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GENERAL PRESENTATION

Since it was rebuilt 15 years ago, the Institut Pasteur in Cambodia (IPC)
has been actively addressing public health priorities on prevention and
responses to infectious diseases. IPC is located in a region suffering of
one of the highest burden for HIV/AIDS, hepatitis B and C, and
tuberculosis in the world, and in a zone of emergence for drug-resistant
pathogens, in particular Plasmodium falciparum and P. vivax,
Mycobacterium tuberculosis, and HIV.

The institute has grown up and remains the reference in Cambodia for
high quality medical services like Medical Biology Laboratory tests,
rabies post-exposure prophylaxis, international vaccination, and for
world-class research on highly prevalent diseases (HIV/AIDS, Malaria,
Tuberculosis) and emerging diseases (drug-resistant pathogens,
dengue, avian flu, rodent- and bat-borne diseases...).

IPC capacities and capabilities rely on several solid and unique assets:

e |t has strong links with public health authorities through a
agreement signed with the Ministry of Health and collaborates
to several national programs on infectious diseases (influenza,
dengue, rabies, malaria...).

e Itis an active component of the Asia-Pacific regional network,
and a member of the international network of Institut Pasteur,
from which it benefits for training and transversal and
multidisciplinary collaborations.

o The laboratories are equipped and maintained at exacting and
sate-of-the-art international standards. They are run by well-
trained technical personnel, under the supervision of French
senior scientists from Institut Pasteur. IPC is equipped with a
BSL3 laboratory and four BSL2 laboratories, animal facilities
and will soon be equipped with an insectary.

e A synergy between research units interconnected towards
ambitious, innovative, ethical-and peer-reviewed projects, and
associated with local laboratories and public health
departments, hospitals, and with international expert
laboratories.

¢ Young generations of Cambodian scientists trained in house or
abroad (PhD program with French Universities), and foreign
post-doctorates, medical or veterinarian fellows actively
participate to the research programs.

IPC is organized in three departments, administration, services, and
research, which employs about 150 staff

The department of research is composed of 3 units of research
(Epidemiology and Public Health, Malaria Molecular Epidemiology,

Y,
Institut Pasteur 4
du Cambodge

INSTITUT
PASTEUR IN
CAMBODIA

IPC is a non-profit
Institution contractually
bound to the
Cambodian Ministry of

Health.

Researchers observe
international standards
to promote sciences
and medicine for the

betterment of

populations’ health.




Virology) one laboratory on HIV/AIDS and hepatitis, and one immunology platform.

The Clinical Biology laboratory and the Laboratory of Food Microbiology and Water Analysis laboratory also
carry out research in collaboration with the other units. These laboratories are also presented in the report.

Organigramme of the Institut Pasteur in
Cambodia

Research on infectious diseases at IPC is structured to foster transdisciplinary competencies, from bed to
bench. It relies on robust methodology with well integrated epidemiology, biology and cell biology capacity.
The outcomes of our research provide new understanding of diseases and mechanisms, improved
knowledge of the pathogen, of its diversity and its interaction with its host, and contribute to develop tests
and recommendations for controlling and preventiing diseases In Cambodia and beyond.

Institut Pasteur

/

Staff health

International
vaccination
center

Cambodian Institut
AN Pasteur Paris
Health
L Scientific
Liaison . .
Counci Director Advisory
Board
Administration Public Health Research
Technical ) Food microbiology C_Ilmcal HIV/AIDS & )
Biosafety and water analysis biology " Virology
support hepatitis
laboratory laboratory
Rabies : : N
VCCT clinic vaccination | |GRidemioledy S
center

du Cambodge




lahoratories
Clinical Biology Laboratory

Dr Bertrand
GUILLARD, MD
Director of the CBL
Molecular biology: Laboratory of Laboratory of; Laborat_ory <t Samplin Reception
Heng Seiha Mycobacteria Blood Biology _Med_lcal . :
(Eng)1 Microbiology
Dr Bertrand Srey Chanthan A
Guillard (MD) (Pharm) Hien Sopheak HeakI?PhaZm)
Cheng Sokleaph Tor Pety (Pharm) (Pharm)
(Pharm)
Sok Kim Eng (Sec
Son Sary (Méd.) Chheang Rattalnak (Tech) Keo Sokuntheary (RN) OeurnI Soph%r(n (S)ec)
Vt_)ng Nora (Tech) Duong Sophy (Méd.) Lath Sovannarith (Tech) Yin Thaly (RN) Ly Afiny (Sec)
Him Vutheavy (Tech) | |«hy Keomony (Pharm.) Nop Puthea (Tech) Y Chhor Vy (RN)
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Sreng Narom (Tech)
Keam Synat (Tech)

/

Hou Serey Vannak (Pharm.)

Chey Sophea (Tech)

Nong Kheng Phally (Tech)

Douk Dara (Tech)
Teng Van Chhom (Tech)

Sceur Eng (Tech)

Khuon Makara (Tech)
Prak Sivorn (Tech)
Nor Vuthea (Agent Labo)

Teav Vansocheata (Inf)

Yang Soknay (Sec)
Ma Channavy (Sec)
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HIV/Hepatitis Laboratory

Eric Nerrienet, PhD
Head of HIV/Hepatitis

Laboratory

Il |

Viral Load Team Drug Resistance
Mrs. Sopheak Ngin, Superior Genotyping Team

Technician Mr. Janin Nouhin, MSc,
Ms. Kimlay Chea, Superior Research Engineer
Technician Mrs. Sreymom Ken, Technician

Mrs. Kunthea Kong, Technician Ms. Kerya Phon, Technician
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Virology unit

Philippe BUCHY,
MD, PhD
Head of Unit

Ms. DUL Vuochsim

Dr. ONG Sivuth
Personnel Management
Lab Work Organization

Stock Management
Dengue - Rabies

Secretary
Accounting

Ph.D students
Dr. R. GUTIERREZ

Residents
MEY Channa
(Meningo-Encephalitis)
RITH Sareth
(influenza)

(NaVRI)*

Dr Sorn SANI

Research Technicians
LAY Sreyrath

Dr. SEK Mardy
Influenza projects
(NIC, SISEA, FLU
RFA, NMFI ...)

Y Bunthin
HUL Vibol

Senior Lab Technicians
HEM Sopheap

KHIM Soknin

KOY Sophanna (stock)

IN Saraden

MENG Ratana (Immuno)
OUK Soksereivatanak
TOUS Chansamrach
SENG Bunnary (NaVRI)*
TITH Sothearos (NaVRI)*

Animals - BSL3I

Dr. DUONG Veasna
(Ph. D. Student)
-Dengue research
-Scrub Typhus

Dr. PEAN Polidy
(Ph.D. student)
Immunology

operation BSL 3 Technician
CHUM Lenghak ROS Sopheaktra
KET CheaI
Y Bunthin D_r. HORM Srey
Quality/ Viseth
Biosafety (Ph.D. student)
H5N1 environment
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Malaria Molecular Epidemiology unit

Didier MENARD,
PharmD, PhD
Head of Unit

|

Administration Supply
Management and
Maintenance
Oudom MEAS
Secretary,

Cell culture
Phaoktra CHIM
Sopheakvatey KE
Sokunmalis KOUM

Quality
Assurance
Sarom SUM

Sample collection
Biobank
Data management
Saorin KIM

Molecular Biology
Nimol KHIM
Sophy CHY
Sarom SUM

Tin SOM
Rithy SEM

QA-RDT
TDR-WHO-FIND
Laboratory
Sina NHEM
Samnang MAN
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Epidemiology and Public Health unit

Dr Sirenda
VONG, MD, until
December 2010

M

Epidemiology
unit

H
\I

ﬂ

Data

Management

Secretariat

Scientist & project Managers
Laurence Borand, PharmD, MPH

LY Sowath, MD, MPH (PhD student)
Anne Conan, DVM, MSc (PhD student)
Pascale Hancart-Petitet, PhD

SAMAN Manil, MD

SEAN Savy, BA

PHEANG Pheravin, BSc

SOK Ra, MA

DIM Bunnet, MD

Isabelle Fournier-Nicolle, MD
(Guest Researcher - ANRS/MAE)

Flavie Goutard, DVM, MSc
(Guest Researcher - CIRAD)

SOUV Kimsan,
BSc (CNM)

Study Monitors

LENG Chanthy, MD SORN Sopheak, BA
KEO Vanney, BA CHAN Malen, BA
CHAN Siem, BA Pho Yaty, BA
NGUON Kunthy, BA

\I

Public Health
services

PHOUNG Viseth, MD
HENG Nay Yim, MD

IN Sotheary, MD

PENG Ying Sing, RN
HING Chanthy, RN
CHHIM Sam, RN
THAING Chhun Navy, RN

MUY Sovann, BBa
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Laboratory of Food Microbiology and Water
Analysis

Dr. KRUY Sunlay,

PharmD, PhD
Head of Laboratory

M. YITH Vuthy Ms. MUT Ms. CHEM
Engineer Detrane Sophea
9 Engineer Technician

R
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Researchers/St

udents/Post-docs

DEUBEL Vincent DrSe
CLINICAL LABORATORY
GUILLARD Bertrand MD, MSc

HEM Sopheak

PharmD, Student CES Biology

CHENG Sokleaph

Pharm.D, Student CES Biology

UNIT EPIDEMIOLOGY &PUBLIC HEALTH

TARANTOLA Arnaud MD, MSc

VONG Sirenda (until dec. 2010) MD

BORAND Laurence PharmD Student PhD
FOURNIER-NICOLLE Isabelle MD

HANCART PETITET Pascale MD

GOUTARD Flavie VetD

LY Sowath MD, Student PhD Research assistant RIIP
CONAN Anne VetD Student PhD
SAMAN Manil MD Student MSc

LABORATORY OF FOOD MICROBIOLOGY & WATER ANALYSIS

KRUY Sun Lay

Pharm D, PhD

YIT Vuthy

Student MSc

UNIT VIROLOGY

BUCHY Philippe

MD, PhD

NERRIENET Eric

PhD

DUONG Veasna

MD, Student PhD Research assistant RIIP

SEK Mardy

MD, Student CES Biology Research assistant
RIIP

HORM Srey Viseth

MD, Student PhD Research assistant RIIP

GUTIERREZ Ramona

VetD, Student PhD

RITH Sareth PharmD, Student CES biology
PEAN Polidy MD, Student PhD Research assistant RIIP
NOUHIN Janin MSc

UNIT MOLECULAR EPIDEMIOLOGY OF MALAR

1A

MENARD Didier

PharmD, PhD

KHIM Nimol

Student MSc

WITKOWSKI Benoit

PhD Post Doctorat Fellow

DO Catherine

PhD Doctorat Fellow
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THEMEI:

HIV/AIDS,
TUBERGULOSIS AND
HIU-COINFEGTIONS

Units involved

VIROLOGY UNIT/HIV/RIDS-HEPATITIS LABORATORY

o “Very early infant diagnosis and ART outcomes in Cambodia

o “Early diagnosis of HIV in infants (<18 months) and ART
outcomes in Cambodia”

e “Prevention of peripartum transmission of HIV-1 in countries
with limited resources: the tenofovir-emtricitabine combination
as an alternative or complement to single dose nevirapine”

e “Drug resistance pattern of HIV-1 infected patients experiencing
virological failure on LPV/r-based 2nd line antiretroviral
regimen in Cambodia”

e ‘“Long Term Efficacy of LPV/r-based 2nd line antiretroviral
treatment after 24 months of follow up at ESTHER/Calmette
Hospital in Phnom Penh, Cambodia”

e “HIV-1/CMV co-infection in children under 18 months born to
HIV positive mothers in Cambodia, Vietham, Cameroon and
Central African Republic: Feasibility of co-diagnostic on Dried
Blood Spot (DBS) and possible developments

EPIDEMIOLOGY AND PUBLIC HEALTH UNIT

e “CAMELIA CLINICAL TRIAL: Early vs. late introduction of
antiretroviral therapy in naive HIV-infected adult patients with
tuberculosis in Cambodia”

e “Women reproductive health care issues in the Camelia clinical
trial: An anthropological approach”

e “PAANTHER 01 Study: Improving diagnosis of Tuberculosis in
HIV infected children in Asia (Cambodia, Vietham) and in Africa
(Burkina Faso, Cameroon)”

R
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A REGRESSING
EPIDEMIC THAT
CONTINUES TO
TAKE ITS TOLL

Research laboratories
monitor resistance of
HIV to first and second
lines of antivirals. They
study the mechanisms
of severe diseases in
HIV co-infected
patients. They
implement clinical
research programmes
on HIV and

tuberculosis.




VIROLOGY UNIT/PLATFORM OF IMMUNOLOGY

e “NK Cell Degranulation Level Predicts Immune Reconstitution Inflammatory Syndrome (IRIS) in
Patients Co-Infected with HIV-1 and Tuberculosis”

e “Tuberculosis but not Immune Reconstitution Inflammatory Syndrome (IRIS) Prevent Early and Late
Natural Killer (NK) Cell Derganulation Reconstitution in HIV/TB Co-infected Patients”

e “The Immune response to TB/HIV co-infection: insights from immune reconstitution syndrome
during co-therapy”

CLINICAL LABORATORY

e “Tuberculosis

—
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Projects, studies and publications

Very early infant diagnosis and ART outcomes in
Cambodia

Scientific coordinator
NERRIENET Eric, PhD, head of the HIV/Hepatitis Laboratory, IPC
Coordination projet: NGIN Sopheak, Techn Sup.

In resource-limited settings, effectiveness of PMTCT programs and ART outcomes in HIV-infected
neonates remains poorly documented.

Main ohjective :

This study aimed to evaluate efficacy of PMTCT programs in 8 maternity wards in Cambodia, and to
describe outcomes in HIV-infected neonates.

HIV-exposed neonates were screened at birth and at week 6. Heel prick samples of blood on DBS
were used for DNA real time PCR testing (Biocentric, Bandol, France). HIV-RNA viral load and ARV
drug resistance genotyping were done according to ANRS standardized protocols.

Between 2007 and 2010, 985 exposed-neonates were screened for HIV infection. 58.0% were born
from mothers on triple therapy, 19.3% from mothers receiving dual AZT/sdNVP therapy, and 10.8% to
mothers receiving only sdNVP. 67.3 % of neonates received sdNVP plus AZT (1 to 4/6 weeks) and
27.2% only sdNVP at birth. All neonates were formula-fed exclusively. Eight were diagnosed HIV
positive at birth (in utero transmission rate=0.81%). 58 were lost of follow up and 6 died before week 6.
15/913 were diagnosed positive at week 6 (peripartum transmission rate=1.64%). Only 16/23 infected-
neonates started ART. Virological follow up indicated that 9/12 reached undetectable VL whereas 3/12,
presenting resistance to RTIs (one pre-ART, 2 post-ART), were in treatment failure. Finally, 9/23
(39.1%) infected-neonates were successfully treated.

This study highlights the feasibility and interest of very early infant diagnosis, illustrates the efficacy of
PMTCT interventions but clearly points out the difficulties faced to treat infected-neonates.

Calmette Hospital, Phnom Penh, Cambodia, Chey Chumneas Referral Hospital, Takhmao, Cambodia,
National Pediatric Hospital, Phnom Penh, Cambodia; Angkor Hospital for Children, Siem Reap,
Cambodia, Kantha Bopha Hospital, Siem Reap, Cambodia, Magna Children at Risk, Bratislava,
Slovakia
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In 2008, WHO recommended that HIV infection be diagnosed as soon as possible in exposed
neonates. Few months later, WHO recommended treating all infants diagnosed HIV infected during
their first year of life, independently of their immune and clinical status. Since that date, no studies
clearly reported MTCT rates of HIV under prophylaxis and outcomes in neonates infected, treated or
not by ART in resource-limited countries.

To strengthen our collaborative networks with maternities and pediatric wards in Cambodia, in order to
reduce the mortality and improve the medical care of infected neonates. We also aim to develop viro-
immunological scientific researches to evaluate the impact of HIV exposure in utero on the maturation
of the foetal immune system.

This results, as well as those we report for HIV infection and ART outcomes in infants less than 18
months (cf following abstract) in the field illustrate the difficulties to effectively observe WHO
recommendations in developing countries where HIV pediatric infection is a major public health
concern. Scientific projects to ocme will contribute to strenghten our national and regional
(Laos/Vietnam) collaborative network, improve the medical care of HIV-infected infants, elaborate new
recommandations and to further study the innate and adaptatative immune responses in exposed
infants.

Funding
Agence National de Recherche sur le VIH/SIDA et les hépatites virales (ANRS)

ANRS AC11/AC12
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Early diagnosis of HIV in infants (€18 months)
and ART outcomes in Cambodia

Scientific coordinator
NERRIENET Eric, PhD, Head of the HIV/Hepatitis Laboratory, IPC.
Coordination projet: NGIN Sopheak, Techn Sup.

Study

According to WHO guidelines, early infant diagnosis (EID) of HIV should be performed as soon as
possible in exposed-infants (<18 months). Infants found infected should be treated urgently,
independently of their clinical and immunological status. To date, ART outcomes in infancy remains
poorly documented in resource-limited countries.

We aim to report outcomes of HIV-infected infants diagnosed between July 2008 and December 2010
in the paediatric ward of Chey Chumneas Hospital, Kandal province, Cambodia.

EID on Dried Blood Spot (DBS) was implemented and applied for infants referred by PMTCT programs
and/or because they developed HIV/AIDS-related symptoms. DBS were used for real-time HIV-DNA
PCR detection. HIV-RNA viral load (VL) was performed for confirmation and for ART monitoring after 3-
4 months of treatment. Pre- and Post-ART plasma specimen were used for antiretroviral drug
resistance testing. Home Base Care visits were organized on a monthly basis. All HIV-infected infants
were formula-fed.

