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Abstract

Welcome to the World Journal of Virology (WJV), a
new member of the World Journal Series. The World
Journal Series was first launched as a peer-reviewed
scientific journal covering aspects of research, diagnos-
tics and clinical practice in biomedicine in 1995. WJV
is an online and open-access peer-reviewed periodical
focusing on virology. WJV covers a variety of topics in
different areas of virology, including advances in ba-
sic research, updates in nomenclature, the develop-
ment of novel diagnostic assays, the epidemiology of
viral disorders and, new developments in the clinical
management of viral diseases, including new vaccines
and antiviral therapeutics. The purpose in launching
the WJV is to promote knowledge exchange related to
the classic human viruses as well as newly emerging
viruses and their associated clinical disorders. Continu-
ally updating knowledge in a timely manner in this field
where information related to the unceasing evolution
of viruses is becoming available at a rapid pace is chal-
lenging. Thanks to the World-Wide-Web we are able to
provide a podium for all authors and readers of WJV
to address this challenge. I would like to acknowledge
the Baishideng publisher, the members of the editorial
board, and all contributing authors involved in this in-
augural issue of the WJV. I sincerely hope all readers,
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Figure 1 Editor-in-Chief of World
Journal of Virology. Xiaoli Lilly Pang,
MD, PhD, Associate Professor, 2B4.58
Walter Mackenzie Health Sciences
Centre, Provincial Laboratory of Public
Health (Microbiology), 8440-112 Street,
Edmonton, Alberta T6G 2J2, Canada.

i.e. future contributing authors, will like WJV and we
look forward to your input in assisting WJV to grow and
mature.

© 2012 Baishideng. All rights reserved.

Key words: Viruses; Viral disorders; Knowledge ex-
change; Fast-paced communication; Peer-reviewed;
Open-access

Peer reviewer: Hsin-Wei Chen, Associate Investigator, Vaccine
Research and Development Center, National Health Research In-
stitutes, No. 35, Keyan Road, Zhunan Town, Miaoli County 350,
Taiwan, China
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INTRODUCTION

I am Xiaoli Lilly Pang, MD, PhD, Associate Professor,
Department of Laboratory Medicine and Pathology,
University of Alberta, and the Provincial Laboratory for
Public Health (Microbiology), Alberta, Canada (Figure 1),
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and together with Ling Lu, MD, PhD, Department of Pa-
thology and Laboratory Medicine, University of Kansas
Medical Center, Kansas City, United States, we will be the
co-Editor-in-Chief of the World Journal of Virology (World
] Virol, W1/, online ISSN 2220-3249, DOI: 10.5501). We
are excited to bring you the inaugural issue of the W]/,
a bimonthly, peer-reviewed, online, open access journal
supported by an editorial board of over 137 specialists in
virology research from over 41 countries.

Infectious diseases are a global concern. Virus associ-
ated disorders have contributed significantly infectious
disease morbidity and mortality in the past and continue
to emerge as health threats internationally. From the
development of the concept of a virus as a contagious
living form by Beijerinck in 1898 to the rapid identifica-
tion of novel human coronavirus causing outbreaks of
a severe acute respiratory syndrome (SARS) by the task
forces networking and working collaboratively in 2003,
there have been many landmark discoveries in the history
of virology for the past 200 years'"!, We anticipate more
coming at an unprecedented speed as new research meth-
ods are developed and rapid exchange of bioinformation
using the wotld-wide web is now possiblem. In order to
promote new discoveries and knowledge exchange, the
IWJ1” on which preparation was initiated on November 8,
2010, is launched on February 12, 2012 to facilitate par-
ticipation in the rapidly evolving and fascinating world of
the virology.

Advances on virology have brought many benefits for
human and animal health and highlighted the challenges
of the future. In this inaugural issue of W]/, I would
like to address the current need for fast-paced commu-
nication and knowledge exchange in virology. One of
the remarkable achievements in virology over the past
century has been the development and population-based
delivery of vaccines against some well-known viruses.
Vaccination has eradicated deadly diseases, such as natu-
ral srnallpoxm; dramatically lowered the incidence of viral
infections such as poliomyelitism, prevented transmis-
sion and disease progression to the cancer as illustrated
by hepatitis B vaccine', and has had a significant impact
on disease morbidity such as rotavirus associated gastro-
enteritis in children'. Recently, remerging measles out-
breaks have raised new uncertainties despite the WHO
vaccine campaign against the virus that has been in place
for several decades. In 2011, measles outbreaks were re-
ported in 36 of 53 EUR member states; a total of 26074
measles cases had been reported region—widem. Although
incomplete coverage of immunization and underdosing
of vaccine are considered to be the major contributing
factors, several outbreaks still occurred despite high im-
munization coverage including administration of double-
dose of MMR vaccine™. Further studies are required to
understand the resurgence of measles across several con-
tinents in order to accomplish WHO?’s new strategic for
measles eradication.

Most viruses undergo continuous evolution. A typi-
cal example is the genetic drift of norovirus GII1.4 strains
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observed globally. In our recently published study, a
unique biannual pattern of norovirus gastroenteritis out-
breaks was observed and this trend was cleatly associated
with emergence of new norovirus GIL.4 variants'. Each
emerging GII.4 genetic variant identified by sequence
alteration had high virulence and caused the epidemic
outbreaks of gastroenteritis in the susceptible popula-
tion. The number of outbreaks associated with the newly
emerged GII.4 variants increased steadily in the four
epidemic years during 8 years of the study. The study
provided a basis for predicting when the next norovirus
GI1.4 variant will possibly appear and what public health
measures need to be in place for control of the out-
breaks. However, why and where genetic drift in the viral
genome of norovirus will occur in such a biannual pat-
tern is largely known. A newly emerged variant of avian
influenza virus provided another example of how genetic
drift of a virus can allow cross-host infection between
birds and humans and caused a deadly disease!"”. Un-
derstanding the mechanism of evolution of viruses and
the resulting health threats is a key to winning the battle
against viruses in future.

Cleatly many mysteries and unknowns related to vi-
ruses and the diseases they cause remain, regardless of
whether they are well-studied viruses or are new emerg-
ing viruses, in the fascinating world of virology. Basic,
clinical and epidemiologic researches, vaccine and anti-
viral drug developments, clinical trials of new therapies,
education and public awareness, and community and so-
ciety involvement are encouraged and needed in virology.
Resource and information sharing, research networking
and collaborative efforts without boards represent new
strategies in sciences as well as in virology. A perfect ex-
ample was a battle against pandemic outbreak of SARS.
The time course from diagnosing the first case of SARS
in Hong Kong, quarantining outbreak patients in various
regions in the world, decoding the full sequences of the
novel human coronavirus, took only a few months be-
cause of a multinational collaborative effort!". Commu-
nicating new information and discoveries that result from
research and clinical practice in virology becomes essen-
tial and achievable in the modern information and digital
era. Launch of the W/JI” will join this evolving trend of
collaboration and rapid information exchange by adding
another fast-track publication in the field of virology.

SCOPE

The open access and peer-reviewing format of WJ1” en-

sures the articles will be of high quality and of maximal
benefits to the authors, readers and society. W] aims
to report rapidly new theories, methods and techniques
for prevention, diagnosis, treatment, rehabilitation and
nursing in the field of virology. W]/ covers topics con-
cerning arboviral infections, bronchiolitis, central nervous
system viral diseases, DNA virus infections, encephalitis,
eye infections, fatigue syndrome, hepatitis, meningitis, op-
portunistic infections, pneumonia, RNA virus infections,
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sexually transmitted diseases, skin diseases, slow virus
diseases, tumor virus infections, viremia, zoonoses, and
virology-related traditional medicine, and integrated Chi-
nese and Western medicine. The journal also publishes
original articles and reviews that report the results of
virology-related applied and basic research in fields such
as immunology, physiopathology, cell biology, pharma-
cology, medical genetics, and pharmacology of Chinese

hetbs.

CONTENTS OF PEER REVIEW

In order to guarantee the quality of articles published in

the journal, W]~ usually invites three experts to com-
ment on the submitted papers. The contents of peer re-
view include: (1) whether the contents of the manuscript
are of great importance and novelty; (2) whether the
experiment is complete and described cleatly; (3) whether
the discussion and conclusion are justified; (4) whether
the citations of references are necessary and reasonable;
and (5) whether the presentation and use of tables and
figures are correct and complete.

COLUNMNS

TheThe columns in the issues of W] will include: (1)
Editorial: To introduce and comment on the substantial
advance and its importance in the fast-developing ateas;

(2) Frontier: To review the most representative achieve-
ments and comment on the current research status in the
important fields, and propose directions for the future
research; (3) Topic Highlight: This column consists of
three formats, including (A) 10 invited review articles on
a hot topic, (B) a commentary on common issues of this
hot topic, and (C) a commentary on the 10 individual
articles; (4) Observation: To update the development
of old and new questions, highlight unsolved problems,
and provide strategies on how to solve the questions; (5)
Guidelines for Clinical Practice: To provide guidelines
for clinical diagnosis and treatment; (6) Review: To sys-
temically review the most representative progress and
unsolved problems in the major scientific disciplines,
comment on the current research status, and make sug-
gestions on the future work; (7) Original Articles: To
originally report the innovative and valuable findings in
virology; (8) Brief Articles: To briefly report the novel
and innovative findings in virology; (9) Case Report: To
report a ratre or typical case; (10) Letters to the Editor: To
discuss and make reply to the contributions published in

(49
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W]/, ot to introduce and comment on a controversial is-
sue of general interest; (11) Book Reviews: To introduce
and comment on quality monographs of virology; and
(12) Guidelines: To introduce consensuses and guidelines
reached by international and national academic authori-
ties worldwide on the research in virology. This variety in
the formats for communication columns with clear titles
and purpose will allow readers to update and absorb im-
portant information based on individual need and inter-
est in different fields of virology.

We welcome W] on-line as a new member of the
World Series Journals! Fuelled by common interests and
a commitment to work to achieve the journal’s goals by
all authors, readers and editors, I know that the W]/ will
be a useful reference source for research data on virology
and clinical practice against virus-associated diseases.
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Abstract

A major challenge in vaccine design is to identify an-
tigen presentation and delivery systems capable of
rapidly stimulating both the humoral and cellular com-
ponents of the immune system to elicit a strong and
sustained immunity against different viral isolates. Ap-
proaches to achieve this end involve live attenuated
and inactivated virions, viral vectors, DNA, and protein
subunits. This review reports the state of current an-
tigen delivery, and focuses on two innovative systems
recently established at our labs. These systems are
the filamentous bacteriophage fd and an icosahedral
scaffold formed by the acyltransferase component (E2
protein) of the pyruvate dehydrogenase complex of Ba-
cillus stearothermophilus.

© 2012 Baishideng. All rights reserved.

Key words: Vaccines; Antigen presentation; Antigen de-
livery systems; Filamentous bacteriophage fd; E2 scaf-
fold

Peer reviewer: Kenji Okuda, MD, PhD, Professor, Yokohama
City University School of Medicine, Chouju Medical Institute,
441-8124 Az-ayamanaka, Noyorichou, Toyohasi, Aichi Prefec-
ture, Japan
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LIVE ATTENUATED VIRAL VACCINES

Historically, live attenuated virus vaccines were used to
control many viral diseases, such as measles, smallpox,
mumps and rubella. These vaccines elicit both humoral
and cell-mediated immune memory responses' ), howev-
er, they are associated with genetic instability and residual
virulence!”. For these reasons, current human clinical
trials using live attenuated viral vaccines are rare, and re-
search has been limited to non-human primate studies”
to understand the mechanisms about the protection elic-
ited. The possible causes of pathogenicity may include:
(1) reversion to a virulent form of the attenuated virus';
(2) recombination of the vaccine strain with wild type,
pathogenic virus""; (3) ability of viral genomes to persist
in tissues or the proviral genomes to integrate into the
host genome!'; and (4) the dysregulation of the immune
system by viral proteins'”. As alternatives to live vectors,
a variety of other antigen delivery systems ate available
for vaccine research.

VIRAL AND BACTERIAL VECTORS

One of the most pursued strategies is based upon the use
of a huge range of viral and bacterial vectors, which are
defined as non-pathogenic vehicles containing inserted

genes from pathogens for their expression and subse-
quent induction of specific immune responses. Viral
vectors such as poxvirus, adenovirus, vesicular stomatitis
virus, adenovirus-associated virus (AAV), alphavirus, cy-
tomegalovirus and lentivirus, to name some but not all,
have been exploredm]. In addition, vectors have been de-
veloped from bacteria such as Shigelld"™ and Sabmonelld™,
by exploiting their ability to be delivered »ia the oral

February 12,2012 | Volume1 | Issuel |



route, which is the natural route of infection for a variety
of bacteria. Because so many of the factors governing
the induction of optimal immunity are incompletely un-
derstood (such as the activation of the innate immune
system by various components of vectors and their ef-
fects upon adaptive immunity), it is hard to know exactly
what would make the best vector for any given vaccine.
Given the expensive and long development process re-
quired for clinical testing, the choice of one vector over
another for each vaccine has been largely based upon the
key characteristics of the vector and results of preclinical
studies rather than comparison of vectors and admin-
istration protocols, since regimens, doses, and matrices
of prime-boost combinations could lead to innumerable
variables. Some of these vectors, in particular adenovec-
tors and poxvectors, including both canarypox and modi-
fied vaccinia Ankara, have been employed in clinical trials
for an anti-HIV-1 vaccine!**" all obtaining unsatisfactory
results. More recently, "The STEP trial", which utilized
an adenovirus vector encoding HIV proteins, was per-
formed as a proof of concept for prevention or control
of HIV infection™. The trial was stopped when it was
clear that the vaccine was not demonstrating efficacy.
One major concern regarding the use of vectors is
[23.24) espe-
cially in persons who have been previously exposed to the

the immune response against the vector itself,

virus or a related virus. Other concerns are the disputed
risk of integration[zs], the limited gene-insert capacity (in
AAV and alphavirus Vectors[%m), the safety issue in neu-
rotropism (such as in the vectors based on herpes virus
or vesicular stomatitis Virus[zs]), and in bacterial vaccine
vectors given orally, the transfer of heterologous genes to
other bacteria™.

DNA VACCINES

In addition to the use of vectors, antigens can be deliv-

ered by injecting plasmid DNA encoding immunogenic
proteins under the control of eukaryotic promoters.
DNA vaccination was first described in 1993"" and
accepted as one of the most promising ways of immu-
nization. Overall, available evidence suggests that DNA
vaccination is generally well tolerated™ ™, and two vet-
erinary vaccines have been already licensed™. The fate
of the DNA after injection has been a matter of concern
due to the risk of integration of the nucleic acids into
the host genome. However, all available data suggest that
frequency of integration is below the frequency of spon-
taneous mutation” ", Notwithstanding these premises,
failures and triggering of disease exacerbation instead of
protection have also been reported on the use of DNA
vaccines. One of the main criticisms for DNA vaccina-
tion is their relatively low efficacy, mainly because a large
amount of DNA is needed to be injected in order to
b7 Improvement of the im-
mune response to DNA vaccines has been attempted by

achieve a strong response

aiming at enhanced plasmid uptake by exploring different
routes of administration (gene-gun, electroporation), de-
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livery of the antigen in combination with vatious immu-
nostimulatory C}ftokines[38], and by using DNA vaccines
in combination with adjuvants or cytokines in order to
locally recruit different subsets of professional antigen-
presenting cells (APCs) .

VIRUS-LIKE PARTICLES

Virus-like particles (VLPs) represent another recent im-
portant biotechnological advancement. They are com-

posed of one or several recombinantly expressed viral
proteins, which spontaneously assemble into supramo-
lecular structures resembling infectious viruses o, in some
cases, subviral particles.

VLPs, like viruses, are comprised of one or more pro-
teins arranged geometrically into dense, repetitive arrays.
These structures are characteristics of microbial antigens,
and the mammalian immune system has evolved to re-
spond vigorously to this arrangement of antigens. Thus,
due to their highly repetitive surface, VLPs are able to
induce strong B-cell responses by efficiently crosslinking
the membrane-associated immunoglobulin molecules that
constitute the B-cell receptor. In addition to their ability
to stimulate B-cell-mediated immune responses, VLPs
have been shown to be highly effective in stimulating
CD#4 proliferative responses and cytotoxic T lymphocyte
(CTL) responsesmw. Currently, VLP-based vaccines are
in various stages of development, spanning preclinical
evaluation to market. Vaccines for hepatitis B (Recom-
bivax and Energix) and human papillomavirus (Garda-
sil and Cervarix) have been licensed commercially™'.,
Furthermore, VLPs may also be used as a platform for
inducing immune responses against antigens of choice.
This can be achieved by constructing chimeric VLPs that
display heterologous epitopesm’%}. However, generating
chimeric VLPs is largely empirical; it is almost impossible
to predict whether individual peptides will be compat-
ible with VLP assembly or whether the insertion will be
immunogenic. Another important limitation of this ap-
proach is the size and the nature of the epitopes that can
be inserted into the VLPs, in particular into their immu-
nodominant regions.

