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Abstract

Awareness of conflicts of interest (COI) in medicine
began in the 1980s. More recently, the problem has
gained notoriety in nutritional sciences. COI with industry
could bias study conclusions in the context of research
activities and scientific publications on nutritional
sciences. The issue of COI in nutritional sciences deserves
more attention and requires careful analyses as biased
information can negatively impact the development of
dietary guidelines and, ultimately, population health.
Decision-making is generally based on available, published
evidence, but when the results are ambivalent, it is
easier to opt for the status quo and ask for more studies.
Readers might wonder if research is subsidized by
industry as a counterbalancing strategy based on levels
of evidence-only to slow down eminent positions and/or
legislation on the food sector? How can this problem be
overcome without producing paranoia and McCarthyism
while trying to be as methodological as possible?

Key words: Conflicts of interest; Nutrition; Nutritional
sciences; Bias; Systematic reviews; Meta-analysis

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Decision-making in the field of nutrition is
based on published evidence, but when results are
ambivalent, it is easier to opt for the status quo and ask
for more studies. Because conflicts of interest (COI) in
nutritional sciences can bias conclusions and negatively
impact dietary recommendations and population health,
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it deserves more attention and requires careful analyses.
To regard evidence properly and in a rigorous manner,
COI in systematic reviews and meta-analyses must be
evaluated systematically to guarantee the trustworthiness
of nutrition-related studies, and must therefore be obli-
gatory sub-analyses to reduce the risk of bias in data
interpretation.

Lucas M. Conflicts of interest in nutritional sciences: The forgotten
bias in meta-analysis. World J Methodol 2015; 5(4): 175-178
Available from: URL: http://www.wjgnet.com/2222-0682/full/v5/
i4/175.htm DOL: http://dx.doi.org/10.5662/wjm.v5.i4.175

INTRODUCTION

Thompson'*! defined conflicts of interest (COI) as “a set
of conditions in which professional judgment concerning
a primary interest (such as a patient’s welfare or the
validity of research) tends to be unduly influenced
by a secondary interest (such as financial gain)”. To
researchers, financial incentive is not necessarily the only
influent interest. The desire for recognition, academic
advancement, success in publication and funding are
other powerful stimulants™. Scientists delight in believing
they are immune to and very mindful of COI. According
to Young™': “We are not always aware of our own
biases. The idea that scientists are objective seekers of
truth is a pleasing fiction, but counterproductive in so
far as it can lessen vigilance against bias.” The purpose
of this editorial is to discuss justifiable concern about
the COI problem in nutritional sciences and the need
to seriously take it into account with critical reading
of scientific journals and inclusion of its analysis in
systematic reviews (SR) as well as meta-analyses (MA).
The nature of COI and human behavior relevant to COI
are beyond the scope of this editorial, as they have
already been well-described by other authors?®*,

Even if we cannot accurately ascertain the beginnings
of COI investigation in medicine, its consideration
intensified in the 1980's™® and it still continues'’. In
2009, the Institute of Medicine dedicated a full report
to COI, indicating that its concerns are justifiable!®.
Corruption of healthcare by Big Pharma is a long-
standing debate, but the one on Big Food is much more
recent””. Indeed, PloS Med and BMJ recently published
a complete series on the food and beverage industries,
their influence and COI™*', To Loder''”, the industry-
researcher relationship “is not evidence of research
malpractice. It does, however, contribute to perceptions
that nutrition science might be for sale.” However, nut-
ritional sciences are not the exclusive domain of COL.
Such biases are well-known in the tobacco* and
pharmaceutical industries™, and parallels also apply to
the food industry™.

Although most scientific journals instruct authors to
report all COI, not all published studies declare them.
Lesser et al'™ noted that 54% of scientific articles -
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relating to drinks (beverages, juice, and milk) and
published between 1999 and 2003 - named their
financial sponsorships. They assessed the influence of
funding bias by determining the relationship between
industry (sponsorship) funding (yes, no, mixed support)
and the conclusions of scientific articles (favorable,
unfavorable or neutral). They reported an odds ratio of
7.61 (95%CI: 1.27-45.73) for favorable vs unfavorable
conclusions in all industry-funded articles compared to
those without industry funding. They concluded that
“industry funding of nutrition-related scientific articles
may bias conclusions in favor of sponsors products, with
potentially significant implications for public health”. Diels
et al'™ scrutinized the relationship between COI and
study outcomes (favorable/unfavorable) in the realm
of genetically-modified food products, using similar
methodology. They found that financial COI were not
associated with the results, but discerned strong linkage
between professional COI (author affiliation with industry)
and study outcomes. Bes-Rastrollo et a'® examined
relationships between COI and food companies,
conclusions on sugar-sweetened beverage (SSB)
consumption, and weight gain in published SR. Among
the 6 SR that identified “"COI with food companies”,
83.3% (n = 5) reported no positive linkage between SSB
intake and weight gain, whereas among the 12 SR that
found “no COI with food companies”, 83.3% ascertained
positive associations. They noted that studies with “COI
with food companies” were 5 times (relative risk = 5.0;
95%CI: 1.3-19.3) more likely to present no positive
association between SSB consumption and weight gain
than those without COI. These contradictory findings do
not, however, establish which SR is right, but they clearly
indicate discrepancies, depending on whether or not COI
exist.

Drug studies have advantages over those in nut-
rition-the results are first submitted to government
agencies for scrutiny before drug approval. Therefore,
data from unpublished drug research are available, but
this is not the case in nutrition. Moreover, by accessing
trials registered with the United States Food and Drug
Administration™”, the European Medicines Agency''®! and
other government bodies, it can be determined if they
have been published or not, if more negative studies
are unpublished, if published results agree or conflict
with agency decisions, and if there is risk of publication
bias. Although not perfect, different methods detect and
correct for publication bias!***®!. However, unless bias
is severe, these tests have low power and high false-
positive rates in perceiving significant asymmetry™,
Therefore, no statistical methods are superior to any
others in assessing publication bias and they should be
viewed as exploratory analyses. Publication bias in SR
and MA is related not only to published and unpublished
studies, but also to factors which influence published
studies (e.g., statistical significance, study size and
quality, type of study design, etc.)?". COI are often
forgotten factors.

To help in the critical analysis of published SR and MA,
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guidelines such as PRISMA™? (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) should be
followed. The publication of protocols for SR and MA in
the Cochrane Library (http://community.cochrane.org/)
or Prospero (http://www.crd.york.ac.uk/prospero/)i*
could ensure rigorous methodology. Although these
tools are driven by methodological markers, they do
not constitute an analysis of quality in themselves. Peer
review committees and scientific panels do not always
guarantee the quality of published studies. If included
studies are of poor methodological quality, their results
are likely to be biased. Therefore, the outcomes of SR
and MA could be linked with high risk of bias, even if
the methodology is implemented with great rigor. The
Cochrane Statistical Methods Group and the Cochrane
Bias Methods Group developed a risk of bias tool that
focuses on 6 domains: Selection, performance, detection,
attrition, reporting and other biases®®". However, this risk
of bias tool seems insufficient to capture biases related
to study funding sources'”’. A Cochrane Review found
that the risk of bias between drug industry and non-drug
industry-funded studies was similar, but observed that
drug industry-funded studies reported more “favorable”
results than non-drug industry-funded studies™®.

As mentioned earlier, the problem of COI is comp-
licated by the fact that not all studies sufficiently declare
sponsorships and the financial affiliations of authors.
Indeed, in the 2010 Cochrane Database of Systematic
Reviews, a very low proportion of published drug stu-
dies reported funding sources (30%, 46/151 reviews),
author-industry financial ties or employment (11%,
16/151 reviews)™ . These findings are overwhelming,
considering that Methodological Expectations of Cochrane
Intervention Reviews Item No. C44 (Describing Studies)
is mandatory™. Funding sources and COI declarations
by primary researchers should be collected in this
process and appear in the table on “Characteristics of
included studies”.

As suggested by Bero'®: “The impact of the bias
can be assessed descriptively or by using subgroup
analysis, comparing industry-funded to non-industry-
funded studies, as is commonly done in Cochrane
Reviews. A bias should not be ignored even if we do not
fully understand its mechanism, just as we should not
ignore harms of interventions if we don't understand
how they arose, or ignore the harm of smoking because
we don’t know how smoking causes cancer. Therefore,
a study’s funding source should be evaluated as an
independent risk of bias.” As pointed out by Rothman®®,
there is a risk of McCarthyism with labeling of scientists
as having COI. He recommended “that a work should
be judged solely on its merits” and “We can halt this
new McCarthyism in science and get back to focusing
on the work of a scientist rather than on his or her life
story”.

To regard evidence properly and in a rigorous manner,
COI in SR and MA must be evaluated systematically
to guarantee the trustworthiness of nutrition-related
studies, and must therefore be obligatory sub-analyses
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to reduce the risk of bias in data interpretation. COI may
influence the results not only by showing statistically
significant associations between exposure and disease,
but also by demonstrating lack of associations, especially
among groups that protect interests by inducing doubts
and claiming unproven causation. Surprisingly and
unfortunately, none of the MA in nutritional sciences
assessed COI - to the best of the author’s knowledge
while writing this editorial! Therefore, SR and MA must
include sub-analyses that try to examine if studies with
COI: (1) industry-sponsored; (2) authors-industry-
affiliated; and (3) sponsorship or author affiliation - have
more favorable outcomes (results, conclusions) than
other investigations. The methodology employed by
Diels et at** for SR and by Lundh et af*® for MA could
establish definitions, such as: (1) Sponsorships: industry-
funded, non-industry-funded, and unknown/unclear
sponsorship; (2) Authors’ affiliations: Industry-affiliated,
non-industry-affiliated, and unknown/unclear; and (3)
Classifications that combine sponsorship and author
affiliations: COI (sponsorship or author affiliations), no
COI, and unknown/unclear.

Nutrition is one of the most vital health determinants
of society, not only in regard to the etiology of chronic
diseases, but also because it is an important target for
public health interventions. Investment in epidemiological
approaches - allowing rigorous study into the roles
of both individual and overall diets in disease risk - is
undoubtedly a key to success. However, to continue to
attract interest and trustworthiness, nutritional sciences
must be faultless.
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Abstract

Congestive heart failure (CHF) is a chronic condition,
requiring polypharmacy, allied health supports and
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regular monitoring. All these factors are needed to
ensure compliance and to deliver the positive outcomes
demonstrated from randomized controlled trials. Unfor-
tunately many centers around the world are unable
to match trial level support. The outcomes for many
communities are thus unclear. Research design factors in
post-marketing surveillance to address this issue. Phase 4
studies is the name given to trials designed to obtain such
community level data and thus address issues of external
validity. CHF phase 4 studies are relatively underutilized.
We feel the onus for this research lies with the health
profession. In this commentary we provide arguments as
to why phase 4 studies should be viewed as a social and
corporate responsibility of health professional that care for
clients with CHF.

Key words: Clinical trial; Corporate responsibility; Health
system; Congestive heart failure; Phase 4

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This commentary brings needed and timely
attention to phase 4 or postmarketing surveillance. Only
a handful of congestive heart failure (CHF) therapies
have actually been studied in the community after
the randomized controlled trial. In this millennium it
is important we not only innovate and support trials
of new therapies, but also ensure the therapies we
are already using are effective for all patients. As drug
discovery and randomised controlled trial evidence is
often done by private sector pharmaceuticals, we thus
feel the need to bring attention on treating health care
teams to regularly generate efficacy and effectiveness
data for the CHF treatments they prescribe.

Iyngkaran P, Beneby GS. Toward phase 4 trials in heart failure:
A social and corporate responsibility of the medical profession.
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INTRODUCTION

wo

medical Profession’ consists of the sum of the
identities of its membership ... if the ‘profession’ is held
responsible for something, each of its members is
responsible, in some way, for it”. -French PA

It is the collective responsibility of the medical
profession to seek and administer processes to account
for past practices and improve future health practices.
The practice of medicine, today, is a complex process
that has to factor many considerations. An important
consideration is the evidence based practice. This
evolution initially saw prescribing that was based on
uncontrolled observations of physiology in individuals,
to controlled observations on groups. The pursuit of this
new goal has become quite complex and corporatized,
such that we often forget some of the basics that has
safely steered the profession. All systems also have
to factor the social and ethical contracts between
governments, and its citizens, demanding equitable
health services, or risk community wrath at the
ballot box. The prescription of pharmaceuticals is one
arm of this complex process. Many pharmaceutical
manufacturers operate from the private sector. A
financial investment is made in developing a drug,
where there is always the risk that it may not provide
the necessary benefits, hence unmarketable. To
standardize this competition with accountability, the
randomised controlled trial (RCT) has been used to
generate the evidence base. Should there be positive
findings, the company that has made that investment
now has the legitimacy to market the product. There are
however limitations with this process. In this editorial
we discuss the importance of continuing governance
once the drug is approved for community use. In this,
all health professionals have to ask the hard questions
and truly understand the entirety of their responsibilities
not only in the delivery but the governance of clinical as
well as the corporate issues. Let us look at examples for
this from several vantage points that are timeless.

ETHICS

Whenever a doctor cannot do good, he must be kept
from doing harm. -Hippocrates

Safety, the pillar of medical practice, ingrained at
the start of training and reminded at graduation with
the “Hippocratic Oath”, is a social contract we as
health care workers (HCW) have with our clients.
Before a HCW does anything we should firstly do no
harm. As soon as a HCW starts their duties whether
it is consulting, diagnosing, prescribing, dispensing,
delivering, promoting or preventing, they run the risk of
doing harm. There is no way to determine risk-benefits
ratios of any intervention without adequate checks
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and balances. Medication errors are the eighth leading
cause of death in the United States. Cardiovascular
medications account for a large proportion of these
errors, predominately as inpatients in the emergency
department and acute hospital settings. Errors include
omissions, incorrect dosage, under prescribing, and
failure to consider adverse interactions. Errors are
more likely to occur when clinical workload is heavy;
there is language, communication, cultural barriers;
although, generally the majority of these errors occur
from a lack of intention™. Geographical distances
and unavailability of services are not factored much
in guidelines to achieve simplicity of the therapeutic
regime. Universal and standardized reporting of errors
and adverse side effects has been in play from many
health bodies and centralised to government bodies to
ensure accountability. Standardization of knowledge
and training at undergraduate and continuity thereafter
are also important measures to reduce this risk®>?.
System wide the monitoring of this, however, remains
inadequate.

STANDARDS

“...The art of medicine was to be properly learned only
from its practice and its exercise...” -Thomas Sydenham

Health regulators have ensured that delivery of
health care has a minimum basic standard through law
and enforcement by regulatory bodies. Such examples
include the medical universities, training colleges,
therapeutic goods admirations, medical councils and
overseas trained doctor regulators. At the core of this is
the curriculum. As health information and technologies
are evolving so must HCW and systems. Continuous
medical education (CME) is now required by medical
bodies to maintain up-to-date knowledge, although
barriers remain. Among a small number of general
practitioners, barriers were identified in many dimension
of care!. With system wide barriers it will be difficult
for regulators to introduce standards for improvement
at the level of the health clusters. In addition there are
silos between the administrators, HCW and clients. This
often makes it difficult for HCW to practice in-sync with
advancements, while using their local experience. This in
fact is a translational block that occurs far too often. In-
fact these local experiences in the practice of medicine
are not given any emphasis. No doubt HCW may use
this in their practice, perhaps unregulated, without
the knowledge of how it is translating. As an example,
Joynt et al! highlighted the differences in mortality
outcomes between physicians managing a high vs low
volume of congestive heart failure (CHF) cases. These
benefits were noted regardless of age, sex, race and
comorbidities. Such care was also more intense, and
with greater use of skilled nurse and rehabilitation.
However, readmission rates were higher™. Identifying
priorities is one reason. The experience of HCW also
appears vital for improved outcomes. In the real world
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there remain many clusters that never achieve this
high volume status, and where admitting patients more
frequently are not possible. How we learn from these
positive examples, how we disseminate that knowledge
and how we use technology to share workloads to
achieve the adequate standards and outcomes are
issues health systems must address. To truly factor in
experiences, guidelines need to achieve consensus and
standardize sections in it that reflects on the benefits
of regional variations in practice. Creating options of
how such variations can be created, while ensuring all
these deviations are audited is an important standard
to set in shaping CHF guidelines of the future. Another
issue of concern when dealing with fixed guidelines is its
generalizability.

GENERALIZABILITY

“We should be concerned not only about the health
of individual patients, but also the health of our entire
society”. -Benjamin Carson

It is important we pay attention to the generalizability
of standards and guidelines. Rothwell, highlighted two
vital questions when evidence is gathered through RCTs:
firstly, are the results valid for patients other than from
the trials; and are the results generalizable to similar
patients but in a different treatment setting™®. Due to the
way trials are set up, it will be impossible to test every
conceivable permutation (scenario) while controlling
biases. Cultural sensitivities, an example of one such,
are important areas to negotiate. Often HCW exercise
judgement which on occasion could flirt the boundaries
of such guidelines or the skills they are thought™”. This
art of medicine touches greatly on subjectivity and relies
on the HCW intuition or perhaps experience. In a study of
general practitioners if was found that prescribing closely
of HF guidelines varied inversely with age'”’. While the
younger group could relate to familiarity with guidelines,
the importance of age and experience, perhaps related
more to on the ground realities in different communities,
and may have influenced these differences. There
are unfortunately no universal ways to standardize this,
but we can still account for this. As highlighted earlier
experience can be a factor that affects outcomes. From
this HCW may start being creative in their administration
of health services. It is not only important that there
be accountability but also sharing of this experience to
reflect in the published literature.

EXPERIENCE

“It is much more important to know what sort of a
patient has a disease than what sort of a disease a
patient has”. -William Osler

No two health care workers will be identical in
the way they practice medicine. Experiences of both
client and physicians are important as they tailor their
individual views on health and illness. The undisputed
common outcome is perhaps the ability to “...live a
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long, productive and quality life...”. Again studies have
shown that the higher the volume of HF clients seen by
physicians, outcomes tended to be better, suggesting
the importance of clinical experience®. While we allow
doctors to practice in this fashion, we find it difficult to
find guidelines that describe medical care in this fashion.
Similarly client experiences are important. The clients
view on how they are treated in the medical system will
reinforce their attitudes to health. These views will have
cultural and socioeconomic slants, factors that are not
often factored into RCT or guidelines. It may not be as
simple in all cases to tell a patient that the medicine you
are giving them is the best and they ought to comply
regardless of how they feel about it®®®). In this sense
two powerful qualities are relationships which is vital
to develop a good understanding, and choice, which is
needed to provide for a holistic HCW-patient experience.

RELATIONSHIPS

“The good physician treats the disease; the great
physician treats the patient who has the disease”.
-William Osler

It is universally accepted that most clients and
systems rate HCWs who provide a holistic approach to
medical care. There is a spectrum of what is considered
holistic including partnerships and seeking of expertise
when unavailable. It is also imperative that HCW look
out for and form partnerships with other specialists
in their own right. Knowledge is not the right of one
person and no one group has all the knowledge. To
provide a comprehensive client experience all HCW at
some point must seek the assistance of their colleague.
This area becomes more complex when skills are
outside the health cluster. Forming relationships with
centres of excellence will help. Technology can be used
to bridge such gaps. Translational blocks for these are
administrative, requiring a new mind set from all parties.
Similarly health services with a greater density of HF
specialist were associated with improved outcomes™**",
These are other reasons for such partnerships. Good
client HCW relationship is an independent marker of
positive outcomes!*?. The National institute of health
which advocates for improved evidence translation
discusses the continuation of “Bench to Bedside” research.
In the second arm, “Bedside to Bench”, clinical and basic
research are equally important in the delivery. It is the
obligation of the HCW to seek these out, to improve
translation of evidence or to generate greater evidence
should it be required. Healthy clinical and scientist HCW
relationships are an obligation in pursuit of the optimal
client services, where there is also adequate choice.

CHOICE

“Never go to a doctor whose office plants have died”.
-Erma Bombeck

HCW and clients alike need choices, and the
freedom to make informed choices. This includes the
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choice of doctor, therapies and the manner in which
all aspects of their care are delivered. Guideline based
care and the Western paradigm of ambulatory chronic
condition care has subverted this process, subtlety
such that both HCW and clients deliberate from a small
basket of choices™"!, We are acknowledged that “a
one shoe fits all” approach does not work. Having
choices is not an easy process as it requires extension
of evidence beyond a Bench to Bedside approach. In
the vast majority of cases a guideline based approach
is sufficient. In perhaps one in ten cases there is a need
for a more creative approach. This may involve using
a medication with improved activity for a comorbidity,
that is easier to use, that has potentially less side
effects. Drug companies that develop the evidence will
often stop after the RCT is concluded. In the conclusion
of the presented findings it is often written to imply
a wide generalizability when in actual fact the results
apply to the chosen population treated. It is often left
to the HCW to generate this evidence. This involves a
competitive process from formulation of the research
question to grant funding applications for investigator
initiated research. Again this process could be simplified
where regulatory authorities directly approve the
investigator initiated research and provide the formulary
medication. Clearly health economics is a factor and
this needs to be discussed. A new approach is also
encouraged. Understanding how clients and HCW
interact within clusters could be important in reducing
this block.

COST

“A hospital bed is a parked taxi with the meter running”.
-Groucho Marx

“There are no free lunches”, “the age of entitlement
is over”, are choruses that can be heard loudly at
political rallies. Escalating health care costs are a
concern. The increase in pharmaceuticals prescribed will
see funds diverted from other essential services. The
easiest way to save cost is to keep the client healthy,
prevent future illnesses and reduce tertiary hospital
utilization. CHF alone utilizes close to 2% of health care
costs, in the United States estimated at close to $35
billion dollars. Among 1054 CHF clients, when this cost
is broken down, after a mean follow-up of 4.6 years
73% had died. The estimated lifetime costs were close
to $110000 where more than three fourths the costs
are accumulated from hospitalizations. The majority
of HF patients will suffer at least one other chronic
comorbidity™***. As there are overlaps with care within
the chronic ambulatory care model ways can be found
to minimize this overlap and reduce duplication. This
is one simple way. Other options include preventing
the treatment of one iliness affecting the outcome of
another. In these cases we have previously discussed
how extra-class effects of drugs, their variable pharma-
cological properties could be better suited some
clients. It is important we generate this evidence at the
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community level.

MORAL RESPONSIBILITY

“Modern medicine is a negation of health. It isn‘t
organized to serve human health, but only itself, as an
institution. It makes more people sick than it heals”.
-Ivan Illich

Do medical professionals have responsibility beyond
the description of their respective professions? There
have been in our time physicians who have stood out
more than others. Many of these, some included in
the above quotes, point to an unwritten, subjective
obligation that comes closer to the spiritual than the
scientific domain. Regardless of our view points on this
we have to accept that the practice of medicine is an
inexact science. We are there for obligated to keep an
open mind and to continuously strive for improvement
in our clients welfare. This can be defined as common
sense by pragmatist; of interest by health systems
focused on cost and a moral imperative by others. CME
is one arm of this where HCW increase their armament
for service delivery. Prospective clinical audits are
another arm where the focus is on the health system.
They should be run by centralised committees within
local health clusters controlling the key performance
indicators. Six domains from preadmission, emergency,
admission, discharge, community and the dimensions
of care in each of these domains should be negotiated.
An agreed framework for data mining will allow for
better and quicker access to information. Health
systems in the future should work on standardising the
entry, sharing of data and allow for easier access to
prospective health data so that local situations can be
addressed quicker. We must always find way to provide
a frame for the picture to the painted. The barriers here
are often administrative and jurisdiction. It is a moral
imperative we balance our views on this, prevent silos
and look for commonalities. From this picture we can
execute our social responsibility as citizens. Thus HCW
have responsibilities *...Beyond their call for Duty..".

SOCIAL AND CORPORATE
RESPONSIBILITY

“The physician’s highest calling, his only calling, is to make
sick people healthy-to heal, as it is termed”. -Samuel
Hahnemann

It is important that systems ask socially responsible
questions, e.g., should we provide health services to a
community for a decade what is the expected outcome
at the end of that time? Is there anything we should
do differently? Do we have the adequate skills? Phase
4 studies are a continuation of research once evidence
is generated from a RCT. They seek to advance the
translational factors such as access, organizational and
client factors that could hinder delivery of best practice.
Such research could understand both clinical and economic
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issues relevant to health clusters and health systems. It
provides both information and hypotheses generating
questions and should be part of continuous quality
improvement™®™®, It is our collective responsibility to
ask these post marketing questions such as: What are
the strains on the health systems? What can I or we as a
group do to help? When and where to seek assistance?
When and where to draw attention? It is thus a social
and corporate responsibility for HCW to continue to audit
their work to look for better and cheaper ways to provide
health services moving into the future.

In summary, to provide medical services and reinforce
the RCT findings is a complex process with many factors
at play. Health systems have to factor all these. It may
seem difficult as such it may be easy to merely do
the same. In fact with very simple measures we could
achieve an improved standard of medical care. We feel
that this standard involves a dedicated emphasis by HCW
and systems for post marketing surveillance to address
issues within health clusters'*®*), There are technological
advancements now to ensure that this process need not
be as laborious as it previously was. Data storage, data
mining and standardization of key performance indicators
in HF suggest that a subtle shift in thinking and an
investment in technology could prove useful. The future
must encompass a dedication to regular audits to inform
a dynamic CME education curriculum, by breaking down
of silos, and embracing technology'**"’. More powers
be given and greater accountability requested from
heath clusters by preventing translational blocks. Phase
4 trials should not be viewed as a rigorous process, a
vindictive process where some are rewarded and other
punished. It should be viewed as a process to generate
evidence, improve service delivery, understands subtle
local variations, inform the health cluster and add to the
global pool of knowledge. Doing so will not only reduce
costs but uphold the social contract between providers
and recipients of health care.
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Abstract
Cystic echinococcosis (CE) is a zoonotic parasitic infection
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caused by the larval stage of Echinococcus granulosus.
Diagnosis of CE mainly relies on a combination of
serological testing along with imaging approaches. A
variety of serological methods, mainly based on hydatid
cyst fluid, antigen B (AgB) and antigen 5, have been
developed and used for immunodiagnosis of CE, yet
their performances are not satisfactory. Although utilizing
of recombinant or synthetic antigens, improved the
performance of serological tests, it has not applicably
overcome the problem of low sensitivity and cross rea-
ctivity, seen in the diagnosis of CE. Performances of
immunodiagnostic tests based on AgB subunits are
promising. The 8 kDa subunit of AgB is the most studied
antigen in native, synthetic or recombinant form for
diagnosis of CE. From the 5 subunits of AgB, antigen B8/1
and B8/2 provided the highest diagnostic sensitivity and
specificity. Moreover, detecting of specific antibodies of IgG
subclasses has improved the efficacy of immunodiagnostic
tests. Among the IgG subclasses, both IgG2 and IgG4
are considered as good markers for diagnosis and IgG4
as a suitable marker for follow up of the patients. In this
review an overview of immunodiagnostic methods, related
antigens and their performances in the diagnosis of CE are
given. The paper highlights pitfall and challenges in the
serological diagnosis of CE. Moreover, limitation of currently
available immunodiagnostic tests and the most recent
development in the designing and application of serological
assays for diagnosis of CE in human are addressed.