DBS were perfformed in 153 infants (median age: 1.7 months [IQR: 1.5-3.2, range: 0.4-16.1]). Results
were delivered within 2 to 9 days. Twenty-three (15%) infants were found HIV-infected, 16 were
symptomatic at diagnosis time. Six of them died before confirmation (median duration between
diagnosis and death: 18 days). Two were lost of follow up. At confirmation and/or ART initiation (n= 15)
the median VL was 6.4Log10. Fifteen infants started d4T/3TC/NVP (median delay between diagnosis
and ART initiation: 51 days [IQR:39.5-99.5, range:23-159]. Two died at 41 and 105 days of treatment.
Seven reached undetectable VL. The six others, experiencing virological failure, were resistant to
3TC/FTC/NVP/EFV, including one also resistant to d4T. One child was resistant before ART initiation.

We confirm a high mortality rate soon after diagnosis (26.1%) and a high rate of treatment failure (6/13)
in infants. Further investigations are urgently needed to explain the fast emergence and the high rate of
resistance in these infants.
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Chey Chumneas Referral Hospital, Takhmao, Cambodia, MagnaChildren at Risk, Bratislava, Slovakia,
Angkor Hospital for Children Siem Reap, Cambodia

Funding
AC11/AC12 ANRS working groups, ANRS AC11/AC12

Publications

Ngin Sopheak, Ban Born, Kong Kunthea, Say Leakhena, Nouhin Janin, Chea Kimlay, Phon Kerya, Ken
Sreymom, Kong Chhunly, Santon Romain, Bandzak Martin, Augustinova Denisa, and Nerrienet Eric.
Early Diagnosis of HIV in infants (<18 months) and ART outcomes in Cambodia (submitted)
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Drug resistance pattern of HIV-1 infected
patients experiencing virological failure on
LPV/r-based 2nd line antiretroviral regimen in
Cambodia

Scientific coordinator

NERRIENET Eric, PhD, head HIV/Hepatitis Laboratory
Coordination projet:

NOUHIN Janin, MSc

Study

Second-line treatment failures are becoming a major challenge in resource-limited countries.

Main objective

This study aimed to describe the antiretroviral drug resistance profiles of HIV-infected patients
experiencing virological failure on LPV/r-based 2nd line therapy in Cambodia

Bulk sequencing of protease (PR), reverse transcriptase (RT) and integrase (IN) PCR products were
performed from HIV-1 strains infecting 90 patients with detectable viral load (>250 copies/ml) under
LPV/r-based 2nd line.

HIV-PR gene amplification was successful for 72/90 patients (80%). All were infected by CRF01_AE
viruses, known to induce possible resistance to TPV/r. Of the amplified strains 42/72 did not show
resistance to protease-inhibitors (PIs). In contrast, high levels of resistance to Pls were observed for the
30 remaining patients (median VL: 5 Log10). Twenty-seven were resistant to LPV/r (8 only possibly
resistant), with 29, 22 and 21 also being resistant to IDV, ATV/r and FPV/r, respectively. Twenty-seven
were resistant to NFV (11 possibly) and 23 to SQV/r (9 possibly). Eight of 30 were also resistant to
DRVI/r (5 possibly). Among these 30 patients, a high frequency of resistance to RTIs was also detected
but to a lesser extent to ETV (n=13, 6 possibly). Integrase inhibitors (lIs) resistance profiles for 25 of
them indicated no resistance to RAL or EVG. Further clinical investigations, available for 15 of them,
revealed multiple exposures to RTIs and Pls.

Two-thirds of patients experiencing virological failure on LPV/r-based 2nd line did not show PI-
resistance because of low viral load and/or lack of observance. For those, strengthening observance
before any change of the 2nd line is urgently required. In contrast, one-third with high level of
resistance to Pls and RTIs, individual changes of Pl-based 2nd line is required with DRV, ETV and
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RAL/EVG representing good candidates for either alternative Pl-based 2nd line or Il- based 3rd line
salvage therapy.

ESTHER/Calmette Hospital, Phnom Penh, Cambodia, Clinical Immunology Department, Bicétre
Hospital, Kremlin Bicétre, France, National Center for HIV/AIDS and STD (NCHADS), Phnom Penh,
Cambodia, FHI, Phnom Penh, Cambodia, ANRS, Paris, France.

Funding
AC11/AC12 ANRS working groups

ANRS AC11/AC12
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Long term efficacy of LPV/r-based 2nd line
antiretroviral treatment after 24 months of
follow up at ESTHER/Calmette Hospital in
Phnom Penh, Cambodia

Scientific coordinator
NERRIENET Eric, PhD
Project coordination:

NOUHIN Janin, Ingeener, MScll

The number of patients on second-line highly active antiretroviral therapy (HAART) regimens is
increasing in resource-limited settings and their long-term outcome remains poorly documented.

Main objective

This study describes the outcomes after 24 months of patients on LPV/r-based second-line regimens
followed up at ESTHER/Calmette Hospital in Phnom Penh, Cambodia.

Methodology

Seventy patients who initiated second-line HAART regimens more than 24 months earlier were
included, and their immune and virological data were analyzed. HIV RNA viral load was determined by
real-time RT-PCR. HIV-1 drug resistance was interpreted using an ANRS algorithm

Results

Of the 70 patients included, two were lost to follow up, three died and 65 (92.8%) remained on second-
line treatment after 24 months of follow up (median duration of treatment: 27.4 months). At switch to
second-line, the median CD4 cell count was 106 cells/mm3 and the median viral load was 4.7 Log10.
Second-line regimens prescribed were ddI/3TC/LPV/r (65.7%), ddI/TDF/LPV/r (10.0%), ddI/AZT/LPVI/r
(8.6%) and TDF/3TC/LPV/r (7.1%). The median CD4 cell gain was +258 cells/mm3 at 24 months
(n=63). After 24 months of follow up, 92.3% (60/65) of the patients presented undetectable viral loads,
giving an overall treatment success rate of 85.7% (Cl: 75.6- 92.0) in intent-to-treat analysis.

These data suggest that a LPV/r-based second-line regimen is associated with a high rate of virological
suppression and immune reconstitution after 24 months of follow up in Cambodia.
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Family Health International, Phnom Penh, Cambodia, ESTHER/Calmette Hospital, Phnom Penh,
Cambodia, Clinical Immunology Department, Bicétre Hospital, Kremlin Bicétre, France, National Center
for HIV/AIDS, Dermatology and STD, Ministry of Health, Cambodia , ANRS, Paris, France

Funding
AC11/AC12 ANRS working groups, ANRS AC11/AC12

Laurent Ferradini, Vara Ouk, Olivier Segeral, Janin Nouhin, Anne Dulioust, Chanroeurn Hak, Isabelle
Fournier, Nathalie Lerolle, Sopheak Ngin, Chhi Vun Mean, Jean-Francois Delfraissy, Eric Nerrienet .
Long term efficacy of lopinavir/r-based second-line antiretroviral treatment after 24 months of follow up
at ESTHER/Calmette Hospital in Phnom Penh, Cambodia. J Int AIDS Soc. 2011 Mar 26;14:14.

Pujades-Rodriguez M, Schramm B, Som L, Nerrienet E, Narom P, Chanchhaya N, Ferradini L, Balkan
S. Immunovirological outcomes and resistance patterns at 4 years of antiretroviral therapy use in HIV-
infected patients in Cambodia. Trop Med Int Health. 2010 Nov 19.

Ségéral O, Limsreng S, Nouhin J, Hak C, Ngin S, De Lavaissiére M, Goujard C, Taburet AM, Nerrienet
E, Delfraissy JF, Ouk V, Dulioust A. Three Years Follow-Up of First-Line Antiretroviral Therapy in
Cambodia: Negative Impact of Prior Antiretroviral Treatment. AIDS Res Hum Retroviruses. 2011 Jan
17.

P, Raguenaud ME, Te V, Tray CS, Akao K, Kumar V, Ngin S, Nerrienet E, Zachariah R. High survival
and treatment success sustained after two and three years of first-line ART for children in Cambodia.
Isaakidis J Int AIDS Soc. 2010 Mar 21;13:11.

Ayouba A, Lien TT, Nouhin J, Vergne L, Aghokeng AF, Ngo-Giang-Huong N, Diop H, Kane CT, Valéa
D, Rouet F, Joulia-Ekaza D, Toni TD, Nerrienet E, Ngole EM, Delaporte E, Costagliola D, Peeters M,
Chaix ML. Low prevalence of HIV type 1 drug resistance mutations in untreated, recently infected
patients from Burkina Faso, Cote d'lvoire, Senegal, Thailand, and Vietnam: the ANRS 12134 study.
AIDS Res Hum Retroviruses. 2009 Nov; 25(11):1193-6.

Nouhin J, Ngin S, Martin PR, Marcy O, Kruy L, Ariey F, Peeters M, Chaix ML, Ayouba A, Nerrienet E.
Low prevalence of drug resistance transmitted virus in HIV Type 1-infected ARV-naive patients in
Cambodia. AIDS Res Hum Retroviruses. 2009 May; 25(5):543-5.

Janssens B, Raleigh B, Soeung S, Akao K, Te V, Gupta J, Vun MC, Ford N, Nouhin J, Nerrienet E.
Effectiveness of highly active antiretroviral therapy in HIV-positive children: evaluation at 12 months in a
routine program in Cambodia. Pediatrics. 2007 Nov; 120(5):e1134-40
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Prevention of peripartum transmission of HIV-1
in countries with limited resources: the tenofovir-
emtricitabine combination as an alternative or
complement to singke dose nevirapine (ANRS
#12109)

Principal investigators

D EKOUEVI, F DABIS

Coordinateurs Cambodge: E NERRIENET, S Leang KRUY
Project Coordination: Elise ARRIVE

Single-dose nevirapine (sdNVP) is the option of choice for the prevention of mother-to-child
transmission (PMTCT) of HIV-1 in countries with limited resources. However, the use of sSANVP results
in resistance mutations with an estimated frequency at of least 35% in women at W4-W6 postpartum.
These mutations could compromise the success of subsequent treatments of mothers and children with
antiretroviral combinations that include NVP. Pre-clinical and clinical studies suggest that a combination
of TDF and FTC may be a useful alternative or complement to sdNVP.

To study the pharmacokinetic properties, safety and viral resistance pattern of the combination of
tenofovir disoproxil fumarate {TDF, 300 mg} and emtricitabine {FTC, 200 mg}) in HIV-1 infected
pregnant women and their newborns, in the setting of prevention of mother-to-child transmission
(PMTCT) of HIV-1 in Africa and Asia.

A Phase I, multicentre, open-label trial that will be conducted in two sequential steps with 30 mother-
infant pairs per step and with a balanced allocation in Abidjan (Céte d’lvoire), Soweto (South Africa)
and Phnom Penh (Cambodia)

Step 1: administration of TDF/FTC to the mother.

Step 2: administration of TDF/FTC to the mother and the newborn.

Step 2 is only scheduled to begin after an interim analysis of the results of Step 1 is complete.

Overall, 74 HIV-1linfected pregnant women were enrolled and had received the study drugs in both
steps (38 in the first step). The median age was 27 years, (interquartile range (IQR): 24-31 years). At
baseline, the median CD4 count was 453 cells/mm3 (IQR: 356-623), and 11 women (15%) had
undetectable HIV-1RNA plasma viral load. In the first step, women received TDF+FTC in a median time
of 4.9 hours (IQR: 3.3-8.2; min: 0.5; max: 19.7) before delivery while, it was 6.2 hours (IQR: 4.6-7.4;
min:0.4; max 15.3) in the second step, with two women having received two additional tablets of
TDF+FTC due to prolonged labor. Nine (24%) biological serious (grade 3 or 4) adverse events (SAE)
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occurred in mothers in the first step (three anaemia, three TEmA A ANR S 1210 9 Fina | analyse s —
14/06/201 0 — Repor t — Draf t 4 2 neutropenia associated with leucopenia, two isolated neutropenia
and one elevation of liver enzymes) compared to two in the second step (one grade 3 leucopenia and
one grade 4 neutropenia.). All these SAEs had resolved at D28/45 except for the elevation of liver
enzymes which persisted until 5 months postpartum. Anaemia (9.4 g/dL) was present in 13.5%,
31.1%, 21.9% and 2.7% of the mothers at enrolment, H48, D7 and D28, respectively. Neutropenia
(£1500/mm3) was recorded in 8.6%, 8.1%, 9.6% and 16.4% at HO (Step 2 only), H48, D7 and D28,
respectively. No other biological disorder was reported. Maternal viral load levels decreased from a
median of 4.08 log (IQR: 3.6-5.03; min:2.5; max: 6.67] at enrolment to 3.32 log at H48 (IQR: 2.83-4.56;
min: 2.5; max: 6.63) in the first step (-0.76 log) while it decreased from 3.69 (IQR: 2.95-4.11; min: 2.13;
max: 5.74) to 2.91 (IQR: 2.6-3.75; min: 2.4; max: 4.97) in the second step (-0.78). Among 39 livebirths
in the first step (one pair of twins), six children were excluded from the pharmacokinetics (PK) study (i.e
did not undergo blood collection) because of low birth weight (<2500g), while, in the second step, all 36
livebirths received sdTDF and sdFTC and underwent blood collection (including four with low birth
weight). In the first step, nine infants had clinical SAEs (23%) and two experienced transient grade 3
anaemia (5%). Three children died during the protocol follow-up (one meningitis, one gastroenteritis
with malnutrition and 1 intestinal occlusion) and one died thereafter (one early unexplained neurological
symptoms). The other SAEs were of infectious origin (gastroenteritis, bronchopneumonia, meningitis,
conjunctivitis and neonatal sepsis) and resolved. Also, one child had a grade 3 low creatinine
clearance. This event was not prospectively reported at the time of the study because this was not a
standard outcome of the protocol. In the second step, only two infants had clinical SAEs (5%) including
one who died (neonatal sepsis). One transient grade three neutropenia and two grade 3/4
hyperbilirubinemia were also reported. Also, one child had a grade two low creatinine clearance and 5
had grade 1. Urin beta2 microglobulin was high in an important proportion of infants in both steps: 26
infants (55.6%) presented a value> 0.35 mg/L (although there is no consensus threshold for this TEmA
A ANR S 1210 9 Fina | analyse s — 14/06/201 0 — Repor t — Draf t 4 3 measurement, it is the threshold
value for severity used in the paediatric department of the Necker Hospital, Paris) in the first step and
23 (67.6%) in the second step. In the first step, two infants out of 38 tested at 4 weeks of life had
detectable RNA plasma viral load, also detectable at D3, suggesting in utero HIV infection as well as
one infant out of 34 in the second step (overall frequency: 4.2%, 95% Confidence Interval [CI]: 0.8-
11.7). Both infants born during the first step had clinical SAEs and one died. Overall Kaplan-Meier
estimation of HIV-free survival at 6 weeks of age was 91.9% (95% CI: 82.9-96.3). No resistance to
ZDV, FTC or TDF was detected in both steps. In the second step only, viral resistance mutation
(K103N) to NVP was detected in 1/34 mothers at week 4 in Soweto. However, this resistance was
already present in mixed populations (K103N/K) at enrolment and at H48. Thus, among 71 women
been tested with no resistance at baseline, the upper limit of the 95% confidence interval for resistance
rate at 4 weeks postpartum was: 5.1%. Phylogenetic analysis revealed 26 CRF02-AG strains, three A
strains, three CRFO06 strains, one indeterminate strain in Abidjan (one not amplifiable and one sample
lost). There were 18 CRFO1-AE strains and two B strains in Phnom Penh and 18 C strains in Soweto.
The HIV-infected infants harbored CRF02-AG and C strains and had no viral resistance at week-4.
Conclusion: SAEs and deaths were unlikely to be related to TDF+FTC except for transient neutropenia.
Urin beta2 microglobulin was high in an important proportion of infants in both steps but it is difficult to
interpret the clinical relevance of this biological abnormality. Overall, the TDF+FTC combination used
for PMTCT was well tolerated in women and newborns with no intrapartum HIV transmission reported.
Providing seven days of additional postpartum antiretroviral exposure with TDF+FTC immediately after
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the administration of sUNVP+TDF+FTC extended the suppression of viral replication, thus avoiding a
postpartum exposure to NVP monotherapy. However, this regimen did not avoid the selection of pre-
existing minority NVP resistant virus. This antiretroviral strategy, feasible in resource limited settings

minimizes the risk of NVP resistance.

SAEs and deaths were unlikely to be related to TDF+FTC except for transient neutropenia. Urin beta2
microglobulin was high in an important proportion of infants in both steps but it is difficult to interpret the
clinical relevance of this biological abnormality. Overall, the TDF+FTC combination used for PMTCT
was well tolerated in women and newborns with no intrapartum HIV transmission reported. Providing
seven days of additional postpartum antiretroviral exposure with TDF+FTC immediately after the
administration of sdANVP+TDF+FTC extended the suppression of viral replication, thus avoiding a
postpartum exposure to NVP monotherapy. However, this regimen did not avoid the selection of pre-
existing minority NVP resistant virus. This antiretroviral strategy, feasible in resource limited settings
minimizes the risk of NVP resistance.

Inserm 897; ISPED, Hépital Cochin, Paris, France; Centre Hospitalier Universitaire de Yopougon,
Abidjan, Cote d'lvoire; ; Centre Hospitalier Universitaire, Ouagadougou; Burkina Faso ; Centre for
Health and Population Studies, Somkhele, South Africa; Calmette Hospital, Phnom Penh, Cambodia;
Pasteur Institute, Phnom Penh, Cambodia.

Funding
ANRS

Publications

Benaboud S, Ekouévi DK, Urien S, Rey E, Arrivé E, Blanche S, Gray G, Sim KL, Avit D, Mcintyre J,
Nerrienet E, Dabis F, Tréluyer JM, Hirt D; TEmAA ANRS 12109 Study Group. Population
pharmacokinetics of nevirapine in HIV-1-infected pregnant women and their neonates. Antimicrob
Agents Chemother. 2011 Jan;55(1):331-7.

