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Abstract

The recent spread of chikungunya virus to the Western Hemisphere, together with the ongoing
Ebola epidemic in West Africa, have highlighted the importance of international collaboration in
the detection and management of disease outbreaks. In response to this need, the Global Virus
Network (GVN) was formed in 2011. The GVN is a coalition of leading medical virologists in 34
affiliated laboratories in 24 countries, who collaborate to share their resources and expertise. The
GVN supports research, promotes training for young scientists, serves as a technical resource for
governments, businesses and international organizations, facilitates international scientific
cooperation, and advocates for funding and evidence-based public policies. In response to the
spread of chikungunya, the GVN formed a task force to identify research gaps and opportunities,
including models of infection and disease, candidate vaccines and antivirals, epidemiology and
vector control measures. Its members also serve as authoritative sources of information for the
public, press, and policy-makers. This article forms part of a symposium in Antiviral Researchon
“Chikungunya discovers the New World”.
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1. Introduction

The recent emergence of chikungunya virus (CHIKV) in the Western Hemisphere and its
rapid spread in the Caribbean and South America have highlighted the importance of
international scientific collaboration in the detection and management of disease outbreaks.
In response to this need, the Global Virus Network (GVN) was formed in 2011. The GVN is
a coalition of leading medical virologists in 34 affiliated laboratories in 24 countries, who
collaborate to share their resources and expertise. The GVN supports research, promotes
training for young scientists, serves as a technical resource for governments, businesses and
international organizations, facilitates international scientific cooperation, and advocates for
funding and evidence-based public policies.

In response to the spread of chikungunya, the GVN formed a task force to identify research
gaps and opportunities, including models of infection and disease, candidate vaccines and
antivirals, epidemiology and vector control measures. Its members also serve as authoritative
sources of information for the public, press and policy-makers. This article reviews the
history of the GVN and its response to the appearance of a novel mosquito-borne virus in the
Western Hemisphere.

2. The Global Virus Network

It is not immediately obvious that there is any connection between the writings of Irish
novelist James Joyce and the phenomenon of emerging viruses, but in April 2009, Robert
Gallo, a pioneer in the field of human retroviruses, was awarded the James Joyce Medal by
the Literary & Historical Society at University College Dublin (UCD)—the first life scientist
to be so honored. He then gave a lecture entitled, “Viruses, Epidemics and Prospects for
Their Control.” It may be that his audience—steeped in the myths and histories of famine
and infectious disease—gave little forethought to the idea of controlling mysterious viruses
and preventing deadly epidemics. Gallo, on the other hand, posited in his lecture that viruses
could run amok and take down society as we know it. Surprised when bold audience
members asked him following his lecture, “What are you going to do about it?” Gallo,
together with William Hall at UCD and the late Reinhard Kurth at the Robert Koch Institute
in Berlin, set about organizing an international consortium of virologists who study human
viral diseases to serve as a readily available source of technical and scientific expertise,
which would become the Global Virus Network (see Fig. 1).

Historically, the world has been ill-prepared to deal with global disease outbreaks. The
influenza pandemic of 1918-19, polio epidemics of the 1950s, and the AIDS crisis
beginning in the 1980s are recent reminders of such events and the ad Aoc political and
medical responses to them. Previous pandemics and outbreaks often have overwhelmed
public health authorities because of a lack of basic scientific knowledge about the nature of
emerging viral pathogens, the lack of preventive vaccines and therapeutic drugs, and a lack
of emergency planning at national and international levels. What Gallo, Hall and Kurth
envisioned was an international consortium of world-class facilities, each directed by a
recognized expert in human viral diseases who was already involved in global outreach
activities (Zakaib, 2011). Their proposed network would promote the investigation of viruses

Antiviral Res. Author manuscript; available in PMC 2016 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

McSweegan et al.

Page 3

that are emerging as potential epidemic threats, and viruses implicated in human diseases of
unknown etiology. It would promote education programs for young scientists, serve as a
resource for governments and organizations faced with viral threats, facilitate international
scientific cooperation, and advocate for the more research and training in medically-oriented
virology.