Key words: Immunodiagnosis; Cystic echinococcosis; Hydatid
cyst

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cystic echinococcosis (CE) (hydatid cyst) is one of
the most important parasitic diseases, causing tremendous
morbidity and mortality for the human patients. Diagnosis
of CE mainly relies on ultrasound images of the cyst along
with serological testing. So far, there is no highly specific
and sensitive immunodiagnostic test for diagnosis of CE
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and performances of the currently available tests are not
satisfactory. Different antigenic sources including hydatid
cyst fluid, antigen B and 5, excretory-secretory antigens
of larval stage or adult worm have widely been used for
development of serological assays for diagnosis of CE.
Utilizing of antigen B subunits in immunodiagnostic tests
and detection of IgG subclasses, as a good marker, opened
a promising perspective in diagnosis of this debilitating
disease.

Sarkari B, Rezaei Z. Immunodiagnosis of human hydatid disease:
Where do we stand? World J Methodol 2015; 5(4): 185-195
Available from: URL: http://www.wjgnet.com/2222-0682/full/
v5/i4/185.htm DOL: http://dx.doi.org/10.5662/wjm.v5.i4.185

INTRODUCTION

Cystic echinococcosis (CE), known as hydatid cyst or
hydatid disease, is a zoonotic parasitic infection caused
by the larval stage of Echinococcus granulosus (E.
granulosus). Dogs and other canids harbor the adults
tape worm and herbivores acts as intermediate host and
become infected through ingestion of parasite’s eggs.
Human acquire the infection by accidental ingestion of E.
granulosus eggs.

CE with its significant economic and medical impact
constitutes an important public health problem in
many developing countries™™. An estimated 1.2 million
people worldwide are affected by CE and the disease
accounts for annual estimate of 3.6 million DALYs (dis-
ability adjusted life years) through the world™., Early
and proper diagnosis of CE can provide appropriate
management and suitable treatment of the disease™.

Diagnosis of CE is mainly confirmed through a
combination of relevant history, serological testing, along
with imaging approaches. A variety of serological methods
have been developed and used for immunodiagnosis of
CE in recent years, including indirect hemagglutination
(IHA), immunoblotting, enzyme-linked immunosorbent
assay (ELISA), indirect fluorescent-antibody (IFA), latex
agglutination test, and immunochromatography test™¢™**,
For the development of these assays different antigens
from adult worm, protoscolices, worm eggs or hydatid
cyst fluid have been defined, purified and evaluated in the
aforementioned serological tests.

Diagnosis of CE has drastically improved during
the last two decades. Progress in methods for antigen
purification, cloning expression and purification of E.
granulosus recombinant antigens, and defining and
synthesis of immunodominant peptides contributed
to this development. Nevertheless, immunodiagnosis
of CE is still problematic. Commercially available sero-
logical tests show unsatisfactory performance. The
lack of standardization of immunodiagnostic assays
and also antigen preparation contribute to discrepancy
in results reported in different laboratories. Cyst size,
stage and location as well as patients characteristics
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may be accounted for the discrepancy of the same test
performance in different clinical diagnostic laboratories.

Hence, serological assays still have a complementary
role to imaging in the diagnosis of CE. Low sensitivity
(up to 30% of false negativity) and also low specificity
(up to 25% of false positivity) make serological results
difficult to interpret!*>*”),

Pitfalls and challenges in the diagnosis of CE

In spite of the development of a variety of immuno-
diagnostic test, following diagnostic pitfalls and chall-
enges still exist in the diagnosis of CE.

Available immunodiagnostic tests give a relatively
high rate of false-negativity. False negative results in
immunodiagnostic tests for CE may be seen in patients
with small cysts, intact cysts, cysts in extrahepatic
locations, heavily calcified cysts (e.g., nhon-viable), or cyst
in privilege sites (brain or eye). Akbulut et a/*® reported
that 15 out of 40 patients with pancreatic echinococcosis,
found in the literature have had negative serological
testing for CE. Among 65 CE patients in Germany, false
negative serological results were reported in 18% by
IHA and in 15% by ELISA™, In a study by Akcam et
al*® more than 20% of patients with extra-hepatic cysts
were reported to be negative by IHA test. Using WB, 10
cases of IHA-negative were found to be positive. In a
study by Wuestenberg et af®, CE was confirmed in 9
cases of IHA-negative by clinical findings and imaging
(US). Cardiac hydatid cyst, with 54 mm X 45 mm size,
was serologically negative in Canpolat et a/** report.
Karakasli et al*® reported a case of large spinal-para
spinal hydatid cyst with negative ELISA and WB testing.
They suggested that clinical and neuro-radiological
findings should be considered in such cases. Review
of 100 case of pulmonary hydatidosis by Zapatero et
al* revealed that positive serological test have been
present with ruptured cyst (positive IHA in all of ruptured
cyst) while the test detected only 80% of patients with
unruptured cysts. Serological test for CE have been
negative in human immunodeficiency virus (HIV)-positive
cases™,

Currently available tests give rather high rate of
false-positive reaction in patient infected with other
parasites (notably cestodes) or even in healthy subjects.
False positive results are related to cross reactant anti-
bodies.

Differentiation of past (cured or calcified cyst) from
present (active or progressive) hydatid infection is
difficult by existing antibody detection assays. Antibody
titer may remain for years, even after surgical removal
of the cyst or proper drug treatment®*?”, Therefore a
positive serological test may not necessarily imply the
presence of active cyst or even the reactivation of CE.

Hydatid cysts in unusual locations may complicate
its diagnosis. Congenital, choledochal and pancreatic
pseudocysts along with lipoma, ovarian intra-abdominal
cystadenoma and intra-hepatic haematoma may be
misdiagnosed as hydatid cyst by ultrasonography/
computerized tomography (US/CT)!"?. In all of these
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conditions an appropriate serological test would be quite
helpful with negative results.

Performance of serological tests varies in different
pathological stage of CE according to WHO dlassification'®®.

A single defined molecule may not be sufficient
for diagnosis of CE. Recent immunoproteome analysis
of hydatid cyst fluid (HCF), in different stages of cyst
(based on WHO classification), revealed that specific
immunodominant epitopes changes from™ one stage to
another stage. This indicates that more than one defined
immunodominant antigen may be needed to diagnosis
CE in different status of the cyst.

Antigenic sources for inmunodiagnosis of CE

Antigenic sources which have widely been used for imm-
unodiagnosis of CE are HCF, component of HCF, ES of
protoscolices or adult worm, and also extract of adult
worm or larval stage. Antigen for immunodiagnosis of
CE has been comprehensively reviewed by Carmena et
al'¥, The main antigens for diagnosis of CE and their
performance in diagnosis of CE are discussed below.

HCF: HCF is the most common antigenic source which
has been used for diagnosis of CE. HCF is a mixture of
host (albumin, globulins) and parasite components?®*>,
Sensitivities of serological tests based on HCF are high
but their specificities are far from satisfactory (30%-
90 )[8101228313335] ' Many of available commercial kits
are using HCF in ELISA system for diagnosis of CE. Table
1 summarizes the performance of HCF in diagnosis of CE
in different serological assays.

Using HCF as a source of antigen, Sedaghat et a/*”
evaluated the performance of a simple dot ELISA and
CCIEP (counter current immunoelectrophoresis) for
diagnosis of human hydatidosis and found a sensitivity
and specificity of 100% and 89.1% for Dot-ELISA
and 80% and 62% for CCIEP. Dot ELISA had a better
performance in comparison with CCIEP. Using HCF,
EL-Shazly et af® reported a sensitivity of 96.7% and
specificity of 97.5% for ELISA and 86.7% and 95%
for IHA. Al-Sherbiny et al'® applied the camel HCF in a
dipstick assay and reported a high diagnostic sensitivity
(100%) and specificity (91.4%).

CCIEP is a relatively sensitive, but not specific
method for diagnosis of CE. In a retrospective study con-
ducted by Sadjjadi et ai™' hospital records of 1227
surgically proven CE cases were examined and found
that only 62% of cases had a CCIEP positive test in
comparison with 96.3% of positive findings by US and
pathology.

Antigen 5: Antigen 5 (Ag5) is one of the most imm-
unogenic and abundant part of HCF. It composed of
57 and 67 kDa components and dissociate into 38 and
22-24 kDa subunits under reducing conditions™®. Ag5,
after AgB, is one of the most studied antigens in the
serodiagnosis of CE. Numerous studies pointed out
that Ag5 has a high rate of cross-reactivity with sera
of healthy controls or other non-CE patients!**"), Its
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performances in native, recombinant or synthetic forms
have not been satisfactory due to either low sensitivity
(50-54), or specificity because of cross reactivity with
sera of the patients with other cestoda, trematoda or
even nematoda. In an Ag5-based ELISA, Khabiri et
al*® reported that IgE and IgG4 are the most important
antibodies, with low cross reactivity with sera of healthy
control and non-CE cases.

Contrary to these reports, a recent study by Pagnozzi
et al® demonstrated that highly enriched Ag5, by
chromatographic method, attained highly specific and
unambiguous results, in Western blotting and ELISA
system in diagnosis of CE. The authors indicated that
low performance of this antigen in previous studies is
related to non-properly purified antigen which have
been used and considered that highly purified Ag5 is
a promising antigen in diagnosis of CE. Having said
that, the low number of sera tested in their study does
not allow drawing a decisive conclusion. Table 2 shows
the performance of Ag5 in diagnosis of CE in different
serological assays.

Antigen B: Antigen B (AgB) is a thermostable polymeric
lipoprotein of 120-160 kDa, composed of 8 kDa sub-
units which dissociates into 8/12, 16 and 24 kDa
subunits, under reducing condition in SDS-PAGE®,
AgB is considered as the main antigen of HCF with high
specificity and sensitivity in serological diagnosis of
CE[9,10,31,40—42] .

AgB is highly immunogenic, a feature that makes
this antigen a suitable candidate for immunodiagnosis of
CE. The smallest subunit, 8 kDa, considered as the most
appropriate antigen in diagnosis of CE. Not surprisingly,
the 8 kDa subunit of AgB is the most studied antigen in
native, synthetic or recombinant form for diagnosis of
CE. Sarkari et al* obtained diagnostic sensitivity and
specificity of 100% and 80% when AgB was evaluated
in an immunoblotting system. In their study from 40
sera of hydatidosis patients, 32 cases (80%) detected
the 8 kDa subunit, 29 cases (72.5%) recognized the 16
kDa component and 29 cases (72.5%) detected the 24
kDa subunit of antigen B. In continuation of their study,
when the AgB was used in an ELISA system, sensitivity
of the system was determined to be 92.5% and the
specificity was found to be 97.3%""%.

Recombinant AgB are not doing much better in
diagnosis of CE when compared with native homologues
antigens. The performance of rAgB subunits for diagnosis
of CE was evaluated by Jiang et a/*” where they
reported performance order of AgBl1 > AgB4 > AgB2
> AgB5 > AgB3. It was found that in some cases
antibodies against subunits of AgB was not produced.
In another study, Jiang et a** reported that AgB1 has
higher diagnostic sensitivity in comparison with AgB2
and AgB4. However, in Virginio et al** study, antigen
B8/2 provided the highest diagnostic sensitivity (93.1%)
and specificity (99.5%) in ELISA system. In Leggatt et
al*®! study, a sensitivity of 90.9% was reported for the
12 kDa subunit of AgB (corresponding to the smallest
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Table 1 Performance of hydatid cyst fluid in diagnosis of cystic echinococcosis in different serological assays

Antigen No. of subjects Test Sensitivity Specificity Cross reactions Year  Ref.
(%) (%)
CE Other Healthy
patients disease control

SHCF 78 24 15 IgG ELISA 724 NR 2001 [71]

BHCF 129 65 203 IgG ELISA 77.6 96.6 Cysts, Toxoc. 2003  [44]

CHCF 26 35 10 Dipstick assay 100 91.4 Cysts, AE, Trichinosis, Schist., Fascio 2004 [6]

CHCF 26 35 10 EITB 100 91.4 Cysts, AE, trichinosis, Schist, Fascio 2004 [6]

CHCF 26 30 10 IgG ELISA 96.2 100 None 2004 [6]

SHCF 102 68 95 IgG ELISA 88.2 80.9 AE, Cysts, Schist, Fascio, Taeniasis, 2008 [72]

Dirofilariasis

SHCF 120 Casoni'’s skin test 88.2 80.9 NR 2005  [73]

SHCF 120 Casoni’s skin test 70 87 NR 2005 [73]

SHCF 120 Casoni’s skin test 62 85 NR 2005 [73]

SHCF 120 THA 56 84 NR 2005  [73]

SHCF 25 15 25 ELISA on serum 72 76 Cysts, Ascaris, Ambs liver abscess 2007  [74]

SHCF 25 15 25 ELISA on urine 84 76 Cysts, Ascaris, Ambs liver abscess 2007 [74]

SHCF 25 15 25 ELISA on saliva 56 76 Cysts, Ascaris, Ambs liver abscess 2007 [74]

SHCF 40 40 70 CCIEP 97.5 58.1 Fascio, Toxoc, Taenia, 2007  [10]

Malignancies

SHFF 204 53 90 IEP 31 100 None 2000  [75]

SHFF 204 53 90 THA 54 100 None 2000  [75]

SHFF 204 58] 90 1B 80 96 Cysts, Serous cysts 2000  [75]

SHCF 35 12 25 Dot-ELISA 100 89.1 Ascaris, Taenia, 2010 [1]

Strogyl
SHCF 35 12 25 CCIEP 80 62 Ascaris, Strogyl, 2010 [1]
Toxop

SHCF 59 60 39 IgG ELISA 91.5 96 Clonorchiasis 2013 [76]

hHCF 50 15 20 1B 83 98 None 2014 [28]

hHCF 50 15 20 IgG IB 83 98 None 2014  [28]

SHCF 50 40 20 IgG ELISA 92 85 Ascaris, Ambs, 2014 [67]
Malignancy, Toxop

SHCF 50 40 20 IgM ELISA 70 93.33 Ascaris, Ambs, 2014 [67]
Malignancy, Toxop

SHCF 50 40 20 IgE ELISA 86 96.66 Ascaris, Ambs, 2014 [67]
Malignancy, Toxop

SHCF 50 40 20 IgG1 ELISA 82 98.33 Ascaris, Ambs, Malignancy, Toxop 2014 [67]

SHCF 50 40 20 IgG2 ELISA 74 95 Ascaris, Ambs, 2014  [67]
Malignancy, Toxop

SHCF 50 40 20 IgG3 ELISA 52 36 Ascaris, Ambs, Malignancy, Toxop 2014  [67]

SHCF 50 40 20 IgG4 ELISA 86 28 Ascaris, Ambs, 2014  [67]
Malignancy, Toxop

Psx Ag 113 112 121 DIGFA 87.6 90.90 Hd, Cysts, 2015  [48]

HCC, HH

CPsx extract 147 88 60 IgG ELISA 90 57 AE, Trypanosomiasis 2002 [76]

Emwl Ag 50 154 WB IgG 98 NCC 2000  [14]

Emwl Ag 50 154 IHA > 80 94.3 NR 2000  [14]

Emwl Ag 50 154 THA > 320 80 NR 2000  [14]

Emwl Ag 50 154 IgG ELISA 79.4 NR 2000  [14]

EITB: Enzyme linked immunoelectrotransfer blot; IHA: Immune hemagglutination assay; CHCF: Camel hydatid cyst fluid; SHCF: Sheep hydatid cyst
fluid; hHCF: Human hydatid cyst fluid; SHFF: Sheep hydatid fluid fraction; Hd.: Hepatic distomiasis; Emwl Ag: Whole larval antigen from Echinococcus
multilocularis; CPsx extract: Crude protoescolex extract; Psx Ag: Protoscoleces antigen; BHCF: Bovine hydatid cyst fluid; Ascaris: Ascariasis; Toxop:

Toxoplasmosis; Fascio: Fascioliasis; Cysts: Cysticercosis; Ambs: Amebiasis; Toxoc: Toxocariasis; Schist: Schistosomiasis; AE: Alveolar echinococcosis;

Strongyl: Strongyloidiasis; HH: Hepatic hemangioma; NR: Not reported; CE: Cystic echinococcosis; ELISA: Enzyme-linked immunosorbent assay.

subunit of AgB) in a blotting system. More than 5%
(5.5%) of cysticercosis patients reacted with this
subunit.

The 12 kDa subunit of AgB, was cloned and expressed
by Abdi et a*’. The antigen was comparatively evaluated
for diagnosis of CE, with native AgB and HCF. The
sensitivity and specificity of rAgB, in ELISA system was
similar to HCF (96% and 97%), and lower than native
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AgB (98.6% and 100%).

A recombinant antigen of B8/1 (rAgB), showed a high
sensitivity (94.6%) and specificity (93.9%) for diagnosis
of CE, using serum samples from Iran, China and
Japan, in comparison with HCF, native AgB, prepared
from sheep HCF, either from Iran of Japan®4,

Mamuti et a*" cloned and produced recombinants
of EmAgB8/1 from E. multilocularis and EQAgB/1 from
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Table 2 Performances of antigen 5 for immunodiagnosis of cystic echinococcosis in different serological assays

No. of subjects Test Sensitivity (%) Specificity (%) Cross reaction Year Ref.
CE patient  Other disease  Healthy control

Agb 39 51 29 IgG ELISA 54 89 AE 2000 9]
Agb 58 36 40 IgG ELISA 100 70.17 Leish, Toxop, Fascio 2006 [39]
Agb 58 36 40 IgG1 ELISA 100 70.17 Leish, Toxop, Fascio 2006 [38]
Agb 58 36 40 1gG4 ELISA 75.8 93.02 Toxop, Fascio 2006 [38]
Agb 58 36 40 IgE ELISA 70.1 100 None 2006 [38]
rAgh 34 36 18 IgG ELISA 65 89 AE, Cysts 2005 [77]
rAg5-38s 34 36 18 IgG ELISA 21 97 AE 2005 [77]

Leish: Leishmaniasis; Toxop: Toxoplasmosis; Fascio: Fascioliasis; Cysts: Cysticercosis; AE: Alveolar echinococcosis.

E. granulosus and evaluated their antigenic reactivity
in Western Blotting and ELISA in comparison with that
of counterpart, an 8 kDa subunit of AgB. WB showed
reactivity with 81.3% of sera from CE patients and
40.6% of sera from alveolar echinococcosis (AE) pati-
ents, while EgAgB8/1 showed reactivity with 86% of CE
and 42% of AE patients. Both EmAgB/1 and EgAgB/1
showed similar reactivity with 37.8% of sera from AE and
88% of sera from CE patients.

A synthetic P176 peptide related to N-terminal extreme
of AgB/1 subunit yielded a sensitivity and specificity of
78.69 and 96.88 for pulmonary hydatid cyst™”..

Application of antigen B in a dot immunogold filtration
assay increased the test specificity (98.3%) but in turn
decreased the sensitivity (77.9%) of the assay, compared
to native antigen™®,

Source of antigen B is an important factor which
affects the performance of the test for diagnosis of CE.
In agreement with this, Rahimi et a*” showed that AgB
isolated from human and sheep liver cyst have the best
performance in diagnosis of CE when compared with
those antigen obtained from liver or lungs cyst of goat,
cattle or camel.

Combination of antigen B and antigen 5 may increase
the sensitivity of the test as currently used in a commercially
available test. The commercially available Rapid Immun-
ochromatography test VIRapid® HYDATIDOSIS test (Vircell,
Spain) using antigen 5/B was evaluated by Tamer et af*”
for diagnosis of CE where they reported a sensitivity of
96.8% and specificity of 87.5%. In their study, the antigen
cross reacted with sera from taeniasis and leishmaniasis
patients and also a few (4%) of healthy controls.

Nature and quality of antigen B, isolated from HCF,
may be variable based on the host species, cyst location,
cyst status and also parasite strain. This is one of the
reasons that different laboratories attain different res-
ults using AgB in serodiagnosis of CE. In view of this
point, discrepancies in results of serodiagnosis of CE,
using antigen B might be related to, method of antigen
preparation, variation in host and strain of parasite,
differences in antigen B, site of the cyst, clinical status
and type of the cyst. Table 3 shows the performances
of antigen B in diagnosis of CE in different serological
assays.
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Protoscolices antigens: Native metacestode-derived
antigens show substantial (mainly more than 90%) sen-
sitivities in diagnosis of CE®"!. However cross-reactivity
with other parasitic diseases (fascioliasis, schistosomiasis,
amebiasis, taeniasis, cysticercosis and filariasis) is the
main drawback of using such antigens for serodiagnosis
of CE. The best performance for serological tests of
ELISA, IHA and IFA, was achieved for ELISA (87.5%
sensitivity and 100% specificity), using metacestode
antigen®,

Detection of IgG subclasses: Detecting of specific
antibodies of IgG subclasses may improve the diagnostic
performance of immunodiagnostic tests. Xu et a/***
examined the seroreactivity of 42 IgG negative (total
IgG) with IgM, IgE, IgA, and IgG subclasses and found
that 32 cases were positive with either one or combined
of two of other antibodies. The best seropositivity
(42.95%) was reported with either IgG1 alone or a
combination of IgG1l + IgA + IgM. IgG subclasses is
usually linked to the status of cyst development. Findings
of Daeki et al® demonstrated that IgG antibody
response is associated with the growth and development
of cyst, while IgG1, 2 and 3 responses are predominantly
related to involutive phase in CE cysts. Patients with
relapsing disease have a high level of IgG4 titer.

Lawn et a/®*' demonstrated that concentration of
CE-specific IgG subclasses (IgG1-4), are much corre-
lated with disease activity than total IgG. Among the
IgG subclasses, 1gG2 provided the best correlation
with clinical outcome. In a lateral fellow dipstick test, a
sensitivity of 95% and specificity of 100% was reported
for detection of IgG4, in comparison with IgG dipstick
with 87.5% specificity™®'. Detection of antibodies mainly
IgG subclasses (IgG1, 4) in urine of CE patients provide
a similar result in comparison to serum sample in Chirag
study™”.

Antigen detection for inmunodiagnosis of CE

Antigen detection has been used for diagnosis of a
few of parasitic diseases with satisfactory results®®®".
Antigen detection might be useful for detection of current
infection and also post treatment follow up of CE patients.
However results with detection of hydatid cyst antigen

December 26, 2015 | Volume 5 | Issue4 |



Sarkari B et a/. Immunodiagnosis of hydatid cyst

Table 3 Performances of antigen B in diagnosis of cystic echinococcosis

Antigen No. of subjects Test Sensitivity Specificity Cross reactions Year Ref.
(%) (%)
CE Other disease  Healthy
patients control
nAgB 204 21 90 1B 66 100 None 2000 [75]
nAgB 59 55 15 IgG ELISA 80 77 AE, NCC 2005 [77]
nAgB 90 86 27 IgG ELISA 77 85 AE, RA 2000 [9]
nAgB 204 21 90 IgG ELISA 74 100 None 2000 [75]
nAgB 31 87 29 IgG ELISA 7741 81.9 AE, Ev, Schist, Toxoc 2000 [78]
nAg B 78 24 15 IgG ELISA 93.5 89.7 Distomatosis, Schist 2001 [71]
nAgB 129 65 203 IgG ELISA 60.3 92.6 Cysts,Toxoc 2003 [44]
nAgB 22 12 4 WB 77 100 Toxoc, Other cestodes 2010 [30]
nAgB 40 40 70 IgG ELISA 92.5 97.3 Fascio 2007 [10]
nAg B 40 40 70 CCIEP 97.5 58.2 Fascio, Toxoc, Taenia, 2007 [10]
Malignancy
nAgB 204 53 90 1B 66 100 None 2000 [75]
nAg B 204 68 90 IgG ELISA 74 100 None 2000 [75]
nAg B 35 29 25 IgG ELISA 94.2 81.6 NR 2009 [16]
nAg B 55 72 50 IgG ELISA 96.4 97.2 None 2014 [68]
nAg B 113 112 121 DIGFA 929 81 HD, Cysts, HCC, HH 2015 [48]
Goat liver Ag B 47 30 40 IgG ELISA 914 92.8 NR 2011 [49]
Human liver Ag B 47 30 40 IgG ELISA 97.8 97.1 NR 2011 [49]
Bovine lung Ag B 47 30 40 IgG ELISA 78.7 85.7 NR 2011 [49]
Sheep lung Ag B 47 30 40 IgG ELISA 93.6 88.5 NR 2011 [49]
Camel lung Ag B 47 30 40 IgG ELISA 93.6 90 NR 2011 [49]
Sheep liver Ag B 47 30 40 IgG ELISA 95.7 92.8 NR 201 [49]
rAgB 204 21 90 1B 72 100 None 2000 [75]
rAgB 113 112 121 DIGFA 77.9 98.3 None 2015 [48]
rAgB8/1 31 87 29 IgG ELISA 54.84 80.17 AE, Schist, Toxoc 2000 [78]
rAgB8/1 129 65 203 IgG4 ELISA 91.4 91.7 Cysts 2003 [44]
rAgB8/1 59 55 15 IgG ELISA 68 88 AE, NCC 2005 [80]
rAgB8/2 31 87 29 IgG ELISA 83.87 98.28 Schist, Toxoc 2000 [78]
rAgB8/2 129 65 203 IgG ELISA 93.1 99.5 Cysts, Toxoc 2003 [45]
rAgB8/2 129 65 203 IgG4 ELISA 69 87.5 Cysts 2003 [45]
rAgB8/2 59 55 15 IgG ELISA 45 86 AE, NCC 2005 [77]
rAgB8/1 129 65 203 IgG4 ELISA 91.4 91.7 Cysts 2003 [44]
rAgB8/1 59 55 15 IgG ELISA 68 88 AE, NCC 2005 [77]
rAgB8/2 31 87 29 IgG ELISA 83.87 98.28 Schist, Toxoc 2000 [78]
rAgB8/2 129 65 203 IgG ELISA 93.1 99.5 Cysts, Toxoc 2003 [44]
rAgB8/2 129 65 203 IgG4 ELISA 69 87.5 Cysts 2003 [44]
rAgB8/2 59 55 15 IgG ELISA 45 86 AE, NCC 2005 [77]
B1t 102 68 95 IgG ELISA 83.3 87.5 AE, Schist, Cysts, Fascio, 2008 [9]
B2t 102 68 95 IgG ELISA 91.2 93 Cysts, Schist, Fascio 2008 [9]
2B2t 186 174 110 IgG ELISA 87.6 99.1 AE, NCC, Hepatitis 2012 9]
rEgAFFPt 129 65 203 IgG ELISA 58.6 95.6 Cysts, Toxoc 2003 [44]
rEgCaBP2 129 65 203 IgG ELISA 84.5 96.6 Cysts, Toxoc 2003 [44]
rEgcMDH 129 65 203 IgG ELISA 89.7 95.1 Cysts 2003 [44]
rEgAFFPf 129 65 203 IgG ELISA 69 89.7 Cysts, Toxoc 2003 [44]
rEpC1-GST 324 502 70 IgG IB 92.2 95.6 AE, NCC, Schist, 2003 [79]
Liver cancer
rTPxEg 100 218 20 IgG IB 39 69.3 AE, NCC 2004 [78]
rEgG5 23 138 20 IgG IB 61 70 AE, Cysts 2004 [79]
E14t 102 68 95 IgG ELISA 35.3 91.7 Schist 2008 [9]
C317 102 68 95 IgG ELISA 58.8 80.9 AE, Cysts, Taeniasis, 2008 [9]
Schist,
po5 90 86 27 IgG ELISA 44 96 AE, Schist, Toxoc 2000 [9]
p175 90 86 27 IgG ELISA 49 94 AE, Schist, Toxoc 2000 [9]
p176 90 86 27 IgG ELISA 80 93 AE, Schist, Toxoc, 2000 [9]
Syph, Chagas
p177 90 86 27 IgG ELISA 38 92 AE, Toxoc, Syph, 2000 9]
Chagas
pGu4 90 86 27 IgG ELISA 18 98 AE 2000 9]

Leish: Leishmaniasis; Toxop: Toxoplasmosis; Fascio: Fascioliasis; Cysts: Cysticercosis; Ascaris: Ascariasis; Syph: Syphilis; Ambs: Amebiasis; Toxoc:
Toxocariasis; Schist: Schistosomiasis; NCC: Neurocysticercosis; AE: Alveolar echinococcosis; nAg B: Native antigen B; rAgB: Recombinant antigen B; Ev:
Ev: Polycistic hydatid disease (E. vogeli); RA: Rheumatoid arthritis; HCC: Hepatocellular carcinoma; NR: Not reported; CE: Cystic echinococcosis; ELISA:
Enzyme-linked immunosorbent assay.
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Table 4 Performances of antigen detection assays in immunodiagnosis of cystic echinococcosis

Antigen No. of subjects Test Sensitivity (%) Specificity (%) Cross reaction Year Ref.
(%)
CE patient Other disease Healthy control

Urinary antigen 40 24 25 Co-A 50 89.09 12.5 2000  [62]
Serum antigen 40 24 25 Co-A 73.08 94.23 125 2000  [62]
Serum antigen 35 29 25 IgG ELISA 25.7 98 34 2009 [16]
Serum antigen 141 25 25 LAT 72 98 4 2003 [7]

Serum antigen 40 24 25 CIEP 45 100 None 1997  [80]
Urinary antigen (ucon) 40 24 25 CIEP 225 95.91 8.33 1997 [80]
Urinary antigen (con) 40 24 25 CIEP 47.5 95.91 None 1997 [80]

ucon: Unconcentrated; con: Concentrated; CE: Cystic echinococcosis; LAT: Latex agglutination test; Co-A: Coagglutination; CIEP: Countercurrent

immunoelectrophoresis; ELISA: Enzyme-linked immunosorbent assay.

for detection of CE are far from satisfaction”"***%,

Antigen detection in CE is much less sensitive than
antibody detection and the later remains the most
commonly used approach for diagnosis of this disease.
Antigen can be detected in sera of 35%-85% of CE
patients depends on the status and location of the
cyst”**%1, In some cases of CE circulating antigen has
been detected in sera of patients who had not shown
anti-hydatid antibodies in their serum. Swarna et a'"
reported a sensitivity of only 53.33% and specificity of
96.66% in a Dot-ELISA system for detection of hydatid
cyst antigen in urine samples. Lower sensitivity (29.68)
was obtained when CCIEP was used for detection of
hydatid urinary antigen®,

Using coagglutination test, a sensitivity of 47.5%
was achieved for detection of hydatid antigen in urine’®.
Several interfering factors have been proposed to explain
the poor performance of antigen-detection assays in
diagnosis of CE. Among them are formation of imm-
une complexes and low availability of free antigen,
sequestration of antigen due to cyst layers, especially
in intact cyst, and presence of interfering component
in serum or urine, as demonstrated in other studies®®.
Cysts in privileged sites (e.g., eye and brain) do not
release enough antigens to be detected by serological
assays.