Arrivé E, Chaix ML, Nerrienet E, Blanche S, Rouzioux C, Avit D, Kruy LS, Mcintyre J, Say L, Gray G,
Ekouévi DK, Dabis F. Maternal and nenonatal tenofovir and emtricitabine to prevent vertical
transmission of HIV-1: tolerance and resistance. TEmAA ANRS 12109 Study Group, AIDS. 2010 Oct
23;24(16):2481-8.

Arrivé E, Chaix ML, Nerrienet E, Blanche S, Rouzioux C, Coffie PA, Kruy Leang S, Mclintyre J, Avit D,
Srey VH, Gray G, N'Dri-Yoman T, Diallo A, Ekouévi DK, Dabis F. Tolerance and viral resistance after
single-dose nevirapine with tenofovir and emtricitabine to prevent vertical transmission of HIV-1.
TEmMAA ANRS 12109 Study group, AIDS. 2009 Apr 27;23(7):825-33.

Hirt D, Urien S, Rey E, Arrivé E, Ekouévi DK, Coffié P, Leang SK, Lalsab S, Avit D, Nerrienet E,
Mclintyre J, Blanche S, Dabis F, Tréluyer JM. Population pharmacokinetics of emtricitabine in human
immunodeficiency virus type 1-infected pregnant women and their neonates. Antimicrob Agents
Chemother. 2009 Mar;53(3):1067-73

Hirt D, Urien S, Ekouévi DK, Rey E, Arrivé E, Blanche S, Amani-Bosse C, Nerrienet E, Gray G, Kone
M, Leang SK, Mcintyre J, Dabis F, Tréluyer JM; ANRS 12109. Population pharmacokinetics of tenofovir
in HIV-1-infected pregnant women and their neonates (ANRS 12109). Clin Pharmacol Ther. 2009
Feb;85(2):182-9.
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HIV-1/CMV co-infection in children under 18
months born to HIV positive mothers in
Cambodia, Vietham, Cameroon and Central
African Republic: Feasibility of co-diagnostic on
Dried Blood Spot (DBS) and possible
developments

Scientific coordinator

E Nerrienet/M Leruez-Ville

Country coordination :

IP Cambodge : S Ngin

IP HCM : Xuan Truong Lien/Ton Tran
IP Bangui: S Moussa

CPC Yaoundé: M Tedjiokem

Programs to prevent mother to child transmission (PMTCT) of HIV-1 reduce the risk of in utero and peri
partum transmission HIV in the South. However, children still infected in utero remain at high risk to
develop AIDS rapidly. In developing countries, few data are available regarding the prevalence and the
impact of CMV co-infection in new born.The risk for HIV-positive infants, to develop severe and fatal
forms related to CMV can be reduced by antiretroviral treatment. Simple, non invasive and non
expensive early diagnosis of these two viral infections, might promote, over time, improvement of early
management of infected infants.

Ohjective

To gather preliminary data in terms of concomitant diagnosis of HIV-1 and CMV, in infants (<18
months) born to HIV positive mothers in 2 countries in South East Asia (Cambodia and Vietnam) and 2
sub-Saharan African countries (Cameroon and Central African Republic).

Retrospective screening of CMV infection (by DNA CMV real time PCR) in blood samples (dried blood
spot) already screened for the diagnosis of HIV infection in children (JO to M18) born to mothers
infected with HIV. This non-interventional research, using samples available in the laboratories received
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approval from national ethics committees and of the biomedical research committee of PI Paris. This
retrospective study had no impact on medical care for children.
Resuits

1592 DBS have been used to screen CMV infection by real time PCR (IP Cambodia=479, IP Ho Chhi
Minh n=386, IP Bangui n= 330, CP Cameroon n=397). 24% were from infants less than 2 weeks of
age, 41% from infant 6 to 8 weeks aged, more than 30% from infants more than 8 weeks. 147/1592
(9.2%) were HIV DNA positive, 282 of 1592 were DNA-CMV positive. Statistical analyses, taking into
account the age at time of diagnosis, the mode of feeding, per site, per continent, are undergoing.
Preliminary results will be discussed with the site coordinators between March and June 11.

Collahorators
IPC Phnom Penh, IP Ho Chhi Minh, IP Bangui and CPC, Yaoundé; Necker Hospital, Paris.

Funding
ANRS
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Early vs. late introduction of antiretroviral
therapy in naive HIV-infected adult patients with
tuberculosis in Cambodia (CAMELIA).

Coordinating investigators

Dr Francois-Xavier BLANC , Internal Medicine Dpt, Bicétre University Hospital, France
Dr SOK Thim, Cambodian Health Committee, Phnom Penh, Cambodia
Dr Anne E GOLDFELD, CBR Institute for Biomedical Research, Boston MA 02115, USA

Tuberculosis (TB) remains the first cause of death in patients infected by the human immunodeficiency
virus (HIV). Although case-fatality in tuberculosis/HIV co-infected patients primarily occurs in the first
weeks after tuberculosis treatment initiation, robust data regarding optimal timing of antiretroviral
therapy (ART) initiation within this early period are lacking.

Primary objective

To compare the patients’ survival at the end of the trial (50 weeks after last patient enroliment) in an

early HAART initiation arm (2 weeks after TB treatment onset) versus a late HAART initiation arm (2
months after TB treatment onset), considered as the reference arm, in drug naive HIV-infected adult
patients with newly diagnosed TB.

Secondary objectives

Evaluate the safety of an early initiation of HAART in terms of drug interactions, paradoxical reactions
or IRIS

Evaluate the occurrence of Opportunistic Infections

Evaluate the rate of hospitalization for any cause

Measure the effectiveness of TB treatment

Evaluate the occurrence of TB recurrence

Measure the effectiveness of HAART (immunological restoration, rate of patients with

undetectable viral load)

e Determine predictive factors for the survival, the response to TB treatment and HAART and the
paradoxical reactions (i.e. clinical, biological)

¢ Evaluate patients' adherence to TB treatment and HAART

e Evaluate efavirenz exposure in plasma and detect any potent drug-drug interaction between
efavirenz and rifampicine

e Compare survival rate 50 weeks after enrollment

e In case of TB recurrence, differentiate TB relapse vs. TB reinfection

Methodology - Study design
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This is a multicentre prospective, randomized, open-label two-armed trial with no placebo. The trial is
designed as a superiority trial to answer the question of the timing for the introduction of the HAART
(early vs. late introduction) in HIV-infected adult patients with TB in Cambodia.

The total number of subjects to be enrolled in the trial is 660 (330 in each treatment arm).

Between January 2006 and May 2010, 661 patients were enrolled and followed for a median of 27
months. At enroliment, median CD4+ T-cell count was 25 per cubic millimeter and viral load was 5.64
log copies/ml. There were 59/332 deaths in the early arm, as compared with 90/329 deaths in the late
arm (hazard ratio, 1.52; 95% confidence interval, 1.12 to 2.05; p=0.007). Incidence of immune
reconstitution inflammatory syndrome was 4.03 and 1.44 per 100 person-months in the early and late
arm, respectively (p<0.0001). Irrespective of the study arm, median CD4+ T-cell gain was 114 per cubic
millimeter and 96.5% of patients had an undetectable viral load at week 50.

Initiation of ART two weeks after starting tuberculosis treatment significantly improves survival in
severely immunosuppressed HIV-infected adults with newly diagnosed tuberculosis.

Collaborations

Study sites

Five hospitals in Cambodia: 2 in the Capital city and 2 in rural area
Khmero-Soviet Friendship Hospital in Phnom Penh

Provincial Hospital in Svay Rieng

Calmette Hospital in Phnom Penh

Provincial Hospital in Takeo

Provincial Hospital in Siem Reap

Study Coordination

The Coordination Centre of the multicentric study is the Epidemiology and Public Health Unit of Institut
Pasteur in Cambodia.

The Central Laboratory is based in the Institut Pasteur in Cambodia.

The Clinical Coordination is based in the Cambodian Health Committee in Phnom Penh and in France.
Study team inIPC

In the IPC, this study involved several units:

Epidemiology and Public Health Unit:

HIV and Hepatitis Unit

—
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Clinical Biology Unit

Immunology platform (Virology Unit)

Funding
ANRS + NIH

Francois-Xavier Blanc, Thim Sok, Didier Laureillard, Laurence Borand, Claire Rekacewicz, Eric
Nerrienet, Yoann Madec, Olivier Marcy, Sarin Chan, Narom Prak, Chindamony Kim, Khemarin K. Lak,
Chanroeurn Hak, Bunnet Dim, Chhun I. Sin, Sath Sun, Bertrand Guillard, Borann Sar, Sirenda Vong,
Marcelo Fernandez, Early Initiation of Antiretroviral Treatment Two Weeks after Tuberculosis Therapy
Onset Improves Survival in Immunosuppressed HIV-Infected Adults (New England Journal of Medicine;
aceepted for publication)

Oral presentations

- Scaling up and Optimizing HIV Treatment and Care in Asia Congress, Chiang Mai- Thailand, October
25th, 2006: CAMELIA Project in Cambodia, L.Borand and CAMELIA team.

- Cambodge Santé, October 26th, 2006: CAMELIA CLINICAL TRIAL, L. Borand and CAMELIA Team

- Third Cambodia National AIDS Conference, September 2008, Phnom Penh: “The CAMELIA Clinical
trial and Multi-Sectoral Training to improve capacity in TB and AIDS care and clinical research”, M.
Saman, C. Leng, S. Ay Sao, P.Chea, P.Pheng, S.Chan, S.Chea, K.Meardey, N.Men, K.Phon, B.Sar,
S.Vong, HK.Lim, T.Sok, L Borand

- Second Phnom Penh Symposium on HIV Prevention Care and Treatment, December 2008, Phnom
Penh, Cambodia: “Lessons learned from CAMELIA clinical trial implementation in Cambodia”.

- XVIII International AIDS Society conference, on July 22nd 2010: “Significant enhancement in survival
with early (2 weeks) vs. late (8 weeks) initiation of highly active antiretroviral treatment (HAART) in
severely immunosuppressed HIV-infected adults with newly diagnosed tuberculosis.” Frangois-Xavier
Blanc, Thim Sok, Didier Laureillard, Laurence Borand, Claire Rekacewicz, Eric Nerrienet, Yoann
Madec, Olivier Marcy, Sarin Chan, Narom Prak, Chindamony Kim, Khemarin Kim Lak, Chanroeurn
Hak, Bunnet Dim, Chhun Im Sin, Sath Sun, Bertrand Guillard, Borann Sar, Sirenda Vong, Marcelo
Fernandez, Lawrence Fox, Jean-Francois Delfraissy, Anne E. Goldfeld.

- Annual Scientific Meeting of the Institut Pasteur International Network in Hong Kong, 22nd - 23rd of
November 2010: “Early (2 weeks) vs. late (8 weeks) initiation of highly active antiretroviral treatment
(HAART) significantly enhance survival of severely immunosuppressed HIV-infected adults with newly
diagnosed tuberculosis: results of the CAMELIA clinical trial (ANRS 1295/12160 - CIPRA

KH 001/10425), Francois-Xavier Blanc, Thim Sok, Didier Laureillard, Laurence Borand, Claire
Rekacewicz, Eric Nerrienet, Yoann Madec, Olivier Marcy, Sarin Chan, Narom Prak, Chindamony Kim,
Khemarin Kim Lak, Chanroeurn Hak, Bunnet Dim, Chhun Im Sin, Sath Sun, Bertrand Guillard, Borann
Sar, Sirenda Vong, Marcelo Fernandez, Lawrence Fox, Jean-Francois Delfraissy, Anne E. Goldfeld

—
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- Third Phnom Penh Symposium on HIV/AIDS Prevention, Care and Treatment 2010, 14-15 December
2010: “Efavirenz 600mg daily leads to therapeutic concentrations in a majority of patients when
combined with rifampin: pharmacokinetic results from the CAMELIA clinical trial (ANRS 1295 — CIPRA
KH 001-DAIDS-ES ID 10425)” Borand L, Chou M, Laureillard D, Madec Y, Nerrienet E, Pheng P, Phon
K, Marcy O, Chan S, Narom P, Lak K, Hak C, Uorng S, Dim B, Leng C, Ay S, Saman M, Chea P, Vong
S, Goldfeld A, Sok T, Blanc FX, Taburet AM

Linked Research Studies

CAPRI NK “CAMELIA Associated Paradoxical Reactions Immune NK study”
CAPRI T “CAMELIA Associated Paradoxical Reactions Immune T study”
PECAN “Pharmacology Efavirenz CAmbodia Nevirapine”

“Women reproductive health care issues in the ANRS 12095 CIPRA KH001 CAMELIA clinical trial an
anthropological approach”

—
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Women reproductive health care issues in the
ANRS 12095 CIPRA KHOO1 CAMELIA clinical
trial an anthropological approach

Contributors

Dr Pascale Hancart Petitet (Principal Investigator),
Dr Laurence Borand (Project Manager), Dr Olivier Marcy (Project Officer),
Mrs Sineath Hong (Research Assistant)

All women involved in Anrs 12095 Cipra Kh0OO1 Camelia Clinical Trial were requested to use a double
contraception method including condoms during the trial. Despite this strong requirement stated in the
consent form, as of April 1st, 2009, 10 women enrolled in the CAMELIA trial became pregnant. Three of
these women decided to undergo an induced abortion. The lack of reproductive health care for women living
with HIV isn’'t a specific issue for the CAMELIA Clinical Trial. This situation has been generally observed
country while. Main Objective: Examine socio cultural dimensions of reproductive health (or on birth control
and procreation) among women in childbearing age enrolled in the CAMELIA Clinical Trial. Specific
objectives are to: 1. Document various activities implemented in order to improve reproductive health care
for women included in the CAMELIA Clinical Trial. 2. Examine CAMELIA’s stakeholders, caregivers,
counselors, and patients representations related to reproductive health care access for women living in HIV.
3. Identify barriers to HIV-infected women’s access to appropriate knowledge and use of reproductive health
services including contraceptive. 4. Establish an ongoing process of results dissemination with caregivers
and stakeholders involved in the CAMELIA clinical Trial.

The study is based on an ongoing ethnographical research (including in-depth interviews, focus groups and
observations) in two CAMELIA sites: Khmer-Soviet Friendship Hospital in Phnom Penh and in the Svay Rieng
Referral Hospital. We observe consultations and counseling activities related to birth control and
Procreation and Prevention of the Mother to Child Transmission of HIV organized in the CAMELIA activities.
We also conduct interviews with stakeholders, caregivers, counselors and patients involved in these
activities.

Expected results

Expected results are 1) Answer specific reproductive health questions that emerged during the
implementation of CAMELIA, 2) Evaluate the impact of the system put in place to increase reproductive
health in CAMELIA women, 3) Evaluate the sustainability of such a referral system, its strengths and
weaknesses, 4) Document the CAMELIA team’s experience in managing this issue, 5) Provide various
knowledge on reproductive health’s experiences and needs of PLWHIV useful for prevention and treatment
programmes providers.

Amsterdam Institute for Social Science Research, Amsterdam University, IRD, UMI 233 and master socio
anthropology unit, Royal University of Phnom Penh.

Funding
ANRS, Sidaction

—
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CAMELIA Paradoxical Reaction Immune NK cell Study “CAPRI NK” - ANRS 12153

NK Cell degranulation level predicts immune
reconstitution inflammatory syndrome (IRIS) in
patients co-infected with HIV-1 and tuberculosis

Contributors

Polidy Peanl, Eric Nerrienetl, Yoann Madec2, Sopheakdey Cheal, Kerya Phonl, Laurence Borand1,
Sarin Chan3, Olivier Marcy3, Marcelo Fernandez3, Francoise Barré-Sinoussi2, Gianfranco Pancino2,
Daniel Scott-Algara*2, and CAMELIA Operational team

1 Institut Pasteur du Cambodge -RIIP

2 Institut Pasteur de Paris

3 Cambodian Health Committee

Tuberculosis (TB) is the leading cause of death in HIV/AIDS patients worldwide, particularly in resource
poor countries. Although the use of Highly Active antiretroviral therapy (HAART) during TB treatment in
co-infected patients reduced the mortality and morbidity by restoration the immune functions but the
simultaneous management of the ARV and anti-TB drugs is inducing several problems, including the
appearance of an inflammatory syndrome associate to the restoration of immune function, called
Immune Reconstitution Inflammatory Syndrome (IRIS), which is a major complication in HAART
management in co-infected patients. This inflammatory phenomenon develops in 7-36% in HIV/TB co-
infected patients. IRIS is characterized by exacerbation or worsening of tuberculosis symptoms/sign
after initial clinical improvement of tuberculosis following initiated of antiretroviral therapy.

The diagnosis of IRIS is very difficult and at present there are no laboratory test for prediction and
diagnosis confirmation of this syndrome.

The role of adaptive immunity in the pathogenesis of IRIS is often evoked such as the initial increase of

effector memory T cells and increase of IFNy production of tuberculine specific T cell response while
the alteration of regulatory T cell function following HAART in IRIS have been reported. The innate
immunity, in particular of Natural Killer (NK) cell has not yet been explored in IRIS, despite experimental
data clearly indicate the role of NK cell in Mycobacterium tuberculosis (Mtb) infection, as demonstrated
that NK cell can lyse Mtb infected monocytes/macrophages through the recognition of their receptors
NKp46, NKG2D, NKp30 to ligands which expressed on infected cells. As hypothesis, IRIS is associated
with activation and modification on NK cell subset and their function characterized by particular NK cells
repertoires and through their cross talk with antigens presenting cell (APC), which induced a robust and
better T cell response to Mtb and increasing the risk of IRIS.

This project aimed to determine the involvement of the Natural Killer innate response, in the onset of
the IRIS in HIV/TB co-infected patients recently treated for both infections. We also aimed to identify
immunological markers that could predict the occurrence of IRIS in these patients.