In March 2011, thirty of the world’s leading virologists gathered in Washington, D.C. to
pledge their support for an international coalition of virology institutions, ready to act in
times of viral outbreaks, and committed to advancing knowledge of pathogenic viruses.
GVN was registered as a non-profit organization shortly thereafter, and in October 2012, the
Board of Directors appointed the first President, Sharon Hrynkow, a senior executive and
global health leader with twenty years’ experience at the National Institutes of Health and
the U.S. Department of State, to turn that vision into a reality.

Today, the GVN is comprised of 34 Centers of Excellence in 24 nations (Table 1). Centers
are led by world-class virologists who have deep expertise in two or three areas of virology,
strong publication records, a commitment to building technical and scientific capacities in
resource-poor countries, and a commitment to supporting the GVN infrastructure. In
addition, there are four recently designated “Affiliate Centers” (Estonia, Grenada, Nigeria,
and Vietnam). There is no formal application for Center of Excellence membership.
Proposals are sent to members of the GVN Scientific Leadership Group—a subset of all
Center Directors—for review and voting. If a proposed center is not considered fully formed
and stand-alone, it may be designated an Affiliate Center, linked to one or more existing
Centers. Also, some Centers represent only one institution, while others may be a
consortium of several local facilities.

3. The chikungunya task force

In early 2014, the Scientific Leadership Group drafted a list of priority action areas for the
GVN. They recognized that with limited resources, GVN should focus its early efforts in
order to have a scientific and public impact. One of the priorities selected was chikungunya
virus (CHIKV), which was timely, as it was then beginning to spread across the Caribbean.
It was clear that collaborations and partnerships across the GVN Centers, and in some
countries that had been grappling with CHIKYV for decades, likely would speed progress in
drug and vaccine development and other public health measures.

On World Health Day 2014, the theme of which was vector-borne diseases, the GVN
announced its chikungunya task force (Table 2) and outlined its plans to:

e review the state of the science, including viral pathogenesis, chronic arthralgia,
antiviral drugs, point-of-care diagnostics, and vaccine constructs and trials;

» identify potential funding sources to support international collaborative research
and train the next generation of researchers in arbovirology;

»  provide expertise and recommendations to journalists, policy-makers and public
health officials; and
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» advocate for increased research and effective public health measures against the
virus and its mosquito vectors.

The task force is chaired by Scott Weaver at the University of Texas Medical Branch
Galveston, John Fazakerley at the Pirbright Institute in the U.K., and Marc Lecuit at the
Institut Pasteur in Paris.

4. Chikungunya: emergence and basic features

4.1. Global spread of the virus

Since its discovery in Tanzania more than fifty years ago, CHIKV has been responsible for
significant outbreaks in Thailand (1962-64), the Democratic Republic of the Congo (1999-
2000), Kenya (2004), the French island of Réunion (2005-2006), and India (2005-2008)
(Weaver and Forrester, 2015; Thiberville et al., 2013a,b). The Réunion outbreak resulted in
approximately 272,000 cases and 254 deaths; the outbreak in India resulted in 1.4 million
suspected cases (Mavalankar et al., 2008). Travelers returning from Africa and Réunion also
introduced the virus into Italy where the first autochthonous transmissions were observed in
2007.

On 19 December 2013, two confirmed cases of locally acquired chikungunya were reported
on the French island of Martinique in the Caribbean. The World Health Organization
declared this the first time local transmission of the virus had been detected in the Americas.
CHIKYV is maintained in a zoonotic cycle that may spill into urban cycles every 40-50 years
to cause pandemics. It last emerged in the Caribbean in 1827, when it was thought to be
dengue (Halstead, 2015). Since late 2013, the virus has spread westward across the
Caribbean and into Central and South America. By March 2015, the Pan American Health
Organization (PAHO) reported almost 1.3 million suspected and confirmed cases in the
Caribbean and the Americas (PAHO data). In the U.S., the Centers for Disease Control and
Prevention (CDC) reported almost 3500 cases in early 2015, with eleven locally-acquired
cases in Florida.