Location of the cyst is an important issue in diag-
nosis of CE as one study pointed out that CE antigen
can be detected in 46% of patients with liver cyst but
not in any of patients with lung hydatid cyst™™®. In an
attempt to develop an antigen detection assay for
diagnosis of CE, Sadjjadi et al'*®! evaluated an ELISA
system for detection of circulation antigens in serum of
CE patients. In their study, antigen was detected in only
9 out of 35 (25.7%) of cases. Table 4 summarizes the
performance of antigen detection assays in diagnosis of
CE.

Post treatment follow up: CE patients need to be
followed up after treatment, to make sure about the
risk of recurrence. Anti-CE antibodies may persist for
several years after treatment™. Although antigen
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detection might be a useful approach in post-treatment
follow-up, however its low sensitivity hampered its use
for patients’ follow-up. Different serological assays have
been used for monitoring of surgically or chemically
treated CE patients****°,

In a recent cohort study, CE patients were followed
for a mean of 6 years and the level and isotypes of
antibodies were evaluated before and after surgical or
anti-helminthic drugs treatment. Results demonstrated
that IgE, IgG1 and IgG4 are the most important anti-
bodies for serological diagnosis of active CE. During
post-operation, IgM, IgE, IgG1, IgG2 and IgG4 were the
best correlative with disease activities'®”’. Reiterova et
al®® reported that antibodies to AgB was not detectable
three months after treatment but antibodies to HCF
were remained detectable.

It has been reported that subclasses of IgG have
different performance in diagnosis of primary in com-
parison to relapse cases of CE. One study suggested
IgG2 as a good marker for primary infection and total
IgG for detection of relapse cases™”.

Recombinant P29 protein of E. granulosus was
synthesized by Ben Nouir et al'*” and evaluated for
post-surgical follow-up of CE patients, in an ELISA and
WB systems. Results indicated that, using P29-ELISA,
all of initially seropositive cases of CE seroconverted
to negative within three years after treatments, while
HCF-ELISA remained positive in 90% of cases. Western
Blotting, using P29, remained positive in only 10% of
cases after 3 years while HCF-WB remained positive
in more than 25% of cases after 3 years of follow-up.
However the performance of P29 in initial diagnosis of
CE has not been satisfactory.

In another study by this group, somatic protoscolex
antigens of E. granulosus have been assessed for follow-
up of surgically treated CE patients and found that
only 29% of treated patients reaching seronegativity
after 5 years of follow up. The conventional HCF-ELISA
becoming negative in 15% of cases at the end of the
follow up period™®.

A double 27 and 28 kDa antigen, in WB, was also
reported as useful antigen for the follow up of CE
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patients. However such bands were only detectable in
75% of the patients before treatment’®. The prognostic
value of AgB subunits was evaluated by Ben Nouir et
al® in ELISA and WB systems. Patients were grouped
into either cured or non-cured CE patient. Findings of the
study showed that ELISA remained positive 4-5 years
after treatment in 57.1% of cured and 100% of non-
cured patients. Immunoblotting, based on AgB subunits
(8 and 16 kDa), revealed 14.3% of seropositivity after
4 years, with no reactivity to the components after 5
years of follow up. Interestingly, WB remained positive in
100% of non-cured patients up to 5 years (end of follow-
up period). Serum antibodies to a certain bands (24 and
39) of HCF in Western blotting decreased in post-surgical
monitoring of CE patients”’.

CONCLUSION

The performances of currently available immunodiagnostic
test in diagnosis of CE are not satisfactory and the best
serological test for diagnosis of CE is still the subject of
debate. Over the time, particularly during the last two
decades, several immunodiagnostic tests have been
developed, mainly based on HCF, AgB and Ag5, yet
their performance in diagnosis of human hydatidosis are
unsatisfactory.

The most widely used antigens for serological diag-
nosis of CE are AgB and Ag5. Yet new antigens are
being constantly evaluated and new serological assays
are being developed to improve the performance of
serological diagnostic tests.

Utilizing of recombinant or synthetic antigen although
improved the performance, but has not overcome the
problem of low sensitivity or even cross reactivity with
other antigen in diagnosis of CE and these problems
still remained. Considerable variation in performance
of serological test for diagnosis of CE between different
laboratories is mainly related to lack of standardization
of antigen preparation, inadequate sensitivities and
specificity, and also strain of the parasite that antigens
have been purified from its content.

Immunodiagnostic tests based on recombinant antigen
has drawn the attention of many researchers and the
outcomes of such studies are promising. These antigens,
especially based on AgB subunits, showed not all the
times, but in most cases, satisfactory performance in
comparison to their homologues antigens.

New interesting perspective in the development of
serological assays for diagnosis of CE might be derive
from recent observation that IgG subclasses are good
markers for diagnosis and also follow up of CE patients.
Moreover, the evaluation of highly purified Ag5 for
immunodiagnosis of CE seems to be a promising task
ahead which must be undertaken in the future. And
finally immunodiagnosis assays may well be improved
through combining of several well-defined antigens,
notably immunodominant antigen in different stages of
the cyst development.
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Abstract
Although it is assumed that the combination of chemo-
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therapy and radical surgery should be indicated in all
newly diagnosed advanced-stage ovarian cancer patients,
one of the main raised questions is how to select the
best strategy of initial treatment in this group of patients,
neoadjuvant chemotherapy followed by interval debulking
surgery or primary debulking surgery followed by adjuvant
chemotherapy. The selection criteria to offer one strategy
over the other as well as a stepwise patient selection
for initial treatment are described. Selecting the best
strategy of treatment in newly diagnosed advanced stage
ovarian cancer patients is a multifactorial and multidis-
ciplinary decision. Several factors should be taken into
consideration: (1) the disease factor, related to the
extension and localization of the disease as well as tumor
biology; (2) the patient factor, associated with patient
age, poor performance status, and co-morbidities; and
(3) institutional infrastructure factor, related to the lack
of prolonged operative time, an appropriate surgical
armamentarium, as well as well-equipped intensive care
units with well-trained personnel.

Key words: Ovarian cancer; Advanced stage; Primary
debulking surgery; Neoadjuvant chemotherapy; Patients’
selection

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Selecting the best strategy of treatment in
newly diagnosed advanced-stage ovarian cancer patients
is @ multifactorial and multidisciplinary decision. Surgeries
performed by gynecologic oncologists with formal training
in cytoreductive techniques at referral centers are crucial
factors in obtaining better oncologic outcomes. However,
other factors such as clinical status of the patients, the
hospital’s infrastructure and equipment, as well as the
tumor biology of each individual patient should also be
taken into account before deciding on an initial strategy
of treatment in women with advanced-stage ovarian
cancer.

Minig L, Zorrero C, Iserte PP, Poveda A. Selecting the best
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strategy of treatment in newly diagnosed advanced-stage ovarian
cancer patients. World J Methodol 2015; 5(4): 196-202 Available
from: URL: http://www.wjgnet.com/2222-0682/full/v5/i4/196.
htm DOI: http://dx.doi.org/10.5662/wjm.v5.i4.196

INTRODUCTION

It is estimated that over 80% of women with ovarian
cancer are diagnosed at advanced stages, when the
disease is already extended in the abdominal cavity
or beyond. Primary complete debulking surgery (PDS)
followed by adjuvant chemotherapy is associated with the
best oncological outcome and is considered, therefore,
the standard of care!'l. Limitations, however, have been
postulated with respect to this treatment strategy. First,
patients with postoperative residual disease have no
meaningful impact on overall survival (0S)**. Second,
only in few cases is the complete primary cytoreduction
rate acceptable, and only when the procedure is performed
by experienced surgeons with extended formal training in
cytoreductive techniques. Third, PDS is associated with a
high incidence of postoperative complications®™®.

Consequently, an alternative strategy based on
neoadjuvant chemotherapy followed by interval debulking
surgery (NACT-IDS) has been proposed'’. Patients
receive three to four courses of platinum-taxanes NACT
and then, in the absence of progression disease, IDS is
performed. The proposed advantages include a reduced
risk of peri-operative morbidity, a higher rate of complete
tumor resection, and a contention that deferring the
initial attempt at surgical debulking does not compromise
survival®,

Nevertheless, there currently exist several controversies
regarding the best strategy of treatment™®'®’. Although it
is assumed that the combination of chemotherapy and
radical surgery should be indicated in all newly diagnosed
advanced-stage ovarian cancer patients, one of the main
questions raised is how to select the best strategy for initial
treatment in this group of patients, a topic that will be the
focus of this review.

STEPWISE PATIENT SELECTION FOR
NACT OR PDS

An algorithm of management for newly suspected or
diagnosed advanced-stage ovarian cancer patients has
been developed at the Instituto Valenciano de Oncologia
(IVO), Valencia, Spain. Hence, patients are initially
evaluated with computer tomography (CT) of thorax-
abdomen and pelvis, plus tumor markers including
CA-125, CA-19.9, and CEA.

Pre-operative tumor markers can also provide
additional information to allow discrimination between
an ovarian or extra-ovarian origin of peritoneal
carcinomatosis. In this case, if the CA-125 (UL/mL)/CEA
(ng/mL) ratio is < 25, mammography and endoscopy
are mandatory to exclude primary breast, gastric, or
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colon cancer™ (Figure 1). The main aim of the pre-
operative CT scan is to localize intra-abdominal disease
at non-resectable structures such as liver hilium, celiac
trunk, superior mesenteric artery, supra-renal lymph
node metastases, and intrahepatic metastases; as well
as to identify extra-abdominal disease.

In cases of non-resectable disease at CT scan or
in patients older than 75, with poor status or surgical
contraindications, a core biopsy or a diagnostic laparo-
scopy with biopsy is performed to obtain a tissue
sample. If the final diagnosis confirms an epithelial
ovarian carcinoma, NACT is indicated. According to
our series, a total of 30% of patients would receive
NACT at this point. In the absence of the previously
mentioned criteria, a mini-laparotomy is performed to
rule out any extended small bowel carcinomatosis and
mesentery roof retraction. These findings are present in
10% of cases, a tumor biopsy is performed and NACT is
started in these patients a few days later (Figure 1). The
remaining 90% of our patients undergo complete PDS,
following the surgical step-wise description detailed
elsewhere!*?,

Patients undergoing NACT receive 3 courses of carb-
oplatin/paclitaxel intravenously every 3 wk, and are then
evaluated by using clinical examination, CA-125 and CT
scan. Women with a partial response undergo IDS in
an attempt to complete tumor resection. Second-line
chemotherapy or inclusion in clinical trials is proposed to
women with stable disease or progression to NACT.

DISCUSSION

Role of primary complete cytoreduction

Complete resection of all macroscopic disease at prim-
ary debulking surgery is the single most important
independent prognostic factor in women with advanced
ovarian cancer>*%*™], The definition of “optimal” cytore-
duction has been the subject of debate for decades.
Therefore, optimal residual disease, such as that
measuring 1-2 cm in diameter, has been traditionally
considered™®, However, a significant improvement in
survival after complete tumor resection at the time of
primary surgical cytoreduction has been observed®™*.
Thus, according to the last Gynecological Cancer Inter
Group (GCIG) consensus conference, cytoreduction should
be dassified as “complete”, without residual disease”; or
“incomplete”, if residual disease is left at the end of the
surgery. In addition, the consensus established that the
aim of surgical debulking should be to obtain a complete
tumor resection™. The final decision as to whether
or not to perform a tumor debulking depends on the
surgeon’s training and confidence in the majority of her
or his operations on patients™”. A great body of evidence
suggests that patients operated on by gynecologic
oncologists with formal training in cytoreductive techniques
are more likely to undergo a complete cytoreduction in
comparison to those treated by general gynecologists
or general surgeons, with significantly better oncologic
outcome!®'!, Therefore, the main worldwide
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Women with suspected advanced stage ovarian cancer ‘

Study period: April, 2013 to June, 2014

Tumoral markers (CA 125; CA 19.9; CA 15.3; CEA)

CA-125:CEA ratio: < 25

Normal

l 39 patients

CT (Thorax-abdomen and pelvis)

Extra-abdominal disease/intra-hepatic nodules
_~ Poor performance status
Surgical contraindications/advanced patients' age

Gastroscopy + colonoscopy A

Abnormal
Biopsy

Specific treatment

Yes 12 (30%)

(Core biopsy/laparoscopy)

No 27 (70%)

Mini-laparotomy

! l

Extended small bowel Complete
carcinomatosis Primary cytoreduction
Mesentery roof retracted feasible

l 3 (12%) l 24 (88%)

Neoadjuvant chemotherapy
(3 cycles of IV carboplatin/paclitaxel)

Primary cytoreduction

|

Progression

Second line chemotherapy
Phase I Clinical trials

}

Response (partial/complete)
Stable disease

Figure 1 Stepwise management of women with suspected advanced-stage ovarian cancer. CT: Computer tomography.

consensust? states that gynecologic oncologists should
make the decision regarding whether to start treatment
with PDS or NACT in patients with advanced-stage ovarian
cancer.

The decision regarding the initial strategy of treat-
ment, based on NACT or PDS, in women with advanced
ovarian cancer has been largely debated. A large meta-
analysis involving 6885 patients in 53 studies after PDS
demonstrated that each 10% increase in cytoreduction
correlated with a 5.5% increase in median survival time.
Patients with 75% or greater maximal cytoreductive
efforts had a median survival of 37 mo compared
with a 23 mo for patients with 25% or less maximal
effort*!. On the other hand, Bristow et ai*® studied 835
patients in 22 cohorts with advanced ovarian cancer
who received NACT. The study showed a median OS
of 24.5 mo, range 10-42 mo. Despite the fact that this
rate was shorter than what was obtained after PDS,
this comparison should be taken with caution given that
a bias upon the selection of patients to receive NACT
might exist. On the basis regarding the extension of
the disease or performance status, within patients who
underwent NACT might have a worse prognosis.

The results of the first randomized controlled trial
(RCT) in patients with ovarian cancer FIGO stage III
C-IV of the European Organization for Treatment and
Research (EORTC) and the National Cancer Institute of
Canada, comparing PDS vs NACT-IDS, were published
in 2010™Y, The authors randomized 718 patients with
stage MM C-IV ovarian cancer, excluding I C by node
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metastases only. Surgical time was 180 min in both arms
and the median OS and progression-free survival was
30 mo and 12 mo, respectively, in the two arms. One
of the main criticisms of the EORTC trial was, however,
that NACT was compared to a weak PDS arm. The study
was conducted in non-selected centers, achieving a
median OS of 30 mo, with a complete cytoreduction rate
in the PDS arm of 21%. A similar RCT performed in 87
hospitals in the United Kingdom and New Zealand found
the same results®®", It is interesting to note that these
rates are markedly inferior to the outcomes reported by
other international multicenter studies®*. When surgery
is performed at referral oncologic centers by well-trained
surgeons, the complete primary cytoreduction rate can
be over 40%-50%, with a median 5-year OS of 50-60
m0[2,5,6].

Despite the fact that the radicalness of the surgery
is the most important factor to obtain a better oncologic
outcome, other issues should also be taken into acc-
ount. These factors include: (1) the time since the
first visit of the patient to the commencement of the
treatment; (2) the time from the hospital discharge
after primary or interval debulking surgery to the
initiation of adjuvant chemotherapy. Median time should
not exceed 40 d, a longer period of time is related
with a high incidence of postoperative complications;
(3) the number of cycles in relation to neoadjuvant
chemotherapy, should not be more than four; and (4)
the time from the end of neoadjuvant chemotherapy to
interval debulking surgery.
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Table 1 Factors associated with cytoreduction rate

Factor Characteristic

Surgeon Adequate skills and training in cytoreductive
techniques

Disease Extension and localization of the disease
Tumor biology

Patient Advanced age
Comorbidities

Poor performance status

Ovarian cancer multidisciplinary surgical team
Availability of prolonged operative time
Appropriate surgical armamentarium
Well-trained ICU personnel

Well-equipped ICU capability

Institutional
infrastructure

ICU: Intensive care unit.

Whether tumor biology or maximal up-front cytor-
eduction surgery is the most important determinant
for better outcomes is being largely debated. At same
time that some studies found cytoreduction removal
of visible disease had a more significant impact on
survival than the extent of the disease before surgery'?,
other studies observed opposite results!®. Thus,
other factors should be taken into consideration in
an attempt to classify ovarian tumors as with “bad”
or “good” prognosis. Recent molecular studies, using
microarray analysis, have associated overall survival
with gene expression profiles in ovarian cancer patients
after up-front surgical treatment®", Although future
large analysis should confirm these findings, it should
be expected that molecular studies using genes and
proteomic pattern might represent the tools to select
patients for the best individual treatment rather than
to generalize one strategy over the other for all women
with ovarian cancer.

However, beyond the surgeon factor previously
described, the cytoreduction rate is also associated to
other variables such as: (1) the disease factor, related
to the extension and localization of the disease as well
as tumor biology; (2) the patient factor, associated with
patient age, poor performance status, and co-morbidities;
and (3) institutional infrastructure factor, related to the
lack of prolonged operative time, an appropriate surgical
armamentarium, as well as well-equipped Intensive
Care Units with well-trained personnel™**?! (Table 1).
It is crucial, moreover, to establish an adequate ovarian
cancer multidisciplinary surgical team that includes other
specialists such as general surgeons, anesthesiologists,
infectologists, etc. (Figure 2).

Pre-operative evaluation in women with suspected
advanced stage ovarian cancer

CT scan is recommended as the most appropriate
imaging test prior to treatment planning in women
with a suspected advanced stage ovarian cancer®.
However, limitations with CT scan have been associated
with its inability to accurately predict extensive serosal
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and mesenteric disease™, and as it was previously
described, these anatomical localizations are major
limits to obtaining a complete cytoreduction. In fact,
several models were developed to predict suboptimal
cytoreduction by using CT scan parameters, but with
very poor outcome*>,

Clinical studies have also evaluated the role of
positron emission tomography (PET) and PET/CT as part
of pre-operative evaluation in women with advanced-
stage ovarian cancer”". However, based on the available
literature, there is still no evidence that PET or PET/CT
works better than CT in detecting the extension of
primary ovarian cancer”".

Diffusion-weighted magnetic resonance imaging
(DW-MRI) is another tool under investigation used to
predict resectability in women with advanced-stage
ovarian cancer. The evidence for using the DW-MRI in
improving detection of the true extent of the disease
seems promising. The utility of DW-MRI in predicting
intra-abdominal spreading in women with ovarian cancer
has recently been evaluated in some investigations®®>>*.
A recent study of 32 patients with ovarian cancer found
the main gains of using DW-MRI were the detection of
bowel serosal and mesenteric disease, with an accuracy
for detection of peritoneal disease of 91% on DW-MRI
compared with 75% on CT and 71% on FDG-PET/CT>*.
The results of this technique do appear to be promising
for improving the detection of small volume-diffuse
peritoneal disease. This encouraged data from a small
number of studies; however, it should be prospectively
evaluated and validated with a larger sample of patients
to establish stronger conclusions in this regard.

Additional clinical factors can help surgeons to
identify high-risk patients with postoperative complications
and mortality after primary cytoreductive surgery. Two
studies tried to correlate clinical factors with increased
risk for postoperative morbidity after primary cytor-
eduction®, The studies observed for those aged
over 75 together with either FIGO stage Il or IV and
coincident comorbidity™*; or aged over 75 combined
with serum albumin < 3 g/dL or ASA score of at least 3
and high initial tumor burden (FIGO IV or high volume
FIGO M C)P® identifies a subgroup of 7%-12% of
patients with advanced ovarian cancer where upfront
debulking surgery is associated with unacceptably high
rates of morbidity and peri-operative mortality.

Laparoscopy vs laparotomy to evaluate the intra-
abdominal extension of the disease
The majority of women receive either NACT or PDS
based upon tumor extension and on estimated tumor
resectability™”). As has been previously detailed, there
is no current imaging tool that can predict complete
cytoreduction in women with advanced-stage ovarian
cancer. Therefore, a direct laparoscopic or laparotomic
assessment of the abdominal cavity is sometimes
needed.

A pre-treatment laparoscopic score to predict tumor
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Figure 2 Multidisciplinary surgical team for treating women with
advanced-stage ovarian cancer. ICU: Intensive care unit.
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resectability was developed at a referral Italian cancer
center™!, This model established a predictive index
value (PIV) with punctuation between 0-2 if tumors
were present or not in specific areas of the pelvis
and the abdomen. A score of 2 corresponded when
the parameters were present, and score of 0 when
they were absent. The study found that a predictive
index value = 8 resulted in a predictive probability of
cytoreduction to less than 1 cm of zero (specificity of
100%), thus, avoiding unnecessary laparotomies. The
PIV of the laparoscopic evaluation was then validated
at 4 Italian Satellite Centers™® and, more recently, the
prognostic value of the laparoscopy-based-score was
also established™, However, despite the fact that this
strategy seems to be promising, some open questions
still need to be clarified before its implementation
into clinical practice: (1) the definition of each item is
subjective, including terms such as “Unresectable
massive peritoneal involvement plus milliary pattern of
distribution” or “Obvious neoplastic involvement of the
gastric wall”; (2) the oncologic impact of the missed
assessment of the retroperitoneum is unknown; and
(3) the model does not take into consideration clinical
factors such as age, performance status or comorbidity.
There are currently three ongoing trials which will probably
answer some of these questions™*”,

By using our algorithm, the evaluation of complete
resectability is performed by a periumbilical longitudinal
10-cm mini-laparotomy instead of laparoscopy. By this
approach, a surgeon'’s hand can be introduced into the
abdominal cavity to carefully determine the extension of
the disease on the liver surface, abdominal wall, hilium
of the spleen and pancreatic tail, as well as the anterior
stomach surface. In addition, this maneuver allows
palpation of the most critical area of unresectability, such
as liver hilium, celiac trunk, the mesenterium and the
small bowel surface. This is a 40-min intervention with
very low morbidity, allowing patients to start NACT 10-15
d later.

Internal
medicine

9

Surgical steps to obtain complete tumor resection

At our center; if complete tumor resectability is possible
at the time of mini-laparotomy, patients undergo an
immediate xipho-pubic midline incision with full exposure
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of the abomino-pelvic organs in order to establish the
true extent of the disease. In this sense, before starting
the removal of the disease, a stepwise systematic
evaluation of the abdominal cavity is performed in
order to avoid the so-called “point of no return” with
unnecessary patient morbidity!*?. This standardized
strategy has been well described previously!?, and
includes two points of stop-or-go decisions. Initially, the
ligamentum falciforme is resected, and the peritoneum
of the paracolic gutters and the omentum are dissected
from the transverse colon. Then, the lesser sac is opened
allowing the evaluation of the pancreas, the truncus
coeliacus, the liver, and the hepatoduodenal ligament
with portal vein, hepatic artery and ductus choledochus.
If a non-resectable tumor is present, surgery is stopped.
If not, the second point of decision is the evaluation of
the radix mesenterii and the small bowel surface by
dissecting the adhesions and separating the small bowel
from the colon and the greater omentum™2.

CENTRALIZATION OF CARE

Surgical training plays a crucial role in treating women
with advanced-stage ovarian cancer™®, Given the com-
plexity of surgical procedures in obtaining a complete
primary cytoreduction, as well as its positive impact on
OS, not surprisingly, many studies from several countries
have shown better OS when ovarian cancer patients
were initially operated by a gynecologic oncologist rather
than general gynecologist™****! or general surgeon*.,
Several authors have proposed the centralization
of care of ovarian cancer™***?*! a5 an approach for
improving the quality of care and outcomes. The main
demonstrated benefits include better optimal cytoreduction
ratel***”! better chemotherapeutic administration rate
and schemes™**!, and better overall quality of treatment;
therefore, improving the patient’s quality of life. Thus, in
comparison with unspecialized hospitals, patients who
receive care at specialized centers may prolong their OS
by almost a year'®*!, Nevertheless, despite these clear
advantages and according to population-based studies,
fewer than 40% of patients with ovarian cancer have
access to a specialized center in developed countriest****,
More recently, a study-population performed in California,
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United States, demonstrated that only 4% of women with
advanced-stage ovarian cancer were operated on by high-
volume physicians at high-volume teaching hospitals''..