R
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i)138 HIV/TB co-infected patients enrolled in the CAMELIA trial (ANRS1295-CIPRA/KH0O01-DAIDS-ES
ID10425) in Cambodia, ii)NK cell repertoire analysis by immuno-staining in whole blood and, iii)NK
activity and cytokine production by the CD107a test with and without stimulation. After the onset of TB
treatment, time points were at weeks 2, 8, 14 and 34. Half of the patients started HAART at W2 and the
other half at W8. Results obtained at baseline (after 2 weeks of TB treatment and before HAART) and
at time of IRIS diagnosis are presented.

37/138 HIV+/TB+ patients developed IRIS. At baseline, 33 IRIS and 67 non-IRIS patients were
available for the analysis of degranulation activity and IFNy production and 34 IRIS and 78 non-IRIS
patients for repertoire analysis. Degranulation activity was significantly higher in IRIS than non-IRIS
patients (9.6 vs 6.38, p <0.005), CD107a+IFNy-NK cells were also higher in IRIS patients (p<0.005)
while IFNy secretion was similar between the two groups of patients. At time of IRIS, expression of
NKp46 and NKG2D among NK cells was lower in IRIS patients compared to non-IRIS matched patients
(p=0.04 and 0.01, respectively) but degranulation activity or IFNy secretion was not different between
the two groups. NK degranulation level at baseline was the most important factor associated with IRIS
(hazard ratio [95% confidence interval]: 4.41 [1.60-12.16] for CD107a+NK cells and 2.80 [1.06-7.37] for
CD107a+IFNy- NK cells).

NK degranulation level can predict the occurrence of IRIS in HIV+/TB+ patients. These results point out
the role of innate immunity in the pathophysiology of IRIS.

-Institut Pasteur du Cambodge

-Institut Pasteur de Paris

-Cambodian Health Committee
-CAMELIA Operational team
-Khmero-Sovietique friendship Hospital
-Preah Kosamak hospital

-Svay Rieng provincial hospital

-Svay Don Keo provincial hospital (Takeo)

Funding
ANRS

Publication and communication

-Oral communication : 3éme Forum ANRS (mai 2010) - Institut Pasteur Paris and Congrés de Mékong
Santé 2011 — Phnom Penh , Cambodia

—
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CAMELIA Paradoxical Reaction Immune NK cell Study “CAPRI NK” — ANRS 12153

Tuberculosis but not Immune Reconstitution
Inflammatory Syndrome (IRIS) prevent early and
late Natural Killer (NK) cell degranulation
reconstitution in HIV/TB co-infected patients

Contributors

Polidy Pean, Eric Nerrienet, Yoann Madec, Sopheakdey Chea, Kerya Phon, Laurence Borand, Sarin
Chan, Olivier Marcy, Marcelo Fernandez, Frangoise Barré-Sinoussi, Gianfranco Pancino, Daniel Scott-
Algara, and CAMELIA Operational team

1 Institut Pasteur du Cambodge -RIIP
2 Institut Pasteur de Paris

3 Cambodian Health Committee

Natural killer (NK) cells participate in innate immunity mainly by directly killing infected cells, but also
play an important role in determining the outcome of the adaptive immune response by releasing
cytokines and chemokines, and co-operating with dendritic cells (DCs).

Human immunodeficiency virus-1 infection is associated with significant changes in NK cell subset
distributions in the peripheral blood circulation. For instant, a reduction in the proportion of NK cells
subset with emergence of a novel anergy NK cells subset who displays CD56negCD16pos phenotype,
which is rarely present in healthy individuals. The CD56negCD16pos NK cells lack the majority of NK
cell effector functions, including cytotoxicity, cytokine secretion, antibody-dependent cellular cytotoxicity
(ADCC), and exhibit aberrant DC editing activity. Antiretroviral therapy is associated with a reduction in
the anergy CD56negCD16pos NK cells.

In co-infection of HIV with mycobacterium tuberculosis, the restoration of NK cell is less study. Our
previous data demonstrated a higher NK cells degranulation activity, at baseline, in HIV/TB co-infected
IRIS patient than whose does not develop IRIS (abstract MOPE0211-IAS 2010). The hypothesize is the
restoration of NK cells in HIV/TB co-infected IRIS patients was better than who do not having IRIS
under antiretroviral therapy.

This study aims to evaluate the restoration of NK cell functions in HIV/TB co-infected patients
developing IRIS versus those not having IRIS after TB and initiation of anti-retroviral treatment.

R
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(i) 138 HIV+/TB+ patients enrolled in the CAMELIA trial (ANRS 1295-CIPRA/KH001-DAIDS-ES
ID10425) in Cambodia and 36 HIV+ patients with CD4+ T cells < 200/mm3 included (ii) NK cells
repertoire analysis by immuno-staining in whole blood and, (iii) NK cells degranulation activity and
cytokine production by CD107a essay with and without stimulation. After starting of TB therapy in
HIV+/TB+ patients, the time points were weeks 2, 8, 14 and 34. Half of the patients started HAART at
week 2 and the other half at week 8. The time point of HIV+/TB- were week 0 and 8. The result
obtained at baseline and following HAART is presented.

37/138 HIV+/TB+ patients developed IRIS. 33 IRIS, 67 non IRIS and 36 HIV+/TB- were available for
CD107a degranulation and IFNy production analysis and 32 IRIS, 78 non IRIS and 36 HIV+/TB- for NK
cell repertoires analysis. At baseline, CD107a degranulation was lower in HIV+/TB+ (IRIS and non
IRIS) than in HIV+/TB- (median 8.88 and 6.62 vs 12.81, p=0.008; p<0.0001). The IFNy production was
also lower in HIV+/TB+ (median 1.91 and 2.46 vs 6.55, p<0.001). From baseline to 6 weeks of HAART,
CD107a degranulation in HIV+/TB+ (IRIS and non IRIS) were lower than 8 weeks treated HIV+/TB-
(0.09 and 0.51 vs 7.53; p=0.04 and p=0.002, respectively), whereas the IFNy production was not
different (p>0.05). At baseline, CD69 positive NK cells in HIV+/TB+ (IRIS and non IRIS) was higher
than HIV+/TB-. After 6/8 weeks of HAART, NK cells activation decreased and there were no difference
in all groups while the expression of NKG2D, NKp30, and NKp46 among NK cells in non IRIS, but not
in IRIS were higher than HIV+/TB- [(median +1.40 vs. -0.95, p=0.03); (median +1.39 vs. -3.66, p=0.01)
and (median -0.13 vs. -3.53 , p=0.05) respectively]. Concerning levels of NK receptors, we observed
several differences in particular NKG2C which was higher in IRIS patients compared to non IRIS
patients at week 34

Co infection with Tuberculosis in HIV infected patients prevents NK cell degranulation reconstitution
after TB and HAART treatment.

-Institut Pasteur du Cambodge

-Institut Pasteur de Paris

-Cambodian Health Committee
-Khmero-Sovietique friendship Hospital)
-Preah Kosamak hospital — Médecin du Monde
-Svay Rieng provincial hospital

-Svay Don Keo provincial hospital (Takeo)
-CAMELIA Operational team

Funding
ANRS

Publication and communication

Oral communication : Annual Scientific Meeting of RIIP —Hong Kong Nov 2010

—
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CAMELIA Paradoxical Reaction Immune T cell
Study (CAPRI)-T (ANRS12164) Immune
mechanisms underlying immune reconstitution
inflammatory syndrome during co-therapy for TB
and HIV

The Immune response to TB/HIV co-infection: insights from immune reconstitution syndrome during co-
therapy

Contributors

Pean Polidyl, Viraga Haridas2, Chea Sopheakdeyl, Leang Seang Hengl, Meng Rathanal, Luke
Jasenosky?2, Didier Laureillard4, F. Xavier Blanc5, Sok Thim3, Erdyni Tsitsikov2, Chan Sarin3, Olivier
Marcy3, Laurence Borandl, ,Anne Goldfeld*2 and CAMELIA Operational Team

linstitut Pasteur du Cambodge

2Immune Disease Institute, Boston-USA,

3Cambodian Health Committee

4 Hopital Européenne George Pompidou , Paris-France

5 Centre Hospitalier Universitaire de Bicétre, Paris-France

Context and Objectives

Paradoxical reaction (PR), is a potentially life threatening immune reconstitution syndrome that occurs
in a group of HIV- Mycobacterium tuberculosis (MTb) co-infected patients who initiate highly active
antiretroviral therapy (HAART) during TB treatment. Clinically, Paradoxical Reaction (PR) typically
manifests as a transient worsening or appearance of symptoms or radiographic manifestations of TB
after the patient has shown initial improvement in TB disease, and often includes increased
lymphadenopathy, usually within 2 months after initiation of HAART. To determine the underlying
mechanisms of PR, we studied T cell phenotypes and cytokines in patients as they initiated TB-HIV co-
therapy and at subsequent timepoints in an ongoing clinical trial (CAMELIA or Cambodian early versus
late Introduction of Antiretrovirals) designed to determine the optimal time of initiation of HAART in
immunosuppressed AIDS patients in Cambodia.

The nesting of this study, which we have named the CAPRI-T (Cambodian Paradoxical Reaction
Immune T cell study), within CAMELIA allows us to investigate T cell responses that occur before,
during and after PR in TB/HIV co-infected patients undergoing dual therapy, to correlate clinical
outcome with T cell function, and to uncover potential predictive and diagnostic biomarkers associated
with PR, which are obtained as part of the trial

R
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The study is analyzing the phenotype and functional properties of the T cell repertoire in patients
undergoing treatment for TB/HIV co-infection in the CAMELIA clinical trial (ANRS 1295/ANRS 12160/
CIPRA KHOO01- DAIDS-ES ID 10425) and control patients recruited from the Cambodian Health
Committee (CHC)’s clinical network.

Results and discussion:

Ongoing study

Collaborations

Institut Pasteur du Cambodge

Immune Disease Institute , Harvard Medical School, Boston-USA
Khmer-Soviet Friendship Hospital

Calmette Hospital

Takeo Provincial Hospital

Svay Rieng Provincial Hospital

Siem Reap Provincial Hospital

CHC Svay Rieng clinical network

Cambodian Health Committee

CAMELIA Operational team

Funding

ANRS

US National Institutes of Health (R21AI076023)
The Aeras Global TB Vaccine Foundation

The Annenberg Foundation

—
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ANRS 12 229 — PAANTHER 01 Study Starting end of 2010

Improving diagnosis of Tuberculosis in HIV
infected children in Asia (Cambodia, Vietham)
and in Africa (Burkina Faso, Cameroun).

Coordinating investigators

Dr Olivier MARCY, Epidemiology and Public Health Unit, Institut Pasteur du Cambodge, Phnom Penh,
Cambodia

Dr SAM Sophan , HIV and Tuberculosis Ward, National Pediatric Hospital , Phnom Penh, Cambodia

Childhood tuberculosis (TB) accounts for 11% of the total 9 million annual TB cases and is still not
considered a public health priority in endemic countries, since its paucibacillary forms contribute little to
the transmission of the disease. The difficulty of diagnosing TB in children is increased in case of HIV
infection, in a situation of very high morbidity and mortality and major therapeutic and care issues. The
tests currently available in developing countries as well as diagnostic approaches recommended by the
national programs or WHO are not sufficiently sensitive and specific. Improved diagnostic criteria are
imperative, especially in the context of expanded access to therapies that should change the clinical
presentation, and in the context of the emergence of multi and extra drug-resistant tuberculosis. The
new immunologic tests measuring the secretion of interferon-gamma by lymphocytes activated by
specific Mycobacterium tuberculosis (MTB) complex antigens are interesting alternatives to the
tuberculin skin test (TST), but must be evaluated in immunocompromised children. Alternative
bacteriological specimen collection methods must also be studied in replacement of gastric aspirates,
invasive and more often requiring hospitalization.

Primary objective

Develop a diagnostic algorithm to improve the diagnosis of tuberculosis in HIV-infected children in the
context of developing countries with high tuberculosis endemic.

Secondary objectives

Evaluate the sensitivity, specificity, positive and negative predictive values of an in-vitro Interferon
Gamma Release (IGRAS): the QuantiFERON®-TB Gold In-Tube, for the diagnosis of TB in HIV
infected children.

Compare the performances of two in-vitro IGRAs: the QuantiFERON®-TB Gold In-Tube and the
T.SPOT-TB®, for the diagnosis of tuberculosis in HIV infected children in a sub-group of children.

R
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Evaluate the performance and feasibility of the string test, the nasopharyngeal aspirate and stool
sample as alternative bacteriological specimen collection methods for the direct detection and culture of
Mycobacterium tuberculosis, compared to reference techniques.

Evaluate morbidity (IRIS, drug toxicity, other Ols) and mortality in TB-HIV co-infected children at 6
months.

Establish an HIV/TB pediatric network and improve laboratory and clinical sites capacities in order to
develop further research projects on related questions (TB and HIV treatments, pharmacokinetics, LTBI
prophylaxis).

Multicentre diagnosis study based on a longitudinal and prospective follow-up of a cohort of 420 HIV-
infected children suspect of intra-thoracic TB, diagnosed and treated according to national guidelines
after clinical, radiological and bacteriological characterization.

IGRAs and alternative specimen collection methods will be performed.

The reference diagnosis will be based on a retrospective case review by an expert committee. at the
end of the study and classification of cases on bacteriological, radiological and clinical criteria.

Development of a diagnostic algorithm incorporating all the elements contributing to the diagnosis:
results of interferon gamma release assays, results of direct examination on specimen collected by
alternative collection methods, initial clinical and radiographic features.

Validation of the algorithm on a group of children identified by randomization
Study sites

National Pediatric Hospital, Phnom-Penh, Cambodia

Angkor Hospital for Children, Siem Reap, Cambodia

Pham Ngoc Thach Hospital, Ho Chi Minh City, Vietnam

Pediatric Hospital Nhi Dong 1, Ho Chi Minh City, Vietnam

Pediatric Hospital Nhi Dong 2, Ho Chi Minh City, Vietnam

Centre Mere Enfant de la Fondation Chantal Biya, Yaoundé, Cameroun
Hépital de la Caisse d’Essos, Yaoundé, Cameroun

Service de Pédiatrie du CHU de Bobo Dioulasso, Bobo Dioulasso, Burkina Faso
Study update

Cambodia:

approval from National Ethics Committee for Health Resarch

—
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approval from Angkor Hospital for Children Institutional Review Board (IRB)
approval from Institut Pasteur CoRC

Case Report Form finalized

Ongoing Standard Operating Procedures

Ongoing equipment and consumable orders

Ongoing staff training at National Pediatric Hospital

Inclusions should start at National Pediatric Hospital by beginning of March 2011

raining and inclusions should start at the Angkor hospital for Chhildren should start by April 2011

Vietnam:
Ongoing finalization of the Vietnamese translation of the protocol
Budget finalization

Submission to the IRB of the 3 hospitals, to the Ho Chi Minh City Committee and to the People
Committee to be done

Inclusions should start by May 2011

Burkina Faso and Cameroon:
Approval from Total foundation for the funding

Ongoing submission process

This study is about to start recruiting patients in Asia.

The Coordination Centre of the multicentric study is the Epidemiology and Public Health Unit of Institut
Pasteur in Cambodia.

Collaborations
The study team dedicated to this project in the Epidemiology and Public Health Unit is:
Olivier MARCY, Principal Investigator

Laurence BORAND, Regional Project Manager (Asia)

—
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PHENG Phearavin, the Project Manager for Cambodia

DIM Bunnet, Clinical Coordinator
MEN Nimul Roat, Laboratory Coordinator
CHAN Malen, Clinical Research Assitant

TBN, Biological Research Assitant

In the IPC, this study will involve several units:

-Epidemiology and Public Health

- HIV and Hepatitis Unit

- Clinical Biology Unit

- Immunology platform (Virology Unit)

Funding
ANRS

Y
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Tuherculosis

Contributors

Dr Bertrand GUILLARD, Head of the Clinical Laboratory, IPC

Dr CHENG Sokleaph, Pharm, Laboratory of Mycobacterology, IPC

Situation in Camhodia

In 2007, Cambodia with a population of 14.4 million, ranked 21 among the high burden countries for TB.
The incidence of all forms of TB in this country in 2007 was estimated at 495/100,000 population with a
mortality rate at 89/100,000 population.

The TB National Reference laboratory of Cambodia is located at CENAT while the Supra-National laboratory
of Cambodia is Research Institute of Tuberculosis, RIT, Japan.

Currently, there are around 200 microscopy laboratories (MCs) that provide diagnostic service for case
detection. Those MCs receive sputum smear from all the other 1070 health facilities (health centers and
health posts).

IPC and three laboratories which are a part of the Cambodian National TB Program provide culture for
Mycobacteria (the National Reference Laboratory at CENAT and the TB laboratories at the Kompong Cham
and Battambang Referral Hospitals).

CENAT and IPC laboratories can provide drugs susceptibility testing (DST) 1st line for Mycobacterium
tuberculosis.

Collaboration with CENAT: monthly meetings of the Technical Working Group, External Quality Assessment
for Drug Susceptibility Testing of Mycobacterial Tuberculosis (30 strains sent by the RIT via CENAT.

Global Fund Round 10: TB Concept paper / Expression of Interest, rejected in july 2010.

Current activities

The laboratory of Mycobacteriology in IPC consists of one Biosafety Level 2 (BSL-2) laboratory and one
Biosafety Level 3 (BSL-3) laboratory. In addition to solid culture, liquid Culture has been implemented in
2006 (manual MGIT) and upgraded in 2009 (Bactec MGIT 960). Identification of mycobacteria is made with
Accuprobe GenProbe identification test and with molecular genetic test, Mycobacterium CM and AS (Hain
Lifescience), for discrimination of M. tuberculosis and MOTT.

The BSL3 laboratory, opened in 2008, is used every day for identification and antibiogram of
M.tuberculosis. The Genotype MTBDRplus (Hain Lifescience) desighed for the rapid detection of rpoB and
katG gene mutations is used since 2008. Spoligotyping has been implemented in 2009.

