper-containing
items were interchanged to exclude any possibility of bias
according to preferential use of any patticular item based
on location. Median numbers of microorganisms har-
bored by the copper-containing items wete between 90%
and 100% lower than their control equivalents at both
sampling time-points, the microbial loads being highly
statistically significantly different between the matched
tested items (P values ranging from < 0.05 to < 0.0001).
Thrtee of the indicator microorganisms (MSSA, VRE and
E. coli) were only isolated from control items. MRSA and
C. difficile were not isolated during this study.

In the South Africa study[m], a comparative controlled
study was conducted at a busy walk-in primary healthcare
clinic in a rural region. Two similar adjacent consulting
rooms wete chosen. One was fitted with copper sheets
(99.9% pure copper) on desk and trolleys that were in
constant contact with staff and patients and on top of
cupboards and windowsills where contact was less fre-
quent. The other room remained with its original surfaces
that did not include any copper surfaces. Cleaning proce-
dures were the same for both rooms and no disinfectants
were used. Samples for microbiological determinations
were taken from 5 equivalent touch surfaces from each
room. Sampling was undertaken for a period of 4 and a
half days every 6 wk by the same person for a period of
6 mo. Samples were taken before cleaning (at 7 am), post
cleaning but pre consultation (at 8 am) and post consul-
tation (at 4 pm). The temperature and humidity in both
sampling rooms were comparable during the study period
covered - winter, spring and summer. The average num-
ber of consultations in each room during each sampling
series during the 6 mo study was similar (65 study and
68 control room). Statistically significantly lower overall
mean total CFU for all copper surfaces, including those
in constant contact with staff and patients and those with
less frequent contact, were found (P < 0.001), being the
mean reduction 71%.

In the German studymz], an oncological/pneumologi-
cal and a geriatric ward was used to test the efficacy of
copper surfaces in reducing bioburden. All touch sur-
faces in patient bed rooms, rest rooms and staff rooms
were replaced with new surfaces composed of metallic
copper-containing alloys, while matched rooms, where
no changes were made in the touch surfaces, served as
controls rooms. All surfaces were routinely cleaned each
morning with a disinfectant. The trial lasted 32 wk, 16 in
the summer and 16 in the winter. During both test peri-
ods of 16 wk, the total number of CFU on metallic cop-

August 25,2012 | Volume 2 | Issue 4 |



Borkow G et a/. Biocidal surfaces against nosocomial infections

per-containing surfaces was 63% of that on the control
surfaces (P < 0.001). When analyzing per surface area,
the differences were significant for door knobs, which
had the highest overall microbial load. Bacterial loads in
push plates and light switches were similar between the
test and control samples. Interestingly, after disinfection
of the copper and control surfaces, microbial repopula-
tion of the surfaces was significantly delayed on copper
alloys (P < 0.05).

In addition to the above studies, a clinical study was
undertaken to compare the surface microbial contamina-
tion associated with pens constructed of either a copper
alloy or stainless steel used by nurses on intensive care
units. A significantly lower level of microbial contamina-
tion was found on the copper alloy pensmg].

Another study, conducted in the UK, investigated
the efficacy of using biocidal hard surfaces impregnated
with a silver based technology in reducing microbial con-
tamination in a real-life hospital environment'*". Two
outpatient units were included in the 18 mo study. One
unit was refurbished with the silver containing products,
which included door knobs, blinds, tiles, sack holders and
light switches. The other unit contained untreated items
and served as a control. Both units were similar in terms
of volume of people and layout and were subjected to
similar standard cleaning practice. Both units were al-
lowed to function for 12 mo before microbiological
swabbing commenced. Swabs were collected over a 5-mo
period from both units. The CFU counts in the unit
containing the silver impregnated products were between
62% to 98% lower than the matched unit. CFU counts
from the silver-treated materials were between 70% (fab-
rics) to 99% (laminates) lower than untreated equivalents.
In addition, the bacterial contamination on untreated
products in the ward containing the silver-impregnated
products was on average 43.5% lower compared with un-
treated matched products in the control unit.

The above described trials clearly demonstrate that
biocidal hard surfaces found in heath-care settings offer
the potential to significantly reduce the number of mi-
croorganisms in the clinical environment and thus reduce
the risk of HAI. However, the use of biocidal surfaces
should not act as a replacement for cleaning in clinical
areas, but as an adjunct in the fight against HAIL

IS MICROBIAL RESISTANCE TO COPPER
A CONCERN?