MISCELLANEOUS STRATEGIES

Other promising strategies for vaccine delivery include

the use of virosomes (liposomes carrying viral envelope
proteins)®*! or subunit vaccines expressed in plant™
or insect cells® !,

In summary, a variety of vaccine carriers and de-
livery modalities have been developed in recent years.
However, the failure of clinical trials, based on available
formulations, indicates that novel vaccine modalities are
still very much needed to complement the existing array
of options. In this context, we propose two innovative
concepts for vaccine design based on the filamentous
bacteriophage fd and the E2 protein from the pyruvate de-

hydrogenase (PDH) complex of Bacillus stearothermophilus (B.
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stearothermophilus). Both of the delivery systems combine
the advantages of safety with the capability to elicit both
humoral and cellular antigen-specific immune responses.

NOVEL ANTIGEN DELIVERY SYSTEMS

Filamentous bacteriophage fd system
The system of antigen delivery by bacteriophage is based
on modification of the phage display technology. Phage
libraries with specific antisera have been screened to
identify phage displaying peptides, which correspond
to or mimic antigenic epitopes’ . Immunization with
phages displaying these peptides has proven capable of
eliciting protective antibodies in animal models of vari-
ous diseases™!. The filamentous bacteriophage fd (oth-
ers are M13, f1) is well understood at both the structural
and genetic levels'®. The capsid contains five types of
coat protein, four minor (approximately five copies of
each, encoded by phage genes I, VI, VI, and IX) and
one major (approximately 2700 copies, encoded by phage
gene V). The potential to display a large number of cop-
ies on the surface of these filamentous bacteriophages
makes them an attractive vehicle for the expression of
foreign peptides. There is evidence from immunoassays
and nuclear magnetic resonance (NMR) spectroscopy
that the exposed peptides have a stable three-dimensional
structure closely resembling what they exhibit in the wild-
type parent protein™. We have shown that the peptides
expressed on the pVll phage major coat protein can
both produce specific antibodies and present T helper
epitopesm. Moreover, we have observed that the fila-
mentous bacteriophages are taken up and processed by
major histocompatibility complex: (MHC) class 1 and class I
pathwaysms]. In addition, because co-expression of linked
helper T-cell and cytotoxic T-cell (CTL) epitopes on the
surface of the same APC is a strict requirement for prim-
ing a CTL response, we designed hybrid bacteriophages
simultaneously displaying helper and/or cytotoxic epit-
opes on the same virion. They were obtained by infecting
bacterial cells, harboring a plasmid encoding a modified
gene VII, with an engineered bacteriophage carrying a
second and different copy of a modified gene VII. Us-
ing phage particles coexpressing both helper and CTL
peptides, we demonstrated the ability of bacteriophage
virions to evoke an antigen specific CTL response both
|, This surprising finding supports the
further exploration of this benign bacteriophage as a
powerful and versatile antigen-delivery system and makes
the fd virions particularly attractive for vaccine design.
The efficacy of filamentous bacteriophage fd antigen
delivery system can be further improved by exploit-
ing the possibility of displaying additional peptides or
target sequences on one of the minor coat proteins. In
particular, targeting APCs can enhance subsequent im-
mune responses and avoid tolerance induction, should
this occur in the presence of a co-stimulatory signal. This
has been shown, for example, for the DEC-205 recep-
tor, a decalectin involved in the uptake and presentation

in vitro and in MDO
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Figure 1 Selective targeting of antigens to dendritic cells. Schematic dia-
gram of the new bacteriophage vector displaying at the N-terminus of the pII
gene a single chain antibody fragment (scFv) binding the mouse dendritic cells
DEC-205 receptor and an antigenic peptide as N-terminal fusion to the major
coat pVII protein. The scFv is composed of heavy (VH) and light (VL) chain
variable regions of the mouse monoclonal antibody NLDC-145, assembled with
a (Gly4Sert)3 linker to yield a 750 bp long single-chain fragment. g: Gene; p:
Protein.

by dendritic cells (DCs)"™. For this purpose, we have
engineered two unique restriction sites into the fdAMP-
LAY388 bacteriophage vector by site-directed mutagen-
esis, which allows the insertion of peptides/proteins at
the N-terminus of the plll gene. Thus, we cloned into
the fdAMPLAY vector a single chain antibody fragments
(scFvs) from NLDC-145 mouse monoclonal antibody,
which is known to bind the mouse dendritic cell-surface
molecule DEC-205 (Figure 1). Functional phage particles
were purified and Western immunoblotting analysis con-
firmed the identity of the 90 kDa scFv fusion protein
expressed by the recombinant fd. We have recently dem-
onstrated that bacteriophage fd particles displaying the
scFv from NLDC-145 mouse monoclonal antibody at
the N-terminus of the plll gene were able to induce ac-
tivation and maturation of mouse DCs, both 7z vive ot in
vitro, in absence of other stimuli. Furthermore, DCs tar-
geting with fd particles induced a strong antigen specific
immune response and, in experiments investigating inhi-
bition of tumor growth, had a protective efficacy similar
to adoptive transferred DCs"™". These results further vali-
date the potential employment of this safe, versatile, and
inexpensive delivery system for vaccine formulation.

E2 system

This novel antigen-presenting system is based on the
PDH complex of B. stearothermophilns™. The PDH com-
plex belongs to the family of 2-oxo acid dehydrogenase
complexes. They consist of multiple copies of three dif-
ferent enzymes that catalyze the oxidative decarboxilation
of 2-oxo acids. In the case of the PDH complex, two of
its component enzymes, E1 and E3, assemble over the
surface of a large structural scaffold formed by the core
enzyme, E2, a dihydrolipoyl acyltransferase. The E2 chain
of B. stearothermophilus is composed of three independent-
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Figure 2 Schematic image of the E2 acetyltransferase display system derived from the Bacillus stearothermophilus pyruvate dehydrogenase complex. A:
The E2 chain as it occurs in the native pyruvate dehydrogenase complex. Twenty trimers of the E2 polypeptide chain form a pentagonal dodecahedron (60-mer) with
icosahedral symmetry; B: Representation of the E2 core displaying the HIV-1 Envelope (Env) third hypervariable region V3 on the surface of the scaffold. LIP: Lypoil
domain; PSBD: Peripheral subunit-binding domain; CD: Catalytic domain; E2DISP: E2 acetyltransferase display system.

ly folded domains separated by flexible linker regions:
a lipoyl domain (LIP) of 9.5 kDa, a peripheral subunit-
binding domain (PSBD) of 5.3 kDa and a catalytic (acet-
yltransferase) core domain (CD) of 28 kDa. The core
C-terminal catalytic domain of E2 self-assembles into
trimers, which in turn aggregates to generate a 60-chain
core with icosahedral symmetry”. The 60-mer has a mo-
lecular weight of > 1.5 MDa and a diameter of 24 nm as
visualized under electron microscope!’. Surprisingly, E2
can be renatured from denaturing conditions 7 vitro to
assemble into the 60-mer virus-like particle, without the
need of chaperonins". This finding may be attributed to
the heat-stable properties often found in proteins from
this thermophilic bacterium. Efficient refolding of E2
into the 60-mer is also possible by replacing the natural
peripheral domains with foreign peptides as N-terminal
fusions to the CD. The display of exogenous peptides on
the E2 scaffold is obtained by using engineered plasmids
which allows the insertion of exogenous oligonucleotides
at the 5” of the gene coding for the acyltransferase do-
main of the E2 protein”. Thus, a suitably engineered
E2 core (E2DISP) can display 60 copies of heterologous
polypeptides on the surface of a high molecular mass
scaffold”. This property can be exploited for vaccine
design. Previous work from our laboratory has described
that small epitopes (9-15 aa) displayed on the E2 scaffold
elicit both cellular and humoral specific immune respons-
es™™. However, displaying larger protein antigens may
be mote useful, as they contain multiple T cell epitopes
as well as antibody determinants.

In theory, there should be no limitation to the size of
amino acid sequences displayed on the E2 scaffold. In
fact, at the N-terminus of the acyltransferase CD each
B2 chain in the B. stearothermophilus PDH complex natu-
rally displays 187 amino acid residues in the form of the
two folded protein domains (LIP and PSBD domains)
and two flexible linkers (Figure 2A). Moreover, the E2
system is naturally designed to present up to 60 copies of
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the E1 (about 150 kDa) or E3 (about 100 kDa) enzymes
noncovalently attached on its surface. Thus, up to 60
large polypeptides can be presented on the E2 scaffold
as N-terminal fusions to the acetyltransferase CD. In
practice, several proteins, such as the green fluorescent
protein (GFP), have been expressed as an N-terminal fu-
sions

These properties of E2 VLPs compare favorably to
other types of VLPs, such as the VLPs based on human
papillomavirus that can only accept approximately 60
amino acids of foreign antigenm or on Hepatitis B sur-
face antigen (HBsAg) that has a limit of approximately 36
amino acids". E2DISP fusion proteins are produced in
E. coli, and if soluble, the proteins can be purified directly
and endotoxin can be removed using standard biochemi-
cal techniques. If insoluble, they can be denatured and
refolded slowly by step-down dialysis to obtain soluble
VLPs. Solubility can also be improved by refolding the
fusion proteins in the presence of E2DISP monomers
at different molar ratios, which reduces the number of
displayed heterologous proteins per VLP. Thus, produc-
tion of E2 particles is trelatively simple and inexpensive,
as compared with the mammalian ot baculovirus cell
culture. In this context we have successfully expressed
and refolded a large array of HIV antigens and protein
domains. In particular, we have constructed stable VLPs
displaying the HIV-1 Gag (p17) protein as an N-terminal
fusion to the E2 CD and found that mice immunized
with the Gag (p17)-E2 60mer particles mounted a strong
and sustained antibody response. Using transgenic mouse
model systems, we also demonstrated that CD8+ T cells
primed with E2 recombinant particles were able to exert
Iytic activity!”. In addition, as schematically represented
in Figure 2B, we displayed the HIV-1 Envelope (Env)
third hypervariable region (V3), which is known to bind
neutralizing antibodies™ on the E2DISP system. We
evaluated the immunogenicity of these purified 60mer
VLPs in mice and rabbits, alone and in combination with
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an HIV Env glycoprotein (gp160) expression plasmid in
an attempt to enhance immunogenicity. Using this system
we demonstrated that simultaneous co-immunization
with Env(V3)-E2 VLPs and gp160 encoded DNA was
more effective than each individual component alone or
the DNA-prime/protein-boost immunization regimen
in eliciting both neutralizing antibodies in rabbits and
CD8+ T cells responses in mice, even in the absence of

adjuvants®’

CONCLUDING REMARKS

Vaccine is one of the most powerful and cost-effective
tools of modern medicine. Currently, there is a renais-
sance in vaccine research due to the fact that healthcare
authorities are increasingly recognizing the public health
benefit and cost-effectiveness of vaccines. Since vaccines

are administered a few times at most, they are also more
cost-effective than many other drugs in treating the sub-
sequent diseases. In recent years, several economists have
argued convincingly that the cost savings are even more
impressive because they go beyond the cost of medical
care, and should include income lost due to illness and
its sequelac™. The revival of interest in vaccines has of
course also been underpinned by a rapidly expanding
body of knowledge in the fields of immunology and by
the impressive biotechnological advancement in recent
years. Today, purification of microbial elements, ge-
netic engineering, and improved knowledge of immune
protection allow direct creation of attenuated mutants,
expression of vaccine proteins in a variety of vectors,
purification and even synthesis of microbial antigens, and
induction of immune responses through manipulation
of DNA, RNA, and proteins. A major aim is to integrate
information gathered from classical pre-clinical trials
with that derived from different fields of investigation.
In this context, several approaches are being pursued to
improve rationally designed delivery systems. We have
been exploring the advantages of two innovative antigen
display systems derived from non-pathogenic prokaryotic
organisms, based on the filamentous bacteriophages fd
and the acyltransferase component (the E2 protein) from
the PDH complex of B. stearothermophilus. The td and E2
antigen delivery systems combine the safety with the ca-
pability to trigger both humoral and cellular antigen-spe-
cific immune response, even in the absence of adjuvants.
Both of these vehicles gain access to APCs, and intersect
the human leukocyte antigen class [ and II intracellular
compartments, inducing specific cytotoxic T-lymphocyte
responses. Moreover, the E2DISP delivery system offers
a unique opportunity to display up to 60 copies of indi-
vidual or multiple heterologous polypeptides, by preserv-
ing their native structure on the surface of a single VLP.
These antigen presentation systems could be combined
with other well-studied vaccines in an attempt to elicit
full-spectrum immune responses.
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Abstract Devaux CA. Emerging an.d re-emerging viruses: A global
) ) challenge illustrated by Chikungunya virus outbreaks. World
In recent decades, the issue of emerging and re- J Virol 2012; 1(1): 11-22 Available from: URL: http://www.

emerging infectious diseases, especially those related  yjonet.com/2220-3249/full/v1/i1/11.htm DOI: http://dx.doi.
to viruses, has become an increasingly important area org/10.5501/wjv.vLil.11

of concern in public health. It is of significance to an-
ticipate future epidemics by accumulating knowledge
through appropriate research and by monitoring their
emergence using indicators from different sources. The

objective is to alert and respond effectively in order to THREATS OF YESTERDAY, TODAY AND
reduce the adverse impact on the general populations. TOMORROW

Most of the emerging pathogens in humans originate
from known zoonosis. These pathogens have been
engaged in long-standing and highly successful interac- X > o
tions with their hosts since their origins are exquisitely ~ at¢ tesponsible for 15 million of 57 million ‘mnﬁf‘l deaths
adapted to host parasitism. They developed strategies i @ global population of 6.2 billion people™. In the
aimed at: (1) maximizing invasion rate; (2) selecting  United States, each year, approximately 25% of physician
host traits that can reduce their impact on host life visits are attributable to infectious diseases, with direct
span and fert|||ty, (3) ensuring t|me|y rep"cation and and indirect costs estimated at more than $120 biHion[Z].
survival both within host and between hosts; and (4) Each year, about 2 million people die from acquired im-

Many infectious diseases severely affect the health of hu-
mans, animals and plants. In humans, infectious diseases

facilitating reliable transmission to progeny. In this con- mune deficiency syndrome (AIDS) (caused by a refrovi-
text, Arboviruses (or ARthropod-BOrne viruses), will rus), 1.7 million people die from tuberculosis (caused by a
represent with certainty a threat for the coming cen- mycobactetium, Mycobacterinm tuberculosis), and more than

tury. The unprecedented epidemic of Chikungunya virus 1.6 million people die from diarrheal disease caused by
which occurred between 2005 and 2006 in the French  infectious pathogens.
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Today, like yesterday, unknown pathogens are emerg-
ing in the world, while others, identified long-standing
and hitherto regarded as controlled, have their impor-
tance increased. Diseases related to these emerging infec-
tious agents can have major consequences in terms of
public health, safety, balance of food chains and trade.
They have already heavily influenced policy decisions at
local, national or international levels while the strategies
and specific tools adapted to these scourges are weak or
absent, due to lack of integrated knowledge from multi-
disciplinary research.

Articles that address the emergence or re-emergence
of infectious diseases are numerous, but their definition
which applies to this concept often varies from one au-
thor to another. The definition of emerging infectious
diseases (EIDs) in this review adopted by the Emerging
Infectious Diseases Interdisciplinary Scientific Program
of the French CNRS is as follows: EIDs belong to a
nosological entity whose nature is proved infectious,
regardless of the pathogen, or only suspected in case of
novelty and until the agent is identified. It is understood
that the identification of a “new’” pathogen is compat-
ible with a previously undisclosed preexisting one. By
extension, it is assumed that the EIDs include infectious
diseases known endemic showing an obvious resurgence.
An EID can affect all types of eukaryotic organisms.
The EIDs generally have a high social impact and eco-
nomic consequences. An EID is obviously unusual; it is
surrounded by uncertainty and anxiety, real or perceived,
as to its evolutionary potential, its impact on health and
the ability of leaders and stakeholders to control the
phenomenon. These emerging diseases are therefore: (1)
the development of a new disease, a consequence of a
new pathogen (in its nature, its mode of transmission, its
expression and/or its adaptation to host species); and (2)
a disease previously identified but whose manifestations
are new (associated with a sudden increase in the inci-
dence, severity or geographical area within a time span
of a few weeks/months to one or several decades). This
definition therefore includes the resurgence of endemic
diseases in more sensitive populations or of less con-
trolled forms, and the emergence of pathogens resistant
to treatment.

FACTORS FAVORING THE EMERGENCE

OR RE-EMERGENCE OF PATHOGENS

The devastating plague of Athens, Greece, killed 70000
Athenians in the years 430-426 BC; the Black death, or
bubonic/pneumonic plague, killed approximately 34
million Europeans and 16 million Asians in the years
1347-1350; the French pox (French is called here because
of a notorious outbreak in the French army), or syphilis,

linked crewmen of Colombus’ voyages to the Naples
outbreak of syphilis in 1494, and subsequently spread the
disease to Europe (syphilis killed 5 million Europeans);
the smallpox in 1520 was introduced in Central America
by Spanish soldiers. It killed most of the Aztec army and
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25% of the overall Aztec empire population; the Ameri-
can plague, or Yellow fever, in the years 1793-1798 killed
more than 5000 of 50000 Philadelphians; and the Span-
ish influenza in 1918-1919 turned out to be the deadliest
emerging pandemic since it killed 50-100 million people.
All these diseases are among the diseases that have
marked the history of infectious diseases. They remain
etched in the collective subconsciousness of the people
as a threat for the survival of human societies. Some-
times the vector itself is the cause of phobias which are
additional to the fear of disease, as is the case for rats [e.g
Black death, Argentine hemorrhagic fever (AHF)] and
bats (e.g. Ebola hemorrhagic fever, Marburg hemorrhagic
fever)™. At certain times of history, epidemics were even
interpreted as divine punishment with all the irrational
behavior; thus, when Black death appeared in Marseille
(South of France) in 1347, and spread rapidly in France
and Europe, it caused anti-Jewish riot up to massacre of
people. Actually, plague remains a public health concern
mainly in East Africa and Madagascarm.