4.2. Clinical manifestations

Chikungunya typically presents as a rapid-onset febrile illness, associated with arthralgia,
myalgia and rash. The onset of fever coincides with viremia, and the intensity of the acute
infection correlates with that of viremia (Thiberville et al., 2013a,b). Joint pain is usually
symmetric and localized in both the upper and lower limbs with the large joints being almost
invariably symptomatic (Staikowsky et al., 2009).

Rash also may occur, but also is seen in other arboviral diseases such as dengue. Less
common, non-specific signs and symptoms include lymphadenopathy, pruritus and digestive
abnormalities. Severe disease can manifest as encephalopathy and encephalitis, myocarditis,
hepatitis and multi-organ failure (Farnon et al., 2008; Lemant et al., 2008). These rare forms
can be fatal, and typically arise in patients with underlying medical conditions. Hemorrhagic
complications are rare, if they exist at all, and should therefore lead to the consideration of
alternate diagnoses, such as a co-infection with dengue.
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Neonates are also at risk for severe infection associated with neurological signs. Whereas
fetal infection appears to be extremely rare, infection of neonates born to viremic mothers
and contaminated during birth can reach 50%, leading to severe disease and encephalopathy
in half the cases, and resulting in long-term neurological sequelae. Young children also tend
to develop severe disease.

4.3. Pathogenesis

CHIKYV can be cultivated in a wide variety of cell lines. /n7 vivo cell tropism has been
investigated in rodents and nonhuman primates (Labadie et al., 2010), as well as in human
tissue samples (Couderc et al., 2008). In immunocompetent mice, CHIKYV targets fibroblasts
in the dermis around the injection site, and is rapidly controlled by type-1 interferon
responses. In neonatal mice and mice partially or completely deficient in type-1 interferon
signaling, the virus disseminates, leading to viremia, a burst of replication in the liver, and
intense replication in muscle, joint, and skin fibroblasts (Couderc et al., 2008; Schilte et al.,
2010). This tropism seems to mirror that observed in human biopsies, although a detailed
analysis of infected human tissues has not been performed (see forthcoming review by Lum
and Ng in this symposium).

In laboratory animals, CHIKV also disseminates to the central nervous system (Couderc et
al., 2008), yet in contrast to encephalitogenic alphaviruses, it is not known to target brain
microvessel endothelial cells or to infect neurons. Experimental infection of pregnant
animals, as well as investigation of human placentas from viremic mothers, have shown that,
in contrast to other alphaviruses, CHIKV does not directly infect trophoblastic cells, but is
likely transmitted to neonates via maternal—fetal blood exchange during delivery.

Whereas myeloid cells do not seem to contribute significantly to viral replication at the early
stage of infection, interactions of CHIKV with monocytes and macrophages may play an
important role in the inflammatory responses at the acute and chronic phases of disease.
Whether persistent CHIKYV replication and/or lack of antigenic clearance contribute to
chronic arthralgic symptoms requires further studies with animal models and human
samples.

4.4, Antiviral drugs

There are no licensed drugs to limit CHIKYV replication and improve clinical outcome, and
only standard antipyretic and antalgic therapies are available for symptomatic treatment. The
major burden of CHIKYV infection results not only from the high attack rate and severity of
acute infections, but also from chronic joint pain. This can manifest as persistent or relapsing
arthralgia, which may be associated with arthritis and mimic rheumatoid arthritis in up to
50% of patients (Schilte et al., 2013). Chronic arthralgia can lead to persistent
incapacitation, requiring long-term treatment with nonsteroidal anti-inflammatory and
immunosuppressive drugs such as methotrexate, although their safety and efficacy have yet
to be demonstrated in clinical trials.

Off-label use of other FDA-approved drugs in a therapeutic manner has been proposed and
is under consideration. In animal models of CHIKYV infection, prophylaxis with CHIKV IgG
or CHIKV-specific monoclonal antibodies was found to be protective (Couderc et al., 2009),
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suggesting that antibody-based therapies may be a promising disease prevention strategy for
individuals who are at risk for severe CHIKV infection.