CONCLUSION

Selecting the best strategy for treatment in newly
diagnosed advanced-stage ovarian cancer patients is a
multifactorial and multidisciplinary decision. Surgeries
performed by gynecologic oncologists with formal training
in cytoreductive techniques at referral centers are crucial
factors in obtaining better oncologic outcomes. However,
other factors such as clinical status of the patients,
hospital infrastructure and equipment, as well as tumor
biology of each individual patient should also be taken
into account before deciding on an initial strategy of
treatment in women with advanced-stage ovarian cancer.
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Abstract

Recently a lot of literature has been published about the
possible preventive action of Helicobacter pylori (H. pylor)
against allergy. The present review summarizes research
data about the association between H. pylori and allergic
diseases, as well as discusses possible hypotheses about
the preventive action of H. pylori against atopy. There is
evidence from observational studies to support a weak
inverse association between prevalence of H. pylori
infection and allergy. However, confounders like some
unidentified socioeconomic factors, antibiotic use and
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others could bias the association. Although data from
cohort studies point to a possible association of H. pylori
with some of the allergic diseases, no definite proof for
causal relationship has been clearly demonstrated yet. A
biological mechanism proposed to explain the preventive
action of H. pylori to allergy is reduced exposure to
a major stimulus for the generation of Treg cells in
individuals without H. py/fori infection. In addition, H. pylori
could be an indicator for changes in gut microbiome,
reflecting the complex interaction between microbes and
immune system.

Key words: Helicobacter pylori; Allergy; Atopy

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Review summarizes research data about the
association between Helicobacter pylori (H. pylori) and
allergic diseases. Results from observational studies
support a weak inverse association between prevalence
of H. pylori and allergy. However, different confounders
like unidentified socioeconomic factors, antibiotic use
and others could bias the observed association. Further,
no definite proof for causal relationship has been clearly
demonstrated yet, although data from cohort studies
point to a possible association of H. pylori with some
of the allergic diseases. Finally, microbiological studies
show that 4. pylori could be an indicator for changes in
gut microbiome during recent decades, reflecting the
complex interaction between microbes and immune
system.

Daugule I, Zavoronkova J, Santare D. Helicobacter pylori and
allergy: Update of research. World J Methodol 2015; 5(4): 203-211
Available from: URL: http://www.wjgnet.com/2222-0682/full/v5/
i4/203.htm DOI: http://dx.doi.org/10.5662/wjm.v5.14.203

INTRODUCTION

Although Helicobacter pylori (H. pylori) infection is
supposed to be associated with gastric and duodenal
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ulcer, gastric adenocarcinoma, MALT lymphoma and even
recognized as grade-1 carcinogen™™, only minority of
infected patients will develop a serious disease. Moreover,
some researchers even suggest possible preventive
effect of H. pylori against several diseases like gastro-
esophageal reflux disease and Barret’'s adenocarcinoma,
obesity, autoimmune diseases, allergy and others™®.

The latest Maastricht consensus states that the ev-
idence available shows no definite causative protective
effect of H. pylori against asthma and atopy nor that its
eradication causes or worsens them and further research
is needed”. Thus, new data appear constantly about the
possible role of bacterium in the development of allergic
diseases. The present review summarizes research data
about the association between H. pylori and allergic
diseases.

EVIDENCE FOR OPPOSITE PREVALENCE
TREND BETWEEN H. PYLOR/ AND
ALLERGIC DISEASES

The idea about a possible protective role of H. pylori
against allergy has arisen observing opposite prevalence
trends between H. pylori and allergic diseases, showing
that the prevalence of H. pylori in industrialized countries
is decreasing while the prevalence of asthma and other
allergic diseases is increasing™.

Ironically, the first case-control studies showed a
positive association between H. pylori infection and
allergy. For example, in 1998 a study from Italy identified
higher prevalence of H. pylori IgG antibodies among
allergic patients compared to patients with inflammatory
bowel disease'®. Further, Figura et ai*”! identified higher
prevalence of anti-CagA antibodies in H. pylori infected
persons with food allergy compared to controls (62.5%
vs 28.0%, respectively; P = 0.03). In addition, the mean
IgE level to the most common alimentary antigens was
increased in CagA-positive individuals compared to CagA-
negative patients. This made the authors suggest that
mucosal and inflammatory lesions found in individuals
infected with CagA-positive H. pylori strains could increase
the epithelial permeability and promote the passage
of allergens, which, in atopic persons, could directly
stimulate an IgE response.

Higher prevalence of H. pylori among patients
with allergic diseases observed in some studies raised
question about the role of inflammation (observed in
the presence of H. pylori infection) in the development
of allergy. A positive association between H. pylori and
allergic diseases is still being discussed in respect to
urticaria. Moreover, International guidelines in Urticaria
state that in some cases of chronic spontaneous urticaria
eradication of infections, such as H. pylori, bowel parasites
and bacterial infections of the nasopharynx, have shown
to provide a benefit in the management of the disease™.

One of the first well designed and controlled studies
showing opposite prevalence trends between H. pylori

Baishidenge ~ WIM | www.wjgnet.com

204

and atopy comes from Finland, demonstrating 3.5-fold
increase of total and allergen-specific IgE antibody
level in random population from 1973 to 1994 (OR =
5.12, 95%CI: 2.32-11.3)"". However, increase of IgE
was observed mainly in the subgroup with no H. pylori
antibodies, thus raising the hypothesis that H. pylori
could influence the development of atopic diseases™".

A huge study from United States based on database
containing information about asthma and H. pylori
status in 7663 subjects showed an inverse association
between cag-positive H. pylori strain and asthma (OR =
0.79, 95%CI: 0.63-0.99), with a stronger association in
younger individuals!*®!, An inverse association was found
also with other allergic disorders (allergic rhinitis and
sensitization to different allergens). Further, the authors
tested the association in children up till 20 years of age
(n = 7412) and again found inverse association with
wheezing, allergic rhinitis and eczema™.

Up to now many cross-sectional and case-control
studies have been performed, thus, showing controversial
results. Results are summarized in Tables 1 and 2.

Basing on the published studies, several meta-
analyses have tested the association. Although in 2012
Wang et al™ demonstrated no association between
asthma and H. pylori infection, analyzing five studies
with 770 cases and 785 controls (OR = 1.1, 95%CI:
0.82-1.24), another meta-analysis by the same authors
showed pooled OR of all included studies (nine cross-
sectional, seven case-control and three cohort studies)
for asthma and H. pylori to be 0.81 (95%CI: 0.72-0.91);
while pooled OR for asthma and H. pylori infection in
cross-sectional studies was 0.84 (95%CI: 0.74-0.96),
in case-control studies - 0.94 (95%CI:79-1.12)™,

Similarly, Zhou et al'*® analyzing 14 studies with
28283 persons demonstrated a weak inverse association
between H. pylori and asthma 0.84 (95%CI: 0.73-0.96).
Taye et a'”’ have performed meta-analysis of 16 studies
(n = 21348) about the association of atopy with H. pylori.
The authors found an inverse association with atopy (OR
= 0.82, 95%CI: 0.73-0.91) as well as with increased
level of specific IgE (OR = 0.75, 95%CI: 0.62-0.92).

Detailed overview about case-control and cross-
sectional studies, as well as meta-analysis of studies, has
been recently published by Lionetti et ai*®. The authors
concluded that pooled results of case-control studies
showed a significant inverse association of H. pylori
infection with atopy/allergic disease (or with atopy, but
not with allergic disease), while pooled results of cross-
sectional studies showed only a significant association
between allergic disease and H. pylori infection.

However, the analysis and comparison of studies
is complicated and should be evaluated with caution
due to differences among study designs. The authors
of the meta-analysis argue that different diagnostic
criteria for allergic disease and atopy are used - in some
studies asthma was diagnosed by physician tests or
by symptoms, while in others the authors evaluated
self-reported disease or used only laboratory tests!'®,
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Table 1 Association between Helicobacter pylori and allergy in cross-sectional studies

Ref. Country Studied population n Age (yr) H. pylori Allergy diagnosis Main finding: OR (95%ClI) in

detection relation to H. pylori

Lee et al®™ South Routine check-up 3376  Adults IgG Physician diagnosed No association with allergic

Korea allergy; use of anti- disease: 1.05 (0.86-1.28);
allergic medication; IgE Inverse association with
IgE hypersensitivity: 1.32
(0.98-1.31)

Zevit et al*” Israel ~ National referral laboratory 6959 5-18 UBT Physician diagnosed Inverse association with
asthma; use of anti- asthma: 0.82 (0.69-0.08)
allergic medication

Imamura et Japan Healthy volunteers 211  Adults IgG Specific IgE, polinosis Inverse association with

al*” symptoms polinosis: 0.15 (0.05-0.48)

Fullerton et United General population 2437  Adults IgG Symptoms of wheeze,  No association with asthma:

al® Kingdom hay fever; lung 1.09 (0.77-1.54), atopy: 0.92

function tests; bronchial (0.74-1.15); hay fever: 1.00
reactivity; SPT; IgE (0.79-1.26), wheeze: 0.94
(0.74-1.19)
Pfefferle et Germany Employees of two companies 500  Adults SAT Self-reported physician Inverse association with
al* diagnosed allergy, use of allergy diagnosis: 0.26
anti-allergic medication (0.08-0.84)
specific skin sensitization
Chen et al™ United Data from health and 7412 3-19 1gG; CagA Self-reported asthma Inverse association with
States  nutrition examination survey asthma: 0.69 (0.45-1.06)
Subgroup <5 yr: 0.58
(0.38-0.88); 3-13 yr: 0.14
(0.24-0.69)

Shiotani et Japan University students 1953  Adults IgG Self-reported atopic Inverse association with

al*! dermatitis, asthma, allergic diseases: 0.49

allergic rhinitis, urticaria (0.27-0.89)

Baccioglu et Turkey Patients with upper 90  Adults  Gastric tissue SPT, total IgE, No association with allergic

al™ gastrointestinal endoscopy microscopy questionnaire disease: 1.0 (0.1-18.9)

Inverse association with
asthma/CagA" cases: 0.79
(0.63-0.99);
Chen et al™ United Data from health and 7663  Adults CagA Self-reported asthma, Inverse association with
States  nutrition examination survey allergen-specific skin allergic rhinitis/CagA™: 0.77
sensitization (0.62-0.96)

Herbarthet ~ Germany School starters 3347 5-7 UBT Eczema Inverse association with

al™ eczema: OR 0.31

Kolho et al®™  Finland Patients with upper 97 515 Histology Specific IgE No association with IgE,

gastrointestinal endoscopy data asthma, hay fever;

Jarvis et al™ United Health service registry 1121 Adults IgG Specific IgE, symptoms Inverse association with

Kingdom sensitization to grass: 0.65
(0.43-0.99)

Uter et al™ Germany University students 1368 18-20 IgG Physician diagnosed No association with asthma:

asthma 0.99 (0.57-1.64)

McCune et United Community-based 3244  Adults UBT Use of asthma Inverse association with

al™ Kingdom population medication asthma: 0.78 (0.59-1.05)

H. pylori: Helicobacter pylori; UBT: 13C-urea breath test; SAT: Stool antigen test; SPT: Skin prick test.

Further, difference between detection of active infection
by urea breath test or stool antigen test and detection
of H. pylori antibodies should be noted. In addition,
the age of study population should also be taken into
account since the time between H. pylori colonization
and allergen sensitization is difficult to evaluate,
therefore H. pylori negative adult patient could have
been colonized since childhood and vice versa'®.

Therefore we could conclude, that, although evidence
from observational studies show an inverse association
between allergic disease and H. pylori, the association is
weak and not consistent.
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IS H. PYLORI/ TRULY INDEPENDENTLY
INVERSELY ASSOCIATED WITH
ALLERGIC DISEASE?

The idea about the inverse association of H. pylori with
allergic diseases has been strongly criticized arguing, that
H. pylori could be merely a marker of socio-economic
status, known to be also associated with allergic disease!*".

Although Blaser et al® report, that the inverse
association between H. pylori and asthma was observed
independent of socioeconomic status, age, gender,
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Table 2 Association between Helicobacter pylori and allergy in case-control studies

Ref. Country Cases (1) Controls (17) Age (yr) H. pylori Allergy diagnosis  Main finding: OR (95%ClI) in
detection relation to H. pylori*
Pedulla et al™ Italy Food allergy + Atopic 2-11.8 IgG,SAT  Physician diagnosed Inverse association with food
atopic dermatitis ~ dermatitis food allergy, IgE allergy: 0.32 (0.11-0.95)
(88) (202)
Elitsur et al®™ United Eosinophil Esophagitis Children Histology Upper endoscopy, Inverse association with
States esophagitis (62) (268); data histology data eosinophil esophagitis: 0.096
idiopathic (013-0.72)
gastritis (480)
Karimi et al'™” Iran Asthma (98) Healthy 6-12 UBT Physician diagnosed No association with asthma: H.
children (98) asthma pylori positivity 18% (cases) vs
23% (controls)
Reibman ef United Asthma (318) Non-asthma Adults IgG, CagA  Physician diagnosed Inverse association with
al™® States controls (208) asthma; IgE; asthma for CagA+ cases: 0.57
spirometry (0.36-0.89)
Konturek et Germany  Food allergy (42) Healthy Adults UBT, IgG  Physician diagnosed Inverse association with food
al®! controls (20) food allergy; allergy: H. pylori positivity 33%
SPT, IgE, N-tele- (cases) vs 40% (controls)
methylhistamine
urinary excretion
Annagiir et Turkey Asthma (79) Healthy 5-15 IgM and IgG Pulmonary function No association with asthma:
al® children (36) tests, SPT, total IgE 1.69 (0.62-4.67)
Jaber et al™" Sauda Asthma (220)  Asymptomatic 1-10 1gG Physician diagnosed Inverse association with
Arabia children (543) asthma asthma: 0.84 (0.56-1.25)
Jun et al'™ Japan Asthma (46) Peptic ulcer Adults IgG, CagA  Physician diagnosed No association with asthma:
patients (48) asthma 1.20 (0.53-2.72)
+ healthy
controls (48)
Pessi et al'®” Finland Asthma (245) Matched Adults 1gG Physician diagnosed Inverse association with
controls (405) asthma asthma: 0.86 (0.63-1.19)
Bartuzi et al'*" Poland  Food allergy with Chronic Adults Biopsy, Physician diagnosed  In atopic patients H. pylori
GI symptoms gastritis (40) histology food allergy, IgE increases intensity of gastric
(110) inflammation
Tsang et China Asthma (90) Healthy Adults 1gG Physician diagnosed No association with asthma:
controls (97) asthma 1.55 (0.87-2.78)
Corrado et Italy Atopic dermatitis ~ Asthma (30) 4-12 IgG; CagA Physician diagnosed  Positive association with
al®! (30) + atopic allergy atopic dermatitis compared to
dermatitis with GI asthma: 56% and 37% (cases)
symptoms (30) 05 10% (controls)
Matricardi et Italy Atopic cases (240) Non-atopic 17-24 1eG Physician diagnosed Inverse association with atopy:
al’ controls (240) allergic rhinitis and 0.76 (0.47-1.24)
asthma; IgE
Figura et al®” Ttaly Food allergy (38) Matched 4-12 IgG, CagA  Physician diagnosed Positive association with food
controls (53) food allergy; IgE allergy in CagA” cases: 4.29
Corradoetal™®  Norway  Food allergy (30) Inflammatory 5-14 IgG, CagA  Physician diagnosed ~ Positive association: 37%
+asthma (30)  bowel disease food allergy and (cases) vs 10% controls
(30) asthma

H. pylori: Helicobacter pylori; UBT: “C-urea breath test; SAT: Stool antigen test; SPT: Skin prick test; GI: Gastrointestinal.

ethnic background, smoking status, and hepatitis A
infection, several studies indirectly suggest that other
factors could influence the opposite prevalence trends
and could play a role in the development of allergy.

For example, Jarvis et al*® showed no association
between presence of H. pylori antibodies and night
cough, hay fever, wheezing within last 12 mo as well
as sensitization to five allergens, after adjusting the
patient sample for age, gender, area, number of siblings,
social class. In addition, the authors observed a marked
negative association of both hepatitis A and H. pylori
with family size only in seropositive individuals (but not
in those who were seronegative). This made authors
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suggest that those without either infection are likely to
have grown up in hygienic environments, possibly less
overcrowded and with a better diet.

Similarly, a well-designed cross sectional study from
United Kingdom (also controlled for social class) could
identify only lower lung function in individuals with H.
pylori seropositivity. However, after adjustment for
either height or social class the size of the association
was reduced. No association was observed with whe-
ezing, chronic bronchitis, self-reported asthma, atopy or
bronchial hyper-reactivity'*"..

No association with a group of infections was
observed among Roma children living in poor hygienic
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conditions compared to non-Roma children in Greece®”.

Although Roma children were found significantly more
often seropositive for Toxoplasma gondii, hepatitis A, H.
pylori, herpes simplex virus-1 (HSV-1), cytomegalovirus
and Hepatitis B, no statistically significant differences
were found between Roma and non-Roma children
in respect to atopy or specific IgE level. Despite the
higher numbers of exposure to infectious agents
among Roma children, no protective effect for allergic
disease development was evident. Even more, a
positive association of the cumulative index of exposure
to infections with atopy was found in the non-Roma
children (OR = 1.38, 95%CI: 1.08-1.75) and in the
total population (OR = 1.42, 95%CI: 1.11-1.83).

An interesting study on schoolchildren with sim-
ilar genetic background but different socioeconomic
environment (Finland and Russian Karelia) showed higher
prevalence of allergen-specific IgE in Finnish children,
while in Russian children higher prevalence of antibodies
to coxsackivirus B4, H. pylori, Toxoplasma gondi and
hepatitis A was detected. However, an inverse association
between infections and prevalence of atopy was observed
only in Russian Karelian children and the biggest effect
was observed for enterovirus. However, the authors also
hypothised that some other factors could be associated
with infections in Russian but not in Finnish populations
are responsible for the effect’®.

Finally, in Malaysia low H. pylori prevalence goes
together with low prevalence of wheezing among
6-7 and 13-14 years old children (5.4% and 5.7%,
respectively), therefore scientists have concluded that
H. pylori is only a marker for poor hygiene'®. Although
no study has been performed yet comparing the
prevalence of H. pylori among patients with and without
asthma in Malaysia, Raj et a*® consider that available
data speak against the unique role for H. pylori infection
as a protective factor against asthma.

To summarize, there is evidence that H. pylori could
not be independently inversely associated with allergic
disease, but just reflect changes in environment and/or
diet. The inverse association between prevalence of H.
pylori infection and allergic diseases observed in studies
could also be biased by some other uncontrolled factors.

POSSIBLE CAUSAL RELATIONSHIP
BETWEEN H. PYLOR/ AND ALLERGIC
DISEASE

Although a weak inverse association between H. pylori
and allergy can be recognized, scientists argue that
opposite prevalence, possibly evident from observational
studies, does not mean a causal relationship!'®!. However,
demonstration of a possible causal relationship between
H. pylori and allergy is extremely complicated.

A biological mechanism proposed to explain the
preventive association of H. pylori to allergy is reduced
exposure to a major stimulus for the generation of Treg
cells in individuals without H. pylori infection™. One of
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the latest ideas involves neutrophil-activating protein
of H. pylori that could inhibit Th2-mediated bronchial
inflammation in patients with allergic asthma®™. Possible
immunomodulatory properties of H. pylori are well
described by Arnold et af*®.

Fulfilment of Bradford Hill criteria

Blaser et al® used Bradford Hill criteria to support
the evidence about the inverse association between
H. pylori and asthma. Hill’s criteria consist of several
conditions fulfillment of which can provide evidence of
a causal relationship between an incidence (H. pylori
prevalence) and a possible consequence (asthma)®®..

To prove the causal link Blaser et al® mentioned
the small but consistent trend demonstrated in several
studies as well as the fact, that inverse causation is
not likely and the decline is preceding the increase
in asthma. However, although there is a weak trend
showing inverse association between allergy and H.
pylori, not all studies approve it. Further, Blaser et a/f®!
considered that the inverse association observed with
early life asthma (not with long-standing asthma seen
in adults) supported the role of H. pylori, since the
effect of H. pylori might be less important in adult-onset
asthma due to much more heterogeneous nature of
adult asthma. However, confounding factors that could
influence the association are not fully ruled out.

Further, one of the Bradford criteria states that there
is no other likely explanation of disease - the more
specific an association between a factor and an effect
is, the bigger the probability of a causal relationship.
However, at present allergologists consider asthma as
a multifactorial disease associated with several other
risk factors (like urban outdoor and indoor pollution,
allergens, etc.) rather than H. pylori infection™. Therefore
the fulfillment of Bradford Hill’s criteria, demonstrated
by Blaser et al®, should be interpreted with caution and
should be considered only as one of the arguments for
protection of H. pylori against asthma.

Data from cohort studies

Since it is impossible to perform interventional studies
to test the link between H. pylori and allergy, some
knowledge about a possible causal association could be
driven from cohort studies. However, it should be noted
that such studies are not conclusive and they give only
a better insight about a possible causality.

Holster et al*"! detected the presence of H. pylori
antibodies in 7-9 years old children who were followed
from birth and assessed by yearly questionnaires about
allergic symptoms and possible risk factors. The authors
observed no association between H. pylori and atopic
dermatitis, allergic rhinitis and asthma. A borderline
association was found only between H. pylori and
wheezing. However, the authors admit, that they were
not able to detect if H. pylori infection preceded the
diagnosis of allergic disease, since presence of H. pylori
infection was diagnosed only at the age of 7-9 years.

Further, a cohort study in Ethiopia followed children
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since birth, detecting presence of allergic symptoms
with questionnaires and performing allergic skin tests
and H. pylori stool antigen tests at the age of one, there
and five years. The sample was controlled for potential
confounders. After three year follow-up the authors
found only a borderline association with eczema’®*.
Further, following the same cohort for five years an
inverse association was observed only with eczema'®*.
No association was observed with asthma or other
allergic disease. Interestingly, that in the same cohort the
association between paracetamolum therapy and allergic
symptoms was analyzed separately and an inverse
association was observed between use of paracetamolum
and wheezing and eczema'®".

Development of allergy after H. pylori eradication
Several studies demonstrated development of an allergic
disease or increase of IgE after H. pylori eradication.
Korean study demonstrated increased levels of IgE
related, non IgE related allergy as well as subclinical
raise of IgE levels in patients after H. pylori eradication
compared to H. pylori positive patients without eradication
and H. pylori negative controls®. However, this could
also be related to the change in gastric acidity due to
treatment with proton pump inhibitors, used together
with eradication therapy. In addition, some patients
continue use of acid lowering drugs even after eradication
therapy.

Data from animal studies

Finally, a possible causal relationship can be demon-
strated in animal models. One of the first studies showing
causal relationship was the study by Arnold et a/®,
showing that animals infected with H. pylori infection had
lower airway hyper-responsiveness, tissue inflammation,
and goblet cell metaplasia. Further studies supported
the finding that H. pylori infection could protect mice
from development of allergic asthma!®”. However, effect
observed in animal models quite often is not observed
also in humans.

H. PYLORI AS A PART OF COMPLEX
INTERACTION BETWEEN MICROBES AND
HUMAN IMMUNE SYSTEM

H. pylori and other infectious agents
Blaser et al® speculate, that H. pylori could be merely
a marker for other phenomena, for example, early life
antibiotic use could eliminate H. pylori as well as other
microbes that actually could be the protective agents.
Therefore, the question arises if H. pylori per se plays
the crucial role in the development of allergy or it is just
a marker of frequent infections or other factors, since
several other microbes have been shown to be inversely
associated with allergic disease®®.

This could be indirectly supported by study, showing
that seropositivity to H. pylori and Hepatitis A was
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unrelated to atopic status, while multivariate analysis
showed that both the effect of having two or more
younger siblings (OR = 0.1, 95%CI: 0.03-0.8) and of
acquiring measles up to the age of three (OR = 0.2, CI:
0.03-0.8) were significantly related to a lower risk of
asthma®™. The finding indicates that frequent infections
observed more often in families with siblings are more
important than H. pylori infection per se. Further, Janson
et al*® demonstrated that combination of different
infectious agents [hepatitis A, H. pylori, Toxoplasmosis
gondii, HSV, Chlamydia pneumoniae, Ebstein Barr
virus (EBV) and cytomegalovirus] was an independent
risk factor for atopy (OR = 1.43, 95%CI: 1.06-1.93),
allergic asthma (OR = 1.82, 95%CI: 1.12-2.98), and
allergic rhinitis (OR = 1.69, 95%CI: 1.21-2.37).

Importance of several pathogens (Ascaris lumb-
ricoides, T. gondii, HSV and EBV) for prevention of
atopy has been shown in a study by Alcantara-Neves
et al*': Children with three or fewer infection markers
had a higher prevalence of specific IgE and skin prick
test reactivity compared with those with four or more
infection markers. On the contrary, isolated infections
were not associated with the prevalence of atopic or non-
atopic wheeze.

Therefore, evidence from studies suggests that
H. pylori could be just a part of complex interaction
between immune system and pathogens, as proposed
by Janson et al**”.,

H. pylori as a part of gut microbiome

This goes together with the idea that the increase in
allergic diseases could be caused by changes in the
composition of gut microflora due to global changes of
environmental, socioeconomic and life style factors!®”.
Data exist, showing lower diversity of microflora in
allergic patients compared to healthy controls: A study in
Sweden reports a lower diversity of the total microbiota
at one month in infants with IgE-associated eczema'*?.

Although previously H. pylori was considered as
the major inhabitant of stomach, at present up-to-date
sequence based molecular methods have allowed identifying
gastric microbiota more precisely. von Rosenvinge et al*”!
have shown that such phyla as Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria and Fusobacteria dominate
in gastric fluid samples. In a review Engstrand et af*!
have also summarized that gastric micro-biota contains
a large variety of genera including Staphylococcus,
Streptococcus, Pervotella, Lactobacillus and some others,
therefore H. pylori could be considered only a part of a
complex microbial flora in the stomach.

Further, Rosenvinge has identified that treatment with
proton pump inhibitors promotes bacterial overgrowth,
while antibacterial treatment is associated with reduced
bacterial diversity™**!. Decreased microbiota diversity
in patients after H. pylori eradication therapy has been
identified also by Jakobsson et af*'. Therefore, one can
conclude, that after H. pylori eradication the diversity
of gastric microflora decreases that could possibly be
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associated with development of allergy.

Therefore we could hypothise that loss of H. pylori
results in a small (possibly significant) reduction of
stimulation of immune system, as proposed by other
authors™*¥, Importance of other microorganisms should
also be considered in the complex interaction between
the human immune system and microbes. However,
how H. pylori specifically and the entire human microbial
ecosystem affect human health is still questionable.

CONCLUSION

Evidence from observational studies supports a weak
inverse association between prevalence of H. pylori
infection and allergy. However, it could be biased by
confounders like socioeconomic factors, antibiotic use and
others. No definite proof for causal relationship has been
clearly demonstrated yet, although data from cohort
studies point to a possible association of H. pylori with
some allergic diseases. In addition, H. pylori could be an
indicator for changes in gut microbiome during recent
decades, reflecting the complex interaction between
microbes and immune system.

Summarizing the data, it seems that H. pylori infection
alone cannot prevent development of allergy in all infected
individuals, similarly like bacterium is not causing a serious
gastrointestinal disease in all infected patients. In both
conditions genetic and environmental factors (diet, other
microbes, microflora, efc.) are of importance next to the
recognized role of the bacterium.