Scientific advances, however, have accomplished major
progress in the fight against infectious diseases. The most
important achiéevernent was the eradication of smallpox
by vaccination . The last case of smallpox was declared
in 1977 and, during 1980, the World Health Organiza-
tion (WHO) announced the eradication of smallpox,
a feat of human factors against the hostile factors of
the environment. Compared with earlier generations of
scientists, we possess an enormous scientific base, and
the acquisition rate is high for new information about
pathogens. Over the last 5 decades, numerous viruses
responsible for new diseases or old diseases whose etiol-
ogy is recently identified, have been discovered®™". To
highlight the importance and timeliness of EIDs without
focusing only on the AIDS pandemic that killed more
than 25 million people over the past 25 years, we should
also keep in mind that severe acute respiratory syndrome
(SARS), with 10000 human cases and slightly less than
1000 deaths, had an estimated overall cost of over $100
billion for the global economy; a possible pandemic of
bird flu transmission between humans also challenges the
government and health authorities in the world. In addi-
tion, the zoonosis related to the H5N1 virus has already
had devastating effects on certain economies. The epi-
demic of mad cow disease has caused 182500 confirmed
cases of bovine spongiform encephalopathy, or prion
disease, in the UK and the ban on bovine products; the
quite recent Chikungunya virus (CHIKV) outbreak in
Reunion, with more than 230000 human cases, had led to
mote than 180 deaths and also setiously affected the local
tourist economy; the yellow mottle virus in rice, the main
disease affecting irrigated rice in Africa and Madagascat,
can destroy almost an entire harvest and have dramatic
consequences on the survival of local populations.

Just to cite some of the major epidemics to take stock
of the situation, emergence of new pathogens affect-
ing humans has been found true with the Marburg virus
epidemic in 1967, the Lassa virus in 1969, the Rotavirus
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Major emerging and re-emerging virus-associated diseases

Syndrome

Diarrhoea

Respiratory syndrome

Encephalitis

Immunodeficiency
Cancers

Hepatitis

Haemorrhagic fever

Anemia
Exanthema

Arthralgia

Aetiological agent Year of discovery

Rotaviruses 1973
Astroviruses 1975
Sin Nombre virus (Hantavirus) 1993
Influenza A/H5N1 virus 1997
Influenza A/HON2 virus 1999
Hendravirus 1995
SARS-Coronavirus 2003
Influenza A/H1IN1 virus 2009
Enterovirus -EV71 1997
Nipahvirus 1998
West-Nile like Virus 1999
Retroviruses HIV-1 and HIV-2 1983
Retrovirus HTLV-1 1980
Retrovirus HTLV-2 1982
Herpesvirus HHV8 (Kaposi KSHV) 1994
Hepatitis C virus (HCV) 1989
HEV 1990
HFV 1991
HGV 1993
Ebola virus (Filovirus) 1977
Hantaan virus 1977
Guanarito virus 1991
Sabia virus (Arenavirus) 1994
Parvovirus B19 1975
Herpesvirus-HHV6 1988
Herpesvirus-HHV7 1990
env-mutant Chikungunya virus 2005

Figure 1 Major emerging and re-emerging virus-associated diseases in human. The etiological agents of infectious diseases identified since 1973, as newly
discovered viruses of public health importance. It includes a few arboviruses that are transmitted to humans by arthropod vectors, upon biting. Among known arbovi-
ruses, some are transmitted by mosquitoes (Bunyaviridae: La Crosse encephalitis, California encephalitis, Rift Valley fever; Flaviviridae: Dengue fever, Yellow fever,
Japanese encephalitis, West Nile; Togaviridae: Eastern equine encephalomyelitis, Western equine encephalomyelitis, Venezuelan equine encephalomyelitis; Ross
River fever, O'Nyong-nyong fever, Chikungunya), others by ticks (Bunyaviridae: Crimean-Congo hemorrhagic fever; Flaviviridae: Tick-borne encephalitis; Omsk hem-
orrhagic fever; Reoviridae: Colorado tick fever). Most of the emerging pathogens in humans originate from zoonosis.

in 1973, the Ebola virus in 1976, the Hantaan virus in
1977, the influenza A/H5N1 virus in 1997, the SARS-
Coronavirus in 2003, the influenza A/HI1NT1 virus in
2009. Pathogens identified as the causative agents of a
disease can include the human T-cell lymphotropic virus
1 (HTLV-1) in 1981, the HTLV-1I in 1982, the human
immunodeficiency virus (HIV) in 1983, the hepatitis C
virus in 1988, and the human herpes virus-8§ (HHV-8 or
Kaposi sarcoma-associated Herpesvirus KSHV) in 1995
(Figure 1).

These cases may illustrate the diversity of situations
encountered, such as (1) new diseases due entirely to a
new virus as in the case of AIDS; (2) previously unrecog-
nized diseases that are identified through quantitative or
qualitative changes and due to improved diagnostic meth-
ods, such as CHIKV-caused disease that can be confused
with Dengue (DEN) cases'""; (3) diseases that appear in
a new region, such as the epidemic West Nile virus intro-
duced to the USA in 1999; or (4) diseases which existed
previously in animals and are transmitted to humans, like
avian influenza occurring since 1997. A pathogen such as
influenza A/HINT1 vitus is the result of a complex (triple)
reassortment with portions of the genome that corre-
spond to those of a swine virus, others are related to an
avian virus and, finally match a human virus!'?.
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EMERGENCE LINKED TO CHANGES IN
ECOSYSTEMS

An emerging disease may be caused by a disturbance of
the ecosystem'”. The exploitation of nature by man,
with consequences such as deforestation and/or practice
of hunting, may put men into contact with pathogens.
This probably happened for the first human infections
with simian immunodeficiency viruses (SIV), which have
adapted to a new host, man. The combination of the
density of people in ever-growing cities and unsafe sexual
practices fostered the transmission of HIV among groups
of individuals. Population flow, whether by migration or
transportation, in particular the development of air trans-
port, has been a source of rapid spread of HIV in the
wotld. The fact that this virus is a Lensivirns™ whose first
symptoms appear only 7 years after the primary infection,
has completely hidden epidemic in the face of the world.
When it became clear, it was already too late. The spread
of a pathogen can be even faster instead of sexual trans-
mission, contamination may occur through aerosols. If
we study what happened from November 2002 about the
worldwide spread of SARS, a doctor who treated SARS
patients in China’s Guangdong Province traveled to Hong
Kong where he stayed in a hotel. SARS passed to a Hong
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Kong resident who visited the hotel, to a businessman
guest who traveled to Vietnam, to a flight attendant guest
who then flied to Singapore, and to a tourist guest who
returned to Toronto, Canada. Then it was only a period
of weeks that created a world crisis with more than 8400
infected individuals, leading to more than 900 casualties
around the world in 2002-2003"".

Another example of interest is that following inten-
sive cultivation of corn in Argentina, there has been a
very significant proliferation of rats that were at the ori-
gin of the AHF associated with Junin virus'®. Since the
first report in Argentina, this Arenavirus has caused annual
outbreaks with more than 24000 reported cases by 1993.
The transmission of the pathogen resulted from the in-
teraction between the virus, the animal that acted as a res-
ervoir for the virus, and contact with an immunologically
naive human population that was exposed to the virus
due to environmental change. Among factors that may
promote the emergence, it is not uncommon that they
may be related to climate changes, leading to the installa-
tion of vectors within a new geographic area previously
untouched by the disease. It can also result from the ad-
aptation of viruses to vectors by genetic mutations. This
last situation is perfectly illustrated by the example of the
Chikungunya A/phavirus (CHIKV) epidemic in the Indian
Ocean islands in 2006 and the first cases in Southern
Europe. Also, the combination of different factors such
as urbanization and deforestation is expected to have
influenced the emergence or re-ermergence of vector-
borne diseases such as Yellow fever. Yellow fever, which
was originally maintained in forest cycles involving mon-
keys and canopy-dwelling mosquitoes, was under control
in various places of the world such Cuba (1900-1901),
Panama (1904), Brazil (1932), Americas (1954-1975), and
West Aftica (1950-1970), after successful vectot-borne
disease elimination programs. However, Yellow fever re-
emerged in Africa in the 1990s in urbanized areas'”

All these examples show how the medical and scien-
tific world was wrong when in the late 1970s there was
a talk of “the end of infectious diseases”. Fifteen years
later, the infectious disease specialists needed to make it
clear by admitting “the return of infectious diseases” and
by proposing the concept of EIDs. The EID could thus
be defined as exceeding the average level and retaining
attention. There are different situations: (1) the disease
caused by a newly identified pathogen did not exist previ-
ously (AIDS or SARS); (2) the disease existed before but
that was hitherto unknown causative agent (hepatitis C);
ot, (3) the disease existed before and the causative agent
was identified, but appeared for the first time in a geo-
graphic area where no cases had been diagnosed previ-

ously (West Nile Virus Epidemic in the USA).

dium, is the most important vector-borne disease because
of its global distribution, the number of people affected
(more than 220 million people) and the large number of
casualties (about 800000 deaths/year), the vector-borne
viruses (arboviruses) are cleatly the most numerous insect-
borne pathogens (Figure 2).

Dengue, a disease provoked by a Haviviras, is at the
forefront of arbovirus-induced diseases with more than
80 million infected people a year. Dengue virus (DENV)-
infection may be asymptomatic or may induce undif-
ferentiated symptomatic febrile illness with headache,
myalgias, arthralgias, rashes (eruptions may be observed
on the neck and the face, followed by generalized rash
on legs and arms) and leucopenia, most commonly af-
fecting adolescents and adults. DENV-associated dis-
ease can also be much more severe (1-2 million people
with severe symptoms), and sometime fatal'”, with the
dengue hemorrhagic fever (DHF) and dengue shock syn-
drome (more than 20000 deaths/year). DHF, which is
most common in children of less than 15 years of age but
also occurs in adults, is characterized by the acute onset
of fever and associated with non-specific constitutional
symptoms. There is a hemorrhagic diathesis and a tenden-
cy to develop fatal shock. Abnormal homeostasis, plasma
leakage and week pulse, are the main patho-physiological
changes constantly found. Although very common in
the tropics, Dengue has also raged in Europe. The DEN
epidemic occurred in Greece in 1927 and 1928 affecting
more than 1 million people; this arbovirus outbreak killed
1500 infected persons far from a tropical area”.

The globalization for arbovirus-induced diseases is a
worrying situation because it is also accompanied by the
resistance of vectors to insecticides, resistance of patho-
gens to drugs, unprecedented population growth in de-
veloping countries, uncontrolled urbanization in tropical
areas where vector-borne diseases occur most frequently.
Conditions necessary for arboviruses outbreaks include
adequate populations of reservoir hosts (potentially hu-
mans in some settings), vector mosquitoes, and appropzi-
ate climatic conditions for transmission. The behavior of
man on the environment, such as population pressute and
agriculture, modifies the ecosystems (e.g urbanization and
deforestation). Anatchic urbanization in developing coun-
tries is often accompanied by habits of people who can fa-
cilitate the development of vectors. For example, automo-
bile tires discarded in domestic environment where they
collect rainwater, make ideal breeding sites for mosquitoes.
In these facilities, mosquito larvae can reduce the risk of
predation and can also survive in unfavorable climatic
conditions. The same consequences can be the result of
large water control projects such as irrigation systems and
water reservoirs for intensive agticultural conditions.

ARBOVIRUSES: BEYOND THE THREAT,
A GLOBAL PUBLIC HEALTH PROBLEM

RESURGENCE: LESSONS FROM CHIKV
OUTBREAKS

Each year, 800000 people die of malaria and 20000 of
Dengue. While malaria, a human disease caused by a
mosquito-borne infectious patasite of the genus Plasmo-
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When arboviruses emerge in endemic regions, they usual-
ly generate sporadic infections. However, when infections
occur in naive human populations they usually induce
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Examples of large arbovirus outbreaks

West Nile virus infected
9800 people and caused
264 deaths in USA during
the 2003 outbreak

oF

during the 1982 outbreak

Dengue fever, one out of five people
in New Delhi, India, became sick Chikungunya virus infected 1.3 million

people in India in 2005-2006

Ross River virus infected 60000
people in 1979-1980 in the
West Pacific (Fidji, Samoa, Cook
Islands, New Caledonia)

Rift Valley virus infected

Dengue virus infected 344000 people 200000 people and caused
in Cuba Island in 1981 600 deaths in Egypt during

the 1977 outbreak

Dengue viruses infect > 50 million people
per year (1 to 2 million people with severe
symptoms), and cause > 20000 deaths/year

Chikungunya virus infected 236 000 people
(two out of five people), in Reunion Island
during the 2005-2006 outbreak, and
caused 181 deaths

Japanese encephalitis virus infect > 45000 people per
year in Asia and cause > 15000 deaths/year

Figure 2 Examples of large arbovirus outbreaks, from the literature. This diagram illustrates several unexpected arbovirus outbreaks that have occurred in re-
gions of the world which are currently the most vulnerable to arboviruses. It is likely that in the coming years other parts of the world will be affected, including regions

that are outside of the tropical area.

severe epidemic bursts. To illustrate the resurgence of
endemic diseases in more sensitive populations, examples
will be given that are related to the situation encountered
during the re-emergence of CHIKV. CHIKYV belongs to
the genus Alphavirus, family Togaviridae.

Choosing an arbovirus such as CHIKV to discuss
the mechanisms of resutgence is not simply the result of
chance. Indeed, these viruses illustrate not only the com-
plexity of the interactions between an animal or a human
and a virus-infected mosquito, the infection of another
animal or a human bitten by an infected mosquito, but
also the problems related to migration of human and
animal populations, changes in hosts, transports, climate
and global warming, water, e, in other words, to an en-
tire ecosystem apprehended in its entirety. We should also
understand the dynamics of interaction at the molecular
level as it is the case for the interaction between a CHIKV
and membranes of an insect cell or a human cell, and sub-
sequently, between viral proteins and cellular proteins.

As we will see later in this review, resurgence is exactly
what happened in the Reunion Island during the CHIKV
outbreak in 2006.

PATHOPHYSIOLOGY OF CHIKV-

ASSOCIATED DISEASE
The CHIKV-induced DEN-like epidemic in the Reunion
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Island in 2005-2006 cleatly corresponds to a disease pre-
viously identified but whose manifestations were associ-
ated with a sudden increase in the incidence, severity and
change in geographical distribution. The symptoms'”
were most often clinically indistinguishable from those
observed in Dengue, and evidence for dual infections has
been reported™”. CHIK V-induced disease appears after
an average incubation period of 2-7 d. CHIKYV fever is
characterized by sudden onset, chills and fever between
39°C and 40°C, headache (70%), nausea/vomiting (60%),
persistent myalgia/arthralgia (40%), and maculopapular
rash (60%). Poly-arthralgia, the typical clinical sign of the
disease, is very painful. The virus-associated symptoms,
were also very similar to those previously observed in
Australia during other unusual epidemic episodes caused
by a related Ross River virus (RRV) in New South Wales
in 1928™ in Queensland in 1943 in the Schouten
Islands near Papua New Guinea in 1946 and in the
Muray Valley in 1956”Y. Until recently, CHIKV-associ-
ated syndrome differed from DENV-syndrome by the
absence of fatalities and the clinician’s attention mainly
focused on the rheumatologic consequences of CHIKV
521 and eventually on neurological and cardiac
disorders, or hemorrhagic manifestations. CHIKV asso-
ciated with a fatal hemorrhagic form was described once
in India in 1964 and one case of a child who died from
CHIKYV infection in Ceylon was also documented in

infection
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1967. Yet, these cases were considered as exceptions and
did not draw attention of the clinicians and biologists on
the potential risks of CHIKYV infection. Unfortunately,
this lack of fatality can no longer be claimed, since 181
patients had died from CHIKYV infection in the Reunion
Island, indicating that CHIKY, like other Alphaviruses, is
fatal for a low percent (around 0.5%-1%) of infected pa-
tients.