Activities to be implemented:

Drug susceptibility testing 2nd line of Mycobacterium tuberculosis (liquid medium MGIT).

—
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Studies

CAMELIA: Early vs. late introduction of antiretroviral therapy in naive HIV-infected adult patients with
tuberculosis in Cambodia: 2006-2010 (ANRS/US NIH)

Result: Initiation of ART two weeks after starting tuberculosis treatment significantly improves survival of
HIV-infected adults with newly diagnosed tuberculosis.

Improving Diagnosis of TB in HIV-infected persons: The ID-TB/HIV Study: 2006-2008 (USAID/US CDC)

Result: The combination of predictors - cough of any duration, fever of any duration, or night sweats lasting
3 weeks or more during the previous 4 weeks - accurately rules out tuberculosis in the vast majority of
patients. (850 patients tested)

A Prospective Epidemiological Cohort Study to Measure the Incidence of M. tuberculosis Disease in Infants
and Young Children in Cambodia: 2010-2011 (Aeras Global TB Vaccine Foundation / Cambodian Health
Committee)

Objective: Estimate the incidence of active tuberculosis (TB disease) in a cohort of BCG-vaccinated infants
and young children . 3500 children tested for TB.

MDR-TB Expansion Project: 2007-2011 (Cambodian Health Committee)

Sputum from TB patients who failed to convert continuously during the first line regimen are sent for culture
and DST at IPC.

Improving diagnosis of Tuberculosis in HIV infected children in Asia (Cambodia, Vietham) and in Africa
(Burkina Faso, Cameroon): starting in 2011 (ANRS)

Objective: Develop a diagnostic algorithm to improve the diagnosis of tuberculosis in HIV-infected children in
the context of developing countries with high tuberculosis endemic.

Collaborations
Brigitte Gicquel (Unité de Génétique Mycobactérienne, Institut Pasteur, Paris),
Christophe Sola (Institut de Génétique et Microbiologie UMR8621, Campus d'Orsay)

Jeanne Maugein (Laboratoire de Bactériologie, CHRU de Bordeaux)
Publications

Borann Sar, Chantary Keo, Chanthy Leng, Manil Saman, Doung Chan Min, Sarin Chan, Didier Monchy, Jean-
Louis Sarthou. Anti-Tuberculosis Drug Resistance and HIV Co-Infection in Phnom Penh, Cambodia.
Southeast Asian J Trop Med Public Health. 2009; 40:104-107

Jian Zhang, Edgar Abadia, Guislaine Refregier, Silva Tafaj, Maria Laura Boschiroli, Bertrand Guillard, Antoine
Andremont, Raymond Ruimy and Christophe Sola. Mycobacterium tuberculosis complex CRISPR
genotyping: improving efficiency, throughput and discriminative power of “spoligotyping” with new spacers
and a microbead-based hybridization assay. Journal of Medical Microbiology /2009/016949

Jian Zhang, Edgar Abadia, Guislaine Refregier, Silva Tafaj, Maria Laura Boschiroli, Bertrand Guillard, Antoine
Andremont, Raymond Ruimy and Christophe Sola. Mycobacterium tuberculosis complex CRISPR
genotyping: improving efficiency, throughput and discriminative power of ‘spoligotyping’ with hew spacers
and a microbead-based hybridization assay. Journal of Medical Microbiology (2010), 59, 285-294
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Kevin P. Cain,, Kimberly D. McCarthy, Charles M. Heilig, Patama Monkongdee, Theerawit Tasaneeyapan,,
Nong Kanara, Michael E. Kimerling, Phalkun Chheng, Sopheak Thai, Borann Sar, Praphan Phanuphak, Nipat
Teeratakulpisarn, Nittaya Phanuphak, Nguyen Huy Dung, Hoang Thi Quy, Le Hung Thai, Jay K. Varma. An
Algorithm for Tuberculosis Screening and Diagnosis in People with HIV. N Engl J Med 2010;362:707-16.

Jian Zhang, Seiha Heng, Stéphanie Le Moullec, Guislaine Refregier, Brigitte Gicquel, Christophe Sola, and
Bertrand Guillard. A first assessment of the genetic diversity of Mycobacterium tuberculosis complex in
Cambodia. BMC Infectious Diseases 2011, 11:42
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(Virology Unit/HIV/AIDS-Hepatitis Laboratory)

Synonymous mutations in the core gene are
linked to unusual serological profile in Hepatitis
C virus infection

Scientific coordination
P Mavromara, IP hellenique

Coordination projet:

IP Paris: A Budkowska,

IP Cambodia: A Sall/E Nerrienet

CP Cameroon: E NErrienet/R Njouom
Context of the study

The biological role of the protein encoded by the alternative open reading frame (core+1/ARF) of the
Hepatitis C virus (HCV) genome remains elusive, as does the significance of the production of
corresponding antibodies in HCV infection

Main ohjective

We investigated the prevalence of anti-core and anti-core+1/ARFP antibodies in 58 HCV-positive blood
donors from Cambodia, using peptide and recombinant protein-based ELISAs.

We detected unusual serological profiles in 3 out of 58 HCV genotype la. These patients were negative
for anti-core antibodies by commercial and peptide-based assays, but had high levels of anti-
core+1/ARFP detectable by ELISA. Cloning of the cDNA that corresponds to the core-coding region
from these sera resulted in the expression of both core and core+1/ARFP in mammalian cells. The core
protein exhibited high amino-acid homology with a consensus HCV1a sequence, however, 10 identical
synonymous mutations were found, and 7 were located in the aa(99-124) region of core. All mutations
concerned the third base of a codon, and 5/10 represented a T>C mutation. Prediction analyses of the
RNA secondary structure revealed conformational changes within the stem-loop region that contains
the core+1/ARFP internal AUG initiator at position 85/87. Using the luciferase tagging approach, we
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showed that core+1/ARFP expression is more efficient from such a sequence than from the prototype
HCV1l1a RNA.

Conclusions: We show here that unusual serological profile of HCV patients could be linked to several
synonymous mutations in the core gene that result in major changes in predicted RNA structure, and
favour core+1/ARFP production. The unusually high levels of core+1/ARFP antibodies and lack of anti-
core response could thus reflect the overproduction of core+1/ARFP and an abnormal expression
pattern of HCV core protein in these patients. Our data also suggest that the inverse relationship
between the synthesis of core and core+1/ARFP proteins can exist the natural HCV infection.

IP Helleninque, IP Paris, CPC Cameroon:

Reflexion undergoing for the HCV PTR reactivation

Programme Transversal de Recherche (Institut Pasteur)

Publication

Viseth Horm, Geena Dalagiorgou, Niki Vassilaki, Urania Georgopoulou, Michelle Martinot, Amadou
Sall, Penelope Mavromara. Synonymous mutations in the core gene are linked to unusual serological
profile Hepatitis C virus infection. PLoS One. 2011 Jan 6;6(1):e15871.

Related publication

Richard Njouom, Eric Nerrienet, Agata Budkowska, Patrick Maillard, Dominique, Rousset, Olga
Kalinina, Penelope Mavromara and the HCV collaborative Team of the International Pasteur
Network.Evaluation of core and NS4 synthetic peptide-base immunoassays for the detection of
hepatitis C virus antibodies in clinical samples from Cameroon, Central Africa. J Clin Virol. 2010
Sep;49(1):61-4.
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|. SISEA-DHHS project

Coordinating investigators

Philippe Buchy, MD, PhD, Virology Unit, IPC

Bertrand Guillard, MD, MSc, Biomedical laboratory Unit, IPC
Sirenda Vong, MD, MSc, Epidemiology Unit, IPC

Laurence Borand, PharmD, Epidemiology Unit, IPC

Principal investigator for Takeo Hospital: Khiev Samros, MD, Director of Takeo Provincial Hospital, Takeo
Province.

Principal investigator for Kampong Cham Hospital: Meas Chea, MD, Director of Kampong Cham Provincial
Hospital, Kampong Cham Province.

Background

IPC was officially designated as a Cambodian National Reference Laboratory for respiratory infections in
2005, and a WHO National Influenza Center in 2006. As such IPC has closely collaborated with the
Cambodian MOH and WHO to develop the surveillance protocol for ILI in Cambodia. IPC is assisting MOH in
implementing the system and analyzing the ILI surveillance data on a regular basis. Details of IP
Cambodia's support to the ILI surveillance system is formally stated in the MOH surveillance protocol.

Complementary to the ILI surveillance, funding under this project is enabling IP to phase-in sentinel based
surveillance for Acute Lower Respiratory Infection (ALRI) among hospitalized patients to detect HSN1. All
other non-H5N1 etiologies are investigated within the framework of IP's existing surveillance project for
emerging infectious pathogens in Southeast Asia (SISEA).

To describe morbidity, mortality and patterns of community acquired acute pneumonia

To detect in a timely manner, unusually severe morbidity and mortality caused by unknown and known
respiratory pathogens that have the potential for large scale epidemics or pandemics

To determine the extent of emerging and reemerging bacterial, viral, parasitological and fungal infections
and their risk factors through additional epidemiological investigations in the community.

To determine the extent of drug resistance (antibiotics and antiviral drugs) and virulence of the main
respiratory pathogens in association with their related genetic diversity.

We conducted laboratory-based surveillance of community-acquired ALRI in 25 year-old patients excluding
those with known tuberculosis and positive HIV serology in two Cambodian provincial hospitals. Patients
were tested for acid-fast bacilli (AFB) by direct examination of sputum smear, other bacteria by blood and
sputum cultures and 18 respiratory viruses by molecular techniques on nasopharyngeal specimens. Severe
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case was defined by low oxygen saturation, low blood pressure, increased respiratory rates and severe
clinical symptoms. Diagnosis of ALRI and severity was determined from reviews surveillance forms and
interpreting chest X-rays by expert pulmonologists.

Study sites

2 hospitals in Cambodia:

Provincial Hospital in Takeo (since April 2007)

Provincial Hospital in Kompong Cham (since February 2008)
Study team in IPC

In the IPC, this study involved several units:

- Epidemiology and Public Health Unit:

- Virology Unit

- Clinical Biology Unit

During April 2007 - December 2009, 1,904 patients =5 year old presented with ALRI including pneumonia
(50.4%) and lung sequelae-associated ALRI (24.3%), pleural effusions alone (8.9%) and acute bronchitis
(17.1%). The two former diagnosis groups were dominated by bacterial etiologies (mainly AFB (34.8%), H.
influenzae (13.1%) and other Gram-negative bacteria (10.7%)) while viral etiologies (mainly rhinoviruses
(37.3%) and respiratory syncitial virus (14.1%)) were more frequent in the two latter groups. Severity was
most common in children aged <15 years (42.6%), decreased with age and was associated with the
following independent factors: high blood neutrophils count (56.4% vs. 32.9%; adjusted odds ratio (aOR)
2.0, p=0.001), non-cavitary pneumonia (56.4% vs. 32.9%; aOR 3.6, p<0.001), mortality (9.0% vs. 2.6%;
aOR 3.2, p=0.002), shorter (<5 days) time to admission (62.8%, aOR 2.0, p=0.005) and sibilant wheezes
(33.5% vs. 11.5%, aOR 2.5, p<0.001). Overall, 261 (13.7%) patients presented with wheezing on
admission of which 63 (24.1%) were severe. Among the 5-14 year-olds, 63.4% had wheezing compared
with 11.1% in the 215 year age group. Wheezing was associated with viral identification (31.9% vs. 13.8%;
aOR 2.2, p<0.001) regardless of age and time to admission.

Tuberculosis and Gram-negative bacteria were frequent in Cambodian adults with acute pneumonia.
Further investigations are needed to estimate the role of asthma in ALRI among adolescents and young
adults.

Agence Francaise pour le Développement

Publications
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B.Rammaert, J.Beauté, L.Borand, S.Hem, P.Buchy, S.Goyet, R.Overtoom, C.Angebault, V.Te, P.Lao, P.Lorn
Try, C. Mayaud, B.Guillard, S.Vong Pulmonary Melioidosis in Cambodia: a Prospective Study. BMC Infect
Dis. 2011 May 14;11:126.2010

Cavailler P, Chu S, Ly S, Garcia JM, Ha Dq, Bergeri I, Som |, Ly S, Sok T, Vong S, Buchy P. Seroprevalence of
anti-H5 antibody rural Cambodia, 2007. J Clin Virol Jun;48(2):123-6. Epub 2010 Mar 30.

Sreng B, Touch S, et al. A description of influenza-like illness (ILI) sentinel surveillance in Cambodia, 2006-
2008. Southeast Asian J Trop Med Public Health. 2010 Jan;41(1):97-104.

B.Rammaert, L.Borand, S.Goyet, P. Lao, V.Te, S.Hem, B.Guillard, S.Vong. Ralstonia pickettii community-
acquired pneumonia in Cambodia. The International Journal of Tuberculosis and Lung Disease, Volume
14, Number 12, December 2010, pp. 1653-1654(2)

Fourment M, Mardy S, Channa M, Buchy P. Genetic dynamics analysis and reassortment detection in
seasonal influenza A viruses circulating in Cambodia from 2005 to 2008. J Clin Microbiol. 2010; 48:295-7.

Buchy P, Vong S, et al. Kinetics of neutralizing antibodies in patients naturally infected by H5N1 virus. PLoS
One. 2010 May 27;5(5):e10864.

Buecher C., Mardy S. et al. Use of a multiplex PCR/RT-PCR approach to assess the viral causes of influenza-
like illnesses in Cambodia during three consecutive dry seasons. J Med Virol. 2010 Oct;82(10):1762-72.

Ly S, Van Kerkhove M, Holl D, Froehlich Y, Vong S. Interactions between humans and poultry in rural
Cambodia: results of a knowledge, attitude and practice survey, Jan 2006, Emerging Infectious Diseases,
2007, 13(1), 130-132.

Oral presentations

Annual Scientific Meeting of the Institut Pasteur International Network in Hong Kong, 22nd - 23rd of
November 2010: “Acute Lower Respiratory Infections in Cambodia - Results from Hospital-based
Surveillance”, Sirenda Vong, Laurence Borand & the SISEA Team.
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SISEA: Diagnosis of respiratory viruses and
genetic analysis

Dr Philippe Buchy, Virology unit, IPC

Dr Sirenda Vong, Epidemiology unit, IPC

Numerous viruses are responsible for respiratory infections; however, both their distribution and genetic
diversity, in a limited area and a population subgroup, have been studied only rarely during a sustained
period of time.

1) Using multiplex PCR/RT-PCR methods for the detection of 18 respiratory viruses, the circulation of those
viruses during 3 consecutive dry seasons in Cambodia was described. Among 234 patients who presented
with influenza-like illness, 35.5% were positive for at least one virus. Rhinoviruses (43.4%), parainfluenza
(31.3%) viruses and coronaviruses (21.7%) were the most frequently detected viruses. Influenza A virus,
parainfluenza virus 4 and SARS-coronavirus were not detected during the study period. Ninety apparently
healthy individuals were included as controls and 10% of these samples tested positive for one or more
respiratory viruses. No significant differences were observed in frequency and in virus copy humbers for
rhinovirus detection between symptomatic and asymptomatic groups. This study raises questions about the
significance of the detection of some respiratory viruses, especially using highly sensitive methods, given
their presence in apparently healthy individuals. The link between the presence of the virus and the origin of
the iliness is therefore unclear. In 2010, a total of 625 patients were included in the acute lower respiratory
infection study among hospitalized patients. Of these, only 9 tested positive for influenza virus, 4 for human
metapneumovirus and 1 for respiratory syncytial virus.

2) First identified in 2001, human metapneumovirus (HMPV) is a novel pathogen and causative agent of
acute respiratory tract infection. Re-infection with HMPV is common, and currently there is no available
vaccine against HMPV infection. Two genotypes of HMPV have been identified, A and B, both of which can
be divided further into at least two distinct sub-genotypes. Here we report the results of the first study to
investigate the genetic variability of HMPV strains circulating within Cambodia. The overall incidence of
HMPV infection amongst an all-ages population of patients hospitalised with ALRI in Cambodia during 3
consecutive years, between 2007 and 2009, was 1.7%. The incidence of HMPV infection was highest
amongst children less than 5 years of age, with pneumonia or bronchopneumonia the most frequent
clinical diagnoses across all age groups. The incidence of HMPV infection varied annually. As anticipated,
genetic diversity was low amongst the conserved F gene sequences but very high amongst G gene
sequences, some strains sharing as little as 56.3% and 34.2% homology at the nucleotide and amino acid
levels, respectively. Simultaneous co-circulation of strains belonging to the HMPV sub-genotypes B1, B2 and
lineage A2b, amongst patients recruited at 2 geographically distinct provincial hospitals, was detected. Sub-
genotype B2 strains were responsible for the majority of the infections detected, and a significant (p=0.013)
association between infection with lineage A2b strains and disease severity was observed.

3) Respiratory syncytial virus (RSV) is a leading cause of ALRI amongst children and immunoecompromised
adults worldwide. To our knowledge, this is the first study to investigate the circulation and genetic diversity
of RSV strains within Cambodia. Here we report the findings of our study, conducted over 5 consecutive
seasons, from June 2005 to December 2009. In an all-ages population of individuals hospitalized with ALRI
the overall incidence of RSV infection was 8.4%. Infection with RSV was most prevalent amongst infants
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less than 6 months of age. Overall, RSV group A and B strains were detected at an equivalent frequency,
however we did observe an apparent biennial shift in the predominant circulating RSV genotype although
this has to be verified on a longer period of time. The majority of RSV group B strains detected were of the
recently described BA genotype, with the exception of 12 strains, which we have classified as belonging to a
novel, emerging RSV group B genotype, GB5, first reported here.