Nevertheless, the intensive research in H. pylori field
has brought a new insight into the interaction between
microbes and immune system and the microbial - host
relationship, supporting the idea that microbes could play
a role in the development of allergy.
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Abstract

Thromboembolic disease is a major leading cause of
mortality and morbidity in industrialized countries. Currently,
the management of these patients is challenging due
to the availability of new drugs with proven efficacy and
security compared to traditional oral vitamin K antagonists.
These compounds are characterized by a predictable
pharmacokinetic profile for which blood monitoring is not
routinely needed. Nevertheless, some data have suggested
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inter-patient variability in the anticoagulant effect of these
drugs, raising concerns about their effectiveness and
safety. Although mass-spectrometry is the gold standard to
determine drug plasma concentrations, this method is not
widely available in every-day practice and some coagulation
assays are commonly used to determine the anticoagulant
effect of these drugs. The present review aims to summarize
the current knowledge regarding the clinical question of
how and when to monitor patients with new anticoagulant
oral agents.

Key words: Anticoagulant agents; Apixaban; Dabigatran;
Drug monitoring; Rivaroxaban

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: New oral anticoagulants are replacing oral
vitamin K antagonists for some practical advantages, like
unnecessary monitoring and a better pharmacokinetic
profile. Nevertheless, in some circumstances, their
anticoagulant activity must be monitored in order to
prevent adverse outcomes. In this minireview a list of the
available laboratory test are reviewed to better understand
the pros and cons of each analysis.

Ramos-Esquivel A. Monitoring anticoagulant therapy with new
oral agents. World J Methodol 2015; 5(4): 212-215 Available
from: URL: http://www.wjgnet.com/2222-0682/full/v5/i4/212.
htm DOI: http://dx.doi.org/10.5662/wjm.v5.i4.212

INTRODUCTION

The management of thromboembolic disease has always
been challenging since current treatments involve an
inherent risk of bleeding that must be counterbalanced
by the anticoagulant effect of each drug.

The use of vitamin K antagonists, such as warfarin,
implies the monitoring of their anticoagulant effect through
frequent blood tests and the education of patients about
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Table 1 Pharmacokinetic features of new oral antico-
agulants"'%

Apixaban Rivaroxaban Dabigatran
Posology Twice daily ~ Once daily Twice daily
Oral bioavailability ~ 45% > 80% 6%
Half life 12h 7-11h 12-17 h

66% renal
(active and

Excretion 25% renal 80% renal

inactive)

potential drug and food interactions, making their use
puzzling and difficult for many dlinicians. In contrast, new
agents have shown some advantages over vitamin K
antagonists, since no dose adjustment and monitoring is
routinely needed, as a consequence of a “more favorable
pharmacokinetic profile”. In addition, these new drugs,
usually mentioned as new oral anticoagulants (NOACs),
have demonstrated clinical efficacy and a better security
profile than warfarin in various clinical trials, making
attractive their use in dlinical practice ™.,

However, recent data have emerged regarding a
potential role for monitoring the anticoagulant effect of
these drugs particularly in patients with specific circum-
stances and comorbidities in order to reduce side effects
and improve efficacy™”.

Some recommendations to measure the anticoagulant
effect of NOACs include the following scenarios®®: (1)
Bleeding or recurrence of thrombosis; (2) Before surgery
or any invasive procedure when the patient has taken the
drug in the previous 24 h or longer if creatinine clearance
is less than 50 mL/min; (3) Identification of supra or
subtherapeutic levels in patients taking other drugs with
potential interactions, or in patients with extreme body
weight; (4) Patients with renal failure or prompt to it; (5)
Reversal of anticoagulation; (6) Suspicion of drug overdose;
(7) Patients with genetic mutations (e.g., rs2244613
minor allele carriers for dabigatran etexilate); and (8)
Assessment of compliance.

Although it is desirable to explore the anticoagulant
effect of these drugs in the aforementioned circumstances,
some cons have also emerged and detractors of routine
monitoring include the following reasons in their argu-
ments®: (1) Lack of measures in clinical trials; (2)
Wide therapeutic window of some of these agents; (3)
There is no a standardized clinical method to detect the
anticoagulant effect or it is not yet available; and (4)
The interpretation and dose adjustments have not been
established.

PHARMACOLOGY OF NOACS

NOACs are categorized according to their site of action;
apixaban and rivaroxaban act by inhibiting factor Xa,
thereby decreasing the conversion of prothrombin to thrombin.
On the other hand, dabigatran acts by directly inhibiting
thrombin. Table 1 summarizes some pharmacokinetics
features of clinical utility for these agents. Of particular
interest is the renal clearance of these drugs that modifies
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or prohibits their use in case of severe kidney failure.

Although it is thought that there are fewer drug
interactions for NOACs than for warfarin, clinical data
suggest moderate to severe drug-drug interactions
when dabigatran is used in combination with verapamil,
amiodarone, and dronedarone!™**,

Similarly, some other drugs commonly known as CYP
inhibitors such as ketoconazole, itraconazole, macrolides,
human immunodeficiency virus protease inhibitors
can increase the serum NOACs concentration. On the
other hand, some CYP inductors, such as phenytoin,
phenobarbital, rifampicin and carbamazepine can
decrease the anticoagulant effect of NOACs and thus are
not generally recommended in these patients.

DETERMINING ANTICOAGULATION
LEVELS WITH THE NOACS

The gold standard to measure plasma drug concentrations
is mass-spectrometry. Nevertheless, the availability and
laboratory expertise for doing this specialized technique
is not fulfilled in the majority of clinical centers. For this
reason, some other test must be carried out in order
to determine the anticoagulant effect of NOACs. Table
2 resumes the advantages and drawbacks of available
coagulation tests that have been used to determine the
anticoagulat effect of NOACs in clinical settings.

Dabigatran

Activated partial thromboplastin time and thro-
mbin time: These are very sensitive assays that do not
accurately reflect plasma dabigatran concentrations.
Although they are widely available, they are affected
by a lot of variables such as inappropriate collection,
improper handling and storage. Besides neither are
strong predictors of bleeding, and patients may present
any kind of hemorrhage even when the activated partial
thromboplastin time and/or thrombin time are within
normal range'™.

Diluted thrombin time: Since assays to evaluate
thrombin activity are very sensitive to determine the
anticoagulant effect of dabigatran, the use of diluted
plasma in conjunction with the Hemoclot thrombin
inhibitor permits to easily measure dabigatran antico-
agulant activity"®.

Ecarin clotting time and ecarin chromogenic
assay: These assays are not widely available and
calibration is required to perform these tests. They use a
metalloprotease called ecarin and are very specific for anti
thrombin inhibitors due to the fact that prothrombin is a
substrate for these analyses'”.,

Rivaroxaban

Prothrombin time: The Subcommittee of Control of
Anticoagulation of the Scientific and Standardization
Committee recommends that this assay can determine
the relative intensity of anticoagulation in patients taking

December 26, 2015 | Volume 5 | Issue4 |



Ramos-Esquivel A. Anticoagulation monitoring

Table 2 Auvailable coagulation tests to determine the anticoagulant effect of oral anticoagulants

Drug Coagulation test Pros Cons
Dabigatran aPTT Highly available Do not reflect the intensity of coagulation
Low specificity
TT Highly available It only determines the effect of dabigatran but lacks specificity
dTT Very accurate and precise Requires specific calibrators and controls in specialized laboratories with
to estimates plasma trained personal
concentrations of dabigatran Low specificity
ECT Requires specific calibrators and controls in specialized laboratories with
trained personal
Limited standardization and validation required
Low specificity
Interlot variability reported
ECA Very accurate and precise Requires specific calibrators and controls in specialized laboratories with
to estimates plasma trained personal
concentrations of dabigatran Low specificity
DRVV-T Requires specific calibrators and controls in specialized laboratories with
trained personal
Low specificity
Rivaroxaban PT Highly available Do not reflect the intensity of coagulation

Rivaroxabanand =~ Chromogenic anti- ~ Very accurate and precise

Apixaban Xa assays to estimates plasma
concentrations of dabigatran

DRVV-T

Low specificity

Requires specific calibrators and controls in specialized laboratories with

trained personal

Requires specific calibrators and controls in specialized laboratories with

trained personal
Low specificity

Any of these tests have been associated with clinical endpoints and data regarding their use in special populations are scarce. aPTT: Activated partial
thromboplastin time; DRVV-T: Dilute Russell’s viper venom time; dTT: Dilute thrombin time; ECA: Ecarin chromogenic assay; ECT: Ecarin clotting time;

PT: Prothrombin time; TT: Thrombin time.

rivaroxaban but it is not useful to extrapolate plasma
concentrations. Besides, it has different sensitivities
according to the type of the employed reagent with high
variability among laboratories®®*®,

Dilute Russell’s viper venom time: This is a useful
test to determine the anticoagulant effect of Xa and
thrombin inhibitors since Russell’s viper venom contains
a potent activator of factor X and II. Nevertheless,
validation and calibrations are technical issues that must
be explored in future trials to determine a valid cut off
and their sensitivity is low™.

Chromogenic anti-Xa assay: Plasma concentrations
of rivaroxaban and anti-Xa levels correlate fairly well
and it is the preferred method to estimate plasma
concentrations. This method is less affected by sample
handling or clotting factors in patients. However, a major
limitation is the standardization and the availability of
laboratories with specific calibrators and controls®”,

Apixaban
Dilute Russell’s viper venom time: As pointed
before, this test is very useful and sensitive to determine
the anticoagulant effect of apixaban, but with a low
specificity.

Chromogenic anti-Xa assay: It is the most sensitive
assay to determine the inhibition of factor Xa by
apixaban and it is recommended to estimate plasma
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concentrations of this drug. Nevertheless, this test is not
widely available and it is time consuming™"’.

SPECIAL CONSIDERATIONS

It is important to point out that any of these analyses
have been tested in special populations such as elderly
patients and children, as well as pregnant women and
individuals with multiple morbidities®®*?*, Besides, some
methodological issues regarding sample collection must
be accomplished to avoid misinterpretations and biases.
For example, plasma concentrations of the NOACs can
vary among 10 to 20 times between peak and trough
concentrations. Therefore, the assessment of the anti-
coagulant activity of each drug should be obtained
immediately prior to the next scheduled dose™. Further-
more there are few reports regarding a correlation
between any of these tests and the efficacy and security
of any NOAC and the dlinical significance of these analyses
must be interpreted cautiously.

CONCLUSION

Despite of the potentials scenarios in which the role
of monitoring the anticoagulant effect of NOAC can
be clinically valid, it must be point out that there is no
trial which has compared results of these drugs with
or without coagulation monitoring and there are no
guidelines to determine the steps to follow in order
to improve the quality of the anticoagulation therapy.
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Nevertheless, with the broad use of NOACs in clinical
practice we must keep in mind the inter-patient variability
of these drugs that can result in loss of efficacy and
security.
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Abstract

Despite more than 300 theories to explain the aging
process, oxidative stress theory offers the best mechanism
to explain aging and age related disorders. Several studies
has shown the importance of oxidative stress during aging.
PubMed, Science Direct and Springer online data bases are
taken into consideration to write this mini-review. Human
erythrocytes are most abundant and specialized cells in the
body. Erythrocytes were extensively studied due to their
metabolism and gas transport functions. Recent studies
on erythrocytes have provided us detailed information of
cell membrane and its structural organization that may
help in studying the aging and age associated changes.
The susceptibility of an organism is associated with the
antioxidant potential of the body. Erythrocytes have potent
antioxidant protection consisting of enzymatic and non-
enzymatic pathways that counteract with reactive oxygen
species, thus maintaining the redox regulation in the
body. The non-enzymatic and enzymatic antioxidants and
other biomarkers associated with erythrocyte membrane
transport functions are the main content of this review.
Biomarkers of oxidative stress in erythrocytes and its
membrane were taken into the consideration during
human aging that will be the main subject of this mini-
review.

Key words: Biomarkers; Humans; Aging; Oxidative
stress; Erythrocytes; Erythrocyte membrane

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of present review is to summarize
important oxidative stress biomarkers in erythrocytes
during human aging. Erythrocyte membrane is rich in
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lipids and proteins which are easy targets of reactive
oxygen species. Erythrocytes are also equipped with
antioxidant defense system. Studies on biomarkers of
oxidative stress are important in the establishment of
reference values in different populations and in studies
involving their role in different disease conditions.

Maurya PK, Kumar P, Chandra P. Biomarkers of oxidative stress
in erythrocytes as a function of human age. World J Methodol
2015; 5(4): 216-222 Available from: URL: http://www.wjgnet.
com/2222-0682/full/v5/i4/216.htm DOI: http://dx.doi.org/10.5662/
wjm.v5.i4.216

INTRODUCTION

Aging is a characterized by alterations that takes place
in a single cell or in the whole organ system. The exact
process of aging is still not well understood but many
evidences support that it is associated with excess
production of free radicals in the form of reactive
oxygen species (ROS) and reactive nitrogen species
(RNS) throughout life"!. During aerobic respiration,
ROS/RNS are produced from electron transport chain
present inside mitochondria (Table 1). Excess ROS/
RNS damages proteins, lipids and nucleic acids, when
enzymatic and non-enzymatic antioxidants of the body
are unable to scavenge free radicals™. Even under
normal metabolic conditions, certain amount of oxidative
damage to cell and its membrane takes place, but its
rate increases with the increase of OS during aging, as
the antioxidant variation machinery gets diminished™*.
Besides many recent studies at molecular level like
telomere shortening contributes to the accumulation of
DNA damage during cellular aging™, erythrocytes cell
as a whole and its membrane has its own importance in
aging and age associated diseases.

Human erythrocytes or red blood cells (RBCs) are
in the circulatory system for 120 d®, which transport
oxygen from the lungs to all other tissues of the body
and carbon dioxide (CO2) from the body tissues back to
the lungs. These erythrocytes are produced in the bone
marrow by differentiation process and hematopoietic
stem cells differentiate to form nucleate erythrocytes.
After degradation of endoplasmic reticulum and formation
of nuclei, reticulocytes appear in the circulation. An
erythrocyte is a disc shaped, 8 um biconcave structures
bounded by a plasma membrane. The protein and lipid
bilayer to erythrocytes changes throughout the whole life.
This can be particularly seen at the stage of its plasma
membrane"”’, since it is made up of protein-lipid bilayer.
Erythrocyte contains a conjugate protein in the form
of hemoglobin. The main function of hemoglobin is the
binding and releasing oxygen and carbon dioxide, for this
reason the membrane of RBC is extremely important.
The plasma membrane is a two dimensional meshwork
of protein called as spectrin membrane skeleton. It helps
in maintenance of structure of erythrocytes. Because of
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Table 1 Reactive oxygen species

Oxygen centered radicals Oxygen centered non-radicals

O2- H0:2
OH

HOO - 02
ROO-

the above mentioned facts of erythrocyte and the plasma
membrane, this cell type has been studied extensively.
RBCs as oxygen carriers are continuously exposed
to high oxygen tension. Oxidative stress, which de-
creases the antioxidant capacity, irreversibly damages
erythrocytes, resulting in their eventual damage by
hemolysis and their removal by circulation. Because
mature RBCs are cells without nucleus and other cell
organelles, they have no capacity to repair the damaged
components. Celeddn et af*®!, showed that biochemical
alteration which takes place during acute hypobaric
hypoxia, make erythrocyte susceptible to oxidative stress.
During erythrocyte life span there are many changes in
size and deformability, lipid and protein content in the
membrane, ion exchange and action of enzyme. This
review will also address the effect of OS in erythrocytes
during normal aging based on the structural alteration in
the erythrocytes and its membrane. The widely studied
clinical biomarkers of oxidative stress and its mechanism
in human erythrocytes has been represented in Figure 1.

BIOMARKERS RELATED OF OXIDATIVE
STRESS

Lipid peroxidation-malonaldehyde
Malonaldehyde, is a byproduct of lipid per-oxidation.
It reacts with amino acids, membrane proteins, phos-
phatides, DNA and RNA of the cell, which leads to
structural and functional modification. Excess level of
malonaldehyde (MDA) levels has been reported when it
undergoes cell damage or in several diseased conditions.
Red blood cell membrane is made up of 60% of phos-
phatides. Cholesterol (non-esterifies) represents about
30% of the lipidic erythrocyte composition, and the
last 10% are carbohydrate containing lipids™. Due to
presence of polyunsaturated fatty acids (PUFA), cell
membrane becomes more susceptible to free radicals
and its oxidation takes place that breaks double bonds
of PUFA and generate malonaldehyde. Previously,
we have reported elevated level of erythrocyte MDA
in normal elderly population®. Increased MDA level
was supported by other findings, such as, decreased
membrane sulfhydryl (-SH) groups and total antioxidant
potential in older individuals compared to younger
individuals'!. The increases in the MDA level are found
in diabetes, hypertension, inflammation, coronary heart
and liver disease!”. The free radical chain reaction is the
mechanism involved in the process of lipid peroxidation.
It increased with the increased production of ROS/RNS.
The erythrocyte membrane is rich in phosphatides
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Tea catechins/flavonoids

1 Increased/up-regulated

| Decreased/down-regulated

Ca’*-ATPase

Figure 1 Aerobic cell produce reactive oxygen species as a byproduct of cellular respiration. Erythrocytes are equipped with antioxidant defense system for
overcome excess production of ROS. The activity of SOD, CAT, GST and PMRS s upregulated while GPx activity is down regulated during human aging. Increased
oxidative stress during aging results in elevated MDA levels and decreased GSH levels. Cysteine influx and efflux decreases during aging, which is an important
amino acid for GSH biosynthesis. Red blood cell membrane bound enzymes (Na’, K'-ATPase; Ca”*-ATPase) activity decreases as a function of human age. Dietary
flavonoids like tea catechins modulate various biomarkers of oxidative stress and are protective in nature. Chemical structures of epicatechin (A), epigallocatechin
gallate (B), epigallocatechin (C), and epicatechin gallate (D). Cys: Cysteine; Glu: Glutamic acid; Gly: Glycine; GSH: Reduced gluathione; GSSG: Oxidised glutathione;
MDA: Malonaldehyde; SOD: Superoxide dismutase; CAT: Catalase; GST: Glutathione-S-transferase; GPx: Glutathione peroxidase; PMRS: Plasma membrane redox
system; ROS: Reactive oxygen species.

containing proteins present outside the membrane. acids and is an intracellular non-protein sulphydryl (-SH)
The proteins present in the outer membrane are easy compound. A significant decrease in erythrocyte GSH level
target for free radicals which results in the formation has been reported in human erythrocytes™™. Erythrocyte
of MDA. Increased MDA level results in alterations of GSH level negatively correlated between decline GSH and
the cell membrane polarity, charge sharing across age has been observed, this decrease is also correlates
lipid phase surface and oligomer formation. Further with total antioxidant potential of plasma™. Erythrocytes
elevation in lipid peroxidation, results in decline resistance contain most important hydrophilic antioxidant in form of
towards denaturation process, decreased number of GSH™!, Reduced glutathione contains sulphur containing
membrane-SH groups and altered mobility of lipids. amino acid cysteine which is the rate liming amino acid in
Several studies reported the importance of peroxidation GSH biosynthesis. Due to presence of cysteine amino acid,
of lipids in caloric restriction and longevity in different GSH helps in maintaining reduced status of SH group of
populations'?.. It has been observed that animals and cell membrane, including many other biological functions.
avians have long life because they contains less number OS results in the oxidized form of SH groups, which will
of unsaturated fatty acids in its plasma membranes, results in many cellular and functional dysfunctions. A
so they are not easy targets for ROS/RNS and have study carried out in European subjects also demonstrate
lower degree of MDA formation and less modification a significant decline in erythrocyte GSH level during
in proteins in long life of these species. Results clearly aging™®!, while other reports on the same study did not
indicate that the animals/species having low degree of  show significant alterations in intracellular glutathione™”’,
unsaturated fatty acids/unsaturation have longer life Oxidized form of glutathione (GSSG) is not favourable

span. for body. A recent study on age associated change in the
glutathione level in brain of rat shows decline in glutathione
Reduced glutathione in almost all regions of the brain. The conversion of

Reduced glutathione (GSH) is a primary antioxidant of reduced glutathione to oxidized glutathione was further
erythrocytes. It is a tripeptide containing there amino increased and the ratio of these two (GSH/GSSG) was
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also reported to decrease, which measures the oxidation/
reduction status of the cell™®. The GSH/GSSG ratio has
many biological functions including oxidation/reduction
signaling and in the protection of antioxidants. The ratio
also helps in providing a link to influence of environment
with elderly population™.

Membrane-SH group

The human RBCs are rich in membrane SH groups.
The -SH group play a major role in maintenance of
oxidation-reduction status of the cell®”. The OS caused
by ROS/RNS in erythrocytes effect cell membrane and its
mechanical characteristics. Any oxidative damage to the
plasma membrane-SH group of erythrocyte will induce
the alterations in micro-elasticity under pathological and
physiological state of OS™". Alterations in the oxidation/
reduction balance during normal aging can modify several
enzyme activates and proteins within the cell. Most of
the protein molecules contain sulphur containing amino
acids, methionine and cysteine which are subject to reox
changes. We reported as related decrease in erythrocyte
membranes-SH group during human aging®’. Enzymes
and proteins having -SH group are easy target for ROS/
RNS. Age related changes in protein oxidation have been
documented in erythrocytes and plasma®™. Nitric oxide
is highly reactive having half life of few seconds yet it can
diffuse cell membrane freely which make NO ideal for a
transient signal molecule. It is known to be involved in
aging process’””.

ENZYMATIC ANTIOXIDANTS

RBCs are exposed permanently with potentially damaging
level of ROS/RNS, but their metabolic processes are
capable of reversing this oxidative damage under normal
conditions. However, it is well known that variety of
physiological and pathological factors may increase
ROS/RNS which induces the oxidative stress. In addition,
hemoglobin is known to stimulate lipid peroxidation™®.
Erythrocytes are equipped by antioxidant defense system
in form of enzymatic and non-enzymatic antioxidants'®>'.
This protective system in form of enzymatic antioxidants
includes superoxide dismutase (SOD)®, which detoxify
the effect of superoxide radical (Oz2") catalase (CAT)®”,
which is involved in the conversion of H20: to H20, and
other enzymatic antioxidants like glutathione reductase
(GR), glutathione peroxidase (GPx) and glutathione-
S-transferases (GSTs)™®*, Two enzymes are shared
in H20:2 detoxification: CAT and GPx but their relative
significance in H202 scavenging is still not clear™. The
reduced glutathione (GSH) is a non-enzymatic antioxidant.

In human subjects there is a considerable disagreement
in age-related changes of erythrocyte SOD and CAT
activity™*?!. Lower activities of CAT and SOD were
shown in premature infants during first 72 h of their life
in comparison with full-term infants and even during
aging™~4. Less than 10% of normal erythrocyte CAT
activity was observed in homozygous carrier of inherited
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CAT deficiency-acatalasemia®’, and less than 50% in
heterozygous subject’s hypocatalasemia®. An elevated
SOD and CAT activities during aging in human erythrocytes
has been reported. Increased OS during normal aging
was compensated by elevation in the activities of these
enzymes. Elevated CAT and SOD activities may be a
manifestation of more production of ROS/RNS during aging
in humans. Several contradictory results have been shown
in published reports for SOD and CAT role in normal aging
process, the reason for which is hard to explain™*®, As far
as pathological processes are concerned; decreased CAT
activities were found in erythrocytes from human patients
of different ages with several types of brain disorders
including dementia, stroke and Parkinson disease™*”,

Oxidative stress with alterations in profile of antioxidant
enzymes in erythrocytes is also related to many others
specific pathologies**?. Cell requires certain enzymes
to detoxify the toxicants. GSTs are group of enzymes
that play a very important role in the detoxification of
dangerous compounds to less toxic compounds®. Age
associated changes in GST has been reported™**!, GSTs
also play a significant role in drug resistant development
in tumor cells, Alzheimer’s and Parkinson’s disease,
atherosclerosis!**’). GST are involved in many biological
functions in mammals which includes detoxification of
toxicants, catalysis of several biological processes, several
functions associated with metabolism, resistance towards
drugs and inhibiting age associated disorders“®*,

Age associated changes in the activity of GPx has
been shown in human erythrocytes and correlated with
total antioxidant capacity®®®. Several studies have been
reported having conflicting data as to how GPx activity is
changes with age®®. Increased GPx activity have been
shown in smaller population studies, while decreased
activity has been reported in most large studies as a
function of age™”. GPx activity decreases in presence of
more H202, which ultimately leads to direct cell/tissue
damage and activation of nuclear factor-«B - related

inflammatory pathways™>%,

ALTERATIONS IN ERYTHROCYTE
MEMBRANE TRANSPORT FUNCTIONS

In most of the eukaryotic cell membrane, the lipids are
distributed in asymmetric manner across the bilayer plan.
This kind of structural organization is referred as trans
asymmetry. This trans-asymmetric distribution play very
important role in structural and functional aspect of cell
membrane. Homeostasis is very important for the cell.
Transport of ion across the cell membrane are regulated
by various kind of cell membrane enzymes such as Na*,
K*-ATPase and Ca**-ATPase™!, A recent study reports
a significant decreased activity of these two enzymes
during human aging™®. Transport of dietary flavonoids
across cell membrane is well documented™”. Recently,
we reported the beneficial effect of tea catechins in
erythrocytes during human aging™®*. L-cysteine is a

December 26, 2015 | Volume 5 | Issue4 |



Maurya PK et a/. Erythrocytes and human aging

sulphur containing amino acid that has free functional
-SH group which is important in oxidation/reduction
reactions. Free -SH group in erythrocyte membrane will
help in the regulation and maintenance of intracellular
redox status of erythrocytes and other cell types. Human
erythrocyte does not have any machinery to synthesize
protein inside the cell. Synthesis of GSH take place inside
erythrocyte and it require L-cysteine, a semi-essential
amino acid. GSH is a tripeptide containing glutamic acid,
cysteine and glycine joined together with the help of
peptide bonds. All above said amino acids are required
for the biosynthesis of GSH, but the rate depends on
only the availability of L-cysteine. We report L-cysteine
influx and efflux across human erythrocytes during
aging™® Y, L-cysteine is the amino acid which provides
free functional -SH group to GSH which play a very
important role in antioxidant defense system. GSH is
a soluble antioxidant which protect cell from ROS/RNS
caused oxidative damage. Recently, there are substantial
evidences in literature which supports that normal aging
is accompanied with higher level of OS. Incorporation of
flavonoids and cysteine in diet has been shown to alter
several OS biomarkers which are known to be associated
with aging and age related disorders®®?. We report a
significant decreased efflux of L-cysteine in erythrocytes
during aging™. Since, GSH biosynthesis in erythrocytes
is dependent on L-cysteine bioavailability; the decreased
influx and efflux may explain the low GSH level reported
in erythrocytes as a function of age™. L-cysteine trans-
ported into erythrocytes only when there is properly
reduced membrane lipid and protein thiol. Aging is
associated with reduced antioxidant capacity which
results in induction of conformational and structural
changes in the cell membrane and in the amino acid
transporters that finally results in L-cysteine influx and
efflux.