TEMPORAL AND SPATIAL DISTRIBUTION

OF CHIKV OUTBREAKS

In the history of the disease linked to CHIKY, the first
known viral isolate was from the serum of a febrile pa-

tient during a Dengue-like epidemic burst that occurred
on the Makonde Plateau in Tanzania along the border be-
tween Tanzania and Mozambique in 19527, Although
the CHIKYV epidemiological data are difficult to collect, it
was reported that seroconversion was 31% in Bangkok in
1962 15%-25% in Vellore, India in 1964™", and 70% in
Ibadan (Nigeria) in 1969. CHIKV has also been isolated
from patients in Australia”". Since the first identification
of CHIKV-infected humans, outbreaks of CHIKV have
occurred throughout African and Asian countries where
it is responsible for illnesses in hundreds to thousands
of individuals. Comparative observations of Asian and
Aftrican strains have been reported[32]. In both Africa and
Asia, the re-emergence was unpredictable, with intervals
of 7 to 20 years between consecutive epidemics. A rep-
resentative example refers to the Indonesian outbreaks.
The first cases of CHIKV were reported in Samarinda
and Balikpapan, East Kalimantan, Indonesia in 1973. The
disease then spread to Kuala Tungkai (Jambi Province) in
1980, and Yogyarkarta, Martapura and Ternate in 1983.
After a hiatus of 20 years, 24 distinct outbreaks of prob-
able CHIKYV were reported between 2001 and 2003. Up
to 8068 cases were reported in 29 cities of nine provinces
in 2003, including Central Java, Yogyakarta, Banten, West
Java, East Java, Bali, West Nusas Tenggara, East Nusa
Tenggara and Lampung. In 2004, outbreaks were report-
ed in Keagungan, West Jakarta (50 cases), Magetan, East
Java (at least 168 cases), and Central Java (820 cases)™.
In June 2004, a CHIKV outbreak was reported in
Kenya®. The next outbreak emerged in the Indian
Ocean Islands, during the first months of 20057, More
than 5000 cases were reported in Comoros from Janu-
ary to March 2005. A few months later, between March
and June, the virus circulated in other islands, i.e. the
Reunion, Mayotte, Seychelles, and Mautitius Islands. An
outbreak of CHIKYV was identified in the Reunion Island
between April and June with a peak incidence in May
which next decreased in winter season. The local sentinel
network in the Reunion Island and the French health
service administration (DRASS) reported 12400 cases
infected by CHIKV in the Reunion Island. Surprisingly,
a second outbreak occurred at the end of December
2005 and the first couple of months of 20006, and a very
fast increase in the number of infected persons of more
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than ten times (about 186000 cases) was observed and
DRASS announced 93 patients who died from CHIKV.
In January 20006, it was also reported in Madagascar. By
mid-March, about 214000 persons had been infected
with CHIKYV in the Reunion Island, 148 of them died
after infection. One month later, about 236000 persons
(up to one-third of the 770000 people living on the Re-
union Island), were infected and 181 of them died. Next,
the Mauritius Island (more than 200 cases) and Seychelles
(more than 1000 cases), and the French Island Mayotte
(4308 cases, probably underestimated, of a population
of about 180000) which are also located in the Indian
Ocean have also reported cases of CHIKV-infection in
humans. The outbreak of CHIV which occurred in India
between 2005 and 2007 has infected 1.5-6.5 million peo-
ple®™. Other outbreaks of CHIV took place in Cameroon
in 2006 and in Gabon in 2007"", where 11 500 cases were
recorded between April and June.

Although the number of cases and the impact of the
disease are not comparable to what has been described in
Africa, India and the Indian Ocean atea, Europe has not
been spared by the CHIKV. In 2007, an infected travel-
ler from India arrived in Italy and, within a few weeks, a
small outbreak of more than 200 people was reported
in this country where the local transmission was made
possible by the enormous population of _Aedes albopictus
and the presence of a CHIKV-positive patient”™. This
European episode is very interesting because it helps
understand the dynamics of virus outbreak, based on ge-
netics characteristics of viruses, conditions encountered
in interactions of virus with the vector, the geographical
distribution of the vector and the climatic conditions fa-
vouring the development of an urban cycle of transmis-
sion. This will be commented in the subsequent section
of this review.

SOUTH OF FRANCE: AN OBSERVATORY
FOR INSECT-BORNE PATHOGEN
DYNAMICS

In the coming decades, arboviruses will more frequently
affect regions of the wotld that are outside of the tropi-
cal areas and it is very likely, for example, that Europe will
face important arbovirus epidemics in the future™. This
could occur through a combination of at least two major
phenomena: First, the rapid global movement of people
including those recently infected with arboviruses, as was
observed in southern France in 2006, in Marseille, with
people traveling from the Comorian Islands to France
and carrying CHIKV; Secondly, because of changes in
the implementation of vectors into new territories as in
the cases of Aedes albopictus in southern France, perhaps
linked to climate changes which likely determine the
geographical and temporal distribution of arthropods as
well as their life cycle, but most probably by accidental
motorway transport. This adaptation of a mosquito is
interesting and troubling because it opened the door to
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Figure 3 Globalization of the distribution of pathogens. Climate change, ecosystems evolution, anarchic urbanization, human behaviors, migration of humans
and animals, development of air transport, extensive agriculture and water control projects, contribute to rapid spread of vectors and arbovirus-induced diseases in the

world.

new epidemics. Interestingly, the most frequent vector
of CHIKY, Aedes aegypti is not present in the South of
France. In contrast, Aedes albopictns which can carry and
transmit the CHIKV to humans, is now well established
in the South East of France, in cities such as Nice and
Marseille, and it has been reported further West towards
Montpellier and further North to Valence and Greno-
ble™. In the event of contamination of mosquitoes by
CHIKY, the spread of the disease will depend on many
parameters including the abundance of mosquitoes in the
area, the number of infected people moving around, the
density of the population in the concerned region, the
lifespan of infected mosquitoes, the replication time of
the pathogen, the ability of mosquito to bite people, ez
The ecological conditions make an outbreak very likely,
since some port cities of southern France are regularly
visited by the people from infected areas and since Ae-
des albopictns tends to colonize urban atreas (it is present
in wet gardens and also in the water of flower pots at
home), and preferably it bites man when it has the choice
between man and animal.

Interestingly, two domestic cases of CHIKV and
DENYV transmission were reported in south of France
in September 2010"". The two autochthonous cases of
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Dengue were diagnosed on September 10 and Septem-
ber 17, 2010 in people living in the city of Nice neat an
imported founder case (note that there were 173 cases
of Dengue imported into France in 2010 with two-thirds
coming from the Caribbean). The two autochthonous
cases of CHIKYV infections occurred in the town of
Fréjus at monthly intervals, with the first case diagnosed
on September 24, 2010 in a small area where resided an
imported founder case of CHIKV. These CHIV isolates
have been sequenced™. These infections have been made
possible by the presence of mosquitoes Aedes albopictus
(Figure 3), which are thought to have arrived in France
with the motorway transport between Italy and France.
Once installed in the city, mosquitoes tend to move
slightly and bite people in the neighborhood.

Moreover, this region of southern France is known
for being a place of emergence of other arboviruses in-
cluding outbreaks of West Nile virus. Initially reported in
France in the 1960s, West Nile fever re-emerged in 2000
in the wetland of Camargue where it is episodically rein-
troduced by migratory birds and caused 76 equine clinical
cases, 21 of which died™. West Nile virus is frequently
associated with ornithophilic Culex spp. mosquitoes,
which amplify the virus and transmit it to domestic and
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migratory birds, facilitating a wide geographical spread. In
2003, 7 human cases were reported in the Var district in
Southeastern France. One may question what will be the
impact of the introduction of Aedes albopictus in South-
ern France on the potential spread of West Nile virus.
Indeed, the diet patterns of haematophagous arthropods
are of major importance in the spread of arthropod-
borne infectious pathogens. As recently studied™ Aedes
Albopictus acquired blood exclusively from human host.
Accordingly, invasion of a geographic area by Aedes Al
bopictus could likely support local outbreak of Chikungu-
nya and Dengue viruses induced diseases; in contrast, this
mosquito could be expected to have negligible impact on
the transmission of zoonotic agents, such as West Nile,
since it avoids avian blood feeding in its diet.

It is also worth noting that, each year, there are a few
thousand cases of imported malaria in France. The last
known case of autochthonous malaria (Plasmodium vivax)
was reported in Corsica, an Island at the South of France,
in 2006, The French Health Authorities have also iden-
tified other risks of arboviruses, in particular the Usutu
vitrus, a Flaviviridae and the Toscana virus, a Bunyaviridae.
Two autochtonus cases of Toscana virus-fever, a virus
transmitted by Phlebotomus spp, were recently reported by
the French Institute of Public Health, InVS, in 2011,

Vector control will be a requirement to interrupt the
transmission of emergent/re-emergent vector-borne dis-
eases.

FIGHT AGAINST HEALTH THREATS: ONE
CANNOT BE EFFECTIVE AGAINST WHAT
WE DO NOT KNOW WELL

It is of utmost importance to support and conduct re-
search on basic and applied aspects of host, pathogen,
and environmental factors that influence disease emer-

gence and re-emergence as well as transmission. For
example, CHIKV may survive in wildlife species through
constant transmission cycles moving in epizootic waves
(sylvatic cycle)™. Meteorologic factors such as tempera-
ture, rainfall, and humidity influence the transmission
dynamic of vector-borne diseases, with increased viral
spread following periods of heavy rainfall. Humans en-
tering the areas where infected mosquitoes circulate may
serve as incidental hosts for the mosquitoes and thus be-
come infected. These people may then provide a source
of virus to infect peridomestic mosquitoes, which next
become involved in urban cycle of CHIKYV transmission
and epidemic episodes in the urban community.

Until recently, CHIKV episodes were restricted to
diffuse epidemics in Africa where it was propagated by a
variety of mosquitoes from the Aedes family, including
Aedes furcifer, Aedes luteocephalus, Aedes taylori, Aedes africa-
s, Then, the virus was imported to Thailand and India
where it became an urban disease, transmitted largely by
Aedes aegypti rnosquitoesm]. It is of particular interest that
the CHIKV strain that has caused most of the epidem-
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ics in urban areas of the Indian Ocean is believed to have
originated in Central/East Africa and transmitted by .Aedes
aegypti. Phylogenetic studies have shown that the earliest
CHIKYV isolated from the Reunion Island closely resem-
bled those from East Africa, but as the epidemic accelerat-
ed, the CHIKYV sequence of subsequent isolates changed,
resulting in an amino acid substitution in the viral E1
envelope glycoprotein as a consequence of viral genome
microevolution!™. Simultaneously, this mutation appeared
only in the CHIKYV isolated from Aedes albopictus. Until
very recently, CHIKV outbreaks in India were primarily
associated with Aedes aegypti as it is in Africa. The Indian
CHIKV-induced disease is recognized as an urban dis-
ease whereas the CHIKV African strains are expected to
spread under sylvatic nature. Surprisingly, it was evidenced
that CHIKV that circulated in India after the Reunion
Island outbreak was genetically related to that circulating
in the Indian Ocean Islands. This Indian CHIKYV carties
the mutation that allows a more efficient dissemination
in _Aedes ﬂ//ﬂO]bi[fﬂJ[49]. CHIKYV that were then circulated in
Cameroon (20006), Gabon (2007) and Italy (2007), all bear
the mutation which favors a transmission of the pathogen
by Aedes albopictus. In Indian Ocean, Cameroon and Ga-
bon, Aedes albopictus has effectively displaced Aedes aegypti
through interspecific competition. Aedes albopictus appears
to have adapted to activities of humans such as transpor-
tation and water programs, and it has colonized perido-
mestic storage of used car tires and transportation of
plants. Aedes albopictns is now present in southern Europe.
Although climate change has not yet been scientifically
proven to have caused the emergence or re-emergence of
any of the vector-borne diseases, a warming climate that
would facilitate the introduction of mosquitoes in areas
not yet infected, represents a serious hypothesis for the
development of arboviruses in new regions of the world.
Such considerations must be taken into account to antici-
pate changes that will undoubtedly lead to future epidem-
ics. They have also important implications for the design
of vector control strategies to fight against the virus in the
regions at risk of Chikungunya fever.

African strains of CHIKV differ from the Reunion
Island isolates of the virus regarding the sensitivity of
Aedes albopictus for infection and replication of the virus-
es™, Acquisition of a single V226A mutation by the Re-
union Island isolates coincides with the acquisition of a
dependence on cholesterol in the target cell membrane®!
and their sensitivity to lysomotropic agents during infec-
tion of mammalian cells™.

Research on vector control using environmentally safe
insecticides will be required to interrupt the transmission
of arboviruses. Other approaches could be to block the
virus replication cycle. A better understanding of the rep-
lication cycle of CHIKYV in both insect cells and mam-
malian cells should help move forward in this ﬁghtm]. In-
sects cannot synthesize cholesterol de #ovo and depend on
dietary cholesterol for their physiological requirements[54].
Under culture conditions that allows to question the
requitement for membrane cholesterol in C6/36 Aedes
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Figure 4 Accumulation of knowledge. We know relatively little about the cycle of CHIKV replication in mammalian cells and insect cells. It remains necessary to
conduct experimental work to better understand the virus replication cycle, particularly in order to develop therapeutic agents. Understanding of each stage of the
cycle, the molecular crosstalk between the pathogen and the host, and each molecular interaction, may offer a new avenue to fight the pathogen.

albopictus cells infected by CHIKYV, we found that choles-
terol depletion reduced the infectivity of strains bearing
an alanine residue at position 226 of E1 (African CHIKV
strain), whereas strains bearing a valine at position 226 of
E1 (the Reunion Island CHIKYV strain) are markedly less
sensitive, indicating that the presence of valine represents
a selective advantage for the virus subjected to this selec-
tion pressure”™. Yet, there are still many things to under-
stand in the replication cycle of CHIKV (Figure 4). For
example, we have recently demonstrated that entry of
CHIKYV into mammalian cells occurs by a pH-dependent
pathway®™, and that entry of the virus into mosquito
cells occurs by a pH-independent pathway™. In mam-
malian cells, CHIKV uses clathrin-independent, Eps15-
dependent endocytosis as an entry pathway and requires
functional early endosomes and low pH conditions in
this compartment for productive infection™. The more
we move forward in understanding intracellular cycle of
the virus, the more chances we will have to design mol-
ecules capable of inhibiting the replication of the virus,
thus developing them into efficient therapeutics.

WORLD IS CHANGING, ECOSYSTEMS
ARE CHANGING, BIOMONITORING MUST
ADAPT

The few examples mentioned above illustrate the major
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development in the relations between pathogen, vector,
animal and human target within ecosystems that have
never changed so quickly. In this context, efforts should
be made on the development of biosurveillance (Figure 5).
This can be achieved, for example, by monitoring climate
change, exposure to environmental hazatrds, vulnerability
of populations, social behaviors, economic level of pop-
ulations, hygiene of housing, demographic factors, and
status of population health. It is also desirable to better
inform people through communication among scholars,
politicians and media, and probably consider warning sig-
nal coming from new soutces, such as encouraging peo-
ple to self-screen clinical signs of infection to accelerate
the specialized care. This also involves a better knowledge
of ecology of mosquitoes, the genetics of viruses, virus-
target cells interaction in mosquitoes, animal reservoirs
and humans, and replication cycle of the viruses' .
Improvement of diagnostics and therapeutics is needed
for eatly detection and control of infectious diseases (in-
cluding preventive measures regarding blood transfusion
in areas with a recent outbreak). This seems obvious, but
one must know with certainty which pathogenic agent
is causing the disease. In the past, similarities between
symptoms of CHIKV-disease and DENV-disease, proba-
bly accounted for the frequent misclassification and some
under-reports of CHIKV fever in areas with endemic
DENYV and, possibly, the incidence of CHIKYV infection
was much higher than reportedm], On the basis of clini-
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Figure 5 Emerging arbovirus diseases and the biosurveillance. Biosurveillance is based on three main principles: research (accumulation of knowledge in all
fields of science), large scale monitoring for early warning and intervention to prevent or reduce the epidemic risks.

cal symptoms, the infections by CHIKV may have been
mistaken for infections caused by related viruses, such as
RRV"", or O’Nyong-nyong virus®™,

Emerging infectious pathogens have significantly in-
creased over the past few decades, prompting the need
for more rapid outbreak detection and report. Of course,
to prevent these health threats, many structures have
been created that address this risk, such as the WHO,
the Center for Disease Control (CDC, Atlanta), the Eu-
ropean CDC, and others. An integrated global alert and
response system for EID and other public health emet-
gencies based on strong national public health systems
and capacity, and an effective international system for
coordinated response has been set up by the WHO,
The rapid expansion in Internet access and utilization has
also provided a more open route for reporting that could
push local governments toward greater transparency' .
Additionally, NIAID and others (i.e. Welcome Trust,
Gates Foundation), support training programs to main-
tain and develop the national and international scientific
expertise required to respond to future health threats.

France obviously contributes to international efforts
in the fight against emerging diseases. The country has
specific structures such as the Institute for Public Health
(InVS) with its division called the National Reference
Center for arboviruses, and the International Network of
Pasteur Institutes with many locations around the world.
Facing the constant threat of emerging diseases, it is
necessary to continue the development of a surveillance
system of infectious diseases, to develop ways for quick
diagnosis and prevention, and to expand international
collaborations in case of emergence. But is this enough?
Many French experts in the field of infectious diseases
now consider the desirability of establishing Centers for
Research and Biosurveillance, “Centre de Recherche et
de Veille” (CRV), in five major regions of the world, to
put themselves in situations dealing with the emergence
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of new pathogenic agents nearest to the place of emet-
gence.