Collahoration
IP Shanghai, SISEA partners, Caen University

French Agency for Development

Publications

Arnott A, Vong S, Sek M, Naughtin M, Beauté J, Rith S, Guillard B, Deubel V, Buchy P. Genetic
variability of human metapneumovirus amongst an all ages population in Cambodia between 2007 and
2009. Infect Genet Evol. 2011[ahead of print] IF: 3.22

Buecher C, Mardy S, Wang W, Duong V, Vong S, Vabret A, Freymuth F, Deubel V, Buchy P. Use of
multiplex PCR/RT-PCR approach to assess the viral causes of influenza-like illnesses in Cambodia
during three consecutive dry seasons. J. Med. Virol 2010; 82:1762-72. IF: 2.47

Wang W, Cavaliller P, Ren P, Zhang J, Dong W, Yan H, Mardy S, Cailhol J, Buchy P, Sheng J,
Fontanet A, Deubel V. Molecular monitoring of causative viruses in child acute respiratory infection in
endemo-epidemic situations in Shanghai. J Clin Virol 2010, Sept 18. IF: 3.12

Recent related publications

Wang W, Ren p, Sheng J, Mardy s, Yan H, Zhang J, Hou |, Vabret A, Buchy P, Freymuth F, Deubel V.
Simultaneous detection of respiratory viruses in children with acute respiratory infection using two different
multiplex transcription-PCR assay. J Virol Methods 2009; doi:10.1016/j.jviromet.2009.07.04

Wang W, Ren P, Mardi S, Hou L, Tsai C, Chan KH, Cheng P, Sheng J, Buchy P, Sun B, Toyoda T, Lim W, Peiris
JS, Zhou P, Deubel V. Desigh of multiplexed detection assay for the diagnosis of human pathogenic avian
influenza A subtypes by SmartCycler real-time reverse transcriptase-PCR. J Clin Microbiol 2008, oct 29.

Rammaert B, Beauté J, Borand L, Hem S, Buchy P, Goyet S, Overtoom R, Angebault C, Te V, Try PL, Mayaud
C, Vong S, Guillard B; Pulmonary melioidosis in Cambodia: a prospective study. BMC Infect Dis. 2011 May
14;11:126.

Arnott A, Vong S, Mardy S, Chu S, Naughtin M, Sovann L, Buecher C, Beauté J, Rith S, Borand L, Asgari N,
Frutos R, Guillard B, Touch S, Deubel V, Buchy P. A study of the genetic variability of human respiratory
syncytial virus (HRSV) in Cambodia reveals the existence of a new HRSV group B genotype. In press

Manuscript submitted

Rammaert B, Goyet S, Beauté J, Hem S, Te V, Try PL, Mayaud C, Borand L, Buchy P, Guillard B, Vong S.
Klebsiella pneumoniae Related Community-acquired Acute Lower Respiratory Infections in Cambodia:
Clinical Characteristics and Treatment. (Submitted)
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Melioidosis

Principal investigators
Dr Bertrand Guillard, Head of the Clinical laboratory

Mrs HEM Sopheal, Pharm, Laboratory of Microbiology

With melioidosis known to be endemic in Southeast Asia and northern Australia, and being a recognized
public health issue in the countries bordering Cambodia, it is likely that melioidosis is severely under-
diagnosed in Cambodia where first indigenous cases have been recently reported. A recent study
carried out in Siem Reap province reported a detection of antibodies to B. pseudomallei in 16% of
Cambodian children and isolation in 30% of surrounding rice fields, indicating an exposure to the
pathogen (Wuthiekanun V et al. Burkholderia pseudomallei antibodies in children, Cambodia. Emerging
Infect. Dis. 2008;14(2):301-303).

Current activities in the lahoratory

Molecular characterization of fifty isolates of Burkholderia pseudomallei by Multilocus sequence typing
(MLST).

Sequence-type (ST) assighment based on the sequence of the alleles at each locus of seven housekeeping
genes using the MLST database (www.milst.net, Imperial College, London).

50 isolates (27 from the SISEA study, 23 from routine activity): 32 different STs, 17 of these are new
ones.

Publications

Rammaert B, Beauté J, Borand L, Hem S, Buchy P, Goyet S, Overtoom R, Angebault C, Te V, Try PL, Mayaud
C, Vong S, Guillard B. Pulmonary melioidosis in Cambodia: a prospective study.BMC Infect Dis. 2011 May
14;11:126.
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Epidemiology of Human Influenza in Kampong
Cham Province, Cambodia

Principal investigators
Sirenda VONG and Sowath LY, Unit of Epidemiology and Public Health

Philippe BUCHY, Unit of Virology

This active community-based surveillance in Kampong Cham province covered 25 villages with cohort
population of all ages ~15,000. This surveillance was implemented by Institut Pasteur - Cambodia (IPC)
with support from US-CDC and was a component added to an existing community surveillance of febrile
iliness and dengue fever in the same cohort villages supported by PDVI-IVI.

Study objectives
- Describe the seasonality, age distribution and transmission patterns of influenza virus in the community

- Describe the burden of disease including incidence rates, hospitalization rates and mortality rates by age
group

During March 2009 - February 2010, people of all ages living in 25 target villages were eligible for the
surveillance of fever illness. Village Teams (VT) performed weekly household visits to take temperature
reading, identify and document subjects having fever or history of fever during the past 6 days using digital
thermometers and report them to nurses at pediatric ward of Kampong Cham provincial hospital by phone.
Fever is defined as a body temperature 237.5°C measured at armpit.

Nurses visited fever cases at home to conduct interview and take nasopharyngeal swab and blood samples
after obtaining a signed written consent from each participant.

For each fever episode, swab and blood samples were collected at one or two days following fever onset
(1st visit) and a second blood sample was collected at 14 days later (2nd visit). All specimens were shipped
to IPC in Phnom Penh for viral detection, subtyping and serology testing.
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A total of 4,168 fever episodes were identified with 4,114 nasopharyngeal swab samples obtained. A
sample of 1,712 (42%) swab specimens were tested, of these, 182 were positive for influenza A/B
infections. The predominant influenza virus circulating in 2009 was H3N2 subtype (75.8%) followed by
HAN1 pandemic (14.3%) and influenza B (9%). Seventy nine percent of positive cases were among subjects
aged <20 years old.

By applying the percentages of monthly influenza positive to all detected fever cases, the estimated
incidence of flu A/B was of 26.4 per 1,000 (95% Cl: 17.7 - 47.6). Estimated incidences per 1,000 by virus
subtype were 20.0 (95% IC: 12.5 - 30.6) for H3N2, 3.7 (95% IC: 1.5 - 8.2) for 2009 pandemic Hi1N1, 0.20
(95% IC: 0.01 - 0.9) for HIN1 and 2.5 (95% IC: 0.6 - 7.8) for influenza B.

A clear seasonality of influenza activity was observed with increased influenza infections during July and
November and a pick of detection during September - November representing 65% of the positive
specimens. Detailed analysis is ongoing.

With support from DHHS, the surveillance activity was continued during April-October 2010 detecting 977
fever cases of which 181 tested and 3 were positive, all infected with HLN1pdm virus.
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Transmission and genetic characteristics of
seasonal influenza viruses

Principal investigators
Dr Philippe Buchy, Virology unit,
Dr Sirenda Vong, Dr Laurence Borand Epidemiology and Public Health Unit unit,

Sentinel sites collect weekly epidemiological data on ILI patients fulfilling the case definition, and take naso-
pharyngeal specimens from a defined number of cases per week. From each sample viral RNA was
extracted and amplified by a multiplex RT-PCR detecting simultaneously influenza A and influenza B virus.
Influenza A viruses were then subtyped and analyzed by hemagglutination inhibition assay. Samples
collected by the ALRI system were tested with the same approach. From 2006 to 2010, influenza circulation
was observed mainly from June to December, with a clear seasonal peak in October shown in the data from
2008 and 2009. Influenza activity in Cambodia occurred during the rainy season, from June to December,
and ended before the cool season (extending usually from December to February). Although Cambodia is a
tropical country geographically located in the northern hemisphere, influenza activity has a southern
hemisphere transmission pattern. Together with the antigenic analysis of the circulating strains, it is now
possible to give better influenza vaccination recommendation for Cambodia.

The analysis of A/HIN1 and A/H3N2 influenza viruses collected between 2005 and 2010 in Cambodia
detected strains resistant to oseltamivir and confirmed widespread resistance to adamantanes.
Phylogenetic analyses revealed intra-subtype reassortment, probable re-emergence of A/H3N2 viruses
in four consecutive seasons and co-circulation of different lineages in each subtype.

Ministry of Health, WHO

Financial support
WHO, SISEA (French Agency for Development)

Publications

Fourment M, Mardy S, Channa M, Buchy P. Evidence for persistence of and antiviral resistance and
reassortment events in seasonal influenza virus strains circulating in Cambodia. J Clin Microbiol. 2010
Jan;48(1):295-7. Epub 2009 Nov 4.

Sreng B, Touch S, Sovann L, Heng S, Rathmony H, Huch C, Chea N, Kosl S, siriarayaporn P,
pathanapornpandh N, Rehmet S, Cavailler P, Vong S, Buchy P. A description of influenza-like illness (ILI)
sentinel surveillance in Cambodia, 2006-2008. Southeast Asian J Trop Med public Health 2010; 41:97-104.

Mardy S, Ly S, Heng S., Vong S, Huch C, Nora C, Asgari N, Miller M, Bergeri |, Rehmet S, Veasna D, Zhou W,
Kasai T, Touch S, Buchy P. Influenza activity in Cambodia during 2006-2008. BMC Infect Dis 2009; 9:168.
IF: 2.55
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Resistance of influenza viruses to antiviral drugs

Principal investigator
Dr Philippe Buchy, virology unit,

The evolution of the highly pathogenic H5N1 virus produces genetic variations which can lead to changes in
antiviral susceptibility and in receptor-binding specificity. In countries where highly pathogenic H5N1 virus is
endemic or causes regular epidemics, surveillance of these changes is important for assessing the
pandemic risk. In Cambodia between 2004 and 2010, there have been 26 outbreaks of highly pathogenic
H5N1 influenza in poultry and 10 reported human cases, of which 8 were fatal. We have observed naturally
occurring mutations on the HA and NA of Cambodian H5N1 viruses which were predicted to alter sensitivity
to neuraminidase inhibitors and/or receptor-binding specificity. We tested H5N1 viruses isolated from
poultry and humans between 2004 and 2010 for sensitivity to the neuraminidase inhibitors (NAls)
oseltamivir (Tamiflu) and zanamivir (Relenza). All viruses were sensitive to both inhibitors, however, we
identified a virus with a mildly decreased sensitivity to zanamivir, and have predicted that a V149A mutation
is responsible. We also identified a virus with a hemagglutinin A134V mutation, present in a subpopulation
amplified directly from a fatal human patient's sample. Using reverse genetics, we verified that this
mutation is adaptative for human «2,6-linked sialidase receptors. The importance of ongoing surveillance of
H5N41 antigenic variance and genetic drift which may alter receptor binding and sensitivities of HSN1 viruses
towards NAls, cannot be underestimated whilst avian influenza remains a pandemic threat.

Melbourne WHOCC for influenza, Griffith University Australia

Funding
WHO, DHHS

Naughtin M, Dyason JC, Mardy S, Sorn S, von ltzstein M, Buchy P. Neuraminidase inhibitor sensitivity and
receptor-binding specificity of Cambodian clade 1 highly pathogenic H5N1 influenza virus. Antimicrob
Agents Chemother. 2011 May;55(5):2004-10. Epub 2011 Feb 22.

Recent related publications:

Hurt AC, Ernest J, Deng YM, lannello P, Besselaar TG, Birch C, Buchy P, Chittaganpitch M, Chiu SC, Dwyer D,
Guigon A, Harrower B, Kei IP, Kok T, Lin C, McPhie K, Mohd A, Olveda R, Panayotou T, Rawlinson W, Scott L,
Smith D, D'Souza H, Komadina N, Shaw R, Kelso A, Barr IG.. Emergence and spread of oseltamivir-resistant
(HAN1) influenza viruses in Oceania, South-East Asia and South Africa. Antiviral Res 2009; 83:90-93

Rameix-Welti MA, Agou F, Buchy P, Mardy S, Aubin JT, Véron M, van der Werf S, Naffakh N. Natural
variation can significantly alter sensitivity to oseltamivir of Influenza A(H5N1) viruses. Antimicrob Agents
Chemother 2006, 50: 3809-15
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Non-malaria febrile illness project Cambodia

Coordinating investigators

Principal Investigator
Dr Duong Socheat, National Centre for Parasitology Entomology and Malaria Control

Dr Didier Ménard, Institut Pasteur du Cambodge

Co Investigator
Dr Sovannaroth Siv , National Center for Parasitology, Entomology and Malaria Control

Pr Franz-Josef von Sonnenburg , Department of Infectious Diseases and Tropical Medicine, University of
Munich)

Background

The reported number of confirmed malaria cases in Cambodia has declined over the past 10 years. An
exception is an upsurge in 2003 which may be explained by better access to public health facilities,
improved referral system in remote areas, and more reliable reporting. Moreover, with the introduction and
the wide distribution of Rapid Diagnostic Tests (RTD) for malaria diagnosis, it has become clear that the
majority of clinically suspected malaria turn out to be negative. The reported annual malaria slide/RDT
positivity rate in 2005 was 33.4%. This varies widely from province to province. The national guidelines for
diagnosis and treatment of malaria recommend “to look for other illnesses” if malaria is excluded as the
cause of an acute febrile illness. The national guidelines further mention that persons with severe malaria
may have other concurrent infections, including meningitis/encephalitis, typhoid fever, septicaemia,
pneumonia, dengue haemorrhagic fever, and eclampsia, while persons with uncomplicated malaria may
suffer from viral or bacterial infections, such as influenza, cold, measles, dengue, ear- throat- or chest
infections. The guidelines do not outline how to perform a differential diagnosis for other causes of fever.
Diagnostic facilities for infectious diseases in Cambodia remain very limited. At peripheral health services
(health centre level and below) in the public health sector malaria is the only laboratory diagnosed disease.

The Non-Malaria Febrile lllness (NMFI) project was a cross sectional, prospective study conducted both in
Cambodia and Lao PDR. This study aimed to identify the causes of acute fever without any obvious
explanation and when diagnosis is negative for malaria.

The primary objective was to develop evidence to guide the management of malaria parasite negative acute
febrile cases, while secondary objectives were to determine available diagnostic tools applicable in field
conditions, to guide priority setting for point of care diagnostics development to assist in such case
management decisions, and to build capacity for operational research and pathology testing within Lao PDR
and Cambodia.
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A cross-sectional, prospective study was planned to identify causes of fever without obvious explanation and
without malaria. All acute, febrile patients of the chosen outpatient study clinics, tested for malaria
according to the national guidelines, were enrolled. As blood drawing was necessary, the age of enrolled
patients was 2 7 years. The patient’s history was taken and a physical examination was conducted to detect
obvious causes of fever such as cough or breathing difficulty, diarrhoea, infected skin lesions and infections
of the urinary tract. The patients’ data and the specimen were anonymized at the health facility level. The
defined test battery for infectious agents was performed on all patients. Laboratory results which are
available in an appropriate time and which may have a direct bearing on patient management ware
immediately send back to the physician (Figure 2). All collected specimen were tested for the following
pathogens: Plasmodium spp., Leptospira spp., Rickettsia of the spotted fever group, including Orientia
(Rickettsia) tsutsugamushi, Salmonella typhi and Salmonella paratyphi, Burkholderia pseudomallei, Dengue
virus I-IV, Japanese Encephalitis-Virus, Influenza Virus. HIV infection and Tuberculosis were not evaluated.

After a 4-months period of pilot phase (from January 2008 to April
2008), the first 12 months of the main sample collection phase s
was completed in June 2009 (June 2008 - June 2009). Marked | G ¥4
geographical differences were apparent between sites in terms of @ | T o
prevalence of major aetiological agents. The second 17-month
study period was achieved in December 2010 to add sufficient
data to determine whether differences in prevalence are related to
temporal variation, or geographical variation linked to local
epidemiological factors. From the 31th December 2007 to the
31th December 2010, a total of 1475 patients were recruited and
sampled in the three Cambodian sites. Among the samples tested,
no pathogen was found in 477 (32.3%) of them. For the 998 others
samples, one pathogen (n=783, 53.1%), two pathogens (n=192, 13.0%), three pathogens (n=22, 1.5%) and
four pathogens (n=1, 0.1%) were observed. The most frequent pathogens observed were Plasmodium vivax
(30.2%), Plasmodium falciparum (24.5%), Influenza A virus (5.9%), Leptospira interrogans (5.8%), Orientia
tsutsugamushi (3.7%), Leptospira weilii (3.2%), Dengue 2 virus (3.1%), Leptospira parva (1.8%), Influenza B
virus (1.8%), Dengue 1 virus (1.6%), Dengue 4 virus (0.5%), E. cloacae (0.3%), Dengue 3 virus (0.3%),
Leptospira kmetyi (0.2%), Rickettsia - SFG (0.2%), Plasmodium knowlesi, Plasmodium ovale, Leptospira
kirschneri, Leptospira noguchii, Leptospira santarosai, Leptospira wolffii, Leptospira genomosp.1, E. coli, S.
paratyphi, S. typhi, S. pneumoniae, Pseudomonas fluorescens and Pseudomonas putida (0.1%). In other
word, pathogens distribution showed that parasite account for 54.9%, bacteria for 15.9% and viruses for
13.2%.