Bacterial resistance is a major concern in infection con-
trol, as exemplified by the highly antibiotic resistant bac-
teria (with up to 2200-fold decreased sensitivity to the
antibiotic (e.g.,“so]) that have evolved in less than 50 years
of antibiotic usage, making infected patient treatment
extremely difficult (e.g.,[zo]). Thus, the possibility of devel-
opment of resistance to biocides is a real concern”*"",
Importantly, as opposed to antibiotics, in spite of copper
being a part of the earth for millions of years, and being
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used by humans from the beginning of the civilization,
no microorganisms that are highly resistant to copper
have been found, but only microorganisms with reduced
copper sensitivity (increased copper tolerance). For ex-
ample, Enterococci bacteria isolated from the gut of pigs,
which were fed for many months with high concentra-
tions of copper in their diet, were 7 fold less susceptible
to copper than Enterococci bacteria isolated from pigs
not fed with copper[153’154]. The increased tolerance to
copper is achieved by the induction of an efflux pump in
the tolerant bacteria!™". Outstandingly, the Enterococci
and E. co/i tolerant bacteria isolated from pig farms fol-
lowing the use of copper sulfate as feed supplement were
rapidly killed when spread in a thin, moist layer on copper
alloys with 85% or greater copper content or under dry
conditions™”. Tolerance, but not resistance, was found in
nitrifying soil microorganisms exposed to Cu for nearly
80 years under field conditions' ™. Similarly, the spray of
coppet-containing compounds for years on vegetable and
fruit crops to limit the spread of plant pathogenic bacte-
ria and fungi, has favored the spread of copper tolerant
genes among saprophytic and plant pathogenic bacte-
ria"””. The increased tolerance to copper was found to
be associated with the amount of soluble copper and not
with the total amount of copper[lis]. Thus, even in soils
where the concentration of copper was very high, but in
a non-soluble form, no increase in tolerance to copper
was observed"™. The copper active ingredient used in
the biocidal textiles is copper oxide, a non-soluble form
of copper. Importantly, no resistant bacteria evolved
in vitro when consecutively exposed to repeated fabrics
containing 1% copper oxide!"", Interestingly, bacteria
were isolated from copper-containing surfaces and some
exhibited prolonged (1 to 3 d) survival on dry but not on
moist copper surfaces”. None of these isolates strains
was copper resistant in culture"”, Survival on copper-
containing surfaces appeared to be the consequence of
either endospore formation, survival on patches of dirt,
or a special ability to endure a dry metallic copper sur-
face.

The reason why no resistance to copper, but only tol-
erance, is found in microorganisms exposed to constant
relatively high doses of copper, may be because copper
exerts its biocidal/antimicrobial activity not through one
mechanism (as most antibiotics), but through several par-
allel non-specific mechanisms”"”". As briefly mentioned
previously, these mechanisms include: (1) denaturation
of nucleic acids by binding to and/or disordering helical
structutes and/or by cross-linking between and within
nucleic acid strands; (2) alteration of proteins and inhibi-
tion of their biological assembly and activity; (3) plasma
membrane permeabilization; and (4) membrane lipid per-
oxidation. Furthermore, widespread appearance of bacte-
ria tolerant or resistant to copper contact killing appears
unlikely as plasmid DNA is completely degraded after
cell death by contact killing, preventing the transfer of re-
sistance determinants between organisms[lm and copper
contact killing is very rapid precluding the acquisition of
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resistance during cell division"”.

Thus, even though some organisms have mechanisms
of tolerance to excess copper as described above, in gen-
eral, all microorganisms cannot cope when exposed to
high concentrations of copper and are irreversibly dam-
aged. As a result, despite having been present throughout
human history, and despite repeated historic use of cop-
per as an antimicrobial agent over the centuries, copper
was and remains a broad-spectrum biocidal/antimicrobial
compound and yet no bacteria fully resistant to copper
have been discovered.

CONCLUSION

Similar to the efficient control of Legionella infections
and the reduction of molds and yeasts that has been
achieved in hospital systems by simply incorporating cop-
per-silver ionization devices into the hospital water dis-
tribution systems“sg’m”, the use of soft and hard surfaces
containing biocidal copper in products such as those de-
scribed in Figure 1, may play an important role in reduc-
tion of NI in hospital care environments. Furthermore, as
NI are now spreading out from the hospital environment
into the community (e.g,"**'*"), the use of textiles, such as
those impregnated with copper oxide, and hard surfaces
containing a high percentage of copper, may not only
significantly contribute to the reduction of HAI, but may
also confer protection when used in homes for the elderly
and in other environments where immune compromised
individuals are at high risk of contracting infections.
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GENERAL INFORMATION

World Journal of Clinical Infections Diseases (World | Clin Infect Dis, WJ-
CID, online ISSN 2220-3176, DOI: 10.5495) is a bimonthly peet-
reviewed, online, open-access (OA), journal supported by an edito-
rial board consisting of 107 experts in infectious diseases from 36
countries.