The need arose to establish a CRV when the crisis
of CHIKYV outbreak occurred in the Reunion Island.
The main idea is simple: it is to set up transdisciplinary
approaches to diseases of wildlife and domestic animals
which have been highlighted as part of growing disci-
plines of conservation medicine. The purpose is to focus
on more proactive approaches to surveillance, health as-
sessment, and monitoring of wildlife populations as well
as health and disease interactions with anthropogenic
change and the ecological footprint. Indeed, the French
Ministry of Health and the Ministry of Higher Education
and Research quickly realized that despite the presence
on this island of many specialists in biology, medicine,
veterinary medicine and social sciences, the coordination
between different institutions and different specialists
of EID was poor. Decisions were made at the highest
level of government to overcome these difficulties. As
a consequence, the Indian Ocean CRV was created in
2007. CRVs should be valuable platforms to conduct
biosurveillance under a close working relationship with
neighboring countries” governments and academic insti-
tutions. The synergy between this biosurveillance system
near emergence sites and organizations of global health,
is likely a formula for success. The CRV should also be
centers where research teams can perform experiments
under optimum quality and safety conditions. In addition,
it will be necessary to establish quality controls to ensure
that data produced by different research groups of the
network of teams working in conjunction with the CRYV,
can be comparable and reproducible. The CRV may also
help provide adequate scientific training to health profes-
sionals. Finally, the CRV could also be considered as a
node of networks for international cohorts of patients
ot healthy individuals. The operation of these facilities
should be provided through the contributions of individ-
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ual institution partners, responding to international ten-
ders to programs and the fund raising from international
agencies and charitable organizations.

Ideally, in addition to the Indian Ocean CRY, it would
be desirable to set up an African CRV, a Southeast Asia
CRY, a Caribbean CRV, and a Mediterranean CRV. Of
course, it depends largely on the geopolitical situation in
these regions of the world, the state of diplomatic relations
with the countries of the region, and the wishes expressed
by our government in terms of scientific and health priori-
ties.
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Abstract

Porcine reproductive and respiratory syndrome virus
(PRRSV) infection is the leading cause of economic ca-
sualty in swine industry worldwide. The virus can cause
reproductive failure, respiratory disease, and growth
retardation in the pigs. This review deals with current
status of commercial PRRS vaccines presently used to
control PRRS. The review focuses on the immunogenic-
ity, protective efficacy and safety aspects of the vac-
cines. Commercial PRRS modified-live virus (MLV) vac-
cine elicits delayed humoral and cell-mediated immune
responses following vaccination. The vaccine confers
late but effective protection against genetically homolo-
gous PRRSV, and partial protection against genetically
heterologous virus. The MLV vaccine is of concern for
its safety as the vaccine virus can revert to virulence
and cause diseases. PRRS killed virus (KV) vaccine, on
the other hand, is safe but confers limited protection
against either homologous or heterologous virus. The
KV vaccine yet helps reduce disease severity when ad-
ministered to the PRRSV-infected pigs. Although efforts
have been made to improve the immunogenicity, ef-
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ficacy and safety of PRRS vaccines, a better vaccine is
still needed in order to protect against PRRSV.
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INTRODUCTION

Potcine reproductive and respiratory syndrome virus (PRR-
SV) causes severe economic loss in swine production in-
dustry worldwide". The virus has brought about severe
PRRS outbreaks in many countries in Southeast Asia in-
cluding Thailand, leading to an unusually high mortality of
pigs of all ages”. The virus also has recently devastated pig
industry in China, causing losses of more than 30% of pig
populations'”.

PRRSV belongs to the Arteriviridae family. The virus
possesses enveloped positive-sense, single-stranded RNA
genome of approximately 15 kb in size and with nine
open-reading frames (ORF)"Y. The up-to-date informa-
tion of PRRSV ORF is summarized in Table 1. PRRSV
can be classified into two genotypes, the North Ameri-
can (NA) and the European (EU). Both genotypes of
PRRSV share an approximately 60% nucleotide sequence

February 12,2012 | Volume1 | Issuel |



Charerntantanakul W. PRRSV vaccines

homology to each other™. Within each genotype, the
virus isolates can exhibit up to 20% variability of nucleo-
tide sequences, making them a variety of heterogencous
clusters or subpopulationsm.

PRRSV of either genotype causes reproductive fail-
ures in breeding age swine, which are characterized by
mummification, stillbirth, late-term abortion and delayed
return to estrus' . The virus also causes respiratory disor-
ders in growing pigs, which can be subclinical or fatal de-
pending on the virulence of the virus'. PRRSV-infected
pigs usually suffer from poor growth performance and
are highly susceptible to co- or secondary bacterial and
other viral infections.

The measures used currently to control PRRS include
management (e.g. whole herd depopulation/repopula-
tion and herd closure), bio-security, test and removal,
and vaccination”. Vaccination is used generally for the
purpose of reduction of clinical losses, but not of pre-
vention of virus infection. The vaccination strategy costs
lowest to the pig producers and is feasible to all sizes of
pig producers (i.c. small, medium and large), compared
with other PRRS control strategies. There are two types
of PRRS vaccines that are commercially available. One
is a modified-live virus (MLV) vaccine and the other is a
killed virus (KV) vaccine. PRRS MLV vaccine is well rec-
ognized for its protective efficacy against PRRSV that are
genetically homologous to the vaccine virus. It is of con-
cern, however, for its immunogenicity, cross protective
efficacy and safety. PRRS KV vaccine, on the other hand,
is well known for its safety, but it only confers limited
protection.

This article aims to summarize the current status of
commercial PRRS vaccines with respect to their immu-
nogenicity, efficacy and safety. The article also discusses
current efforts to develop an ideal PRRS vaccine.

MLV VACCINE

General information

PRRS MLV vaccine is licensed for use in several coun-
tries wotldwide (http://www.cfsph.iastate.edu/Vaccines/
disease_list.php?disease=porcine-reproductive-respirato-
ry-syndrome&lang=en). The MLV vaccines licensed for
use in the US are detived from the NA PRRSV, which in-
clude Ingelvac® PRRS MLV and ReproCyc® PRRS-PLE
(both from VR-2332; Bochringer Ingelheim), and Ingel-
vac® PRRS ATP (from JA-142; Boehringer Ingelheim).
The MLV vaccines licensed for use in the EU countries
are, likewise, derived only from the EU PRRSV, which
comptise Porcilis PRRS® (from DV; Merck), Amervac-
PRRS® (from VP046; Hipra), and Pyrsvac-183® (from
All-183; Syva). The MLV vaccines licensed for use in
other countries may not be restricted to either virus gen-
otype and may be available for both PRRSV genotypes.
Details of the commercial PRRS MLV vaccines are sum-
matized in Table 2.

Immunogenicity
Commercial PRRS MLV vaccine of either NA or EU
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genotype elicits relatively weak humoral and cell-mediated
immune (CMI) responses. PRRSV-specific antibodies
appear approximately 2 wk, and peak around 4 wk after
vaccination'. Majority of the antibodies are against viral
nucleocapsid (N) proteins which have no neutralizing ac-
tivity”. These antibodies do confer some clinical protec-
tion, but their protective mechanism is yet unknown!”.

PRRSV-specific neutralizing antibodies appear ap-
proximately 4 wk after vaccination, and have relatively low
titers (approximately 2°-2%) throughout the course of im-
munization'”. The reason for poor neutralizing titers is not
exactly known but is proposedly attributed to the presence
of decoy neutralizing epitopes and the heavy glycosylation
of the major and minor neutralizing epitopes” .

PRRSV-specific CMI response appears approximately
2-4 wk after vaccination as determined by lymphocyte
blastogenesis and interferon y (IFNy) production in re-
call reaction"'”. Majority of T cell subsets responsive to
PRRSV are CD4°CD8" and CD4CD8""™ which are
identified as porcine memory T helper cells and cytotoxic
T cells, respectively[14’15]. The frequency of PRRSV-spe-
cific T cells producing IFNy increases gradually with age,
reaching a peak at approximately 32 wk of vaccination'".
This is extremely delayed compared with T cell response
to pseudorabies virus (PRV) MLV vaccine, which appears
within 1 wk of vaccination and peaks approximately at
4 wk after vaccination'". The reason for delayed and
weak CMI response to PRRSV is not thoroughly known,
but is reported to be attributed, at least in part, to virus-
mediated suppression of type I IFN and other pro-
inflammatory cytokines, e.g. interleukin-1 (IL-1), IL-12,
and tumor-necrosis factor o (TNFo)"'”. The poor CMI
response might be also attributed to the virus capacity to
up-regulate anti-inflammatory cytokine production, i.e.
IL-10 and transforming-growth factor 3, in infected cells,
and to induce regulatory T cell responsemwj.

Following a challenge exposure to virulent PRRSV,
MILV-vaccinated pigs do not develop systemic anamnestic
antibody and CMI responses to the challenge viruses that
are genetically homologous to the vaccine virus, but do
develop anamnestic immune responses to the genetically
heterologous viruses">***!. ‘This absence of anamnestic
antibody and CMI responses is observed also following
repeated immunizations with PRRS MLV vaccine!'”. The
reason for the absence of anamnestic immune responses
to homologous virus, and the presence of anamnestic
responses to heterologous virus is yet unknown. These
phenomena, however, seem not to affect the protective
efficacy of the MLV vaccine***!!

Protective efficacy

PRRS MLV vaccine effectively protects pigs from PRRSV-
mediated reproductive and respiratory diseases. The vac-
cine helps protect gilts from viremia and helps reduce
numbers of pre- and post-natal death and congenitally in-
fected pigletsm]. Piglets born to vaccinated gilts had higher
body weight and survival rate at weaning than those born

. o253 .
to non-vaccinated control gllts[ | The MLV vaccine, when
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Table 1 Porcine reproductive and respiratory syndrome virus genome and relevant information

ORF Product Function Role in immunity/protection Ref.
la Nspla Papain-like cysteine protease Potential IFN and TNFo antagonist [66-68]
Nsplp Papain-like cysteine protease Potential IFN and TNFa antagonist [66,68,69]
Nsp2 Cysteine protease Potential IFN antagonist [70]
Nsp3 Transmembrane protein NA [70]
Nsp4 Serine protease NA [70]
Nsp5 Transmembrane protein NA [70]
Nsp6 NA NA [70]
NspZa. NA Potential antigen for serological [70]
determination of persistence infection
Nsp7B NA Potential antigen for serological [70]
determination of persistence infection
Nsp8 NA NA [70]
1b Nsp9 RNA-dependent RNA polymerase NA [70]
Nsp10 Helicase NA [70]
Nspll Endoribonuclease Potential IFN antagonist [70,71]
Nsp12 NA NA [70]
2a GP2 Minor envelope protein; interacts with CD163 Minor neutralizing epitope [72]
2b E protein Minor envelope protein; possibly form oligomeric ion channel NA [72]
8 GP3 Minor envelope protein Minor neutralizing epitope [72]
4 GP4 Minor envelope protein; interacts with CD163 Minor neutralizing epitope [72]
5 GP5 Major envelope protein; interacts with sialoadhesin Major neutralizing epitope [72]
6 M protein Major envelope protein; interacts with heparan sulfate T cell epitope; minor neutralizing epitope [72]
7 N protein Nucleocapsid Non-neutralizing epitope [72]

Nsp: Non-structural protein; GP: Glycoprotein; NA: No data available; ORF: Open-reading frames.

Table 2 Recommendation and vaccination schedule of commercial PRRS modified-live virus vaccines

Vaccine' Pigs’ Route Dose (mL) Program
Ingelvac® PRRS MLV Gilt/Sow im 2 At any stage of production’
Piglet/Nursery/Growing im 2 At any stage of production’
ReproCyc® PRRS-PLE Gilt/Sow im 5 Primary: 4-6 wk prior to breeding
Booster: prior to subsequent breeding
Ingelvac® PRRS ATP Nursery/Growing im 2 At 3-18 wk of age
Porcilis PRRS® Gilt/Sow im/id 2/0.2 Primary: 2-4 wk prior to breeding
Booster: 2-4 wk prior to subsequent breeding/or every 4 mo
At 2 wk of age or older
Piglet/Nursery/Growing im/id 2/0.2
Amervac-PRRS® Nursery/Growing im 2 At 4 wk of age or older
Pyrsvac-183°® Gilt/Sow im 2 Primary: 2-4 wk prior to breeding
Booster: 3-4 wk prior to subsequent breeding
Piglet/Nursery/Growing im 2 At 2-3 wk of age or older

"Not recommended for use in porcine reproductive and respiratory syndrome virus-negative farms; *Not recommended for use in boars due to negative

impact on semen quality”; >Recommended to revaccinate every 3-4 mo for whole herd vaccination program. im: Intramuscularly; id: Intradermally.

used in PRRSV-infected sows, effectively helps reduce
abortion and return to estrus rate, and increase farrowing
rate and number of weaning pigs”*”.

In growing pigs, immunization with PRRS MLV vac-
cine associates with reduced viremia, respiratory signs,
and improved growth performance****. The MLV vac-
cine, when vaccinated during acute PRRS outbreak or
in endemically PRRSV-infected pigs, helps reduce virus
shedding and respiratory disease, and improve growth
performance’ .,

Despite good protection, several concerns have been
raised with respect to the MLV vaccine efficacy. First,
PRRS MLV vaccine confers relatively delayed protec-
tion, which is usually detectable around 3-4 wk after

(49

Boiohidengs  WIV | www.wignet.com

25

. . 29 . . . .
vaccination™!. Second, vaccine protection is rather virus

genotype-specific and, to the most extent, strain-specific.
Protection conferred by EU PRRS MLV vaccine is seen
only after EU, but not NA PRRSV challenge™*. Like-
wise, protection by NA PRRS MLV vaccine is seen after
NA, and to some extent, EU PRRSV challenge[13’29]. And
third, immunization with PRRS MLV vaccine might
interfere with the protective efficacy of other swine vac-
cines, e.g. Mycoplasma hyopneumoniae bacterin. The MLV
vaccine, when administered with certain schedule of the

bacterin, might lower the bacterin efficacy”"”".

Safety

The major concern of PRRS MLV vaccine is reversion to
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Table 3 Recommendation and vaccination schedule of commercial PRRS killed virus vaccines

Vaccine Pigs Route Dose (mL)  Program
Progressis®/ Gilt im 2 Primary: twice, 3-4 wk interval, at least 3 wk prior to breeding
Ingelvac® PRRS KV Booster: 60-70 d of each gestation
Sow Primary: twice, 3-4 wk interval, at any stage of production
im 2 Booster: 60-70 d of each gestation
Suipravac-PRRS Gilt im 2 Primary: twice, 3-4 wk interval, when entering the farm
Booster: Follow sows’ vaccination program
Sow im 2 Primary: twice, 3-4 wk interval, during pregnancy or lactation
Booster: every 4 mo
Suivac PRRS-INe/ Gilt/Sow im 2 Primary: three times; 1st at 5-6 mo of age, 2nd at 3-4 wk after 1st,
Suivac PRRS-IN and 3rd at 6-4 wk prior to expected farrowing
Booster: twice; 1st at 3-4 wk after the farrowing, and 2nd at 6-4 wk
prior to the further expected farrowing
Boar im 2 Primary: twice, 4 wk interval, starting at 6 mo of age
Booster: every 4-6 mo
Nursery/Growing im 2 Three times: 3-4 wk interval, starting at 6-10 wk of age

im: Intramuscularly; KV: Killed virus.

virulence. This is predominantly through genetic muta-
tions of the vaccine virus and/or recombination with field
virulent PRRSVP?. The revert-to-virulent vaccine virus
can cause clinical diseases, both reproductive and respira-
tory, and affect growth performancem]. The vaccine-like
virus can potentially cross placenta during late gestation,
and cause mummification and stillbirth™”. Piglets born
to these infected sows can be carriers of PRRSV and can
shed the virus to other naive pigs™”. In addition, the MLV-
vaccinated pigs can develop viremia of the vaccine virus
at least 4 wk after vaccination, and during this period, the
animals can spread the virus to other naive animals"™”.

KV VACCINE

General information

PRRS KV vaccine is licensed for use in EU countries
and other parts of the world, but not in the US. In the
US, the vaccine appeared once in the market (under the
trade name PRRomiSe™; Intervet), but the manufacturer
discontinued it in 2005. The PRRS KV vaccines licensed
for use in the EU can be derived from both EU and NA
PRRSV. These vaccines include Ingelvac® PRRS KV (de-
rived from P120; Boehringer Ingelheim), Suipravac-PRRS
(from 5710; Hipra), Progressis® (from proprietary strain;
Merial), Suivac PRRS-INe (from VD-E1 and VD-E2;
Dyntec), and Suivac PRRS-IN (from VD-E1, VD-E2,
and VD-A1; Dyntec). Details of the commercial PRRS
KV vaccines are summarized in Table 3.

Immunogenicity
In contrast to PRRS MLV vaccine, vaccination with
PRRS KV vaccine does not elicit detectable antibodies
as determined by IDEXX ELISA and serum virus neu-
tralization assay”'. The vaccine also barely elicits CMI
response as determined by lymphocyte proliferation and
IFNy production in recall response“z’m.

When PRRS KV vaccine is used in PRRSV-positive
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pigs, the vaccine helps increase antibody and CMI re-
sponses to the infecting virus">. The enhanced immune
responses are detected approximately 2 wk after the sec-
ond shot of vaccination, and correlate with protection'**,
These findings lead to the potential application of PRRS
KV wvaccine as a therapeutic vaccine in PRRSV-positive

farms.

Protective efficacy

PRRS KV wvaccine is considered less efficacious than
PRRS MLV vaccine. In naive animals, the vaccine fails to
prevent reproductive losses and congenital infection in
fetuses”™. When used off-label in growing pigs and boars,
the vaccine fails to reduce viremia, duration and titers of
virus shedding in semen, and respiratory signs after viru-
lent PRRSV challengem].

The benefit of PRRS KV vaccine is seen mote obvi-
ously in virus-infected animals. In these cases, the vaccine
helps improve reproductive performance, e.g. increased
farrowing rate, number of weaned pigs, and health status
of piglets born to vaccinated sows" L

Safety

The PRRS KV vaccine is considered safe. Up to date,
there has been no report on the negative impact of PRRS
KV vaccine on pig health.