The study of other CHIKV-specific antivirals is in very early stages (see forthcoming review
by Abdelnabi et al. in this symposium). In cell-based screens of compounds against CHIKV
infection, a number of drugs with antiviral activity have been identified, some of which
target distinct steps in the CHIKV replication cycle. These include chloroquine (Khan et al.,
2010) and chlorpromazine (Pohjala et al., 2011), which affect virus entry. Harringtonine and
homoharringtonine (Kaur et al., 2013) have been found to affect viral protein translation.
Others, including trigocherriolide A (Bourjot et al., 2014), ribavirin (Albulescu et al., 2014),
interferon-alpha (Schilte et al., 2010), apigenin and silybin (Pohjala et al., 2011), affect virus
replication. More extensive preclinical evaluation of these, and other identified drugs, in
animal models of CHIKYV disease are necessary before they are proposed for use in humans.

Immune and inflammatory responses to CHIKV infection may also contribute to
pathogenesis (Morrison, 2014). Thus, modulation of the immune response to the infection
by immune response modulating drugs may also be a viable disease prevention strategy. For
example, treatment of mice with bindarit, an inhibitor of MCP-1 synthesis, reduced the
severity of CHIKV-induced musculoskeletal tissue inflammation and injury (Chen et al.,
2015; Rulli et al., 2011). A deeper understanding of the viral and host factors that contribute
to acute and chronic CHIKYV disease, both in animal models and in patients, are essential to
inform the development of host-targeted therapeutics.

4.5. Vaccines

Because all CHIKYV strains essentially fall into a single serotype, with only minor antigenic
differences, and there is no evidence for immune enhancement of infection by pre-existing
immunity, the virus represents a relatively straightforward target for vaccine development. A
variety of approaches have been used for the development of CHIKYV vaccines, including
non-infectious (Mallilankaraman et al., 2011) and infectious DNA vaccines (Tretyakova et
al., 2014), virus-like particles, and inactivated virus (Harrison et al., 1971). Replication-
competent forms include: rationally attenuated alphavirus chimeras (Wang et al., 2008) and
deletion mutants (Hallengard et al., 2014); a vesicular stomatitis-vectored vaccine
(Chattopadhyay et al., 2013); and an internal ribosome entry site-modified CHIKV strain
licensed to Takeda Pharmaceuticals (Plante et al., 2011) and shown to be stably attenuated,
safe and efficacious in cynomolgus macaques (Roy et al., 2014).

All of these live, attenuated vaccines are efficacious after a single dose. To date, three
CHIKYV vaccines have progressed to clinical trials. The strain 181/clone25, developed by the
U.S. Army in the 1980s (Levitt et al., 1986), proved highly immunogenic but mildly
reactogenic in Phase Il trials (Edelman et al., 2000). Further development of this vaccine has
not been reported. A VVLP vaccine produced by expression of the CHIKV structural proteins
in vertebrate cells demonstrated efficacy in preclinical studies after multiple doses given to
mice or Rhesus macaques (Akahata et al., 2010). Phase 1 clinical studies showed strong
immunogenicity after 2-3 doses (Chang et al., 2014). Currently this vaccine is not licensed
to a commercial partner. A measles virus-vectored vaccine licensed to Themis Bioscience
GmbH generates murine-protective immunity after a single dose (Brandler et al., 2013) and
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100% human seroconversion after 2 doses, with no evidence of interference from prior
measles virus immunity (Ramsauer et al., 2015).

4.6. Diagnosis

Although several of these vaccines appear very promising for human use, final development
and licensure also will present financial and regulatory challenges. The size of the future
market for a CHIKV vaccine is difficult to estimate because of the sporadic nature of
outbreaks and their tendency to occur in global regions with limited financial resources. This
sporadic and unpredictable nature of CHIKYV circulation, as well as the lack of affordable,
point-of-care diagnostics to estimate incidence, will make the selection of a suitable site for
clinical efficacy trials challenging. However, this latter problem could be overcome if
efficacy data in animal models such as nonhuman primates, which appear to faithfully
reproduce human-like disease, are accepted for licensure.

A major challenge to research on CHIKYV and to the control of outbreaks is the limited
diagnostic capabilities in many regions where outbreaks occur. For example, of the more
than 1.2 M suspected cases in the Americas since the fall of 2013, only 2% have been
confirmed by laboratory diagnostics (PAHO data). The combination of RT-PCR during early
stages of infection and IgM ELISA later—after the appearance of symptoms and signs—is
capable of diagnosing the majority of human infections. However, implementation of these
assays is currently limited by the high cost of commercial test kits, limited local capabilities
in many endemic countries for implementing in-house tests, including antigen and control
sample production. A few rapid, point-of-care tests are available, but their performance is
generally lower than that of traditional platforms.