The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.c. the maximization of the value to
the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of the publica-
tion of scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views,
as well as promoting the application of scientific achievements, but
also in formally recognizing the "priority" and "copyright" of in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes
of WJCID and create a well-recognized journal, the following four
types of personal benefits should be maximized. The maximization
of personal benefits refers to the pursuit of the maximum personal
benefits in a well-considered optimal manner without violation of
the laws, ethical rules and the benefits of others. (1) Maximization
of the benefits of editorial board members: The primary task of
editorial board members is to give a peer review of an unpublished
scientific article via online office system to evaluate its innovative-
ness, scientific and practical values and determine whether it should
be published or not. During peer review, editorial board members
can also obtain cutting-edge information in that field at first hand.
As leaders in their field, they have priority to be invited to write
articles and publish commentary articles. We will put peer review-
ers’ names and affiliations along with the article they reviewed in
the journal to acknowledge their contribution; (2) Maximization
of the benefits of authors: Since WJCID is an open-access journal,
readers around the wortld can immediately download and read, free
of charge, high-quality, peer-reviewed articles from WJCID official
website, thereby realizing the goals and significance of the com-
munication between authors and peers as well as public reading; (3)
Maximization of the benefits of readers: Readers can read or use,
free of charge, high-quality peer-reviewed articles without any lim-
its, and cite the atguments, viewpoints, concepts, theories, methods,
results, conclusion or facts and data of pertinent literature so as to
validate the innovativeness, scientific and practical values of their
own research achievements, thus ensuring that their articles have
novel arguments or viewpoints, solid evidence and correct conclu-
sion; and (4) Maximization of the benefits of employees: It is an
iron law that a first-class journal is unable to exist without first-class
editors, and only first-class editors can create a first-class academic
journal. We insist on strengthening our team cultivation and con-
struction so that every employee, in an open, fair and transparent
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environment, could contribute their wisdom to edit and publish
high-quality articles, thereby realizing the maximization of the pet-
sonal benefits of editorial board members, authors and readers, and
yielding the greatest social and economic benefits.

Aims and scope

IW]CID will focus on a broad spectrum of topics on infectious
diseases that will cover epidemiology, immune-pathogenesis, ge-
netic factors, host susceptibility to infection, vector control, novel
approaches of treatment, molecular diagnostic and vaccines. It will
provide a common stage to share the visions, new approaches, most
advanced techniques, and to discuss research problems that will
help everyone working in the field of various infections to exchange
their views and to improve public health. IJCID will also focus on
broad range of infections like opportunistic infections, zoonotic
infections, tropical and neglected tropical diseases, emerging infec-
tions, eze. and following topics related to these issues: (1) Causative
agents discussing various pathogens; (2) Vectors and Mode of trans-
mission; (3) Host-pathogen interaction and immune-pathogenesis
of the disease; (4) Epidemiology of the infection and vector control
strategies; (5) Genetic factors covering both host and pathogen; (6)
Molecular diagnostic techniques vaccines; and (7) Recent advances
in cell tissue culture, lab techniques, e#. Various other related fields
like medical microbiology, pharmacology of herbs, bioinformatics,
ete. will be included.

Columns

The columns in the issues of WJCID will include: (1) Editorial: To in-
troduce and comment on the substantial advance and its importance
in the fast-developing areas; (2) Frontier: To review the most repre-
sentative achievements and comment on the current research status
in the important fields, and propose directions for the future research;
(3) Topic Highlight: This column consists of three formats, includ-
ing (A) 10 invited review articles on a hot topic, (B) a commentary
on common issues of this hot topic, and (C) a commentary on the
10 individual articles; (4) Observation: To update the development
of old and new questions, highlight unsolved problems, and provide
strategies on how to solve the questions; (5) Guidelines for Clinical
Practice: To provide guidelines for clinical diagnosis and treatment; (6)
Review: To systemically review the most representative progress and
unsolved problems in the major scientific disciplines, comment on
the current research status, and make suggestions on the future work;
(7) Original Articles: To originally report the innovative and valuable
findings in infectious diseases; (8) Brief Articles: To briefly report the
novel and innovative findings in infectious diseases; (9) Case Report:
To report a rare or typical case; (10) Letters to the Editor: To discuss
and make reply to the contributions published in WJCID, or to intro-
duce and comment on a controversial issue of general interest; (11)
Book Reviews: To introduce and comment on quality monographs
of infectious diseases; and (12) Guidelines: To introduce consensuses
and guidelines reached by international and national academic au-
thorities wotldwide on the research in infectious diseases.
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SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.

Biostatistical editing

Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects ().
Losses in observations, such as drop-outs from the study should be
reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any poten-
tial bias, WJCID requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors ICMJE), which is available at: http://wwwicmje.
otg/cthical_4conflicts.html.