CURRENT EFFORTS ON PRRS VACCINE
DEVELOPMENT

Numerous efforts have been made to develop an ideal
PRRS vaccine, i.e. vaccine that possesses high immuno-
.. . . 38,39

genicity, confers broad protection, and is safe®”. These

: . 40-42

efforts reportedly included use of several adjuvants'™™*,

: . 43,44] .

use of mixed strains of PRRSV™* and generation of

. . . . 45.46 .

alternative vaccines, i.e. DNA vaccine!™*" subunit vac-

. [47,48] . . s (13

cine"” ", synthetic peptide vaccine

, viral vector vac-
. . . 49-51 52,53 . 54,55
cines using adenovirus™", PRVP>?, poxv1rus[ I and
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Encoded ORF/GP Immunogenicity Protection Ref.
Antibody CMI Homologous Heterologous

DNA vaccine ORF1-7 + + + ND [45,46]
Subunit vaccine GP5 Poor Poor - ND [47,48]
Synthetic peptide vaccine GP5 - - ND - [13]
Adenovirus vector vaccine GP3,4,5 + + ND ND [49-51]
PRV vector vaccine GP5, M + + + ND [52,53]
Poxvirus vector vaccine GP3,5, M + + + ND [54,55]
TGEV vector vaccine GP5, M + ND + ND [56]
Alphavirus-derived replicon GP5, M T+ T 1 T [57]
Bacterial vector vaccine GP5, M + - + ND [58]
Insect cell-derived vaccine ORF3, 5,7 + ND + ND [59]
Plant-derived vaccine GP5 + + ND ND [60,61]
Gene-deleted MLV (deleted15-mer nsp2 epitope) T ND ND ND [65]

+: Success; -: Failure; ND: Not determined.

.. s : 50] :
transmissible gastroenteritis virus”" as vectors, alphavirus-

derived replicon®™, bacterial vector vaccine®™, insect cell-
derived vaccine®™, and plant-derived vaccine!™"! (Table 4).
These efforts, however, can achieve at best some, but not
all, properties of an ideal PRRS vaccine. In fact, none of
these efforts can confer significantly better protection than
PRRS MLYV vaccine.

Development of mucosal vaccine also has been at-
tempted in order to induce protective mucosal immunity,
primarily at the site of PRRSV entry, i.e. respiratory and
vaginal[(’z]. The success of mucosal vaccination concept
has been reported in many other virus models, e.g. polio-
virus, influenza virus and human immunodeficiency vi-
rus'. PRRSV glycoprotein 5 and N proteins conjugated
with cholera toxin, a potent inducer of mucosal immu-
njtyw, were shown to enhance the antibody response in
mucosal surfaces, i.e. intestinal and genital, when the vac-
cine was administered orally, but the protective efficacy
of the vaccine was not evaluated®™. The vaccine, when
administered intramusculatly, however, failed to confer
respiratory and viremia protection'”.

There is also an effort to produce a PRRS vaccine
that can differentiate infected from vaccinated animals for
PRRS eradication'®, This is accomplished by a deletion
of 15-mer of non-structural protein 2 (nsp2) epitope of
PRRSV. This gene-deleted vaccine is waiting for evalua-
tion of its protective efficacy in the pigs (Table 4).

FUTURE PROSPECTS

Current major obstacle for development of an ideal
PRRS vaccine is the lack of complete knowledge on sev-
eral aspects of PRRSYV, including (1) the virus strategies
to suppress and evade host innate and adaptive immune
responses; (2) the virus epitope(s) responsible for such
immune suppression and evasion; (3) the virus epitope(s)
common to both NA and EU PRRSV and can confer
broad protection; and (4) the roles of PRRSV non-struc-
tural proteins and structural proteins on virus replication,
virulence, immunity and protection. Efforts are needed
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to elucidate all these gap of knowledge. Addressing these
questions will be essential to advance our understanding
on PRRSV immunology and to provide valuable infor-
mation for vaccine development.

CONCLUSION

There are two types of commercial PRRS vaccines current-
ly used to control PRRS. PRRS MLV vaccine confers ef-
fective genotype/strain-specific protection, but provides
only partial protection against genetically heterologous
PRRSV. The MLV vaccine elicits relatively late humoral
and CMI responses which lead to delayed protection.
The vaccine virus has a potential to revert to virulence
and cause diseases. PRRS KV vaccine, on the other hand,
has poor immunogenicity and poor protective efficacy
against either homologous or heterologous PRRSV. The
vaccine, however, confers some protection when admin-
istered to the PRRSV-infected pigs.

The development of PRRS vaccine is and will be the
topic of interest among PRRS researchers for years to
come. With efforts from laboratories worldwide, it is pos-
sible that we will come up with a better PRRS vaccine.
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Abstract

Serological tests for antibodies specific for Epstein-Barr
virus (EBV) antigens are frequently used to define in-
fection status and for the differential diagnosis of other
pathogens responsible for mononucleosis syndrome.
Using only three parameters [viral capsid antigen (VCA)
IgG, VCA IgM and EBV nuclear antigen (EBNA)-1 IgG],it
is normally possible to distinguish acute from past in-
fection: the presence of VCA IgM and VCA IgG without
EBNA-1 IgG indicates acute infection, whereas the
presence of VCA IgG and EBNA-1 IgG without VCA IgM
is typical of past infection. However, serological findings
may sometimes be difficult to interpret as VCA IgG can
be present without VCA IgM or EBNA-1 IgG in cases
of acute or past infection, or all the three parameters
may be detected simultaneously in the case of recent
infection or during the course of reactivation. A profile
of isolated EBNA-1 IgG may also create some doubts.
In order to interpret these patterns correctly, it is nec-
essary to determine IgG avidity, identify anti-EBV IgG
and IgM antibodies by immunoblotting, and look for
heterophile antibodies, anti-EA (D) antibodies or viral
genome using molecular biology methods. These tests
make it possible to define the status of the infection
and solve any problems that may arise in routine labo-
ratory practice.

© 2012 Baishideng. All rights reserved.

(4 9

Boichidongs  WIV | www.wjgnet.com

31

Key words: Epstein-Barr virus infection; Serology; Immu-
noblotting; Avidity IgG; Epstein-Barr virus-DNA

Peer reviewer: And Baicus, MD, PhD, Lecturer, Senior Scien-
tific Researcher, Head of the Enteric Viral infections Laboratory,
Cantacuzino National Institute of Research-Development for
Microbiology and Immunology, Spl. Independentei 103, Sect.5,
050096 Bucharest, Romani

De Paschale M, Clerici P. Serological diagnosis of Epstein-Barr
virus infection: Problems and solutions. World J Virol 2012; 1(1):
31-43 Available from: URL: http:/www.wjgnet.com/2220-3249/
full/v1/i1/31.htm DOI: http://dx.doi.org/10.5501/wjv.v1.i1.31

INTRODUCTION

Epstein-Barr virus (EBV) or human herpesvirus 4 is
ubiquitous, and about 90% of adults throughout the
wortld have antibodies against it". Acute infection is usu-
ally asymptomatic in immunocompetent children, and
manifests itself as mononucleosis in 30%-50% of im-
munocompetent adolescents and adults™. Especially in
immunocompromised patients, EBV is associated with
various lymphoproliferative disorders and some neoplastic
diseases, including Burkitt’s lymphoma and nasopharyn-
geal carcinoma.

Like other herpesviruses, EBV has a productive lytic
cycle and a latent phase. B lymphocytes are infected after
the viral envelope glycoprotein gp350/220 has bound
to the CD21 cell receptor, which is also the receptor for
the C3d component of complement'. During the Iytic
cycle, regulatory proteins belonging to the immediately
early antigen (IEA) and early antigen (EA) groups are
synthesized to allow the production of viral DNA (EBV-
DNA), the virion structural proteins (viral capsid antigen,
VCA) and membrane proteins (MA). The Iytic cycle leads
to the destruction of infected cells and the production
of viral particles, but EBV can also persist in host cells
without complete virus production by replicating ex-
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trachromosomal nucleic acids (episomes) following the
expression of a few selected viral genes'". The expression
of these genes leads to the immortalization of B cells
and their transformation into proliferating blasts™. In
immunocompetent patients, cytotoxic T' lymphocytes and
NK cells control the growth of transformed cells during
primary infection, particularly the CD8+ T cells directed
against antigens of the lytic cycle”. These cells are also
directed against antigens of the latent phase!, but the
response is insufficient to ensure their complete eradica-
tion, and the virus can persist throughout life with low
ot intermittent levels of vition production”. After recov-
ery, it has been estimated that about 1 in 10000-100000
memory cells contain EBV DNA in episomal form'".
During the latent phase, EBV nuclear antigens (EB-
NAs) and three latent membrane proteins (LMPs) are
expressed in infected cells. EBNAs represent a complex
of at least six proteins (EBNA 1-6). EBNA-1 is respon-
sible for maintaining the episomal state of EBV DNA in
infected cells, and EBNA-2 seems to be involved in the
immortalization of B lyrnphocytes[“]. The LMPs (LMP1,
LMP2A and LMP2B) may also play a role in the process
of immortalization, and oncoprotein LMP-1 appears to
be responsible for most of the effects altering the growth
of infected B cells"?. Depending on the expressed an-
tigens, it is possible to distinguish four types of latency,
each of which is typical of the diseases associated with
EBV (Table 1). As EBNA-3 is a target of CD8+ lympho-
cytes'), latent cells are normally eliminated by cytotoxic
T lymphocytes in immunocompetent patients'”’, whereas
the transformed cells can proliferate and cause various
lymphoproliferative disorders in immunosuppressed pa-
tients'"”.

Reactivation of the lytic cycle may occur during la-
tency, possibly because of the recirculation of infected
memory B cells in lymphoid tissues'" which, stimulated
by their natural antigens, differentiate into plasma cells.
The beginning of the replication cycle is characterized by
the initial expression of the BZLF1 gene initial expres-
sion and the production of Z Epstein-Barr replication
activator protein (ZEBRA), an IEA that starts a cascade
process which, by transactivating the expression of itself
and other IEAs, regulates the production of the viral
DNA polymerase and thymidine kinase required for
viral replicationm], and leads to the production of VCA
and MA, and the release of infectious virions'”. Vatrious
studies have associated this reactivation with episodes of
transplant rejection’ "', post-transplant lymphoprolifera-
tive diseases (PTLDs)""*"!, and clinical diseases in patients
with multiple sclerosis””.

The humoral response includes antibodies against
antigens of both the lytic cycle and the latent phase.
However, only a few are widely studied and used for di-
agnostic purposes. Anti-EA antibodies (EA IgG) reflect
two patterns, a diffuse (D) and a restricted pattern (R),
that were originally observed by means of immunofluo-
rescence on the basis of their distribution inside cells and
their differential denaturation by means of fixation and
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proteolytic enzymes. Although not always present, EA
(D) IgG increases during the first 3-4 wk and is no longer
detectable after 3-4 mo (approximately 85% of the pa-
tients with acute infection are positive for up to 3 mo af-
ter symptom onset) ™ even though in some cases they
can still be detected years after a primary infection™.
Approximately, 20%-30% of healthy subjects who have
previously been infected by EBV have EA (D) IgG™#*,
High titers have also been seen during reactivation™
and in patients with nasopharyngeal carcinoma””, who
also have high titers of VCA and EA IgAlZBJ. EA R) IgG
levels may remain high for up to 2 years and, in cases of
protracted disease, can be detected after the disappear-
ance of EA (D) IgG™. EA (R) IgG has been found in
children aged less than 2 years with silent infection, in pa-
tients with Burkitt’s lymphoma, and also in the previously
infected subjects at low levels™, High levels of EA (D)
and/or EA (R) IgG can also be seen in cases of reactiva-
tion and in immunocompromised patients””

Anti-MA antibodies seem to be particulatly important
in limiting the spread of infection and preventing rein-
fections™ ", The membrane antigen consists of three
glycoproteins (gp 350, gp 250 and gp 85), which are pres-
ent on the viral envelope and the membranes of infected
cells, and mediate the cell binding of the virus.

Antibodies against the capsid antigen IgG (VCA IgG)
typically appear at the time of the onset of the clinical
symptoms of acute infection, and remain positive for
life™, whereas IgM antibodies (VCA IgM) usually ap-
pear at the same time as VCA IgG and disappear within
a few weeks™ " although they may persist for several
months””. Children and adults with primary infection are
not always positive for VCA IgM"™*,

Anti-EBNA-2 IgG (EBNA-2 IgG) appear catly, and
may be present in up to 30% of the patients in the course
of disease”, whereas anti-EBNA-1 IgG (EBNA-1 IgG)
is usually undetectable during the first 3-4 wk after the
onset of clinical symptoms™” and is therefore indica-
tive of past infection. Furthermore, most patients with
chronic infection and immunosuppressed patients are
negative for EBNA-1 IgG or have only low levels™.

Searching for all of these antibodies is a means of
defining infection status and can also help in the differen-
tial diagnosis as mononucleosis syndrome may be caused
by other pathogens such as rubella, mumps, HHV 6,
HCMV, HIV, Toxoplasma gondii, ete. A1

Using only three parameters (VCA IgG, VCA IgM and
EBNA-1 IgG), it is generally easy to distinguish acute and
past infections in immunocompetent patients”>*. The
presence of VCA IgG and VCA IgM in the absence of
EBNA-1 IgG indicates acute infection, and the presence
of VCA IgG and EBNA-1 IgG in the absence of VCA
IgM is typical of past infection (Table 2). However, some
cases may have different profiles that can create diagnostic
doubts, such as the presence of VCA IgG in the absence
of VCA IgM and EBNA-1 IgG, the simultaneous pres-
ence of VCA IgG, VCA IgM and EBNA-1 IgG, and the
presence of EBNA-1 IgG in the absence of VCA IgG
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Table 1 Types of latency in Epstein-Barr virus-associated diseases
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Type 0 latency

(EBERs, BARTS)

Type I latency

(EBNA1, LMP2, EBERs, BARTS)
(BamHI A rightward fragments)

Type II latency

(EBNA1, LMP1, LMP2, EBERs, BARTS)

AIDS-related plasmablastic lymphoma

Burkitt’s lymphoma

Hodgkin’s lymphoma, AIDS-related Burkitt’s lymphoma or primary effusion lymphoma
Peripheral T cell lymphoma

NK/T cell lymphoma, nasal type
Nasopharyngeal carcinoma (plus BARF1)
Gastric adenocarcinoma (plus BARF1)

Type I latency
(EBNA1, -2, -3A, -3B, -3C; LMP1, LMP2, EBERs, BARTS)

Post-transplant lymphoproliferative disorder
AIDS-related immunoblastic or brain lymphoma

Infectious mononucleosis

Chronic active EBV infection
Lymphoblastoid cell lines in vitro
X-linked lymphoproliferative disease

Table 2 Interpretation of Epstein-Barr virus serological

profiles in immunocompetent patients

Anti-EBV antibodies Interpretation

VCA IgM VCA IgG EBNA-1 IgG

Negative Negative Negative No immunity

Positive Negative Negative Acute infection or non-
specificity’

Positive Positive Negative Acute infection

Negative Positive Positive Past infection

Negative Positive Negative Acute or past infection'

Positive Positive Positive Late primary infection
or reactivation'

Negative Negative Positive Past infection or non-

specificity'

'Further testing required.

and IgM (Table 2). In such circumstances, in addition to
following up the patients to assess any changes in the an-
tibody profile, it is also useful to petform other laboratory

The detection of antibodies is less useful in immuno-
compromised patients because of their immune system
dysfunctions, and the fact that the type of antibody and
its maintenance may vary over time depending on the dy-
namics of the disease, thus leading to atypical profiles.
There is generally an increase in the titers of VCA IgG
and EA (D) or EA (R) IgG, with a decrease in the titer
or loss of EBNA-1 IgG; there may also be increases in
other antibody classes such as EA IgA and, although less
frequently, VCA IgM. The variability observed in differ-
ent patients (this may be complicated by the therapeutic
use of immunoglobulins) indicated that a search for EBV
DNA by molecular biology methods is useful for the
diagnosis and follow-up of patients at risk of developing
EBV-related lymphoproliferative disorders™.

Serology is generally not decisive also in patients with
EBV-associated tumors as high values of VCA IgG and
EA IgG may persist with low titers of EBNA-1 IgG
(Table 3)[15’16] and, once again, a search for EBV DNA is
essential. There is one type of EBV-related cancer whose
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serology is characteristic: nasopharyngeal carcinoma typi-
cally leads to high VCA and EA IgA levels as a result of

. .. 46
its origin on the nasopharyngeal mucous membrane!

LABORATORY METHODS

Various laboratory tests have been used to diagnose EBV
infection. In addition to tests for other diagnostically use-
ful parameters (leukocytosis, lymphocytosis with atypical
lymphocytes, abnormal liver function test, ef.), there are
tests for detecting non-specific heterophile antibodies
and specific anti-EBV antibodies, as well as molecular

biology methods used to detect EBV DNA.