Collahorators

Dr Philippe Buchy & Dr Bertrand Guillard, Institut Pasteur du Cambodge
Funding

WHO-WPRO and FIND

Publications

Nimol Khim, Sovannaroth Siv, Saorin Kim, Tara Mueller, Erna Fleischmann, Balbir Singh, Paul Cliff Simon
Divis, Nicolas Steenkeste, Linda Duval, Christiane Bouchier, Socheat Duong, Frederic Ariey, and Didier
Ménard. Plasmodium knowlesi Infection in Humans, Cambodia, 2007-2010. Emerging Infectious Diseases
(in press)
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Avian influenza HoN1

Epidemiological studies on A(HS5N1) at Institut
Pasteur in Cambodia: situation in Cambodia

> First reported in poultry in January 2004
» To March 1st, 2011

> 27 poultry outbreaks confirmed

» 13 human cases, incl. 11 deaths

> 1 cluster in 2011 (mother and child)

> Challenges: concurrent enzootic poultry diseases, no compensation, late detection, no oseltamivir
A (H5N1): Environmental aspects

» CIRAD and Virology
> RIVERS
> Determine spatial and environmental risk factors associated with circulation of HSN1 viruses -
Flood duration
» Conclude to risk increase with increasing duration of flooding
> Similar results with North Vietnam data

e Tran A., Goutard F., Chamaillé L., Baghdadi N., Lo Seen D. 2010. International Journal of
Applied Earth Observation and Geoinformation, 12 (1) : 1-8.
e Leger L., Goutard F., Tran A, Conan A., Suwath L., Vong S., Grosbois V. 2011. Spatial analysis
of anthropique and environmentals factors in HSN1 emergence and diffusion in Cambodia.
(In prep.)
» Environmental samples positive for RNA
A (H5N1): Veterinary aspects

» Cirad - REVASIA

» Cizoosea
» Community-based cluster-randomized intervention trial
> Mitigate the spread of zoonotic diseases in Cambodia
> 9intervention + 9 control villages in Takeo
» Document - train - then monitor

» Poultry outbreak investigation (spatio-temporal analysis)
A (H5N1) : Human aspects

> S. Ly: PhD on potential risk factors for A(H5N1) transmission to humans
> ldentified symptomatic cases and serosurveys
» Matched case-control survey
» Swimming in pond during poultry outbreak is significantly associated

» Outbreak investigations

» Collaboration with Oxford / Wellcome Trust ?: genotyping of family clusters victims and relatives to
identify risk polymorphisms.

Publications

Cavailler P, Chu S, Ly S, Garcia JM, Ha do Q, Bergeril, Som L, Ly S, Sok T, Vong S, Buchy P. Seroprevalence
of anti-H5 antibody in rural Cambodia, 2007. J Clin Virol. 2010 Jun;48(2):123-6. Epub 2010 Mar 30.
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Risk Factors Associated with Subclinical Human
Infection with Avian Influenza A (H5N1) Virus,
Cambodia, 2006-2009

Principal investigators
Sirenda VONG, Sowath LY, Unit of Epidemiology and Public Health

Background

In Cambodia, 9 human H5N1 cases were detected during 2005-2009. We conducted sero-epidemiologic
investigations in villages where 5 fatal HSN1 human cases occurred during 2006 through 2009. The
objectives were to determine the frequency of H5N1 virus transmission from poultry to humans and to
explore potential risk factors for infection.

Villagers living in households near H5N1 patients’ household (within 1 kilometer radius) were administered
a questionnaire to ascertain exposures to poultry and poultry products during the period of epidemic. Serum
was collected from participants for HSN1 neutralizing antibody testing by microneutralization assay. A
matched case-control study was conducted to identify potential risk factors for HSN1 virus infection. A
seropositive case was defined as having an H5N1 virus neutralizing antibody titer of 21:80 with
confirmation by western blot analysis. Seronegative control subjects were matched to cases by village of
residence, gender, age and were restricted to participants that lived in households with H5N1 virus-infected
poultry flocks or households with presence of high chicken mortality rate suggesting H5N1 infection.

Of 1,998 participants, 35 (1.8 %) tested positive for HSN1 virus neutralizing antibodies. Of these, 19 (54.3%)
were male, 60% were aged <20 years and the median age was 16 years old (range: 3 - 77). The median
age of seropositive participants was not different from that of seronegative participants. For the case-control
study, 115 controls were enrolled and matched to the 35 seropositive cases. Factors found significantly
associated with seropositivity in all ages were presence of poultry cage/place located under or attached to
he house (77.8% vs 52.9%, matched OR=6.7, 95% CI=1.6-28.3, p=0.010) and transporting poultry to trade
(12.0% vs 2.2%, OR=17.6, 95% CI=1.6-193.7, p=0.019). Swimming/bathing in ponds where poultry had
access during the period of epidemic was significantly associated with H5N1 infections among the subgroup
aged <20 years old (54.6% vs 36.4%, OR=4.6, 95% IC=1.1-19.1, p=0.038).

H5N1 asymptomatic virus infection or mild illness appeared to be very low among study participants in
Cambodia, despite frequent intimate contact with H5N1 virus-infected poultry. Besides direct contacts with
infected birds, our data suggest that environmental contamination could be a potential risk factor for HSN1
transmission to human. Further studies are needed to assess the risk of avian-to-human H5N1 virus
transmission.

- Institut Pasteur in Cambodia

- Ministry of Health, Cambodia

- Animal Health Department, Ministry of Agriculture, Cambodia
- World Health Organization

- DHHS

- Center for Diseases Control and Prevention, USA
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Characteristics of HGN1 viruses circulating in
Cambodia since 2004

Coordinating investigators
Dr Philippe Buchy,

Dr Sirenda Vong, Epidemiology and public Health unit, IPC

1) In Cambodia, the highly pathogenic avian influenza (HPAI) A subtype H5N1 virus was detected for the first
time in January 2004. From 2004 to 2011, there have been 28 outbreaks in poultry and 13 human cases
reported in the country but the origin of these epizootics remains unclear. The phylogenetic relationships
among the H5N1 strains were reconstructed by neighbour-joining and Bayesians methods. We analyzed the
sequences of 59 H5N1 Cambodian viruses together with sequences from over 100 isolates from Southeast
Asia including Vietham, Thailand and Laos.

All viruses isolated in Cambodia since 2004 belong to clade 1, genotype Z. Based on phylogenetic
relationships, HPAI H5N1 virus was probably introduced from Thailand in 2004. In 2005 and 2006, several
sublineages emerged in Cambodia and were probably the result of multiple introductions of H5N1 virus
from Vietnam where similar strains were detected before outbreaks occurred in Cambodia. Interestingly, in
2006, we observed a north to south spread of the virus following a main road. A new sublineage appeared
in summer 2006. Since then, all viruses isolated in Cambodia and South Vietham clustered into this group,
suggesting that this sublineage became endemic in the Southern Indochina peninsula. Other clades which
have been imported to neighbouring countries by migratory birds (i.e., clade 2.2) have not been detected in
Cambodia. Cambodia is essentially a poultry-importing country. The first poultry deaths were observed in
semi-industrial farms that imported broiler and layer parental stocks from a sister company in Thailand,
where outbreaks occurred contemporaneously. Then, multiple introductions of H5N1 viruses most likely
occurred through illegal trading in poultry from Vietnam. Our data suggest that the clade 1 H5N1 virus is
spreading essentially through poultry trading, particularly along road transportation routes. The role of the
migratory birds appeared to be at most limited to local or regional transmission. The mechanisms described
here would explain the maintenance and extension of the H5N1 virus within the Cambodia-South Vietham
regions for the last 8 years. Based on the most recent sequences from Cambodia (2 human cases and 1
poultry outbreak in 2011; update on 21.02.11) and South Vietham we are reassessing the situation,
evaluating the pressure of selection and comparing the speed of evolution between Cambodia and
Viethamese viruses (manuscript in preparation).

2) Institut Pasteur in Shanghai purified influenza virus RNA polymerase PB2-PB1-PA heterotrimer of
A/PR8/34 (HAN1) and its chimera with A/Cambodia/P0322095/2005 (H5N1) from insect cells. The
heterotrimer catalyzed influenza genome transcription and replication in vitro; dinucleotide ApG, globin
mMRNA-primed transcription and de novo transcription. Km of ApG-primed transcription is 10.74 + 0.26 uM
(GTP), 33.22 + 3.37 uM (ATP), 28.93 + 0.48 pM (CTP) and 22.01 + 1.48 uM (UTP). Vmax of ApG-primed
transcription is 2.40 + 0.032 fmol/ pmol RdRp/ min (GTP), 1.95 + 0.17 fmol/ pmol RdRp/ min (ATP), 2.07
+ 0.17 fmol/ pmol RdRp/ min (CTP) and 1.52 + 0.38 fmol/ pmol RdRp/ min (UTP). The heterotrimer has
low substrate affinity and high polymerase speed, which agree to its high mutation rate of influenza virus.
PR8PB2D701N,S714R-PR8PB1-PR8PA heterotrimer transcribed more efficiently than wild type
heterotrimer from globin mRNA but showed similar activity for ApG-primed and de novo transcription.
Cambodia PB2E627K did not have replicon activity with PR8PB1, PA and NP in 293T cells, but had the
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same in vitro transcription activity as PR8 heterotrimer, which strongly indicated biochemical interaction
between PB2, NP and host background.

3) Influenza virus RNA polymerase (RdRp) consists of PB2, PB4, and PA. Recombination between the highly
pathogenic avian influenza virus (HPAIV) and the pandemic or seasonal influenza viruses is a serious
concern. We analyzed replicon and polymerase activities of the chimeric RdRp of the PR8 strain (HIN1)
containing PA of HPAIV A/Cambodia/P0322095/2005 (H5N1). The chimeric RdRp enhanced both replicon
activity and globin mRNA-primed transcription. However, the growth and pathogenicity in the mice infected
with the reconstituted chimeric WSN virus containing H5N1 Cambodia PA (C-PA) was lower than that of
WSN. The mechanism of this paradoxical phenomenon between the polymerase activity and viral growth,
and pathogenicity was analyzed in detail. In C-PA-infected cells, apoptosis and interferon production were
strongly induced at the early phase of infection, because of its high polymerase activity; this protected the
uninfected cells from expansion of virus infection. These classical host-virus interactions indicate the low
risk of emergence of a recombinant virus with high polymerase activity together with the difficulty of
obtaining of reassortant viruses.

4) IP Shanghai constructed DNA plasmid encoding H5HAand generated VLP expressing the same H5HA and
NAINA. We then compared neutralizing antibody responses and immune protection elicited with
heterologous DNA-VLP, homologous DNA-DNA and VLP-VLP prime boost strategies against HPAI H5N1 virus
in mice (in ABSL3 facilities at IPC). We demonstrate that DNA-VLP elicits the highest neutralizing antibody
titers among the 3 prime-boost strategies, whereasDNA-DNA elicits higher neutralizing antibodies than VLP-
VLP. We show that although all 3 prime-boost strategies protect mice from death caused by 10 MLD50 of
homologous or heterologous H5N1 challenge, only DNA-VLP and DNA-DNA protect mice from death caused
by 1000 MLD50 of homologous H45N1 challenge, only DNA-VLP protects mice from infection.

5) Influenza A virus infection is a persistent threat to public health worldwide, owing to its ability to evade
immune surveillance through rapid genetic drift and shift. Current Vaccines against influenza A virus provide
immunity to viral isolates similar to vaccine strains. High affinity neutralizing antibodies against conserved
epitopes could provide immunity to diverse influenza strains and protection against future pandemic
viruses. By using a highly sensitive H5N1 pseudotypes-based neutralization assay to screen human
monoclonal antibodies produced by immortalized memory B cells from a H5N1 infected individual and
molecular cloning techniques, we developed three fully human monoclonal antibodies. Among them,
antibody 65C6 exhibited potent neutralization activity against numerous H5N1 strains belonging to (sub)
clades 0,1,2.1,2.2,2.3.2,2.3.4,2.4,2.5,3,4,5,6,7,8 and 9 as well as prophylactic and therapeutic efficacy
against highly pathogenic avian influenza H5N1 viruses in mice. Studies on HA-antibody complexes by
electron microscopy indicate that antibody 65C6 binds to an epitope on the tip of the membrane-distal
globular domain of HA. Thus, we conclude that antibody 65C6 recognizes a neutralization epitope in the
globular head of HA that is conserved among divergent H5N1 influenza strains.

6) Like other RNA viruses, influenza viruses are subject to high mutation rates. Carrying segmented RNA
viruses, their genetic variability is even higher. The quasispecies theory has often been recalled to explain
the evolution and development of such highly variable microorganisms. However, its actual application to
influenza viruses was never demonstrated. We aimed to identify the different subpopulations of Highly
Pathogenic Avian Influenza (HPAI) H5N1 virus existing in an inoculum, and their evolution after infecting an
avian host. We therefore studied the different sequences of two surface proteins, hemagglutinin (HA) and
neuraminidase (NA), as well as two internal proteins, PB2 and NS. Three organs (lung, spleen, brain) were
obtained from a chicken, experimentally inoculated with a lethal dose of HPAI H5N1. Cloning these genes
enabled us to investigate the genetic diversity of the virus, and to identify potentially relevant mutations
sites. Our results fitted with all the features required for the definition of quasispecies.

National Veterinary Research Institute (Ministry of Agriculture, Cambodia), Hong Kong University, IP
Shanghai, H5 Reference Center in Institut Pasteur in Paris. Pasteur de Paris
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Financial support
WHO - Department of Human and Health Services (USA)

Publications

Gutiérrez RA, Viari A, Frutos R, Buchy R. Quasispecies evolution of H5N1 virus in infected organs.
(submitted)

Ding H, Tsai C, Zhou F, Buchy P, Deubel V, Zhou P. Heterosubtypic antibody response elicited with
seasonal influenza vaccine correlates partial protection against highly pathogenic H5N1 virus. PLoS
One. PLoS One. 2011 Mar 25;6(3):e17821.

Ding H, Tsai C, Gutiérrez RA, Zhou F, Buchy P, Deubel V, Zhou P.. Superior neutralizing antibody
response and protection in mice vaccinated with heterologous DNA prime and virus like particle boost
against HPAI H5N1 virus. PLoS ONE PLoS ONE 2011;6(1):e16563

Recent related publications:

Buchy P., Fourment M., Mardy S., Sarn S., Davun H., Vong S., Peiris J.S.M., van der Werf S. Molecular
epidemiology of clade 1 influenza A viruses (H5N1), Southern Indochina Peninsula, 2004-2007. Emerg
Infect Dis. 2009; 15:1641-4.

Gutiérrez RA, Naughtin MJ, Horm SV, San S, Buchy P. H5N1 evolution in South East Asia. Viruses 2009;
1:335-361.

Zhang S, Weng L, Geng L, Wang J, Zhou J, Deubel V, Buchy P, Toyoda T. Biochemical and kinetic analysis of
influenza virus RNA polymerase purified from insect cells. Biochemical and Biophysical Research
Communications 2009, Nov 20 [Epub ahead of print

Tsai C, Caillet C, Hu H, Zhou F, Ding H, Zhang G, Zhou B, Wang S, Lu S, Buchy P, Deubel V, Vogel FR, Zhou P.
Measurement of neutralizing antibody responses against HGN1 clades in immunized mice and ferrets
using pseudotypes expressing influenza hemagglutinin and neuraminidase. Vaccine 2009;
doi:10.1016/j.vaccine.2009.08.056

Buchy P, Mardy S, Vong S, Toyoda T, Aubin JT, Miller M, Touch S, Sovann L, Dufourcq JB, Richner B, Tu PV,
Tien NT, Lim W, Peiris JS, Van der Werf S.. Influenza A/H5N1 virus infection in humans in Cambodia. Journal
of Clinical Virology 2007; 39(3): 164-8.
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Development of new diagnostic tools for HSN1
virus detection

Coordinating investigators

Dr Philippe Buchy, Virology unit, IPC

Dr Sirenda Vong, Epidemiology and public Health unit, IPC

We described sandwich design hybridization probes consisting of magnetic particles (MP) and quantum dots
(QD) with target HSN1 DNA, and their application in the detection of avian influenza virus (H5N1) sequences.
Hybridization of 25-, 40-, and 100-mer target DNA with both probes was analyzed and quantified by flow
cytometry and fluorescence microscopy on the scale of single particles. The following steps were used in the
assay: (i) target selection by MP probes and (ii) target detection by QD probes. Hybridization efficiency
between MP conjugated probes and target DNA hybrids was controlled by a fluorescent dye specific for
nucleic acids. Fluorescence was detected by flow cytometry to distinguish differences in oligo sequences as
short as 25-mer capturing in target DNA and by gel-electrophoresis in the case of QD probes. This report
shows that effective manipulation and control of micro- and nanoparticles in hybridization assays is
possible.

Collahoration
Institut Pasteur in Korea
Publications

Lim SH, Buchy P, Mardy S, Kang MS, Yu AD. Specific nucleic acid detection using photophysical properties of
quantum dots probes. Anal Chem 2010; 82(3):886-891. IF: 5.2

Lim SH, Bestvater F, Buchy P, Mardy S, Yu ADC. Quantitative analysis of nucleic acid hybridization on
maghnetic particles and quantum dot-based probes. Sensors 2009; 9(7): 5590-99. IF: 1.8
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H5 seroprevalence study in Cambodia and anti-
H5 antibodies kinetics

Coordinating investigators

Dr Philippe Buchy, Virology unit, IPC

Dr Sirenda Vong, Epidemiology and public Health unit, IPC

A first seroepidemiologic survey was conducted using the data collected in Cambodia in 2006. In 2007, an
other seroepidemiological survey was conducted 9 weeks after the recognition that H5N1 infection caused
the death of a 13-years-old female in April 2007. Blood specimens were collected from 700 participants for
H5N1 serological testing. All participants were interviewed with standardized questionnaire to collect
information about poultry exposure. Eighteen (2.6%) of the 700 villagers were tested positive cases for
H5N41 antibodies. These 18 individuals were more likely than seronegative participants to report bathing or
swimming in the community pond (p = 0.04). The seroprevalence of H5N1 antibodies was higher than
previously reported in the other investigations conducted in Cambodia and Thailand. This finding reinforces
the overwhelming evidence that the virus continues to circulate widely in settings where human have high
exposure to poultry. Our results, provides additional evidence suggesting that bathing or swimming in the
community ponds, remains important potential risk factor for HSN1 infection. Both wild birds and domestic
poultry have free access to these ponds which are also used for aquaculture through the dumping of poultry
feces for fish feeding.