CONCLUSION

Red blood cells are the main cell types present in blood.
It is reviewed in this mini-review that erythrocytes have
a very particular membrane structure and composition
which alters during aging and that support their features
and functions to study human aging. It has been shown
that RBCs have ability to encounter various oxidative
stressors to prevent oxidative stress. They are good
model to study various plant products to evaluate their
anti-aging properties. These findings of biomarkers of
OS during normal aging will help in the establishment of
reference values for biomarkers of OS in elderly peoples
and several other parameters. These reference values
will help in studies that involve the role of biomarkers in
various other diseased conditions.
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Abstract

The transcription factor forkhead box protein A2
(FOXA2, also known as hepatocyte nuclear factor 3p
or transcription factor 3p), has been found to play
pivotal roles in multiple phases of mammalian life,
from the early development to the organofaction, and
subsequently in homeostasis and metabolism in the
adult. In the embryonic development period, FOXA2 is
require d for the formation of the primitive node and
notochord, and its absence results in embryonic lethality.
Moreover, FOXA2 plays an important role not only in lung
development, but also in T helper type 2 (Th2)-mediated
pulmonary inflammation and goblet cell hyperplasia. In
this article, the role of FOXA2 in lung development and
Th2-mediated pulmonary inflammation, as well as in
goblet cell hyperplasia, is reviewed. FOXA2 deletion in
airway epithelium results into Th2-mediated pulmonary
inflammation and goblet cell hyperplasia in developing
lung. Leukotriene pathway and signal transducers and
activators of transcription 6 pathway may mediate this
inflammation through recruitment and activation of
denditric cell during lung developments. FOXA2 is a
potential treatment target for lung diseases with Th2
inflammation and goblet cell hyperplasia, such as asthma
and chronic obstructive pulmonary disease.

Key words: Forkhead box protein A2; T helper type 2
inflammation; Pulmonary; Development; Goblet cell
hyperplasia

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The transcription factor forkhead box protein A2
(FOXA2) plays pivotal roles in embryonic development and
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organogenesis. Conditional deletion of FOXA2 in airway
epithelial cells during the early stage of lung development
will result in abnormal morphology of the lung and T
helper type 2-mediated pulmonary inflammation. In
addition, FOXA2 regulates the goblet cell differentiation
during lung development and in pulmonary diseases such
as asthma and chronic obstructive pulmonary disease.
FOXA2 may be a new target for the treatment of lung
disease.

Sun L, Tang XJ, Luo FM. Forkhead box protein A2 and T helper
type 2-mediated pulmonary inflammation. World J Methodol
2015; 5(4): 223-229 Available from: URL: http://www.
wjgnet.com/2222-0682/full/v5/i4/223.htm DOI: http://dx.doi.
org/10.5662/wjm.v5.i4.223

INTRODUCTION

The transcription factor forkhead box protein A2 (FO-
XA2), also known as hepatocyte nuclear factor 3p
(HNF3p), is first identified by its ability to regulate liver-
specific gene expressiont!, FOXA2 is a part of the large
Forkhead box (FOX) gene family that all members have
the DNA binding “winged helix domain”?. The gene
of FOXAZ2 is located in chromosome 20p11.21. FOXA2
is able to bind to specific DNA sequence™, activate or
inhibit the transcriptional activity of target genes, and
also participate in cellular signal transduction™' and
metabolism regulation™. Meanwhile, it plays a key role in
the development™ and mature of tissues and organs!”.

With the development of mouse embryos, the first
active FOXA gene is FOXA2 whose RNA and protein
are detected on day 6.5 of gestation in the primitive
streak and node'®, suggesting that FOXA2 plays an
essential role in the formation of the primitive streak
and endoderm™!. The research has indicated that
FOXA2 is required for the maintenance of dopaminergic
properties in ventral midbrain neurons at late embryonic
stage!®, The expression of FOXA2 is also found in
the liver, pancreas, lung, intestine, thyroid gland and
prostate!'™, implying that FOXA2 not only regulates
the organogenesis and development of liver”***! and
lung™**!, but also participates in the process of glucose!®!
and lipid metabolism™”, Many studies have also shown
that FOXA2 has a close relationship with the occurrence
and metastasis of tumort’®”, For the past few years,
FOXA2 is found to participate in regulating the lung
development, Th2-mediated pulmonary inflammation
and goblet cell hyperplasia®2,

STRUCTURE OF FOXA2

FOXA2 gene is located in chromosome 20p11.21 and
its length is 2242 bp. As a member of the FOXA family,
FOXA2 has a forkhead domain (FHD) complexed to
a target DNA. The first 3D structure of FHD resolved
by X-ray crystallography was that of FOXA3/HNF3y
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in 1993%, Subsequently, the FHD structures of other
members were resolved, which are similar to that
of FOXA3™* so is FOXA2. The FHD contains three
N-terminal a-helices (H1-3), three p-strands and two
loops (W1-2) towards its C-terminal region**. The
recent data about the FOXA function have identified
the FOXA proteins as “pioneer factors” whose binding
to promoters and enhancers enable chromatin access
for other factors®®?”), It is unique in that FOXA?2 is the
only one in the family which contains an AKT2/PKB
phosphorylation site at the N terminus of the FHD™",
FOXA2 has two nuclear localization sequences (NLS)
which are located at both ends of the FHD®®, one of the
two NLS in H1 while the other in W2®* (Figure 1).

ROLE OF FOXA2 IN DEVELOPMENT

Research has shown that the FOX superfamily express in
many kinds of organism from invertebrate to vertebrate
and its subfamily FOXA participants in the whole process
of the embryonic development™®!, FOXA2, a member
of FOXA family, is the first gene of this family to be
expressed in the progress of embryogenesis®™. In the
study of mouse embryogenesis, the expression of the
FOXAZ2 gene appears first at the anterior of the primitive
streak. After the primitive node has formed, FOXA2
expression is localized in the primitive node, notochord
and neural plate™". Mice lacking FOXA2 die by E10 to
E11l and show marked defects in structures related to
embryogenesis, without forming a distinct primitive
node, aberrant somites and neural tube resulting from
the absence of the notochord, and failure to form the gut
tube, although endoderm cells are present®’. The defects
of the notochord and neural tube, can be ascribed to a
deficiency of Sonic hedgehog, as FOXA2 cooperates with
the homeobox gene Goosecoid in the activation of this
gene®. Furthermore, FOXA2 can activate the canonical
WNT-B-catenin pathway and subsequently induce the
primitive extraembryonic endoderm by directly up-
regulating the Wnt6"*.

With the embryonic development, the expression
of FOXAZ2 is also detected in definitive endoderm and
endoderm-derived apparatus such as liver, pancreas, and
prostatic gland, where it persists through development
to adulthood™***, As to the lung, FOXA2 expresses
in the endoderm which later differentiates into the lung
buds, where it expresses continuously in the pulmonary
epithelium to adulthood™”. FOXA2 is found in specific
subsets of respiratory epithelial cells. In the respiratory
epithelium, FOXA2 can activate the transcription of
thyroid transcription factor-1 (TTF-1), clara cell secretary
protein and surfactant proteins (A-D), which mark
the differentiation of epithelial cells®®*, Moreover, the
surfactant proteins A-D play critical roles in surfactant
function and homeostasis™”. In the mice lacking FOXA2
in conducting airways, pulmonary abnormalities are
not observed by light microscopy at E18.5. However,
the decreased alveolar septation and peripheral sa-
ccules appear at PN3. At PN15 and later, pulmonary
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Figure 1 Structure of forkhead box protein A2 protein. FOXA2 has two transactivation domains and two nuclear localization sequences. There is a winged helix in
the central of FOXA2. FOXA: Forkhead box protein A; TAD: Transcription activation domain; NLS: Nuclear localization sequences.

abnormalities including emphysema in distal airways
and goblet cell hyperplasia in bronchi and bronchioles
are observed in the FOXA2* mice™*, FOXA2 is
indeed a positive regulator for E-cadherin gene'*”, a cell
adhesion molecule required for normal lung branching
morphogenesis and cell differentiation'***, Mildred
et al*® verified that the temporal-spatial expression
patterns of FOXAZ2 in the developing and regenerating
of lung fit in with their proposed function in epithelial cell
differentiation and regeneration, and surfactant protein
gene expression. In summary, FOXA2 plays a critical role
in the development of lung.

ROLE OF FOXA2 IN TH2-MEDIATED
PULMONARY INFLAMMATION AND
GOBLET CELL HYPERPLASIA

Evidences showed that respiratory epithelial cells lining
conducting airways regulate the inflammatory res-
ponses caused by allergens, pathogens and injurious
agents™***’]. Disruption of FOXA2 in respiratory epithelial
cells results in airspace enlargement, neutrophilic
pulmonary infiltrates, mucus hypersecretion, goblet cell
hyperplasia and metaplasia (GCHM)!**!, associated with
the activation of pro-GCHM Stat6 and epidermal growth
factor receptor signaling pathways!*>****), Further study
demonstrates that lack of FOXA2 in airway epithelial
cells results in Th2-mediated pulmonary inflammation,
including infiltration of eosinophiles, up-regulation of Th2
cytokines and chemokines, goblet cell hyperplasia and
mucus hypersecretion, accompanied by the activation
of leukotriene pathway at PN15%". All these findings
are common in the lung of asthma patients. Therefore,
FOXA2 expression in the lung may be disturbed in
asthma. In fact, decreased expression of FOXA2 in
the lung is found in asthma patients compared with
control subjects™*”. The decreased expression of FOXA2
was negatively correlated with increased expression of
mucin-5ac (MUC5ac) and chloride channel accessory
19, Furthermore, the expression of FOXA2 in airway
epithelial cell is inhibited by allergen challenge, and by
over-expression of Th2 cytokines such as interleukin
(IL)-4 and IL-13 in mouse airway epithelium™®, and
also by IL-13 stimulation in human bronchial epithelial
cells™®, All these results indicate that FOXA2 plays a
critical role in Th2-mediated pulmonary inflammation
in developing lung. Although it inhibits goblet cell
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hyperplasia and metaplasia, conditional over-expression
of FOXA2 in the respiratory epithelium in adult mice
prior to ovalbumin (OVA) sensitization cannot alter Th2
cytokine production or inflammation in the lung™'.
Inflammatory cell counts, as well as IL-4, IL-5, IL-13,
IL-10, and interferon-y concentrations, are similar in
bronchoalveolar lavage fluid (BALF) from FOXA2 over-
expressing and control mice after OVA exposure®!,
Tang et al*” also demonstrate that in the very early
stage (from PNO to PN10) of lung development after
birth, Th2-mediated inflammation is missing in the lung
of mice with FOXA2 deletion in airway epithelium. The
Th2 related cytokines and chemokines are up-regulated
from PN7 and Th2 inflammation in the lung is obvious
on PN15. All the results indicate that Th2-mediated
pulmonary inflammation induced by deletion of FOXA2
in airway epithelial cells is development-depended.

MECHANISM OF FOXA2 REGULATING
TH2-MEDIATED PULMONARY
INFLAMMATION AND GOBLET CELL
HYPERPLASIA

The mechanism of Th2-mediated pulmonary infla-
mmation induced by deletion of FOXA2 in airway epithelial
cells remains unknown at present. Dendritic cell (DC)
plays a very important role in Th2-mediated pulmonary
inflammation. Chen et a/®"! investigates the role of
myeloid DCs (mDCs) and plasmacytoid DCs (pDCs)
in this inflammation. They found that the frequency of
both DCs and mDC/pDC ratio are significant increased
in the lung of FOXA2* mice®., They also found that
frequencies of mDCs expressing B7-DC, B7-H1, and
CD86 are significantly elevated™. The results indicate
that increased recruitment and activation of pulmonary
mDCs may mediate the Th2 inflammation in the lung
in FOXA2™* mice during development. However, the
mechanism of the recruitment and activation of pulmonary
mDCs after FOXA2 deletion in airway epithelial cells is
not clear. Previous studies have provided direct evidence
that cysteinyl leukotrienes (cys-LTs) plays an important
role in regulating Th2 cell-dependent pulmonary
inflammation®™®**!, Further study discloses that FOXA2
regulates 15-lipoxygenase (Alox15) and Alox5 gene
transcription associating with leukotrienes (LTs)
biosynthesis and lung inflammation®***!, Montelukast,
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a selective inhibitor of the CysLT: receptor™>*, supp-

resses the Th2-mediated inflammation arising from
the ablation of FOXA2 in the developing mice lung. In
developing FOXA2Y* mice, the increased expression of
Th2 cytokines followed the activation of LT pathway. In
brief, these findings uncover that FOXA2 is required for
the repression of Th2-mediated pulmonary inflammation
during lung development via its regulation to CysLT
pathway™. Therefore, deletion of FOXA2 in the early
stage of lung development leads to the spontaneous
activation of LTs pathway. The activated LTs pathway may
increase the recruitment and activation of pulmonary
mDCs and then mediate the Th2 inflammation in the
lung of FOXA2"" mice during development. However, this
hypothesis needs more direct evidences (Figure 2).
IL-13/1L-4-STAT6 pathway plays a critical role in Th2-
mediated pulmonary inflammation®®*", Chen et a/f*!
tests whether Th2-mediated pulmonary inflammation
and goblet cell differentiation caused by conditional
deletion of FOXA2 in the airway epithelium is depend
upon IL-4R-mediated signaling. The results indicate
that administration of IL-4Ra. mAb, an antibody which
blocks IL-4Ra (@ key molecular in IL-13/IL-4-STAT6
signaling pathway), significantly inhibits eosinophilic
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inflammation and goblet cell metaplasia and mucus
hyper-production in FOXA2** mice. These results
indicates that IL-4Ro-STAT6 pathway mediated the Th2
pulmonary inflammation and goblet cell hyperplasia in
FOXA2™* mice during lung development®, Wan et af**
found that intratracheal administration IL-4 resulted
in the decrease expression of FOXA2 and this effect is
STAT6-depended. However, over-expression of FOXA2
in airway epithelium of adult mice inhibis goblet cell
metaplasia and mucus hyper-production caused by
OVA, but not Th2-mediated pulmonary inflammation?",
These results indicate that the interaction between
FOXA2 and IL-13/IL-4-STAT6 signaling pathway may be
reciprocal in Th2-mediated inflammation and goblet cell
hyperplasia in the lung.

REGULATION OF FOXAZ2 EXPRESSION

FOXA2 in airway epithelial cells plays important role
in lung development and Th2-mediated pulmonary
inflammation, as well as in goblet cell hyperplasia.
Therefore, regulation of FOXA2 expression in airway
epithelial cells may have potential role in the pathogenesis
and treatment of lung diseases, such as asthma and chronic
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obstructive pulmonary disease (COPD). Unfortunately,
No medicine up-regulating FOXAZ2 expression has been
investigated in animal model or patients with COPD and
asthma. Recent study indicated that Tetrapeptide Ala-
Asp-Glu-Leu, a peptide which is effective on models of
acute bacterial lung inflammation, fibrosis, and toxic
lung damage, could increase the expression of FOXA2
and decrease expression of MUC5ac in cultured bronchial
epithelium®™. Whether this peptide has the same effect in
vivo has not been tested yet.

Thioredoxin-interacting protein (TXNIP) increases
the expression of human islet amyloid polypeptide
(IAPP) in beta-cell. TXNIP-induced FOXA2 transcription
factor expression is conferring this effect by promoting
FOXA2 enrichment at the proximal FOXA2 site in the
IAPP promoter®™. TXNIP can down-regulate miR-124a
expression, which can directly target FOXA2. Indeed,
miR-124a overexpression led to decreased FOXA2
expression and also can be effectively inhibited by
TXNIP™, Thus, this study identifies a novel TXNIP/miR-
124a/FOXA2/IAPP signaling cascade linking the critical
beta-cell signaling pathway. However, whether this
pathway also plays a role in airway epithelial cells and
thus regulates the goblet cell hyperplasia and mucus
production remains unknown.

Recent study demonstrates that over expression
of NK2 homeobox 1 (NKX2-1, also known as TTF-1),
inhibits allergen-induced goblet cell hyperplasia and
airway inflammation™”. Further study indicates that loss
of FOXA2 in airway epithelial cell is prevented by over
expression of NKX2-1 at the same time”. All these
results suggest that NKX2-1 may regulate the FOXA2
expression in airway epithelial cell.

CONCLUSION

In conclusion, as a member of the FOX superfamily,
FOXAZ2 participates in the formation and development
of organs. Meanwhile, FOXA2 plays a very important
role in lung development, Th2-mediated pulmonary
inflammation and goblet cell hyperplasia. Lose of FOXA2
in the early stage of lung development will result in
abnormal morphology of the lung and Th2-mediated
pulmonary inflammation. FOXA2 regulates the goblet
cell differentiation during lung development and in
pulmonary diseases such as asthma and COPD. LTs
pathway and STAT6 pathway which are regulated by
FOXA2 mediate the Th2 pulmonary inflammation and
goblet cell hyperplasia. Moreover, other transcription
factors, such as NXK-2-1, may cooperate with FOXA2
in lung development, Th2-mediated pulmonary infla-
mmation, and also in lung diseases with goblet cell
hyperplasia.
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Abstract

AIM: To study immunogenicity of outer membrane
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protein F (OprF) fused with B subunit of LT (LTB),
against Pseudomonas aeruginosa (B aeruginosa).

METHODS: The OprF, a major surface exposed outer
membrane protein that is antigenically conserved in
various strains of £ aeruginosa, is a promising immunogen
against 2 aeruginosa. In the present study recombinant
OprF and OprF-LTB fusion gene was cloned, expressed
and purified. BALB/c mice and rabbits were immunized
using recombinant OprF and OprF-LTB and challenged at
the burn site with 2 aeruginosa lethal dose of 10* CFU.
The protective efficacy of rabbit anti OprF IgG against
R aeruginosa burn infection was investigated by passive
immunization.

RESULTS: It has been well established that the LTB is a
powerful immunomodulator with strong adjuvant activity.
LTB as a bacterial adjuvant enhanced immunogenicity
of OprF and anti OprF IgG titer in serum was increased.
Experimental findings showed significantly higher average
survival rate in burned mice immunized with OprF-LTB
than immunized with OprF or the control group. Rabbits
anti OprF IgG brought about 75% survival of mice
following challenge with 2 aeruginosa. Post challenge
hepatic and splenic tissues of mice group immunized with
OprF-LTB had significantly lower bacterial load than those
immunized with OprF or the control groups.

CONCLUSION: These results demonstrate that LTB-
fused OprF might be a potential candidate protein for
a prophylactic measure against 2 aeruginosa in burn
infection.

Key words: Pseudomonas aeruginosa; Outer membrane
protein F; B subunit of LT; Immunization; Burn

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pseudomonas aeruginosa (P. aeruginosa)
is an opportunistic pathogen that infects hospitalized,
burned and immunosuppressed patients. Vaccination of
high-risk groups may reduce the incidence and spread
of infection. In this study outer membrane protein F
(OprF) and fusion genes containing OprF and B subunit
of LT were cloned and expressed. The proteins were
administered to the experimental mice challenged at the
burn site with lethal dose of 2 aeruginosa. Significant
protection was noted in immunized animals.

Farsani HH, Rasooli I, Gargari SLM, Nazarian S, Astanch SDA.
Recombinant outer membrane protein F-B subunit of LT protein
as a prophylactic measure against Pseudomonas aeruginosa
burn infection in mice. World J Methodol 2015; 5(4): 230-237

Available from: URL: http://www.wjgnet.com/2222-0682/full/
v5/i4/230.htm DOI: http://dx.doi.org/10.5662/wjm.v5.i4.230

INTRODUCTION

Pseudomonas aeruginosa (P. aeruginosa) is a major
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cause of morbidity and mortality in hospital acquired
infections. The pathogen invades the host tissue of
mainly immunocompromised patients. This pathogen
is one of the most common organisms isolated in
nosocomial pneumonia, urinary tract infection, surgical
site infection, burn wounds, the cornea and the lower
respiratory tract and those with the cystic fibrosis (CF)!..
P. aeruginosa infecting strains are initially nonmucoid.
The organism converts to mucoid and alginate producing
followed by development of biofilm that enhance its
antibiotic resistance'”. The eradication of Pseudomonas
frequently proves difficult due to antibiotic resistance and
the ability to form a biofilm in case of chronic infection'®.
Antibiotic resistance and biofilm formation on mucosal
surfaces further complicates the therapy. Hospital-
derived P. aeruginosa strains can become colonized in
burn patients that survive the initial burn trauma, are
not easily eradicated with antibiotic therapy*?.. The
initial clinical trials on P. aeruginosa vaccines established
vaccine safety, however the limited effectiveness in
preventing subsequent infection clearly evidenced the
need for reevaluating correlates of vaccine efficacy™®.
Although a significant humoral response was elicited
by lipopolysaccharide (LPS) vaccination, it was not
able to prevent subsequent infection brought about by
P. aeruginosa’’®l. However, both LPS vaccines did not
meet the approval for routine clinical use because of
their toxicity associated with their lipid A fraction™. This
was due in large part to the inability of the vaccine to
provide protection against a broad range of P. aeruginosa
serotypes™®. Outer membrane proteins (OMPs), LPS and
flagellin have been evaluated as vaccine candidates!***?.
Conserved region from amino acids of flagellin and two
OPMs, i.e., outer membrane protein F (OprF) and OprI
in clinical isolates from CF patients have been studied for
their protective immunogenicity®®*®. This sequence was
used to create a vaccine preparation that was successfully
tested for the ability to protect humans against P.
aeruginosa infection™, Three fold increase in antigen
specific IgG was reported following immunization of CF
patients with an OprF-Oprl fusion proteint?. Very high
IgG titers were induced in adult mice against OprF, Oprl
and flagellin following immunization with OprF epitope 8
(amino acid residues 311-341)-Opri-flagellins™™!. As an
adjuvant the recombinant flagellin potentially affected
the vaccine efficacy!*®. Despite the attractiveness of
mucosal vaccination, mucosally administered antigens
are frequently not immunogenic. The P. aeruginosa
OprF protein, a major outer membrane protein that is
surface exposed and antigenically conserved in various
strains of P. aeruginosa, is a promising antigen for a
vaccine!™, It is assumed that the most active epitopes
of OprF are located in the C-terminal region, because
this part of the protein is located on the surface of the
bacterial cell’’®’. The pure recombinant and synthetic
antigens used in modern day vaccines are generally less
immunogenic than older style live/attenuated and killed
whole organism vaccines. One can improve the quality of
vaccine production by incorporating immunomodulators
or adjuvants with modified delivery vehicle™™. It has
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Table 1 Primers and linkers used to amplify and fuse outer membrane protein F and B subunit of LT

Name Sequence (5’-3”) Restriction site
OprF-F TTAA AAGCTT ATGAAACTGAAGAACACCTTAG Hind I
OprF-R TATA CTCGAG TTACTTGGCTTCRGCTTCT Xho 1
Linker-EAAAK-F ATAT AAGCTT GAAGCTGCGGCAAAA ATGAAACTGAAGAAC Hind I
Linker-EAAAK-R ATAT CTCGAG TTACTTGGCTTCGGCTTCTACTTCGGCTTC Xho 1
LTB-F ATAAGAATTCATGGCTCCGCAAAG EcoR 1
LTB-R ATTAAAGCTTTITAGTTTTCCATCGAGATG Hind I

Restriction site sequences are shown in italic.

been well established that the B subunit of LT (LTB)
and cholera toxin are powerful immunomodulators with
strong adjuvant activity®®*", The recombinant LTB is
safely and commonly used as an adjuvant to stimulate
antibody responses to co-administered protein antigens,
and its GM1-binding function is essential for both
immunogenicity and adjuvanticity™. The aim of this
study was to produce a recombinant chimeric protein
composed of the OprF fused to LTB in order to evaluate
the capacity of this fusion protein to induce a specific
immunity in mice burn model against P. aeruginosa.

MATERIALS AND METHODS

Kits, enzymes and reagents

Plasmid extraction and gel purification kits were
from Bioneer (Daejeon, South Korea). The designed
primers were synthesized by Bioneer. Nickel-nitrilotriacetic
acid (Ni-NTA) agarose was procured from Qiagen
(Valencia, United States). Restriction endonucleases
were purchased from Cinnagen (Tehran, Iran). T4 DNA
ligase (Fermentas, Vilnius, Lithuania), anti-polyhistidine
antibodies and anti-mouse IgG conjugated with HRP
(RAY Biotech), nitrocellulose membrane (PROTRAN),
microtiter plates (Nunc, United States) were used. All
other chemical reagents were from Merck (Darmstadt,
Germany) or Sigma (Munich, Germany).

Bacterial strains and growth conditions

E. coli BL21 (DE3) (Invitrogen) and P. aeruginosa (PAO1)
were grown in Luria Bertani (LB) medium incubated on
a shaker at 37 °C and 150 rpm.

Construction of OprF and LTB-OprF fusion gene

The oprF gene (GenBank accession No.: JX040481.1)
was amplified from its genomic DNA by PCR using the
OprF-F and OprF-R primers (Table 1). Forward primer
was designed to contain a Hind Il site and reverse
primers carried an Xho [ site. The OprF gene was
amplified by PCR. Cyclic conditions were initiated at
95 °C for 5 min followed by 35 cycles of 94 °C for 30 s,
58 °C for 1 min, 72°C for 90 s, and a final extension
at 72°C for 5 min. The amplified fragments were
analyzed on 1% agarose gel. The pET28a (+) vector
and PCR products were double digested with Hind III
and Xho I and were then purified using the Bioneer Gel
extraction kit. The ligation of OprF into pET28a (+) was
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performed using T4 DNA ligase. A helix-forming peptide
linkers EAAAK was introduced between OPRF and LTB
proteins. For the gene fusion with OprF and LTB, DNA
was amplified using the P. aeruginosa chromosome as
a template and oligonucleotide pairs Link-EAAAK-F and
OprF-R (Table 1) as primers for the LTB-EAAAK-OprF
fusion. Forward primer was designed to contain a Hind
Il site and reverse primers carried an Xho [ site. In
order to construct LTB-OprF fusion Gene, the OprF gene
with a linker was inserted in Hind Il and Xho I sites of
pET28a (+) vector containing LTB gene in EcoR I and
Hind T sites®®®. The recombinant DNA plasmids, OprF-
pET28a and LTB-OprF-pET28a were transformed into
E. coli strain BL21(DE3). The expression host was
grown for 12 h at 37 °C in LB agar containing 70 ug/mL
kanamycin.

OprF and LTB-OprF expression and purification

E. coli BL21 cells harboring the OprF-pET28a and LTB-
OprF-pET28a constructs were grown at 37 C under
constant shaking at 200 rpm overnight in 10 mL of LB
medium containing 70 mg/mL Kanamycin. The culture
was then used to inoculate 200 mL of LB medium.
1 mmol/L isopropyl b-D-thiogalactoside (IPTG) was
added at the optical density of 0.6 at 600 nm to induce
expression. The cells were further incubated for 6 h at
37 °C followed by centrifugation at 10000 X g for 10 min
at 4 °C. The cell pellet resuspended in lysis buffer (100
mmol/L NaH2P0s, 10 mmol/L Tris-Cl, 8 M urea) was
sonicated at 200 W at 1 min intervals for five times. The
cell suspension was centrifuged at 8000 X g for 30 min
at 4 C to separate the supernatant from cellular debris.
Affinity chromatography was employed to purify the
protein from the supernatant using Ni**-NTA agarose
under denaturation condition (Qiagen, CA). A stepwise
dialysis was carried out to remove the denaturant (8
mol urea). The fractions were analyzed by SDS-PAGE.
Bradford method was used for determination of protein
concentration™,

Western blotting

The purified recombinant OprF, OprF-LTB and bovine
serum albumin were electrophoresed on a 12% SDS-
PAGE gel to analyze the cross-reactivity. The proteins
were blotted onto nitrocellulose membranes. The
membrane strips were blocked with 5% nonfat dried
milk and washed whit phosphate buffered saline (PBS)
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(137 mmol/L NaCl, 2.7 mmol/L KCI and 4.3 mmol/L
Na:HPO4). The membrane was incubated with rabbit
anti-6X His tag antibody (Abcam). This was followed by
incubation in 1:10000 dilution of horseradish peroxidase-
conjugated (HRP) goat anti-rabbit IgG antibody (Sigma).
Detection was carried out using HRP staining solution.