Heterophile antibodies

Heterophile antibodies are antibodies that agglutinate
cells of other animal species that are mainly associated
with mononucleosis due to EBV but may be, albeit rarely,
also detected in other diseases*’. They peak 2-5 wk after
symptom onset and then decline rapidly, although they
may rarely persist for 6-12 mo™*). Between 85% and
90% of adolescents and adults are positive during the
course of EBV infection: about 50% in the first week,
and 60%-90% in the second and third®”. However, only
50% of children aged 2-5 years are positive at any time
during the course of infection, and only 10%-30% of
those aged less than 2 yearsm. The rate of false negative
results can therefore be high in young children, whereas
false positive results are observed in only 2%-3% of the
patients with autoimmune diseases™.

Despite these limitations, detecting heterophile an-
tibodies can be helpful in the case of primary infection
mainly because of the simplicity of the tests. In routine
clinical practice, these include agglutination tests using
sheep, goat or horse red blood cells as antigens after
absorption with guinea pig kidney extracts in order to
remove natural antibodies against Forssman antigen (the
Paul Bunnel reaction), and newer tests based on latex
particles with adherent specific bovine antigen for hetero-
phile antibodies (monospot assays). Recently, multiplex
flow immunoassays (MFI) have been proposed because
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Table 3 Serological profiles in Epstein-Barr virus reactivation and some Epstein-Barr virus-associated diseases

Diseases VCA IgM VCA IgG VCA IgA EA (D) IgG EA (R) IgG EA IgA EBNA1 IgG
Choronic active infection +/- ++ +/- + ++ +/-
Burkitt’s lymphoma = ++ - +/- ++ _ +
Nasopharingeal carcinoma - ++ + ++ +/- + +
Hodgkin’s lymphoma = ++ - + _ _ +
Reactivation +/- ++ +/- + +/- +/- +/-

.. . . . 49
they are more sensitive in the case of acute infections!™”
y

However, given the level of false negative results, nega-
tive findings need to be followed by a search for specific
antibodies™".

Specific EBV antibodies

The specific tests for anti-EBV antibodies use differ-
ent substrates or antigens and various technologies, of
which those commonly used for the routine screening
of EA IgG, EBNA-1 IgG, VCA IgG and IgM are im-
munofluorescence assays (IFAs) or enzyme immunoas-
say (EIAs) with enzyme-linked immunosorbent assays
(ELISA) and chemiluminescence immunoassay (CLIA)
versions or newer multiplex flow immunoassay (MFI).
IFAs usually use EBV-transformed B cell lines from pa-
tients with Burkitt’s lymphoma (e.g. the P3HR-1 or Raj
cell lines)™***** whereas EIAs use purified native or
recombinant proteins, synthetic peptides or fusion pro-
teins (complete proteins or fragments of the proteins
encoded by the EBV genes)***. The type and prepara-
tion of the antigens used are probably responsible for the
differences in the sensitivity and specificity of the various
assays' >, TFA has been used as the reference method,
although its sensitivity is the same as or less than that
of EIAs™ automated versions of which allow a large
number of samples to be tested and are commonly used
in laboratories with a large routine workload. The latest
CLIAs using synthetic peptides with different cut-off
values for VCA IgM and EBNA-1 IgG can better distin-
guish the stage of infection™ and, in the case of samples
that are simultaneously EBNA-1 IgG, VCA IgG and IgM
positive, may help distinguish recent (transient phase) and

. . . . 55,506
past infection or reactivation*”,

Immunoblotting

In order to confirm the screening assays, various immu-
noblotting tests have been developed using viral lysates
of EBV-transformed cells and recombinant antigens
(line blots)®". Tt is considered that the latter is unaffected
by antibodies against the cell material that can be found
in patients with mononucleosis”>. Some line blots use
recombinant antigens coated on the solid phase, such
as EBNA-1 (p72), VCA (p18 and p23), EA (p54 and
p138) and MA (gp 350/250); the most recent also use
IEA (ZEBRA). It has been reported that the sera of pa-
tients with acute infection show anti-p23 IgG, anti-p55
IgG and anti-p138 IgG, but not anti-p72 IgG, whereas
the sera from patients with past infection show anti-p23
IgG, anti-p72 IgG and anti-p18 IgG". Kinetic studies
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have found that a strong IgG response to p72 is not ob-
served until 20 d after disease onset. As anti-p72 IgG and
anti-p18 IgG are present in patients with past infection,
but not in those with acute infection”, anti-p18 IgG can
be considered equivalent to EBNA-1 IgG in terms of
significance. In addition, as anti-p18 IgG is not lost in the
case of immunosuppressionm], immunoblotting is espe-
cially useful in distinguishing acute and past infections in
cases that are VCA IgG positive, but EBNA-1 IgG and
VCA IgM negative.

Immunoblots for IgM have also been developed to
detect VCA IgM in patients with acute infection, but not
anti-p72 IgM[ZSJ, which may be useful for confirming the
specificity of the VCA IgM detected by screening assays.

lgG avidity

The IgG avidity test can assess the degree of IgG matura-
tion. Avidity is low at the beginning of an acute infection,
but increases when the immune response matures”™ *". For
example, the maturation kinetics of VCA IgG lasts several
weeks and in some cases up to 3 mo after symptom on-
set™™. Avidity can be measured using an EIA, TFA or im-
munoblotting”™"*, Two aliquots of the same sample are
tested in parallel for the presence of IgG antibodies: one
is not treated, and the other is treated with substances that
dissociate the antibodies from the antigens (usually 8 M
urea). Since the dissociation depends on antibody avidity,
the ratio between the treated and untreated sample defines
the degree of avidity. A search for avidity can therefore be
used to estimate the duration of a primary infection, and
differentiate acute and past infection™"**,

The published data depend on the examined antibody
and therefore the type of antigen used for the test. In ad-
dition to a mix of antigens, it is possible to use the whole
or specific VCA (p23 or p18), IEA (ZEBRA), EA (p138
or p54) or EBNA (p72). Avidity varies depending on the
kinetics of the various antibodies®**”, e.g. in VCA IgG,
it has been reported that avidity is low in the samples
collected during the first 12 wk after symptom onset,
thus indicating recent infection”. With the passing of
time, the avidity of VCA IgG may become borderline
or high when the avidity of EA IgG is still low™. Im-
munoblotting, which has various antigens coated on the
solid phase, can be used to visualize the avidity of various
antibodies simultancously (Table 4), although the matura-
tion of anti-IEA and EA antibodies (BZLF1, p138 and
p54) does not seem to indicate immune status as antibod-
ies with a low degtree of avidity can be found even dur-
ing reactivation. Consequently, the manufacturer points
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IgG IgG avidity Interpretation
Negative Not observed No infection
Positive Low-high avidity for BZLF1 and/or p138 and/or p54 Acute infection
BZLF1, p138, p54

Positive Low avidity for p23 Acute infection
p23, BZLF1, p138, p54

Positive High avidity for p23 Recent infection
p23, BZLF1, p138, p54

Positive Low-intermediate avidity for p18 and p23 Recent infection
p18, p23, BZLF1, p138, p54

Positive Low-high avidity for EBNA-1 and/or p18, and possible high avidity for p23 Past infection

EBNA-1, p18, p23, BZLF1, p138, p54

out that a reduction in the intensity of the EA and IEA
bands alone is not an index of recent infection®.

The limitations of avidity testing are the individual
maturation rates of antibodies and the fact that the tests
cannot be used in newborns because of the presence of
maternal antibodies.

Molecular biology

A number of different methods, techniques and proto-
cols have been used to determine the presence of EBV
DNA and measure viral load” . Dot blotting, Southern
blotting, PCR and iz sitn hybridization have all been ap-
plied to various materials, but their differences in sensitiv-
ity and specificity have led to the results that need to be
considered cautiously”™ as they vary from laboratory to
laboratory[73’74]. More recent studies indicate that real-time
PCR is particularly sensitive™ | and very useful for defin-
ing infection status, especially in immunocompromised
patients[45’75’76] and those at risk of developing EBV-
related disorders™. However, there is still no consensus
concerning the best material to use, units of measure-
ment, or the quantitative levels requiring intervention or
predicting prognosism’u’w’m. This means that particular
care is necessary when comparing the data of different
studies™: for example, the units of measurement include
copies per milliliter, copies per microgram of DNA, cop-
ies per 100 000 leukocytes, and copies per positive cell™,
The targets used may also vary from one method to an-
other: LMP2, BKRF1 or BamHI-W (EBNA-1), BNRF1
(membrane protein), BXLF1 (thymidine kinase), BZLF1
(ZEBRA), BALF5 (viral DNA polymerase) or BHRF-1
(transmembrane protein).

Furthermore, there is much debate concerning the
material that should be used to search for EBV DNA,
such as whole blood, peripheral blood mononuclear cells
(PBMCs), plasma or serum!*™), There is also the prob-
lem that incorrectly stored whole blood can cause EBV
DNA to leave the intracellular compartment and give
rise to false positive results in plasma or serum, and false
negative results may be due to nucleases that are capable
of partially degrading plasma EBV DNA™,

In general, the best material used to search for EBV
DNA depends on where it is, and varies during the
course of the disease!”. The virions produced during
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primary infection spread in peripheral blood™**’, and it
is also possible to determine the EBV-free or fragmented
DNA coming from apoptotic cells™, and the B cells
transformed during the latent phase also pass into the
bloodstream. EBV DNA can therefore be determined in
serum or plasma as well as in PBMCs™. In patients with
primary infection, it is frequently detected in whole blood
(PBMCs and plasma/serum) within 14 d of symptom
onset”™. After the initiation of an immune response,
viral load decreases slowly in PBMCs, but rapidly in plas-
ma/serum, and it becomes undetectable after 3-4 wk'"*,
whereas memory cells with EBV may remain latent for
a long time in blood. However, it must be kept in mind
that there may be individual variations due to individual
differences in kinetics, and viral load may increase after
an initial decline, and in some cases, it may take as long as
a year or more before it reaches stably low levels. Finally,
even when this level is reached, the blood of a healthy
carrier contains 1-50 copies of EBV DNA per million
white blood cells, whereas EBV-DNA is almost always
undetectable in plasma or serum™®”. The presence of
plasma/serum EBV-DNA is therefore considered a sign
of primary infection'” or reactivation, and the viral load
correlates with disease severity™™?. A search for EBV
DNA may be more sensitive than serology in the early
stages of the disease™, and some studies have found that
it correlates better with clinical acute infection than the
avidity of VCA IgG[SG]. However, in immunocompetent
patients with acute infection, it is not usually necessary to
look for EBV DNA as serology is sufficient except in cas-
es with negative or doubtful serological findings in which
there is a strong clinical suspicion of infection™”™.

A search for EBV DNA is particularly important in
immunocompromised patients with an incomplete hu-
moral response and patients who have received transfu-
sions or immunoglobulins that confound serological test
results™. It has been reported that immunocompromised
patients have higher baseline viral levels than healthy
carriers””"™ which decline after treatment. A search for
EBV DNA is also useful in patients with EBV-related
tumors, except for those with AIDS-related brain tumors
in whom the blood levels are low because of the blood-
brain barrier”'"", ITn EBV-related cancers, episomal or
naked EBV DNA from apoptotic tumor cells is found
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Table 5 Additional tests in the case of an isolated viral capsid antigen IgG pattern

Tests Advantages Disadvantages

EBV IgG immunoblotting Useful in distinguishing acute from past infection Individual antibody production; expensive

IgG avidity Useful in distinguishing acute from past infection Individual maturation. Not useful in newborns
Molecular biology Useful in distinguishing acute from past infection Uncorrected conservation of blood sample, presence

Heterophile antibodies
if positive; inexpensive and simple
Anti-EA(D) IgG

Useful in distinguishing acute from past infection

Of some use in distinguishing acute from past

of nucleasis; expensive; organisational problems
Not very sensitive (especially in children)

Not useful in at least 10% of cases

infection; costs the same as a screening test

EBV: Epstein-Barr virus.

. 84,102
in serum and plasma

cells with latent EBV infection
small number of tumor cells undergoing lytic infection.
The most suitable material varies with the tumor™ and
depends on where EBV DNA is mainly found during the
course of the disease (PBMCs or serum/plasma).

, which may also contain tumor

13 . .
' 2nd virions from a

ATYPICAL PROFILES IN IMMUNOCOMPE-

TENT PATIENTS

The presence of VCA IgG and IgM in the absence of
EBNA-1 IgG indicates acute infection, whereas the pres-
ence of VCA IgG and EBNA-1 IgG in the absence of
VCA IgM is typical of past infection. These profiles cover
the vast majority of situations found in routine laboratory
practice. However, the profile of a minority of cases may
give rise to doubts or require confirmation.

Isolated VCA IgM

VCA IgM usually appears at the same time as VCA IgG,
but because they can be detected earlier, a profile of
isolated VCA IgM is usually thought to indicate an eartly
stage of acute infection. Nevertheless, it is recommended
to assess the specificity of the result because it may be
made aspecific by interfering rheumatoid factor and au-
toantibodies, or cross-reacting factors such as HCMV or
parvovirus B19"”, A search for these factors and immu-
noblotting for IgM may be as helpful as the determination
of other parameters of acute infection such as heterophil-
ic antibodies or HBV DNA™. A search for anti-EA (D)
IgG can also be useful as about 85% of the patients with
acute infection are positive for these antibodies for up to
3 mo after the onset of symptoms[23’24].

Isolated VCA IgG

In some cases, VCA IgM may not be produced or appear
1-2 wk after VCA IgG, or present for a very short time
or at low concentrations and it may not be detected by
conventional tests™>'"™'™. In addition, about 5% of the
patients do not produce EBNA-1 IgG after EBV infec-
tion" " or their levels remain below the limit of detec-
tion™"™, Furthermore, even when they are produced,
they may be lost over time particularly, but not exclu-

. L . . 23,103,106]
sively, in immunocompromised patients . Conse-
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quently, isolated VCA IgG may be found in cases of past
infection with the loss or disappearance of EBNA-1 IgG,
as well as in cases of acute infection with the delayed or
carly disappearance of VCA IgM. This pattern can be
found in approximately 7% of cases in routine laboratory
practice and in about 8% of all subjects with at least one
marker of EBV infection; it also tends to become more
frequent with advancing agelmj.

Such cases require further diagnostic investigations
(Table 5), including immunoblotting for IgG, avidity tests
for VCA IgG, searches for viral genome, or heterophile
antibodies or EA (D) IgG™, or a repetition of the test
after about 30 d in order to identify any change in the an-
tibody profile. However, this last option inevitably delays
the diagnosis until the second sample is collected, and
physicians tend to avoid it if the symptoms improve over
time, especially in the case of children, they may find it
traumatic, which means the second sampling usually in-
volves only a small number of parjentslwn.

Immunoblottting for IgG allows the interpretation of
cases with isolated VCA IgGm]. Some tests use recom-
binant p72 antigen (EBNA-1), p18 and p23 (VCA), p54
and p138 (EA) and gp 350/250 (MA). As anti-p18 IgG
can be considered equivalent in meaning to EBNA-1
IgG (because they are both produced late during EBV
infection), their presence indicates past infection, and
their absence indicates an acute infection. Immunoblot-
ting can therefore distinguish cases with the loss or non-
appearance of EBNA-1 IgG, which however develop
an anti-p18 IgG response, from those with primary
EBNA-1 IgG negativity (acute infection) 2108 Using this
method to examine cases of isolated VCA IgG, about
20% was identified as acute infections and 80% as past
infections'”.

A VCA IgG avidity test can also be used to distin-
guish acute and past infection™**”, which are respectively
characterized by low and high levels of avidity; studies of
patients with isolated VCA IgG have found low levels in
about half of the cases, and high levels in the remaining
half™*. When using avidity test, it is important to have
all the patients’ temporal clinical data in order to interpret
the results more appropriately.

The detection of EBV DNA is particularly useful
in the case of serologically indeterminate EBV infec-
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Table 6 Additional tests in the case of a simultaneous Epstein-Barr virus nuclear antigen 1 IgG, viral capsid antigen IgG and IgM

positive pattern

Tests Advantages

Disadvantages

EBV IgM immunoblotting

HCMV IgM Useful in verifying the specificity of EBV IgM

Parvovirus IgM

EBV IgG immunoblotting Only useful in verifying the specificity of EBNA-1 IgG

IgG avidity Useful in distinguishing primary infection (transient) from
reactivation

Molecular biology Useful for EBV reactivation follow-up

Heterophile antibodies

Useful only in verifying the specificity of EBV IgM

Useful in distinguishing late primary infection (transient)

Not useful in distinguishing late primary infection
(transient) from reactivation; expensive

Not useful in distinguishing late primary infection
(transient) from reactivation

Not useful in distinguishing late primary infection
(transient) from reactivation; expensive
Individual maturation

Difficult to distinguish late primary infection
(transient) from reactivation in a single sample;
expensive; organisational problems

Not very sensitive (especially in children)

reactivation when positive; inexpensive and simple

Anti-EA(D) IgG

CLIA for EBV antibodies with
differential cut-off values

Useful for EBV reactivation follow-up

Useful in distinguishing primary infection (transient)
from past infection; can be used for screening

Not useful in distinguishing late primary infection
(transient) from reactivation in a single sample
Requires further study

EBV: Epstein-Barr virus; EBNA: EBV nuclear antigen; CLIA: Chemiluminescence immunoassay.