Because distinguishing clinically CHIKYV infection from dengue, malaria and other acute
febrile illnesses in the absence of laboratory diagnostics can be challenging, improvement in
diagnostic capabilities could have dramatic impacts on several fronts: (1) optimal patient
management, including reducing the counterproductive use of antibiotics, antimalarials and
other drugs that have no effect on CHIKYV infection; (2) timely detection of cases imported
into CHIKV-free regions where public health measures including patient education and
vector control can reduce the risk of initiating of the transmission cycle; (3) identification of
optimal sites for clinical research, including trials of vaccines and therapeutics, as well as
evaluation the efficacy of vector control and other public health measures in controlling
disease and spread.

4.7. The future

CHIKYV continues to spread through the Western Hemisphere, creating new challenges to
disease prevention, diagnosis, surveillance, and patient care (Weaver and Forrester, 2015).
Vector control programs remain notoriously weak throughout much of Latin America and
the Caribbean. Surveillance is hampered by a lack of funds and inadequate diagnostics.
There are few available laboratory or point-of-care diagnostics, and many of these serology-
and PCR-based assays have yet to be validated. Serious, post-infection, chronic arthralgia
remains poorly understood with few effective treatment options for patients. Several
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candidate vaccine constructs exist, but they need to demonstrate safety and efficacy in Phase
I and Il trials.

Deaths from CHIKYV rarely have been reported. During the Réunion Island outbreak in
2005-2006, however, excess deaths attributed either directly or indirectly to CHIKV
infection suggested a case fatality rate of approximately one per thousand cases (Josseran et
al., 2006). The financial cost of that same outbreak was estimated to be $48 million (€44
million), with direct medical costs estimated at $98 (€90) per outpatient and $2161 (€2000)
per inpatient (Soumahoro et al., 2011). As CHIKV continues its advance through the virgin
territories of the Caribbean and the Americas similar studies of “excess deaths” and “cost-
of-illness” are likely to appear in the literature. In addition, some media outlets in the
Caribbean already have reported national estimates of economic losses from chikungunya
due to employee absences for medical care (Gammon, 2014). To date, cost-of-illness
analyzes and reports of economic losses have focused on the acute phases of CHIKV
infection; patients with persistent, post-infection arthritis also are likely to be a significant
and long-term source of economic losses and public health burdens.

The GVN and its task force of international experts are committed to advancing knowledge
about CHIKYV infections and preventive measures through global cooperation and
partnerships. Currently, GVN is working to mobilize resources to convene international
scientific meetings, support research training for young medical virologists, and provide a
venue for greater public health advocacy.

For more information about the chikungunya task force or the GVN in general, visit the web
site at http://gvn.org/. For information about the Centers or Excellence and participating in
GVN activities, please contact Sharon Hrynkow, PhD, GVN President.
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Fig. 1.

The global reach of the Global Virus Network. For information about Centers of Excellence,
Center Affiliates and participating scientists, go to http://gvn.org/.
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Table 1

of Excellence and associated laboratories. Each center has a director who has made significant

contributions to the literature; high productivity in terms of publications; has served as a regional resource for
research, diagnostics and treatment; programs that interact with other centers in the region, and outreach
programs with less developed countries. Current Center Directors are listed at: http://gvn.org/members.