Animals husbandry

The animal care protocol was approved by Shahed
University. Four-six weeks old (16-22 g) BALB/c mice
procured from the Razi Institute, Tehran, Iran were
housed in clean standard animal care facility of Shahed
University. The research was carried out in compliance
with the Animal Welfare Act and regulations related to
experiments involving animals.

Immunization of mice

Mice were divided into three groups of five mice each.
Ten micrograms of the recombinant protein was injected
subcutaneously (sc) per mouse on days 0, 15, 30 and
45. Equal amount of Freund’s complete adjuvant was
used at the first dose and incomplete adjuvant in the
subsequent doses. Negative control was a group of mice
injected with 20 pL of PBS each time simultaneously
with the test group.

Determination of Anti OprF and Anti OprF-Itb antibody
titers by ELISA

Five micrograms of the recombinant proteins were
coated to the surface of each well of 96-well microtiter
plates and incubated overnight at 4 °C. Sera serial
dilutions from 1:250 to 1:100000 were added to
each well. HRP conjugated anti-mouse IgG (100 plL)
diluted to 1:3000 was added to each well as secondary
antibody. Orthophenylenediamine (OPD) was added
and the reaction was stopped with H2SO4 (2 mol/L) in
order to detect the immunoreaction. The plates were
analyzed at ODass2 by ELISA reader.

Thermal injuries/ burned mouse model

The mice burned model was carried out according
to Stieritz and Holder™! with slight modifications.
Six-eight-week-old female BALB/c mice (22-25 g;
Razi Vaccine and Serum Research Institute, Iran)
were anaesthetised intraperitoneally using a mixture
of ketamine hydrochloride (100 mg/mL; Alfasan,
Woerden-Holand) and xylazine (20 mg/mL; Alfasan,
Woerden-Holand) in distilled water. A uniform thermal
injury of 120 ‘C was brought about by exposing the
depilated area for 5 s to a round brass probe of 28 mm
diameter heated to thermal equilibration with boiling
tap water®®!, Sterile saline (2 mL i.p.) was administered
to support fluid balance during recovery. Mice were
supervised until full recovery. Control mice were shaved
but no thermal injury was performed™®.,

Determination of bacterial lethal dose (LDso)
The mice were inoculated intraperitoneally (i.p.)
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with P. aeruginosa. Two hundred microliters of the
bacterial suspensions at 3 x 10° to 3 X 10° CFU/mL
concentrations were administered subeschar at the
burn site to six groups of five BALB/c mice per group.
Mortality rate was recorded for three consecutive post-
challenge days. LDso was defined as the volume (CFU/
mL) of bacterial load that brought about death in half of
the population size.

Animal challenge with P. aeruginosa (PAO1)

The microbial population was precipitated at 3000 X g
and was then suspended in 0.2 mL PBS. The immunized
and control mice were challenged subeschar at the burn
site with 10* CFU of P. aeruginosa (PAO1).

Bacteriological examination of spleen and liver

Ten immunized and non-immunized mice were sacrificed
after 72 h and spleen and liver were removed under
aseptic conditions. The surfaces of the samples were
washed thoroughly with sterile PBS to remove non
adherent bacteria. Tissues were homogenized, and
incubated in 1 mL selenite cysteine broth and were
subsequently plated on SS agar plates.

In vivo neutralization assays

Antisera to the OprF and OprF-LTB proteins were raised
in a New Zealand White male rabbits (Razi institute,
Iran) by injecting 100 pg of OprF and OprF-LTB per
animal. Lethal dose (10* CFU) of P. aeruginosa was
mixed with 200 pL of immune rabbit serum (diluted
to 1:800 in PBS) and was allowed to stand for 30
min at 37 'C. Groups of five mice were injected intra-
peritoneally with the lethal dose of P. aeruginosa to
study the neutralization'””’. In order to verify that natural
antibodies in rabbit serum do not offer any resistance to
P. aeruginosa in vivo, groups of mice received mixture
of lethal dose of P. aeruginosa and normal rabbit serum
as control®®, The animals were monitored for mortality
for seven days.

Statistical analysis

The data derived from the experiments carried out in
triplicate were expressed as mean %+ SD. Student’s t test
was used to calculate the P values in order to determine
the significance of differences in the experimental groups.
P values of < 0.05 were considered as significant.

RESULTS

Construction and characterization of OprF and LTB-
OprF fusion gene

The OprF and Linker-OprF genes of P. aeruginosa (PAO1)
were successfully amplified by PCR and the fragments
of appropriate size and digestion patterns of amplified
genes were observed on 1% agarose gel. The amplified
OprF gene was cloned into pET28a (+) and amplified
Linker-OprF gene was cloned in frame, at the 3’ end
of the LTB gene carried by plasmid pET28a (+) and
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Figure 1 Western blot analysis of recombinant outer membrane protein F
(A) and outer membrane protein F-B subunit of LT (B).

3.0 —4@— OprF (Dose II)
- OprF-LTB (Dose 1n)
2.5
f Control
2.0
£
o
N 15
o
a
o
1.0
0.5
0.0 o N N o o o o o
Q ) \) Q Q \) \) Q
S N I
N N N N N NS

Serum dilution

Figure 2 Comparison of IgG titer in mice sera after third dose of
immunization with outer membrane protein F and outer membrane protein
F- B subunit of LT. OprF: Outer membrane protein F; LTB: B subunit of LT.

confirmed by DNA sequencing. The OprF and OprF-LTB
were expressed in E. coli BL21 (DE3). The recombinant
protein was verified in insoluble pellets by SDS-PAGE.
The expression of recombinant proteins was confirmed
by reaction with the anti-His-tag antibodies by Western
Blotting (Figure 1). Purification of the proteins were
carried out under denaturation condition and SDS-PAGE
analysis revealed the presence of the approximately 42
kDa (OprF), 53 kDa (OprF-LTB) proteins in the eluted
fraction.

Immunogenic property of the recombinant proteins

Animals remained healthy and showed no signs of
abnormal behavior after vaccination. Following immuni-
zation, mice elicited significant IgG antibodies in sera
samples compared to control mice (P < 0.05). The
antibody titer increased after the second booster,
whereas animals received adjuvant and PBS, as a
control had no porin-specific antibodies in sera. The
combined protein administration had no significant
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Figure 3 Survival of mice groups challenged with Pseudomonas aeruginosa.
OprF: Outer membrane protein F; LTB: B subunit of LT.

difference with those of the single protein injections
(Figure 2).

Animal challenge with P. aeruginosa

LDso was determined as 1 x 10> CFU/mL per mouse
via injection at the burn site. Percent immunized mice
survived is summarized in Figure 3. Control mice died
within 24 h of challenge. Mice immunized with OprF-
LTB could survive longer than mice immunized with
OprF. A significant (P < 0.01) survival was observed
in mice group immunized with OprF-LTB. The analysis
of variance showed significant differences (P < 0.01)
among the treatments.

Effect of immunization on bacterial uptake in liver and
spleen

Mice immunized with OprF-LTB showed high levels of
bacteria in outset and reduced gradually to (1.4 £ 0.33)
x 10%and (5.2 + 1.11) x 10® CFU per gram of spleen
and liver respectively after nine days. Bacterial loads
were detected per gram of spleen and liver of the mice
group immunized with OprF (4.13 + 1.06) x 10’ and
(6.1 + 0.41) x 10° CFU respectively. Unimmunized
mice exhibited bacterial load of (6.00 + 1.00) x 10°and
(2.00 £ 1.00) x 10° CFU per gram of spleen and liver
respectively over the two-week sampling period.

In vivo neutralization assay

The antibody level raised against OprF and OprF-LTB
increased in the vaccinated rabbits (Figure 4). Neutra-
lization test was performed to determine if sera from
immunized rabbits could protect naive mice against
bacterial challenge. As shown in Figure 5, all experimental
mice groups were significantly (P < 0.05) protected. All
mice receiving normal rabbit serum succumbed.

DISCUSSION

P. aeruginosa still remains as a problem in the therapeutic
management of nosocomial infections. Today, active
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Figure 4 Comparison of IgG titer in rabbit sera after third dose of imm-
unization with outer membrane protein F and outer membrane protein F-B
subunit of LT. OprF: Outer membrane protein F; LTB: B subunit of LT.

and passive immunoprophylaxis against P. aeruginosa
infections have been widely considered because
antibiotic therapy has provided extensive inherent and
acquired resistance. As there is a time limitation for
bumed patients to respond to infectious agents, passive
immunization seems to be the best therapeutic pathway
for the prevention and treatment of these patients. In
this study OprF and fusion genes containing OprF and
LTB were cloned and expressed. The results indicate
that the LTB adjuvant may enhance the efficacy of the
vaccine candidate. A principal effect of LTB interaction with
mammalian cells is the stable cross-linking of GM1 at the
cell surface, resulting in the uptake of co administered
proteins®®®, and enhancement of both humoral and
cellular immune responses®™®?2, In order to confirm as to
whether or not the OprF-LTB and Oprf were immunogenic
in mice, serum IgG antibodies were investigated. The
serum IgG titers of mice group immunized with Oprf-
LTB was significantly increased compared to the group
immunized with OprF or control group at the 6" week (P
< 0.05). These results indicate that immunogenicity of
LTB in mice. Major structural proteins such as VP2 and
VP4 of porcine parvovirus were expressed in Lactobacillus
casei fused with LTB as a mucosal adjuvant™>*, IgG
and sIgA levels from mice orally immunized with the
fusion proteins were significantly higher than those from
mice receiving VP2 or VP4 only without LTB. Our results
showed an enhancement the protective efficacy against
P. aeruginosa. Experimental findings showed significantly
higher survival average rate of 75% in burned mice
immunized with OprF-LTB than with OprF as well as the
control group. Furthermore, the challenge strain isolated
from the hepatic and splenic tissues of mice group
immunized with OprF-LTB post challenge was significantly
lower than those from the group immunized with OprF.
However both immunized groups showed significant
reduction of bacterial load in spleen and liver compared to
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Figure 5 Passive immunization against Pseudomonas aeruginosa. OprF:
Outer membrane protein F; LTB: B subunit of LT.

the control group. A divided by eight hundred sera dilution
from rabbits immunized with OprF and OprF-LTB protected
95% and 75% mice population when mixed with 10 x
LDso bacterial load. Antibodies alone can provide relative
protective immunity against infection that may partly
be related to efficiency of opsonization in deracination
of infection®, OprF-LTB seems to be used as a vaccine
candidate where Pseudomonas infections are potential
threat in bum patients.

The results demonstrate that LTB-fused OprF might
be a potential candidate as a protective immunogen
against P. aeruginosa.
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Background

Pseudomonas aeruginosa (P. aeruginosa) is an opportunistic pathogen that
infects hospitalized, burned and immunosuppressed patients. Vaccination
of high-risk groups may reduce the incidence and spread of infection. The
outer membrane protein F (OprF), a major surface exposed outer membrane
protein that is antigenically conserved in various strains of P. aeruginosa, is a
promising immunogen against P. aeruginosa. It has been well established that
the B subunit of LT (LTB) is a powerful inmunomodulator with strong adjuvant
activity. In order to confirm as to whether or not the OprF-LTB and Oprf were
immunogenic in mice, serum IgG antibodies were investigated.

Research frontiers

A principal effect of LTB interaction with mammalian cells is the stable cross-
linking of GM1 at the cell surface, resulting in the uptake of co administered
proteins, and enhancement of both humoral and cellular immune responses.

Innovations and breakthroughs

The initial clinical trials on P. aeruginosa vaccines established vaccine safety,
however the limited effectiveness in preventing subsequent infection clearly
evidenced the need for reevaluating correlates of vaccine efficacy. Although a
significant humoral response was elicited by lipopolysaccharide (LPS) vaccination,
it was not able to prevent subsequent infection brought about by P. aeruginosa.
However, both LPS vaccines did not meet the approval for routine clinical use
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because of their toxicity associated with their lipid A fraction. Outer membrane
proteins, LPS and flagellin have been evaluated as vaccine candidates.

Applications

The results demonstrate that LTB-fused OprF might be a potential candidate as
a protective immunogen against P. aeruginosa. The oprF gene may be cloned
into plasmid vector, and the plasmid vaccines could be delivered to mice to find
its immunogenicity as a DNA vaccine.

Peer-review

This is an interesting study regarding the use of recombinant OprF-LTB protein
to prevent P, aeruginosa bumn infection in mice. The subject is clinically relevant,
and the findings of this study are significant.
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Abstract

AIM: To review current applications of the laparoscopic
surgery while highlighting the standard procedures across
different fields.

METHODS: A comprehensive search was undertaken
using the PubMed Advanced Search Builder. A total of
321 articles were found in this search. The following
criteria had to be met for the publication to be selected:
Review article, randomized controlled trials, or meta-
analyses discussing the subject of laparoscopic surgery.
In addition, publications were hand-searched in the
Cochrane database and the high-impact journals. A
total of 82 of the findings were included according to
matching the inclusion criteria. Overall, 403 full-text
articles were reviewed. Of these, 218 were excluded
due to not matching the inclusion criteria.

RESULTS: A total of 185 relevant articles were iden-
tified matching the search criteria for an overview
of the current literature on the laparoscopic surgery.
Articles covered the period from the first laparoscopic
application through its tremendous advancement over
the last several years. Overall, the biggest advantage
of the procedure has been minimizing trauma to the
abdominal wall compared with open surgery. In the case
of cholecystectomy, fundoplication, and adrenalectomy,
the procedure has become the gold standard without
being proven as a superior technique over the open
surgery in randomized controlled trials. Faster recovery,
reduced hospital stay, and a quicker return to normal
activities are the most evident advantages of the lap-
aroscopic surgery. Positive outcomes, efficiency, a
lower rate of wound infections, and reduction in the
perioperative morbidity of minimally invasive procedures
have been shown in most indications.

CONCLUSION: Improvements in surgical training and
developments in instruments, imaging, and surgical
techniques have greatly increased safety and feasibility
of the laparoscopic surgical procedures.
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Core tip: This review investigates different applications
of the laparoscopic approach on the basis of the current
literature and summarizes studies concerning laparoscopic
surgery in the different medical fields.
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INTRODUCTION

Laparoscopic surgery has existed since the development
of diagnostic laparoscopy in the 1960s. The pioneers of
laparoscopic surgery Semm K™ and Muehe E*! changed it
from a diagnostic to a surgical procedure at the beginning
of the 1980s, and it has since become a frequently applied
technique for a wide field of indications. The procedure has
become the gold standard for many organ systems, with
some of the most common being reproductive (particularly
gynecological) and digestive (as for cholecystectomy).
Significant improvements in surgical training, as well
as developments of instruments, imaging, and surgical
techniques, have made laparoscopic surgery safe and
feasible across different medical fields.

This review summarizes studies on the laparoscopic
surgery across different fields and highlights the state of
the art, standard procedures in laparoscopic surgery.

MATERIALS AND METHODS

A comprehensive search was undertaken using the
PubMed Advanced Search Builder. The exact search strings
are listed in Tables 1 and 2. In addition, publications were
hand-searched in the Cochrane database and in the high-
impact journals such as Ann Surg, Lancet, BMJ, Brit J
Surg, World J Gastroenterol, Surg Endosc, World J Surg,
Am J Gastroenterol, Hernia, Am J Surg, Langenbecks Arch
Surg, Arch Surg, Chirurg, J Am Coll Surg, and Colorectal
Dis. Publications had to meet the following criteria to be
selected: review articles, randomized controlled trials,
or meta-analyses discussing the subject of laparoscopic
surgery (Figure 1). A total of 403 articles were identified
and downloaded for full-text review. Of these, 218 articles
were excluded for not matching the inclusion criteria and
185 articles were determined to match the search criteria
and included in the analysis.

The systematic review was conducted in compliance
with the Preferred Reporting Items for Systematic reviews
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and Meta-Analyses (PRISMA) guidelines™. The study was
registered on the PROSPERO international prospective
register of systematic reviews (Registration Number:
CRD42015019334).

RESULTS

Appendectomy

The systematic reviews and meta-analysis that
compared the clinical outcome of laparoscopic vs open
appendectomy clearly showed an advantage of the
laparoscopic procedure!®. Laparoscopic appendectomy
has been proven to be a safe and feasible procedure in
the treatment of acute appendicitis and even complicated
appendicitis'™?!., Supporters of the laparoscopic appen-
dectomy maintain that in addition to an improved
diagnostic accuracy, the procedure lowers the number
of wound infections, results in less pain, faster recovery,
and an earlier return to work™®!, However, there seems to
be an increase in the operating time for the laparoscopic
vs open surgery’\. Earlier reviews reported an increase in
incidences of intra-abdominal abscess in the laparoscopic
group™: later reviews, however, did not find any
significant difference between the laparoscopic and open
surgery groups'®. The authors explained the discrepancy
in the data as a result of an adapted learning curve,
better instruments and imaging quality, and of course
more experienced surgeons™.

Regarding the complication rates of laparoscopic vs
open appendectomy, there were no significant differences
in the overall postoperative complications, pulmonary
complications, or postoperative ileus”. Considering
the postoperative ileus situation after a laparoscopic
appendectomy, a significant reduction in the short-term
bowel obstruction in pediatric patients and patients with
perforated appendicitis were described.

Regarding the long-term bowel obstruction or bowel
obstruction requiring surgery, there was a significantly
better outcome in the laparoscopic appendectomy group™.
Patients who underwent the laparoscopic procedure
for their appendectomy had shorter hospital stays and
were able to “return to normal activity” and “return to
work” faster than those who underwent open surgery™.
The initial higher charges and operating costs in the
laparoscopic group were compensated through reduced
costs required outside the hospital stay™.

In the obese patients, the outcome parameters, wound
infection rate and overall postoperative complication
rate were significantly decreased compared to the open
appendectomy group. The operation time did increase,
most likely due to technical challenges associated with
patients who have a body mass index > 30 kg/m’. Despite
this, the advantages of the laparoscopic approach outweigh
the disadvantages for the treatment of appendectomy in
obese patientst*!..

In pregnant patients, there is a higher risk of fetal loss
(although with little evidence) and a slightly increased
rate of preterm labor, which was not significant and was
without clinical importance!*?,
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Table 1 Search strategy using publication within the past 5 years

And And And And Results Selected
Laparoscopic surgery Pancreatic surgery Whipple Meta-analysis Analysis 1 1
Laparoscopic surgery Rectal resection Meta-analysis 37 13
Laparoscopic surgery Gastrectomy Gastric cancer Meta-analysis 65 20
Laparoscopic surgery Liver resection Liver surgery Meta-analysis 30 11
Laparoscopic surgery Colon resection Meta-analysis 16 6
Laparoscopic appendectomy Open appendectomy Meta-analysis 26 13
Laparoscopic surgery Esophagectomy Meta-analysis 9 3

Table 2 Search strategy using unrestricted publication dates

And And And Results Selected
Laparoscopic surgery Open cholecystectomy Meta-analysis 61 15
Laparoscopic surgery Endoscopic surgery Groin hernia Meta-analysis 15 6
Laparoscopic surgery Endoscopic surgery Incisional hernia Meta-analysis 19 6
Laparoscopic surgery Fundoplication Meta-analysis 42 9

Newer techniques of reduced ports surgery and elderly patients®,

single-incision surgery as a less invasive alternative Patients with child A or B stadium of liver cirrhosis who
are also performed as a procedure for laparoscopic underwent laparoscopic cholecystectomy had a similar
appendectomy. or even better outcome than those who underwent

The reviews comparing single-incision vs conventional open surgery. As a result, these patients experienced a
laparoscopic appendectomy show a significantly longer lower incidence of postoperative complications™®, such
operation time with an outcome similar to a conventional as blood loss and bacterial contamination of ascites - an
laparoscopic procedure with no difference in wound infection important cause of in-hospital morbidity and mortality'*!,
rate, conversion to open surgery, reoperation, intra- The postoperative incidence of hepatic insufficiency was

abdominal collection of fluid, or overall complications'>**., not different. These findings have to be regarded with

Single-incision appendectomy is considered a safe and caution, however, because some of the studies had small

feasible procedure with comparable clinical outcomes when patient groups with heterogeneous patient populations
undertaken by experienced surgeons™**®, Resuilts related and criteria®".
to better cosmetics and an earlier retum to work should be The routine on-table use of intraoperative cholan-

considered with caution due to the small humber of studies giography shows no advantage in preventing injuries of
reporting these two items, along with the short follow-ups ~ the common bile duct or retained stones®®. There is a
used for evaluation of cosmetic results™”. Critics of the significantly longer surgery time with the recommendation
approach have stated that there is no benefit in a single- not to use routine on-table cholangiography when there are
incision access for appendectomy since clinical outcomes no dinical, radiological or biochemical signs of common bile
were related to increased operation time, higher frequency of duct stones®®, In the management of suspected common

technical failure, and potentially higher costs™®, bile duct stones, there is a slight advantage concering
complications after sphincterotomy in patients, where the

Cholecystectomy endoscopic sphincterotomy is performed intraoperatively

Patients who underwent cholecystectomy via laparoscopic rather than preoperatively™”.

procedure had no significant difference in morbidity With laparoscopic cholecystectomy, the goal is to

and mortality compared to those who underwent open minimize trauma to the abdominal wall as much as possible

surgery. In fact, they had faster recovery and shorter by using the upcoming techniques of reduced port®3" or
hospital stay!'?. Although mini-laparotomy had a similar  single-port surgery™ or hybrid NOTES techniques. These
overall outcome, the authors regard the minimalized techniques have yet to prove their feasibility, safety, and
open technique as a viable and safe option for healthcare possible superiority over the established 4-port technique of
providers without financial resources for laparoscopic laparoscopic cholecystectomy. In the case of single-incision
equipment and without appropriate, trained surgeons'®”.. techniques, the findings varied depending on the number
Later studies showed no difference between laparoscopic of cases included in the studies. Some of the earlier studies
and minimally open and conventional open surgery in that had been performed when single-incision surgery was

terms of morbidity and mortality™". newly introduced often lacked evidence and were thus
Laparoscopic cholecystectomy is proven as a safe and biased.
feasible technique; concerning cardiac and respiratory Some of the studies showed better postoperative pain

complications, it shows superiority over open surgery in scores after single-incision procedure vs laparoscopic
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Figure 1 Selection of articles for the review.

[32,33 [34,35]

procedure®**, while others showed no difference
Because there was no significant difference in mortality,
morbidity, short-term surgical outcome, length of hospital
stay, or return to normal activity, many authors consider
single-incision cholecystectomy safe and feasible, with a
better outcome for patients’ cosmetic satisfaction. Others
do not recommend single-incision techniques because
there is no apparent advantage over conventional
laparoscopic cholecystectomy, which has longer oper-
ation times and requires additional ports®®. Hybrid
NOTES did not differ in overall complications, surgery-
related complications, or postoperative pain, but did
have a significantly better outcome in “return to normal
activity”™”,

Laparoscopic cholecystectomy is accepted as the
gold standard, although studies have shown that mini-
laparotomy is similar in outcome, with decreased surgery
time and lower cost'*?!, Single-incision techniques and
hybrid NOTES must prove their advantage or similarity
in the same way that laparoscopic cholecystectomy has
had to do.

Esophageal surgery

Minimally invasive surgery for esophageal cancer is
a technically challenging procedure, and the great
variability in surgical techniques makes it difficult to
interpret the findings and outcomes reported in the
current literature. Many studies have a small number
of patients, and no randomized controlled trials are
available to verify the data™®.

Patients with esophageal cancer who underwent
laparoscopy experienced longer surgery time, less
blood loss, shorter hospital stay, and reduced overall
morbidity*%,

One of the difficulties in comparing results across
different studies was a lack of definitions regarding
postoperative complications or operative techniques.
Many studies did not perform or describe a radical
lymphadenectomy, and lymph node harvest was lower
than the recommended minimum number™", Other
studies have found a similar lymph node harvest!*?
or even more lymph nodes in laparoscopic treatment
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compared with open surgery®®. The reported minor
complications associated with laparoscopy were similar
to open surgery, but the major complications were
significantly lower in the laparoscopic group. The lower
number of harvested lymph nodes showed a similar
percentage of positive lymph nodes, and the lymph
node harvest did not impact the survival rate**, even
in the case of the long-term results*”’. A reported
adjustment in the surgical techniques (the “Ivor Lewis
approach”) led to better short-term and long-term
outcomes for patients undergoing minimally invasive
surgery with an acceptable lymph node harvest and a
similar oncological outcome to open surgery™®*,

Burdall et ai*® found significant independent para-
meters that had an impact on outcome in overall
survival. These included the use of neoadjuvant chem-
otherapy, tumor size (T3 or T4), positivity of lymph
nodes, R1-resection, and the surgical approach. Overall,
patients who underwent laparoscopic treatment had a
significantly better overall survival.

Reflux surgery

The laparoscopic approach has become the gold standard
for surgical management of gastroesophageal reflux
disease (GERD). Laparoscopic surgery in the treatment of
GERD led to reduced hospital stay, faster recovery, faster
return to normal activity, and a significant reduction of
perioperative morbidity compared with open surgery™*.,
Laparoscopy has been shown to more effectively
treat symptoms, such as reduction of heartburn and
regurgitation, and patients reported higher quality of life
than achieved with other medical treatments such as
proton-pump inhibitor drug alone®".,

The different surgical techniques in the surgical
management of GERD are still under discussion. The
functional outcome appears similar whether the short
gastric vessels are divided or not; therefore, this step
in the reflux surgery procedure seems unnecessary
and may reduce the operation time if avoided®**.
Posterior surgical techniques - the Nissen 360° and
Toupet 270° procedures - gave patients a satisfactory
control of reflux symptoms. Dysphagia symptoms
were more prevalent after the Nissen procedure, while
Toupet operations had a higher rate of gas-related
symptoms, such as inability to belch and bloating®?.
The Toupet’s procedure seems to have superior level
1a evidence than the Nissen procedure. However, these
findings should be taken with caution since the study
had a Jadad score of 2 with a corresponding possibility
of bias®®®. Another evidence-based appraisal for these
posterior methods in reflux surgery showed adequate
symptom relief after both procedures with a slightly
reduced rate of adverse results in the Toupet group®®.

The anterior approach in the treatment of GERD
often leads to a longer esophagus acid exposure time,
persistent heartburn symptoms and a higher rate of
reoperation in the short-term outcomes compared with
the posterior approach. However, these symptoms
are counterbalanced by the less severe dysphagia
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symptoms. For the long-term outcomes, persistence
of heartburn and higher use of antacids prevail, with
dysphagia scores and gas-related symptoms being
similar to those in the posterior group. Hence, there is
level 1a support for the usage of posterior techniques in
reflux surgery®”.

Robotic surgery used in surgical treatment of GERD
is a feasible alternative to laparoscopic surgery. The
approach has similar results in terms of symptom
relief and surgical outcome. However, lack of obvious
advantages with respect to operating time and length of
hospital stay and cost do not support the expansion of
robotic surgery to other applications in clinics™®.