. [75.8698] . . T
tion because its presence in serum or plasma indi-

cates primary infection or reactivation'”. Some studies
have found that the presence of EBV DNA in patients
with isolated VCA IgG is usually associated with a low
degree VCA IgG avidity™" (especially when the sample
is taken early in the course of suspected infectious
mononucleosis), and in some cases it has been found to
correlate better than VCA IgG avidity™. Furthermore, in
cases of past infection diagnosed on the basis of a high
level of VCA IgG avidity, none of the serum samples
were positive for EBV DNA™,

A search for heterophile antibodies may be useful in
patients with isolated VCA IgG if the result is positive,
although there have been reports of their presence for 6-12
mo™*. About 60% of patients with acute infection
and isolated VCA IgG present heterophile antibodies, as
against none of those with past infections!
nothing can be said in the absence of heterophile antibod-
ies, especially in children aged less than 5 years, and other
tests must be used.

One possible alternative is to search for EA (D) IgG
because about 85% of patients with acute infection are
positive for EA (D) IgG for up to 3 mo after symptom

[23.24]

107
1, However,

onset” . However, as high titers can be found during
EBV reactivation®™ as well as in 20%-30% of healthy
subjects with past infection® and in patients with naso-
pharyngeal carcinoma””, the diagnostic use of these an-
tibodies is still being debated. In general, a search for EA
(D) IgG alone does not identify the stage of disease™'""”
but combining these antibodies with other parameters
can be useful in laboratory diagnoses"” because it has
been found that only 12% of the patients with isolated
VCA IgG and past infection are EA (D) IgG positive, as
against 90% of subjects with isolated VCA IgG and acute

infection"

(4 9
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Simultaneous presence of EBNA-1 IgG, VCA IgG and
VCA IgM

VCA IgM may persist for several months after an acute
infection™, and may also reappear during EBV reactiva-
tion "%, Consequently, EBNA-1 IgG, and VCA IgG
and IgM may be simultaneously present in patients with
primary EBV infection if VCA IgM persist and EBNA-1
IgG have already been produced (a phase that has been
variously defined as “recent infection”, “primary infec-
tion, transient phase or convalescence”, “past infection,
IgM persisting”), or in those with reactivation and the si-
multaneous presence of VCA IgM and EBNA-1 IgG™.
Reactivation is still relatively rare and often short in im-
munocompetent subg'ects, and is generally considered of
no clinical relevance!™""; however, it can cause serious
complications in immunocompromised patients.

This serological pattern is uncommon (approximately
5% in normal routine laboratory practice) 17 "and further
diagnostic tests are needed to distinguish transient infec-
tion and reactivation (Table 6). First of all, it is important
to verify the specificity of VCA IgM because there may
be false positive results! > during the course of infec-
tion with other pathogens, such as HCMYV, parvovirus
B19, Toxoplasma gondii, hepatitis A or HIV''® '™ Tt has
been shown that primary HCMV infection often causes
a further antibody response in anti-EBV IgM"*, and
cross-reactive antibody responses against conserved epi-
topes are well known among herpes viruses, such as the
glycine-alanine epitope shared by EBV and HCMV™". In
some studies, up to about 50% of VCA IgM in patients
with past infection may be due to non-specific reactiv-
ity and a positive result should be confirmed (e.g. by
immunoblotting for EBV Ig 4 Tt is also possible to
test for cross-reactivity or polyclonal IgM, especially in
the case of HCMV and parvovirus B19". and a search
for HCMV or parvovirus B19 DNA can also help in
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some cases . MOI‘COVCI’, as false pOSlt1V€ reactions may

also result from the presence of autoantibodies or rheu-
matoid factor, it can be useful to look for these interfet-
ing factors. However, it needs to be pointed out that cold
agglutinins, theumatoid factor and autoantibodies can
be found for a short period during the course of EBV
mononucleosis because of the polyclonal activation of
B-cells"™ therefore, the presence of rheumatoid factor
does not automatically mean a falsely positive VCA IgM
result. Finally, EBNA-1 IgG positivity in patients with
primary infection may also result from aspecific reactiv-
ity, which can be detected by immunoblotting for IgG
antibodies*. Furthermore, the recently developed EIA
for antibodies to EBNA-1 IgG based on recombinant or
synthetic peptides may be more sensitive than its prede-
cessors, and allow their identification eatly in the course
of primary EBV infection"*".

Once the specificity of the results obtained has been
established, additional diagnostic approaches are neces-
sary (Table 6). In addition to repeating the test after a
reasonable period of time in order to detect any changes
in the antibody profile, VCA IgG avidity has proved to
be particularly useful because low levels of avidity have
been found in the course of recent infection, and high
levels in the course of past infection or reactivation® .
Some studies have found that fewer than half of immu-
nocompetent patients with this profile and a low degree
of avidity have primary infection, and about 20% or less
a reactivation that is probably clinically insigniﬁcant[11z’124].
In order to fully understand the IgG avidity test and
evaluate the results in relation to antibody maturation
time, it is important to know how long after the onset of
symptoms the blood sample was taken.

The use of heterophile antibodies is controversial be-
cause some studies have shown that they are very sensi-
tive (94% of infected patients with transient infection) 12,
whereas others have found very few cases of simultane-
ous positivity for EBNA-1 IgG, VCA IgG, VCA IgM and
heterophile antibodies""”.

The use of molecular biology seems to be a rather
delicate question. Patients with latent infection have an
almost constant number of circulating infected B cells in
peripheral blood and, in the case of reactivation, these
differentiate into plasma cells, leading to the start of
the replicative cycle and increased EBV DNA levels in
PBMCs and serum/plasma. It has been reported that a
search for EBV DNA in PBMCs and serum/plasma is
important for an immediate diagnosis of reactivation but,
although this is true in the patients who are followed up
over time in order to detect any changes in viral load, the
finding of EBV DNA in a single sample should not nec-
essarily be seen as a sign of reactivation””. Consequently,
as EBV DNA is present in cases of reactivation or pri-
mary infection, it is unlikely that testing one sample will
be able to distinguish the two situations’™”.

Persistent or reactivated EBV infection is character-
ized by high titers of EA (D) IgG, especially in immuno-

compromised patientsm’zg]. After reactivation, the levels

(49

Boichidongs  WIV | www.wjgnet.com

38

of these antibodies increase with VCA IgG, whereas the
levels of EBNA-1 IgG decrease. An increase in the ti-
ter of EA (D) IgG can therefore be considered a useful
marker of reactivation. However, as EA (D) IgG can also
be found in 85% of primary infections and 20%-30% of
past infections, and simultaneous VCA IgM, VCA IgG,
EBNA-1 IgG and EA (D) IgG positivity has been seen
in both the transient phase and reactivation”” the detec-
tion of anti-EA (D) IgG seems to be useful only if serial
sampling is possible. Other antibodies have been found in
cases of reactivation. It has been suggested that EBNA
IgM may be useful in identifying reactivation' ', The
combination of negative EBNA IgG and positive EBNA
IgM, in addition to a high degree of avidity for VCA IgG
within 3 mo of an acute infection, should reliably indicate
reactivation rather than primary EBV infection'”’,

It has also been suggested that VCA IgA may be a
marker of reactivation. These antibodies reach a peak
level 3-4 wk after primary infection and decline slowly,
but may last indefinitely. Different studies have found
them in 35%-74% of acute cases”™™ '™ but they were
also seen in 10% of healthy subjects. High levels were
also found in patients with immunodeficiencies, recurrent
parotitis, multiple sclerosis or nasopharyngeal cancer, as
well as in pregnant women and elderly subjects”'*"?%,
Consequently, a seatch for VCA IgA is considered useful
only in the diagnosis and management of patients with
nasopharyngeal carcinoma",

EA R) IgG, EA IgM, EA IgA, VCA IgG-3 and the
EBNA-1/EBNA-2 ratio have also been used as markers
of reactivation in some studies > but, as many
of these antibodies are also present in primary infections,
and some even in past infections, the usefulness of a
single sample in patients with the simultaneous presence
of EBNA-1 IgG, VCA IgG and IgM has yet to be evalu-
ated.

Finally, the use of different cut-off values proposed
by the most recent CLIAs for determining VCA IgG,
VCA IgM and IgG EBNA-1 in parallel seems to be a
promising approach as it should make it possible to dis-
tinguish the different stages of EBV infection, especially
the difference between transient infection and past infec-

. .. 5556
tion or reactivation” "

Isolated EBNA-1 IgG

VCA IgM usually appears at the same time as VCA IgG
antibodies, but they disappear completely within a few
weeks™ | whereas patients are VCA IgG positive for
the rest of their lives””. EBNA-1 IgG cannot usually be
detected during the first 3-4 wk after the onset of clinical
symptoms”™*'*! and as VCA IgG antibodies persist but
EBNA-1 IgG antibodies may disappear, especially in the
case of immunosuppression™' "' a pattern of isolated
VCA IgG without VCA IgM or EBNA-1 IgG has been
widely documented as mentioned above, whereas the
presence of EBNA-1 IgG without VCA IgG is generally
considered implausible”. However, some immunoblot-
ting studies have found that 2% of subjects who have
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experienced previous infections may be negative for
VCA IgG (anti-p23 or anti-p18)* and, although rare,
this pattern can be found in routine laboratory tests and
may represent about 1.7% of all EBNA-1 IgG-positive
samplesm]. An isolated EBNA-1 IgG pattern therefore
gives rise to some interpretative doubts: it is possible to
envisage aspecific EBNA-1 IgG, a lack of VCA IgG pro-
duction or their loss over time. At clinical level, the prob-
lem is to discover whether the patient has experienced
a past infection or is still susceptible. As the doubt is to
distinguish past infection and non-specificity, it is useless
to search for heterophile antibodies or EBV DNA. The
presence of EA (D) IgG may help indicate a past infec-
tion as approximately 20%-30% of healthy subjects with
a history of EBV infection have EA (D) IgG[Z’B’ZS], but
nothing can be said in the case of negativity. However,
immunoblotting for IgG can solve the problem as it can
confirm the real presence of EBNA-1 IgG. One immu-
noblotting study found that such patients were not only
all anti-p72 (EBNA-1) positive, but also anti-p23 (VCA)
positive, which was not detected by the screening tests
using p18 antigen alone to detect VCA IgG[m]. It there-
fore seems that EBNA-1 IgG does not exist without the
presence of at least one VCA IgG, such as anti-p23.

CONCLUSION

A number of tests have recently been developed that
may help clarify doubtful results in the serological diag-
nosis of EBV infection, and it is now possible to reach
a conclusion without having to wait for a second sample
taken after a certain lapse of time. What tests should be
used after screening depends on various factors in ad-
dition to their scientific and technical suitability; these
include organizational and economic questions (such as
differences in costs and the reimbursements foreseen by
the National Health Service or insurance companies), as
well as the availability of space and adequately trained
personnel. Furthermore, the number of routine tests
(the number of samples with inconclusive results) affects
the decision to undertake further more or less expensive
laboratory tests or to send the sample (or the patient) to
a reference laboratory. Finally, the type of patient may
also be decisive. If the laboratory has to deal not only
with samples from immunocompetent patients, but also
with samples from immunosuppressed patients and/or
patients with other EBV-related diseases, the choice of
methods should privilege those suitable for all patients.
In conclusion, considerable progress has been made

in the serological diagnosis of EBV infection and, using
appropriate algorithms and methodologies, it is possible
to solve all of the problems that may arise during the
course of routine laboratory practice.
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Practice: To provide guidelines for clinical diagnosis and treatment; (6)
Review: To systemically review the most representative progress and
unsolved problems in the major scientific disciplines, comment on
the current research status, and make suggestions on the future work;
(7) Original Articles: To originally report the innovative and valuable
findings in virology; (8) Brief Articles: To briefly report the novel and
innovative findings in virology; (9) Case Report: To report a rare or
typical case; (10) Letters to the Editor: To discuss and make reply to
the contributions published in /]I, or to introduce and comment
on a controversial issue of general interest; (11) Book Reviews: To
introduce and comment on quality monographs of virology; and
(12) Guidelines: To introduce consensuses and guidelines reached
by international and national academic authorities wotldwide on the
research in virology.

Name of journal
World Journal of 1V irology

ISSN
ISSN 2220-3249 (online)

Editor-in-Chief

Ling Lu, MD, PhD, Department of Pathology and Laboratory
Medicine, University of Kansas Medical Center, Kansas City, 3901
Rainbow Blvd, WHE 3020, KS 66160, United States

Xiaoli Lilly Pang, MD, PhD, Associate Professor, Department
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Alberta Provincial Laboratory for Public Health (Microbiology),
WMC 2B4.58, 8440-112 Street, Edmonton, Alberta, T6G 1B1,
Canada

Editorial office

World Jonrnal of Virology

Editorial Department: Room 903, Building D,
Ocean International Center,

No. 62 Dongsihuan Zhonglu,

Chaoyang District, Beijing 100025, China
E-mail: wjv@wijgnet.com

http:/ /www.wjgnet.com

Telephone: +86-10-85381891

Fax: +86-10-85381893

Indexed and abstracted in
Digital Object Identifier

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

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

Biostatistical editing

Statistical review is performed after peer review. We invite an expert
in Biomedical Statistics from to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects (7).
Losses in observations, such as drop-outs from the study should be
reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any po-
tential bias, W] requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors ICMJE), which is available at: http://wwwicmje.
org/ethical_4conflicts.html.

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

Statement of informed consent

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

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

SUBMISSION OF MANUSCRIPTS

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

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

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/2220-32490ffice. Authors
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/2220-3249/
g_info_20100722180909.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem
to wjiv@wijgnet.com, ot by telephone: +86-10-85381891. If you
submit your manuscript online, do not make a postal contribution.
Repeated online submission for the same manusctipt is strictly pro-
hibited.
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MANUSCRIPT PREPARATION

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

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

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

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

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

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

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

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

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381891 Fax: +86-10-85381893

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

Abstract

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

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
less than 294 words): You should present P values where appropti-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g: 6.92 £ 3.86 2 3.61 + 1.67, P < 0.001; CONCLUSION (no
more than 26 words).

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

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /wwwwignet.com/2220-3249/¢_info_20100725072755.htm.

Illustrations

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

Tables

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

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A third seties of P values can be expressed as ‘P < 0.05 and P<001.
Othcr notes in tables or under illustrations should be expressed as
'E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, 0O, A, /\, ez., in a certain se-
quence.
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Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system

The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability™?”. If references are cited directly
in the text, they should be put together within the text, for example,
“From references“()‘zz'm, we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensute
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list, e.g.
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbets will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg.13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

Eng/zx/} Journal article (list all anthors and include the PMID where applicable)
Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg13.
6350]

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
thoea. Shijie Huaren Xiaohna Zazhi 1999; T: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabldopsls Proc Nat/ Acad Sci USA
20006; In press

Organization as author
Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP0000035706.28494.
09]
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Both personal anthors and an organization as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI1:10.1097/01.ju.
0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bm;j.325.
7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI1:10.1046/
j.1526-4610.42.52.7 X]

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthep
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97,/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804|

Books

Personal anthor(s)

10 Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigatot’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14  Christensen S, Oppacher F. An analysis of Koza's computa-
tional effort statistic for genetic programming, In: Foster JA,
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cde.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Statistical data
Write as mean * SD or mean *+ SE.

Statistical expression

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

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

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2220-3249/
g info_20100725073806.htm.

Abbreviations

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

Italics

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

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

Restriction enzymes: EewRI, Hind1, BanHI, Kbo 1, Kpn 1, et.
Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http:/ /www.wignet.com/2220-3249/¢_info_20100725071
851.htm

Frontier: http://www.wijgnet.com/2220-3249/¢_info_20100725071
932.htm

Topic highlight: http:/ /wwwwignet.com/2220-3249/¢_info_20100
725072121.htm

Observation: http:/ /www.wignet.com/2220-3249/¢_info_20100725
072232.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/2220-3249/
g info_20100725072344.htm

Guidelines for clinical practice: http:/ /www.wijgnet.com/2220-324
9/¢_info_20100725072543.htm

Review: http://wwwwignet.com/2220-3249/¢_info_201007250726
56.htm

Original articles: http:/ /wwwwijgnet.com/2220-3249/g_info_2010
0725072755.htm

Brief atticles: http://wwwwjgnet.com/2220-3249/¢_info_2010072
5072920.htm

Case report: http:/ /www.wjgnet.com/2220-3249/¢_info_20100725
073015.htm

Lettets to the editor: http:/ /www.wignet.com/2220-3249/¢_info_2
0100725073136.htm

Book reviews: http://www.wijgnet.com/2220-3249/¢_info_2010072
5073214.htm

Guidelines: http:/ /www.wignet.com/2220-3249/¢_info_201007250
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SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

PPlease revise your article according to the revision policies of
WJ1/. The revised version including manuscript and high-resolution
image figures (if any) should be re-submited online (http://www.
wjgnet.com/2220-32490office/). The author should send the copy-
right transfer letter, responses to the reviewers, English language
Grade B certificate (for non-native speakers of English) and final
manuscript checklist to wiv@wjgnet.com.

Language evaluation

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

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-3249/¢_info_20100725073726.htm.

Responses to reviewers

Please tevise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/2220-3249/
g_info_20100725073445.htm.

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

Links to documents related to the manuscript

W17 will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manuscript will be put on-line. Readers can make comments on
the peer reviewer’s report, authors’ responses to peer reviewers,
and the revised manuscript. We hope that authors will benefit from
this feedback and be able to revise the manuscript accordingly in a
timely manner.

Science news releases

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

Publication fee

W1 is an international, peer-reviewed, Open-Access, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is non com-
mercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. The related standards
are as follows. Publication fee: 1300 USD per article. Editorial, topic
highlights, original articles, brief articles, book reviews and letters to
the editor are published free of charge.
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