Sample wording: [Name of individual| has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names
of organizations|, and has received research funding from [names of
organization|. [Name of individual] is an employee of [name of or-
ganization|. [Name of individual] owns stocks and shates in [name of
organization]. [Name of individual] owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee or it
should be stated clearly in the text that all persons gave their informed
consent prior to their inclusion in the study. Details that might disclose
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the identity of the subjects under study should be omitted. Authors
should also draw attention to the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Trials) and/or the World Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional teview boatd.
If human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (expetimental procedutes) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transpatrency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dur-
ing mailing,

Online submissions

Manuscripts should be submitted through the Online Submis-
sion System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/2220-3176/
g_info_20100722180909.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
wjcid@wijgnet.com, or by telephone: +86-10-85381891. If you
submit your manuscript online, do not make a postal contribution.
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Repeated online submission for the same manuscript is strictly pro-
hibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JE, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in IW]CID, review-
ers of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shang-
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hai, Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

Thete are unstructured abstracts (no less than 256 wotds) and
structured abstracts (no less than 480). The specific requitements
for structured abstracts are as follows:

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 + 3.86 »s 3.61 + 1.67, P < 0.001; CONCLUSION (no
mote than 26 words).

Key words
Please list 5-10 key wotds, selected mainly from Index Medicus, which
reflect the content of the study.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /www.wignet.com/2220-3176/g_info_20100725072755.htm.

Illustrations

Figures should be numbered as 1, 2, 3, e#., and mentioned clearly
in the main text. Provide a brief title for each figute on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.com/1007-9327/13/4891.pdf; http://www.
wignet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..;B: . Gy D s BEr g Bl G e It ds our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., and mentioned
cleatly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. ‘P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, °P < 0.05 and “P < 0.01 are used.
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Instructions to authors

A third series of P values can be expressed as “P < 0.05 and ‘P < 0.01.
Other notes in tables or under illustrations should be expressed as
'F, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with ®, o, m, O, A, /\, ez., in a certain se-
quence.
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Statistical data
Write as mean * SD or mean * SE.

Statistical expression

Express 7 test as 7 (in italics), I test as F (in italics), chi square test as
y* (in Greek), related coefficient as  (in italics), degree of freedom
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as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ef. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2220-3176/
g _info_20100725073806.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbteviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSFE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.
Biology: H. pylori, E coli, ete.
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725072121.htm

Obsetvation: http://wwwwijgnet.com/2220-3176/g_info_2010072
5072232 htm

Guidelines for basic research: http:/ /wwwwijgnet.com/2220-3176/
g info_20100725072344.htm

Guidelines for clinical practice: http:/ /wwwwignet.com/2220-3176
/g_info_20100725072543 . htm

Review: http:/ /wwwwignet.com/2220-3176/g_info_201007250726
56.htm

Original articles: http:/ /www.wjgnet.com/2220-3176/g_info_2010
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Brief articles: http:/ /wwwwjgnet.com/2220-3176/¢_info_2010072
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Case report: http:/ /wwwwignet.com/2220-3176/g_info_20100725
073015.htm

Lettets to the editor: http:/ /www.wignet.com/2220-3176/g_info_2
0100725073136.htm
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Book reviews: http://wwwwignet.com/2220-3176/g_info_2010072
5073214.htm

Guidelines: http:/ /www.wjgnet.com/2220-3176/g_info_201007250
73300.htm

SUBMISSION OF THE REVISED MANU-
SCRIPTS AFTER ACCEPTED

Please revise your article according to the revision policies of W]CID.
The revised version including manuscript and high-resolution image
figures (if any) should be re-submitted online (http://www.wjgnet.
com/2220-3176office/). The author should send the copyright
transfer letter, responses to the reviewers, English language Grade B
certificate (for non-native speakers of English) and final manuscript
checklist to wicid@wijgnet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Copyright assignment form
Please download a Copytight assignment form from http://www.
wjgnet.com/2220-3176/g_info_20100725073726.htm.

Responses to reviewers

Please revise your article according to the comments/ suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/2220-3176/
g info_20100725073445.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Links to documents related to the manuscript

WJCID will be initiating a platform to promote dynamic inter-
actions between the editors, peer reviewers, readers and authors.
After a manuscript is published online, links to the PDF version
of the submitted manuscript, the peer-reviewers’ report and the
revised manuscript will be put on-line. Readers can make comments
on the peer reviewer’s report, authors’ responses to peer reviewers,
and the revised manuscript. We hope that authors will benefit from
this feedback and be able to revise the manuscript accordingly in a
timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurckAlert/AAAS (http://www.eurckalert.org). The title for
news items should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.

Publication fee

W]CID is an international, peer-reviewed, Open-Access, online
journal. Articles published by this 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.
Authors of accepted articles must pay a publication fee. The related
standards are as follows. Publication fee: 600 USD per article. Edi-
torial, topic highlights, book reviews and letters to the editor are
published free of chatge.
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