Centers of Excellence
Argentina IBBM — National University of La Plata
Australia Peter Doherty Institute for Infection & Immunity, University of Melbourne
Belgium Northern Europe Consortium, Gembloux Agro-Biotech
Brazil Fundacién Oswaldo Cruz (FIOCRUZ) - Rio de Janeiro
China Chinese Consortium — Chinese Centers for Disease Control
Germany Robert Koch Institute Berlin; Technical University of Munich; Philipp University Marburg
India Amrita Institute of Medical Sciences, Kerala
Ireland University College Dublin
Israel Tel Aviv University
Italy Italian Consortium — University of Verona
Japan National Institute of Infectious Diseases (N11D-Tokyo)
Russia Moscow Center for HIVV/AIDS Prevention and Treatment
South Africa  National Institute for Communicable Diseases, Johannesburg
Spain Centro de Biologia Molecular Severo Ochoa (CBMSO), Madrid; Centre de Recerca en Sanitat Animal (CReSA), Barcelona
Sweden Scandinavian-Baltic Consortium, Karolinska Institute
U.K. MRC-University of Glasgow, Scotland; The Pirbright Institute, Surrey
USA Maryland: Institute of Human Virology at the University of Maryland School of Medicine; Johns Hopkins Bloomberg School
of Public Health; J. Craig Venter Institute, Rockville
New York: Icahn School of Medicine at Mt. Sinai; University of Rochester Medical Center; University of Buffalo
California: University of California San Francisco; Scripps Research Institute
Colorado: Colorado State University, Fort Collins
Michigan: University of Michigan
Pennsylvania: University of Pittsburgh Cancer Institute
Texas: UTMB Institute for Human Infections and Immunity, Galveston National Laboratory
Affiliated sites
Estonia University of Tartu
Grenada, W.I.  St. George’s University
Nigeria Institute of Human Virology-Nigeria
Vietnam Ireland Vietnam Blood-Borne Virus Initiative, National Institute of Hygiene and Epidemiology, Hanoi
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Table 2

The Global Virus Network’s task force on chikungunya virus.

Members

Home institution

Email address

Task force co-chairs
John Fazakerley, PhD
Marc Lecuit, MD, PhD
Scott Weaver, PhD

Task force members
Sazaly Abu Bakar, PhD
Simon Cauchemez, PhD
James Crowe, MD
Xavier de Lamballerie, PhD
Anna-Bella Failloux, PhD
Matthew Frieman, PhD
Diane Griffin, PhD
William Hall, PhD
William Klimstra, PhD
Peter Liljestrom, PhD
Jean Lim, PhD

Cal Macpherson, PhD
Andres Merits, PhD
Lisa Ng, PhD

Kenneth Olson, PhD
Janusz Paweska, DVM
Ann Powers, PhD

Kate Ryman, PhD
E.Sreekumar, PhD
Andreas Suhrbier, PhD
Mary Wilson, MD
In-Kyu Yoon, MD

Pirbright Institute, U.K.
Institut Pasteur in Paris

UTMB in Galveston, TX

University of Malaya

Institut Pasteur in Paris

Vanderbilt University, TN

Aix Marseille Université

Institut Pasteur in Paris

U. Maryland Sch. Med., Baltimore, MD
Johns Hopkins University, Baltimore
University College Dublin, Ireland
University of Pittsburgh

Karolinska Institutet, Sweden

Mt. Sinai Hospital, NY

St. George’s Univ., Grenada
University of Tartu, Estonia
Singapore Immunology Network, SIgN
Colorado State University

NICD, South Africa

CDC, Atlanta

University of Pittsburgh

RG Centre for Biotech, Kerala, India
QIMR Berghofer, Australia

Harvard SPH, Boston

AFRIMS, Thailand

john.fazakerley@pirbright.ac.uk
marc.lecuit@pasteur.fr

sweaver@utmb.edu

sazaly@um.edu.my
simon.cauchemez@pasteur.fr
james.crowe@vanderbilt.edu
xavier.de-lamballerie@univ-amu.fr
anna-bella.failloux@pasteur.fr
mfrieman@som.umaryland.edu
griffin@jhsph.edu
william.hall@ucd.ie
klimstra@cvr.pitt.edu
Peter.Liljestrom@ki.se
jean.lim@mssm.edu
cmacpherson@sgu.edu
andres.merits@ut.ee
lisa_ng@immunol.a-star.edu.sg
kenneth.olson@colostate.edu
januszp@nicd.ac.za
akp7@cdc.gov
ryman@cvr.pitt.edu
esreekumar@rgcb.res.in
Andreas.Suhrbier@qimrberghofer.edu.au
mewilson@hsph.harvard.edu

yooni@afrims.org
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