Gastric surgery

Laparoscopic gastric surgery is a demanding procedure.
Results of the surgery depend on the stage of the
gastric tumor (early vs advanced), whether a partial
or total gastrectomy was performed, and presence of
gastrointestinal stromal tumors (GIST)". Laparoscopic
resections have an overall better short-term outcome
with less blood loss, shorter hospital stay, faster
recovery of bowel movement with shorter time to first
flatus, and fewer serious perioperative complications.
However, there was an overall longer time for surgery™”.
Wound complications and surgical site infections were
less significant in the laparoscopic group. For severe
postoperative complications, such as anastomotic
leakage, stenosis, bleeding and postoperative ileus, there
was no difference from open surgery™".,

Clearance of harvested lymph nodes is an important
factor influencing long-term survival in gastric cancer.
Laparoscopic distal gastric resection for early gastric
cancer shows fewer or a similar amount of harvested
lymph nodes compared with open surgery®®3,
Vifiuela et a®" had significantly more lymph nodes
harvested in the open surgery group, and the proportion
of patients with < 15 lymph nodes was similar to that in
the laparoscopic group. The authors were of the opinion
that adequate pathological lymph node staging was not
compromised by the laparoscopic technique.

Further improvements in the laparoscopic technique
show no difference between D2-lymphadenectomy
performed for advanced gastric cancer compared
to open surgery'®*®®. The surgical approach is not
the only parameter that determines the types of or
frequency of complications, as well as an acceptable
long-term outcome. Other factors such as patient’s age,
comorbidities (e.g., chronic liver disease, chronic renal
failure) and additional organ resection have a significant
effect on complications and outcome'®”.,

In advanced gastric cancer, the total laparoscopic
gastrectomy consistently showed the advantages
of laparoscopic surgery, having a better short-term
outcome than open surgery. Incidence of the short-
term complications appears to be correlated with
intraoperative blood loss; hence, many studies directed
their attention to this parameter. The results in all
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studies were consistently in favor of the laparoscopic
surgery™®,

Concerning the long-term follow-up, the results of
laparoscopic surgery were suggested to be similar to
open procedures®, Current clinical evidence showed
that laparoscopic gastric surgery is not inferior to
open techniques, even in the treatment of advanced
gastric cancer, if the surgeon is experienced”. The
laparoscopic gastric resection had acceptable results
concerning oncological safety””"). These findings were
confirmed in gastric stromal tumors. Laparoscopic
surgery was superior to open techniques regarding short-
term postoperative outcome without compromising
oncological safety and long-term oncological outcome™?.
Furthermore, these long-term results depended mainly
on the tumor itself rather than the performed surgical
technique!™’,

The results of robotic gastric surgery are comparable
to laparoscopic surgery. The robotic gastric surgery could
be favorably effective considering the increased number
of harvested lymph nodes and D2-lymphadenectomy
in patients with high body mass index”*.. Data on the
long-term outcome and survival are rare, so randomized
clinical trials are required”’.

Colorectal surgery

Laparoscopic colorectal surgery is well established as a
safe procedure and must be differentiated between the
surgical treatment of the benign and malignant disease.
The review of current literature shows an ongoing leaming
curve and an improvement in the management of post-
operative care, such as developing fast-track concepts
and pathways in “enhanced recovery after surgery”
(ERAS). This combination of the surgical procedures
(minimally invasive access) reducing major morbidities
and standardized postoperative treatment concepts led
to a satisfying outcome for patients undergoing colorectal
surgery®l. Colorectal cancer patients who underwent
laparoscopic surgery within a multimodal rehabilitation
protocol experienced the shortest hospital stay and the
lowest morbidity””’.

The general benefits for patients undergoing laparo-
scopic surgery are the minimal trauma of access, reduced
pain, accelerated postoperative return of bowel function,
faster return to activity, and better cosmesis. Evidence
for potential benefits such as reduced adhesions and a
lower rate of incisional hernias was difficult to find”®.

For the ulcerative colitis surgery, the results showed
a reduced morbidity in colectomy with a lower mortality
in the laparoscopic group compared to open surgery'’®.

Surgical treatment of Crohn’s disease showed a
trend towards lower rate of wound infections, with
a lower rate of reoperation in non-disease related
complications in the laparoscopic group®®. In regard to
the perioperative morbidity and convalescence, there
is evidence that laparoscopic surgery is favored over
open surgery for the treatment of Crohn’s disease. The
data on the lower incidence of small bowel obstruction
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and Crohn’s recurrence following a minimally invasive
surgery was of poor quality™.,

A laparoscopic surgical approach to diverticular
disease was associated with longer operation time
and reduced postoperative pain. In the elective cases,
the reported quality of life score and reduced major
morbidity rates were superior to open surgery®®4,
The decreased incidence of wound infection, the lower
need for blood transfusion, and the lower ileus rates
led to acceptance of laparoscopic surgery in treatment
of elective cases of recurrent diverticulitis®. Although
laparoscopy minimized the short-term complication
rate, a meta-analysis of randomized clinical trials found
42% morbidity in the elective cases, a worrisome
finding™®®.

The use of hand-assisted devices led to a decrease
of conversion rates without difference in the duration of
surgery or complication rates. However, all these studies
had methodical limitations, along with the additional
cost associated with these devices®”. These findings
were less certain in the case of emergency surgery. In
generalized peritonitis due to perforated diverticulitis,
the approach to drain without resection reduced the
incidence of Hartmann’s procedure without increasing
morbidity and mortality. This finding may lead to a shift
in the management of acute perforated diverticulitis in
the future®®,

Natural orifice specimen extraction after colon or
sigmoid resection is feasible and seems to have an
advantage in minimizing trauma to the abdominal wall
by avoiding a small incision for specimen extraction.
Current literature, however, shows that this technique
is not standardized, and no pooled analysis or meta-
analysis is practicable, so evidence in the literature is
weak®™,

Colon cancer

For colon cancer, the laparoscopic approach is regarded
safe and feasible without compromising the oncological
outcome. The short-term outcome benefits were lower
blood loss, earlier recovery of bowel movement, earlier
resumption of oral intake, and reduced hospital stay, as
well as lower overall morbidity. The lymph node harvest
and results of oncological outcome were similar to open
surgery. Thus, laparoscopic surgery was considered
superior to open surgery in the short-term outcome of
colon cancer®.

Expert opinion in the literature shows a growing
acceptance of laparoscopic surgery for treatment of
colorectal cancer, which is further supported by the
large randomized clinical trials®". Evaluation of the long-
term outcomes for non-metastatic colon cancer shows
no difference in the occurrence of port site metastasis/
wound recurrence, cancer-related mortality, tumor
recurrence, or overall mortality’®”. Considering the
anatomical circumstances and the oncological outcome,
complete mesocolic excision is also recommended in
the minimally invasive surgery™.
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For the right hemicolectomy, in regard to the
benign and malignant disease, the intraoperative and
postoperative results were favorable for the laparoscopic
group. There was no difference between the laparoscopic
treatment and open surgery in regard to the short-term
oncological outcome, including lymph node harvest
and length of specimen, and the long-term oncological
outcome®™,

In transverse colon tumors, the evidence is not as
clear as in other types of colorectal cancer. The benefits
of the laparoscopic approach have been demonstrated;
however, the data need to be interpreted with caution
due to the heterogeneity in the included studies®®.

For long-term survival following laparoscopic cole-
ctomy, there was no difference in the overall survival
between the laparoscopic group and open surgery. Large
randomized controlled trials (excluding transverse colon
cancer) demonstrated that laparoscopic surgery was
not inferior to open surgery in the long-term oncological
outcomes™!. There was no significant difference in
overall mortality, total recurrence rate, or 5-year disease-
free and overall survival®”,

Conversion to open surgery seems to have a worse
oncological long-term outcome than completion with
laparoscopic surgery or starting with an open procedure
from the outset. Factors for conversion include higher
body mass index, male sex, T3-T4 tumor size, or
positive lymph nodal disease®®®.

Robotic surgery has short-term outcomes similar
to laparoscopic surgery. For blood loss, conversion
rate, and time to recover bowel function, there were
significant findings in favor of robotic surgery compared
with laparoscopy™.

Rectal surgery

The current data is insufficient to favor a certain technique
over another for treatment of rectal prolapse. Laparoscopic
rectopexy had fewer postoperative complications and a
shorter hospital stay compared with open surgery. The
different rectopexy fixation methods did not differ in
their outcomes™®, Compared with a perineal approach
(Delorme procedure), the laparoscopic group had higher

overall morbidity"®",

Rectal cancer

Rectal cancer laparoscopic surgery has the benefit of
minimally invasive access. In the laparoscopic group,
blood loss, time to first bowel movement, intake of oral
fluids and wound infection were significantly lower after
the laparoscopic approach. There were no differences
between the laparoscopic approach and the open surgery
in terms of complications such as ureter injury, urinary
retention, ileus, anastomotic leakage, or an incisional
hernia. Oncological outcomes in the short-term and long-
term results, such as length of specimen, circumferential
resection margin, regional recurrence, port/wound
metastasis and distant metastasis, also showed no
significant difference™®. Three-year, 5-year and 10-year
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disease-free and overall survival was similar between the
two treatments™®,

For early rectal cancer, preoperative staging deter-
mines the surgical approach to the rectum. In tumors
with good prognostic features and a limited risk of
relapse, which can safely be removed while preserving
the rectum, the endoscopic mucosal resection or a
transanal microsurgery can be performed. If local
excision is pathologically difficult or risky, a complete
total mesorectal excision (TME) must be done. The
laparoscopic approach showed a better short-term
outcome with a similar oncological outcome!™*¥.

Contrary to the findings for colon cancer, the clinical
outcome was not worse when a laparoscopic procedure
was converted to open surgery in rectal cancer. The
conversion had no impact on unplanned hospital
readmission or redo surgery, nor on 3-year disease-free
survival and local recurrence compared with a laparoscopic
procedure™®,

Minimally invasive TME can also be performed safely
and efficiently after neoadjuvant radiochemotherapy,
with a rate similar to open surgery for postoperative
complications and a comparable rate of positive circumf-
erence resection margin''®®,

Considering postoperative bladder and sexual function
in patients undergoing rectal surgery for cancer, there is
no difference between the laparoscopic and open surgery
group for men in the postoperative ejaculatory and erectile
function or bladder function. No difference in the sexual or
bladder function between open and laparoscopic surgery
was found in women either. Therefore, none of the
techniques are superior to the other. Since there is limited
data available for these results, they must be viewed with
caution™"”,

The oncological outcome in laparoscopic surgery was
controversial when laparoscopic TME was first introduced.
However, the latest results that focus on equivalent
oncological outcome prove this topic. The involvement of
a circumferential resection margin is equivalent to open
TME. Harvest of lymph nodes in the open surgery group
was described as slightly higher without having an impact
on oncological outcome. In subgroup analysis, there was
no difference in RO-resection, distal margin clearance,
integrity of the mesorectal fascia, or in local recurrence
after 5 years!'%®%,

Laparoscopic rectal surgery is a challenging procedure
for experienced surgeons. For trainees being supervised
by an experienced surgeon, there are similar rates of
anastomotic leakage with no difference in the conversion,
RO-resection, local recurrence and 30-d mortality
compared with experienced surgeons. Furthermore,
there were no differences in the cancer-specific survival
between the experienced group and the supervised
trainees. Therefore, the procedure can be performed by
supervised trainees with an adequate learning curve!'?,

An upcoming technique is a transanal approach for
performing the TME in combination with a laparoscopic
approach. In the current literature, the reported TME
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quality with intact mesorectal fascia is satisfactorily
complete, and the number of harvested lymph nodes
was = 12, so the oncological safety parameters seem
to be adequate!''"!,

Robotic procedures in the rectal surgery show
the known merits of robotic surgery with a favorable
perioperative outcome considering the conversion
rate. There were no significant differences with
laparoscopic surgery in terms of surgery length, blood
loss, recovery of bowel movement, hospital stay, short-
term complications and details on the pathological
performance such as harvested lymph nodes, resection
margin, and circumferential resection margin. These
results must be viewed with caution, however, because
most of the studies had small sample size or a low
level of evidence™? ™. More high-quality studies
are necessary to show the benefit of robotic over
laparoscopic surgery and to justify its costs'"'*!. The
long-term benefits of robotic surgery in colon and rectal
cancers are still unknown!*',

Liver surgery

Laparoscopic resection of the liver is performed mainly
when treating metastasis of colorectal carcinoma or
primary hepatocellular carcinoma. Other indications
such as cyst resection are rare. The minimally invasive
approach is widely applied to patients with limited
disease, such as those with solitary findings of 3-4
metastases in the liver. Findings in the liver segments
II -IV are better suited for a laparoscopic approach
than those in segments VI, VIl and [Va, which are
difficult to reach. Detailed preoperative imaging and an
intraoperative ultrasound are helpful™”,

Laparoscopic liver resection has advantages for
short-term outcomes such as lower blood loss with a
lower rate of transfusion, shorter postoperative hospital
stay, and lower rates of positive resection margin and
perioperative complications. Patient selection may have
influenced some of the observed outcomes!**,

Left lateral resection is described as safe and feasible,
and due to lower complication rates and the known
advantages of minimally invasive access, some authors
claim that it should be used as a standard technique
for left resection. At this time, however, there is a
lack of randomized controlled trials to support such a
statement™*!,

Laparoscopic resection with positive short-term results
and improved surgical outcome™® do not compromise
oncological outcome or 5-year disease-free and overall
survival compared to patients with similar results from
open surgery!**#,

There were fewer postoperative complications in the
laparoscopic group concerning short-term outcomes of
hepatocellular carcinoma resection, positive resection
margin rate, and tumor recurrence, with no significant
difference between laparoscopic and open surgery. In
short-term results, no tumor recurrence in the site of
resection margin and no peritoneal dissemination or
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trocar site metastasis were found in the laparoscopic
group™®,

The incidence of postoperative ascites and liver
failure in the laparoscopic surgery group was lower,
benefiting patients with severe liver disease and
especially for those with hepatocellular carcinomal***.
For laparoscopic surgery in the treatment of liver
cirrhosis, the advantages for the short-term and long-
term outcomes persist'®®., Although laparoscopic liver
resection is described as a safe and feasible alternative
to open surgery, with favorable outcomes, there is a
need for future randomized controlled trials'*® as the
current studies do not provide enough support!*”.

The laparoscopic approach for radiofrequency ablation
is used for hepatocellular carcinoma. Intraoperative
laparoscopic ultrasound led to an oncological upstaging in
up to 32% in a small case series™®. In the laparoscopic
resection of liver metastases for colorectal carcinoma,
these findings do not show any true benefit for the
patient, so here, laparoscopy as a diagnostic method
appears more as a useful instrument when a peritoneal
disease is suspected!**,

Blood loss with a significant reduction of transfusion
and the overall complication rate were lower in the
laparoscopic group. No difference in the long-term
oncological results in 1-, 3- and 5-year survival was
found compared with open surgery!**"*", Some analyses
even showed a lower incidence of R1 resection in the
laparoscopic group™?.

Resection of liver metastasis can be performed
synchronously with colectomy, with a favorable outcome
of the short-time results, but there was no difference
in the long-term results in regard to the survival or
recurrence. The authors consider synchronous resection
of liver metastasis to be an option for selected cases,
but the included studies lacked standardized inclusion
criteria, so the results must be interpreted carefully!*?.,

In fenestration of congenital hepatic cysts, a favorable
short-term outcome of the laparoscopic approach is
described without a difference in postoperative comp-
lications or cyst recurrence rates, so the minimally
invasive surgery is favored in these cases™*.

In living donor liver transplantation, the laparoscopic
approach is seen as comparable to the open approach
for liver procurement in terms of donor safety. Lower
blood loss was shown in the laparoscopic group™®.

Surgery of the adrenal glands

Minimally invasive surgery of the adrenal glands has
become the gold standard in resection of benign and
malignant disease. Potential laparoscopic techniques
are the lateral transperitoneal approach and the
posterior retroperitoneal approach. Regarding outcome
of these approaches, compared to each other, the
posterior retroperitoneal seems to be a comparable™®
or superior™”! approach based on the operation time,
blood loss, pain score, hospital stay, and time to return
to normal activity!*®’. The conversion rate and surgical
complication rate are similar'***). Both techniques
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have replaced open access to the adrenal gland in
tumors < 8 cm. For the retroperitoneal approach,
the findings support a faster convalescence compared
with the lateral transperitoneal approach. Since the
difference is not significant the authors could not make
a recommendation for either approach™,

Minimally invasive adrenalectomy is the mainstay
of operative options for adrenal tumors. Despite lack of
evidence for the technique in the randomized controlled
trials, it has gained acceptance in the surgical world.
Adrenalectomy is performed in hormone-active tumors,
lesions > 4 cm, and benign disease with untypical
imaging™*"l.

Studies have shown that the laparoscopic approach
can be an acceptable option for the primary neoplasm or
adrenal metastasis with no evidence of local invasion™*.
If there is any doubt before the operation that the tumor
cannot be removed with an intact capsule, open surgery
must be considered™**.

Surgical therapy of primary aldosteronism (Conn'’s
disease), compared with medical treatment, leads to
a significantly better decrease in blood pressure, with
no difference in the cardiovascular complications in
qualitative analyses with heterogeneous protocols.
Despite the absence of randomized controlled trials,
there is support for unilateral resection of unilateral
disease**,

For subclinical Cushing’s disease, unilateral laparo-
scopic adrenalectomy can resolve the hypercortisolism
with low morbidity and can provide significant benefit to
blood pressure, glucometabolic control and obesity vs a
conservative medical treatment. However, these findings
lack evidence are from studies that include data that is too
low quality for a systematic review, so the authors could
not give a definitive recommendation™*.

In the treatment of refractory Cushing’s disease,
bilateral adrenalectomy plays a crucial role in cases where
transsphenoidal surgery of ACTH-producing tumors
does not lead to normalization of hypercortisolism. In
these cases, laparoscopic bilateral resection is safe and
effectivel*,

The single-incision technique showed similar benefits
to the conventional laparoscopic approach. The studies
found no difference in blood loss, length of hospital stay,
or time to oral intake, with similar outcomes in cosmetic
satisfaction, rate of complication, rate of conversion
to open surgery, and need for transfusion'*); longer
duration of surgery, lower pain perception, and slightly
faster recovery were also reported™*®,

Robotic surgery is used in the retroperitoneal posterior
and transabdominal lateral approach. A significantly
lower blood loss was found in the robotic group
compared with the group who underwent laparoscopic
surgery, with no difference in the short-term surgical
outcomes or complications!*?, With longer surgery and
selection of patients, the widespread robotic techniques
will be difficult!®® even with lower conversion rate for
large tumors compared with laparoscopic surgery™".
Training and costs associated with the technique are the
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major drawbacks of robotic surgery in the treatment of
adrenal glands*™*?,

Pancreatic surgery

Laparoscopic surgery of the pancreas is a challenging
procedure for experienced surgeons. Most of the studies
had a small sample size, and patients were highly
selected. Laparoscopic left-side resection of pathologies
of the distal pancreas or laparoscopic enucleation for
benign lesions has been reported as safe and feasible,
with morbidity comparable to open surgery™. Left-side
resection is the most common laparoscopic procedure
in pancreas surgery because it is technically easier to
perform. The duration of surgery, surgical morbidity,
rate of R1-resection and rate of major complications like
pancreatic fistula are similar to the open surgery group;
hospital stay and blood loss were reduced™*. Long-
term outcomes of the left resection are equivalent™
even for malignant findings"*®..

For laparoscopic necrosectomy, therapeutic drainage
is the best option for conservative management. The
literature findings were difficult to compare because of
differences in the techniques used, as well as in timings
of the interventions!**,

Laparoscopic pancreaticoduodenectomy is performed
as a laparoscopic-assisted or total laparoscopic proc-
edure!™. The outcomes were comparable to open
surgery in overall morbidity and surgical-related comp-
lications; oncological criteria were fulfilled in terms of
number of harvested lymph nodes and resection margin.
Due to a lack of randomized controlled trials and the
small sample sizes of highly selected patients!*®, there
was a selection bias so the results should be viewed with
caution™¥,

Robotic surgery was reported only in the case reports
or cohort series, making it difficult to compare. Trials
were heterogeneous so data could not be analyzed.
In the selected patients, results were comparable to
laparoscopic surgery™™ with a trend to improve spleen
preservation™,

Surgery of the spleen

Laparoscopic surgery has become standard for splen-
ectomy in elective cases. The laparoscopic approach
showed a reduced morbidity, especially in the pulmonary
complications after surgery and wound infection
compared with open surgery™®*.

In large spleens, a hand-assisted device showed an
advantage to open surgery in terms of reduced pain
and reduced length of hospital stay, with a surgical
outcome similar to laparoscopic surgery. Furthermore,
compared with laparoscopic splenectomy, the hand-
assisted surgery of the spleen had a lower conversion
rate to open surgery!®%,

Information on the alternative methods of access
like NOTES or single-incision laparoscopic splenectomy
is rare. These methods are feasible, however, there is a
high risk of bias in the early case reports regarding the
alternative approaches in highly selected patients!*¢*.
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Only single cases on robotic surgery for splenectomy
have been reported**",

Laparoscopic hernia surgery

Groin hernia: Operative and perioperative management
of hernia repair represent a wide field of surgical
research. Of the tissue repair techniques, the Shouldice
procedure is the only technique with recurrence rates that
are lower than other open non-mesh techniques. Mesh
repair is evidently superior to tissue reconstruction'*®.,
The Lichtenstein’s procedure is the gold standard in open
hernia mesh repair, and has minimal recurrence and
morbidity.

There are two minimally invasive surgeries available
for a groin hernia: A transabdominal preperitoneal
repair (TAPP) and a totally extraperitoneal hernia repair
(TEP). While the mesh is placed in the same position,
the approach through the abdominal cavity (TAPP)
or in front of the peritoneum (TEP) is different. Both
techniques are described as effective treatments of a
groin hernia but with a slight increase in perioperative
morbidity in comparison to open mesh techniques®.

Comparing the two techniques, TEP is associated
with a slightly faster postoperative recovery; the
TAPP technique has a significantly higher incidence of
operative morbidity. For incidence of recurrence, long-
term neuralgia, duration of surgery, and length of
hospital stay, both laparoscopic approaches seem to be
similart*®®,

Comparison of the minimally invasive approach with
the open mesh repair (Lichtenstein) in unilateral hernias,
the TAPP technique had a similar recurrence rate and
was associated with greater perioperative morbidity.
The TEP technique had a slightly increased recurrence
rate and a comparable incidence of perioperative
complications. The minimally invasive techniques had
a significantly reduced risk of chronic groin pain and
groin stiffness™®”). In recurrent hernia repair, neither of
the laparoscopic procedures were considered superior
to open surgery in terms of recurrence and chronic
pain'®®,

Use of lightweight mesh in hernia repair reduced
the risk of chronic groin pain®® with no effect on rec-
urrence™”” and showed a reduced risk of stiffness and
groin body sensation™®"*,

The type of mesh fixation method in laparoscopic
hernia repair led to different outcomes. Fibrin glue
showed a reduced risk of chronic groin pain and a higher
patient satisfaction*’? without impact on recurrence
rate’”?!, Use of staplers/tacks had a higher incidence of
postoperative and groin pain'”*.

In the TEP procedure, mesh fixation was not nece-
ssary. In cases where mesh fixation was not used, there
was no difference in recurrence, incidence of seroma, or
postoperative or chronic pain™.

In the guidelines for endoscopic hernia repair, the
EAES Consensus (European Association of Endoscopic
Surgeons), and the International Endohernia Society
recommend technical points for a tailored approach to
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specific hernias on the basis of evidence!’*""®.

Incisional hernia: Laparoscopic surgery for repair of
an incisional hernia shows no difference in recurrence
or length of hospital stay compared with open surgery.
There were significantly fewer wound infections and
complications requiring mesh removal™’®. Risk of bowel
injury increased, while postoperative pain score showed
no significant difference. Long-term results were not
available from the current data!*®”.

A comparison of the data was difficult. There were
many studies, reviews and meta-analyses regarding
ventral hernia and incisional hernia, although the origin
of these hernias was different. Furthermore, the optimal
mesh was not found and neither was the optimal mesh
fixation®, which is why long-term results with a high
level of evidence are not available™®.

The results on incisional hernia were highly biased
due to methodical limitations. It was hard to distinguish
whether patient-related factors or technique-related
factors, such as type of mesh and fixation, influenced
the outcome!*®!, Compared with open surgery, there
was a longer duration of operation with no difference
in the short-term adverse events"®". The incidence of
wound infection was significantly decreased!'®*. There
was no difference in the overall recurrence. There was a
lack of randomized controlled trials with a standardized
technique to demonstrate one technique’s superiority
over the othert'®®,

DISCUSSION

Laparoscopic surgery has continuously developed over
the past years, advancing from an invasive diagnostic
tool to an efficient instrument for surgical treatment
of benign and malignant disease. Ongoing training,
experience, and development in imaging and laparoscopic
instruments have facilitated extension of the applications
of laparoscopic surgery.

The overall advantage of minimizing trauma to the
abdominal wall has been reproducible in many of the
laparoscopic procedures compared with open surgery.
Faster convalescence, reduced hospital stay, and
faster return to normal activity are the most evident
advantages of laparoscopic surgery. The outcome,
efficiency, decreased incidence of wound infections,
and reduced perioperative morbidity of minimally
invasive procedures have been shown across different
applications, e.g., cholecystectomy, fundoplication, and
adrenalectomy. Despite the lack of randomized controlled
trials to support laparoscopic applications, these
procedures are accepted as the gold standard for surgical
intervention. The laparoscopic surgeries are longer than
the open ones. However, the duration has decreased
over the years through experience and the learning
curve. There has been no evidence that open surgery is
superior to laparoscopic surgery in terms of oncological
short- and long-term outcomes.
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Interpretation of the data in meta-analyses or
reviews was at times difficult. Different laparoscopic
techniques were mixed up under one indication, e.g., in
incisional hernia repair. The use of different mesh and
types of fixation led to heterogeneity in the compared
studies. The possibility of bias as a methodical limitation
was high.

Demonstrating the superiority of laparoscopy over
other techniques, such as single-incision surgery, NOTES,
and robotic surgery was difficult. Cost and effort were
the major drawbacks in distribution of these techniques,
particularly for the robotic surgery.

Randomized controlled trials in some fields of
laparoscopic surgery could not be performed. There
is a lack of sufficient evidence, because, for example,
sample size calculation to achieve a certain power is too
high to conduct such a study in daily surgical routine.
There is a need for randomized controlled studies and
standardization because many results were interpreted
from case reports or cohort series, and were difficult
to compare. This is especially needed in technically
demanding procedures like laparoscopic gastric, pancreatic
and esophagus surgeries.

COMMENTS

Background

Laparoscopic surgery is a technique with a widespread field of applications. In some
medical fields, the laparoscopic approach is a standard, e.g., cholecystectomy. Due
to the continuous surgical training and the ongoing development of instruments,
imaging systems and surgical techniques, highly complex laparoscopic procedures
are possible, such as laparoscopic gastrectomy. The primary aim of this review is to
show a variety of different laparoscopic surgeries and to assess their benefits and
outcomes in benign and malignant diseases.

Research frontiers

This review is a clinical evaluation of laparoscopic surgery and its role in
the surgical treatment of benign and malignant disease of different organ
systems. Since the first laparoscopic appendectomy and the first laparoscopic
cholecystectomy, there has been an overwhelming development of the
technique. Therefore, this review shows a complete summary of the most
frequent procedures used for digestive diseases and performed with a minimally
invasive approach.

Innovations and breakthroughs

No other surgical technique has gone through such advances as laparoscopic
surgery over the years, including approaches such as robotic or single-port
surgery. This review summarizes the current literature (review articles, meta-
analyses, and randomized trials) to give an overview of the laparoscopic
procedures.

Applications

Laparoscopic surgery has become a state of the art technique in many fields of
surgical treatment, providing better clinical outcomes than open surgery without
compromising the oncological results.

Peer-review
The authors have performed a good study. The manuscript is interesting.
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