Little is known about the kinetics of anti-H5 neutralizing antibodies in naturally HSN1-infected patients with
severe clinical iliness or asymptomatic infection and this was a limitation for the interpretation of our sero-
epidemiological studies. Using H5N1 microneutralisation (MN) and H5-pseudotype particle-based
microneutralisation assays (H5pp) we analyzed sera sequentially obtained from 11 severely ill patients
diagnosed by RT-PCR (follow-up range 1 - 139 weeks of disease onset) and 31 asymptomatically infected
individuals detected in a sero-epidemiological study after exposure to H5N1 virus (follow-up range: 1-2
month - 11 months after exposure). Of 44 sera from 11 patients with HSN1 disease, 70% tested positive by
MN (antibody titre 280) after 2 weeks and 100% were positive by 3 weeks after disease onset. The
geometric mean MN titers in severely ill patients was 540 at 1-2 months and 173 at 10-12 months was
higher than the titers from asymptomatic individuals (149 at 1-2 months, 62.2 at 10-12 months). Fractional
polynomial regression analysis demonstrated that in all severely ill patients, positive titers persisted beyond
2 years of disease onset, while 10 of 23 sera collected 10-11 months after exposure in asymptomatically
infected individuals tested negative. In conclusion, our results indicate that people with asymptomatic
H5N1 infection have lower H5N1 antibody titres compared to those with severe illness and that in many
asymptomatically infected patients the antibody titer decreased to levels below the threshold of positivity
within one year. These data are essential for the design and interpretation of sero-epidemiological studies.

Ministry of Health Cambodia, WHO Cambodia, Ministry of Agriculture (NaVRI), HKU-Pasteur Research Center,
Oxford University Clinical Research Unit in Vietham, US CDC.

Funding
SISEA project (French Agency for Development), WHO
Publications
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Buchy P, Vong S, Chu S, Garcia JM, Hien TT, Hien VM, Channa M, Ha do Q, Chau NV, Simmons C, Farrar JJ,
Peiris M, de Jong MD. Kinetics of neutralizing antibodies in patients naturally infected by HS5N1 virus. PLoS
ONE 2010, 5:e10864

Cavailler P, Chu S, Ly S, Garcia JM, Ha DQ, Bergeri I, Som |, Ly S, Sok T, Vong S, Buchy P. Seroprevalence of
anti-H5 antibody rural Cambodia, 2007. J Clin Virol 2010, 48:123-126.

Oral presentations 2010:

BUCHY P, VONG S, CHU S, GARCIA JM, HIEN TT, HIEN VM, CHANNA N, HA DQ, CHAU NV, SIMMONS C,
FARRAR lJ, PEIRIS M, de JONG MD. Kinetics of neutralizing antibodies in patients naturally infected by H5N1
virus. Options for the Control of Influenza VIl conference. Hong Kong du 3 -7 Septembre 2010

Recent related publications:

S Vong, L Sowath, MD Van Kherkove, J Achenbach, H Davun, S San, S Heng, P Buchy, TM Uyeki, S Touch, J
Katz. Risk factors associated with avian influenza A (H5N1) transmission from birds and asymptomatic
H5N1 virus infection, Cambodia, 2006. J Infect Dis. 2009, DOI 10.1086/599208 IF: 5.87

Nefkens |, Garcia JM, Ling CS, Lagarde N, Nicholls J, Tang DJ, Peiris M, Buchy P, Altmeyer R. Hemagglutinin
pseudotyped lentiviral particles: characterization of a new method for avian H5N1 influenza sero-diagnosis.
Journal of Clinical Virology 2007, 39 : 27-33. IF: 3.12
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Natural history of HSN1 survival in environment
in Cambodia

Coordinating investigators
Dr Philippe Buchy, Virology unit, IPC

Dr Sirenda Vong, Epidemiology and public Health unit, IPC

In order to investigate H5N1 contamination of the environment following outbreaks, we had to develop
reliable methods for virus detection and concentration of avian influenza virus in water and mud/soil
specimens since such methods did not exist in the scientific literature.

1) Contamination of lakes and ponds plays an essential role as reservoir of avian influenza A virus (AlV) in
the environment. A method to concentrate waterborne AlV is a prerequisite for the detection of virus present
in water at low levels. The aim of this study was to develop and validate a method for concentration and
detection of infectious AIV from large volumes of surface water samples. Two filtration systems, glass wool
and electropositive NanoCeram ® filter, were studied. The individual effects of filtration-elution and PEG-
concentration parameters on the recovery efficiency of HLN1 strain from 10-liters surface water samples,
were assessed. An ultimate 1% recovery rate of infectious viruses was achieved with the optimal protocol,
corresponding to a filtration through glass wool, followed by a viral elution step and then a PEG-
concentration. This method was validated for the detection of highly pathogenic H5N1 strains from
artificially-contaminated larger water volumes, from 10 up to 50 liters, from different sources. The viral
recovery efficiencies ranged from 0.01% to 7.89% and from 3.63% to 13.79% from lake and rain waters,
respectively. A theoretical detection threshold of 2.25 x 102 TCID50 in the filtered volume could be obtained
for seeded lake waters by M gene RT-PCR. Moreover, the method was used successfully in field studies for
the detection of naturally occurring influenza A viruses in lake water in France.

2) Contaminated mud and soil may play a role as a reservoir and a source of transmission for avian
influenza A virus. However the persistence of Highly Pathogenic Avian Influenza (HPAI) H5N1 virus in soil or
mud has not been well documented. Moreover specific methods of HPAI H5N1 virus detection in mud and
soil specimens have not been described. The aim of this work was to evaluate the capacity of 5 different
commercially-available methods and one elution-concentration technique to extract nucleic acids of HSN1
virus and to detect infectious viral particles from mud specimens experimentally infected. Direct extraction
with QlAamp kit and Trizol LS led to viral recovery efficiencies ranging from 0.03% to 19.8% and from
0.03% to 8%, respectively. In the same conditions, MagNa Pure LC kit gave very low recovery rates (0.003%
to 0.01%). The detection threshold of viral RNA for these three methods was 5 [1 102 RNA copies per gram
of mud. Trizol reagent and the RNA PowerSoilTM kit were unsuccessful to recover any viral RNA from mud.
When the elution-concentration technique was performed prior the nucleic acid extraction, the performance
of the MagNa Pure kit increased to significant level that allowed the detection of nucleic acids of HSN1 virus
in naturally-contaminated environmental samples which previously tested negative after direct extraction
using commercial Kits. The detection of infectious virus after inoculation into embryonated eggs was better
in concentrates than in eluates.

3) Wild waterfowls constitute the natural reservoir of all subtypes of avian influenza viruses (AlV). However,
the role of environmental reservoirs in AIV transmission has been investigated during AlV-associated
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outbreaks. Although methods have been recently employed to concentrate waterborne AlV, no method has
been defined for detection of AlV from mud samples. Our procedure was desighed to detect AIV from 30 g
of the solid fraction of mud, by adaptation of existing methods for enteric viruses. First, three elution buffers
were studied. Subsequently, the overall method, including an elution stage and a PEG-concentration stage,
was evaluated. Then, the ability of two commercial kits to produce RNA preparation from elution and
concentration samples were compared (QlAamp Viral RNA Minikit®, Qiagen; MagMAX Al/ND Viral RNA
Isolation kit, Ambion). The AIV were quantified by RT-PCR. The elution, involving a 10% beef extract solution
at pH 7, yielded viral recoveries higher than 29%. Moreover, greater RNA recoveries were achieved with the
Ambion kit. However, in some conditions, no virus was detectable in diluted PEG samples, whereas viruses
were detected in the elution fractions. PCR inhibitors, contained in mud, could be partially removed from
PEG samples and PCR curves were significantly improved by running the amplification reaction with a
mixture containing T4 gene 32 protein. A theoretical detection threshold of 1.45 x 103 TCID50 of H5N1
viruses / 30-gram mud solids could be determined by elution. The overall method was proven successful to
detect H5N1 virus contamination of mud specimens collected during outbreak investigation in Cambodia.

4) In response to the notification of a confirmed case of HGN1 infection in humans or poultry, we conducted
four investigations in households of index case’s and in the surrounding vicinity. Environmental specimens
such as mud, water collected from ponds, puddles and wells, aquatic plants and animals, poultry feathers,
various animal faeces soil and dust were collected in 6 households of 3 Cambodian provinces between April
2007 and February 2010. All tests were performed within the BioSafety level 3 Laboratory (BSL3) of Institut
Pasteur in Cambodia (IPC).Two techniques of influenza virus concentration in water were used. The first
method was based on the biological property of the virus to agglutinate chicken red blood cells (CRBCs). The
second technique consisted in an adsorption step on glass wool, followed by an elution step with a beef
extract solution at alkaline pH, in combination with a final concentration step with polyethylene glycol (PEG).
Mud and soil specimens, were treated by elution with a beef extract solution followed by a PEG-precipitation
step. The hemagglutinin (HA)gene was amplified using a real-time RT-PCR (qRT-PCR) method. All samples
that tested positive by qRT-PCR were inoculated into specific pathogen free (SPF) 9 to 11-day-old
embryonated chicken eggs. Out of a total 245 samples collected, 47 (19%) tested positive for H5N1 virus by
qRT-PCR. In the farm environment, qRT-PCR was often positive for duck feather (2/2 samples tested), straw
collected in duck cage (2/4 samples tested), dust swabs sampled in the farm (50%), live duck tracheal
swab (1/4 samples tested), mud specimens (24%). In the farms soil, water and duck faeces the detection
rate of H5N1 virus was 15%, 12% and 10% respectively. In the ponds, viral HSN1 RNA was detected in one
out of four pond water plants specimens and in one specimen of aquatic animal. The detection of H5N1
virus in mud collected from ponds was less frequent than in mud from farms (14% vs 24%). The highest
viral loads were found in the contaminated straw, mud, soil, and water collected in poultry cages. However,
all virus isolations carried out on these latter samples were negative. Of the 47 specimens positive by qRT-
PCR, infectious H5N1 particles were only isolated in mud collected from pond and water specimens
collected in a poultry cage and the respective viral loads measured by qRT-PCR were 1.9 x 102 and 10
copies per millilitre. RNA of H5N1 virus persisted in the environment up to the seventh day following the last
reported poultry death. Our finding demonstrates that during HSN1 HPAIV outbreaks in Cambodia, various
environmental sources surrounding outbreak areas were contaminated by the virus and may act as
potential source of human and/or animal contamination as already suggested by sero-epidemiological
studies. Thus, our results underscore the importance for regular surveillance and disinfection of the
surrounding environment following avian influenza outbreaks.

Institut Pasteur de Lille

Funding
RIVERS project (European Union)
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Publications

N Deboosere, SV Horm, A Delobel, J Gachet, P Buchy, Vialette. Viral Elution and Concentration Method for
Detection of Influenza A Viruses in Mud by real-time RT-PCR. (submitted)

Horm SV, Deboosere N, Gutiérrez RA, Vialette M, Buchy P. Direct detection of highly pathogenic avian
influenza A/H5N1 virus from mud specimens. J Virol Methods. 2011 Sep;176(1-2):69-73. Epub 2011 Jun
12.

Deboosere N, Horm SV, Pinon A, Gachet J, Goldefy C, Buchy P, Vialette Vialette M. Development and
validation of a concentration method for the detection of influenza a viruses from large volumes of surface
water. Appl Environ Microbiol. 2011 Jun;77(11):3802-8. Epub 2011 Apr 15.

Oral presentations 2010:

SV HORM, RA GUTIERREZ, S LY, S VONG, P BUCHY. Environmental contamination during influenza A (H5N1)
outbreak in Cambodia. Options for the Control of Influenza VII conference. Hong Kong du 3 -7 septembre
2010

SV HORM, RA GUTIERREZ, P BUCHY. Environmental contamination during influenza A (H5N1) outbreak in
Cambodia. 2007-2010. Mekong Health Congress. University of Health Sciences, Phnom Penh, Cambodia
24-27 January 2011

SV HORM, C COLDEFY, P BUCHY. H5N1 virus concentration in environmental water. CERoPath - SISEA joint
workshop. Siem Reab, Cambodia, 18-20 November 2009
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Survival of HSN1 virus in aquatic settings using
an experimental approach

Coordinating investigators

Dr Philippe Buchy, Virology unit, IPC

The experimental approach required first the development of new laboratory methods for H5N1 virus
concentration in water (on small volumes using adsorption on chicken red blood cells; on larger volumes
using the filtration on glass wool), in mud, plants and in various aquatic animals. Under BSL3+ conditions,
artificial aquatic settings reproducing natural aquatic environment were created in aquarium. Water was
infected with H5N1 virus isolated from the fields. The kinetic of virus survival in the various compartments,
under different temperature conditions was then analysed. Detailed results can’t be mentioned in this report
for confidential reason.

Funding
RIVERS project (European Union)
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Rodent-borne pathogens

Collaboration

Virology unit, CNRS Montpellier — IRD Montpellier — CIRAD Montpellier — CNR/Muséum d’Histoire
Naturelle Paris — Institut Pasteur de Lille (CEROPATH project partners)

The project aims to describe the rodent-pathogen co-evolution in Cambodia, Laos and Thailand. All the
rodent organs (over 3000 animals) were tested in the virology unit

In order to evaluate the circulation of hantaviruses circulating in SE Asia, we carried out a large-scale
survey of small mammal species at nine sites in the region (Cambodia, Laos and Thailand). Using a
standard IFA test, IgG reacting-antibodies to Hantaan virus antigen were detected at five sites.
Antibody prevalence at each site varied from 0 to 5.13%. Antibodies were detected in several rodent
species (Rattus exulans, Rattus nitidius, Rattus norvegicus, Rattus tanezumi, Maxomys surifer,
Bandicota indica, Bandicota savelei, Mus cookii and Mus caroli), with species prevalence at each site
varying between 0-50%. Site prevalence was compared with site species richness to establish if
reduced biodiversity was linked to increased site seropositivity to hantaviruses. Seropositive animals
were found more commonly at sites with lower biodiversity, indicating that the dilution effect may apply
for hantaviruses in this region.

Several hantaviruses are reported from Southeast Asia from both rodent and soricomorph hosts but
only Seoul virus is connected with human disease and is the most widespread of the hantaviruses
originating from this region due to its association with Rattus norvegicus. We reported the first evidence
of hantavirus circulation among rodents in the People’s Democratic Republic (PDR) of Laos and one of
only a few isolates of Seoul virus collected from a rodent of the R. rattus species complex. Phylogenetic
analyses using various methods show that the strain detected is grouping distantly with other Seoul
virus isolates for nucleotide sequences for both S and L segments and more closely for the partial
nucleoprotein sequence.

Agence Nationale de la Recherche

Publications 2010

K. Blasdell, H. Henttonen, P. Buchy. Hantavirus genetic diversity. In: New frontiers of molecular
epidemiology of infectious diseases. Springer edition (in press)

Recent related publications:

K. Blasdell, V. Herbreteau, H. Henttonen, D. Phonekeo, J.P. Hugot, P. Buchy. (2009). Rodent-borne
zoonotic viruses in Southeast Asia. Kasetsart J. (Nat. Sci.) 2009; 43: 94-105.
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Henttonen H, Buchy P, Suputtamongkol Y, Jittapalapong S, Herbreteau V, Laakkonen J, Chaval Y,
Galan M, Dobigny G, Charbonnel N, Michaux J, Cosson JF, Morand S, Hugot JP (2008). Recent
discoveries of new Hantaviruses widen their range and question their origins. Ann. N.Y. Acad. Sci.
1149: 84-89.

Manuscripts submitted

K. Blasdell, S Morand JF Cosson, Y Chaval, V Herbreteau, B Douangboupha, S Jittapalapong, P
Buchy. Serology of hantavirus in Southeast Asia: does the dilution effect apply? (submitted)

K Blasdell, J-P Hugot, S Morand, B Douangboupha, A Lundqvist, P Buchy. Discovery of a divergent
strain of Seoul virus, genus Hantavirus, in a rodent from Lao Peoples’ Democratic Republic. (submitted)
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Molecular epidemiology, MLST of scrub typhus in
Vietham and Cambodia

Coordinating investigators
Dr Philippe Buchy, Virology Unit, Institut Pasteur du Cambodge

From 2008 to 2010, scrub typhus infection was diagnosed in 41 patients at IPC and 22 patients at IPNT.
The mean age of Cambodian patients was 37 (age range: 0.6-84; standard deviation: 21) whereas that of
the Viethamese patients was 45.8 (age range: 3-72; standard deviation: 18.9). Cambodian patients
originated from 12 provinces situated mostly at the southern and Eastern part of the country, i.e. Kampot,
Kandal, Kampong Cham, Kampong Speu, Kampong Thom, Koh Kong, Kratie, Mondulkiri, Phnom Penh, Prey
Veng, Siem Reap, and Takeo provinces. Vietnamese patients originated from Quang Ngai, Khanh Hoa and
Quang Nam provinces. Only 41 sequences (28 Cambodian and 13 Viethamese strains) from a total of 63
specimens collected between 2008 and 2010 were successfully sequenced and included in the present
analysis.

The 56-kDa type specific antigen (TSA) gene, encoding the major antigenic protein, was used as reference to
investigate the genetic relationships between the strains and to genotype O. tsutsugamushi isolates. The
open reading frame of the 56-kDa TSA gene of 41 sequences (28 Cambodian and 13 Vietnamese strains)
from patient samples were sequenced and used for genotyping. The 28 Cambodian isolates clustered into 5
major groups, including Karp (43.5%), JG-v (25%), Kato/TA716 (21.5%), TA763 (3.5%) and Gilliam (3.5%).
Karp (77%), TA763 (15.5%) and JG-v (7.5%) strains were identified amongst the 13 Vietnamese isolates.
This is the first countrywide genotyping description in Cambodia and in Central Vietnam. These results
demonstrate the considerable diversity of genotypes in co-circulation in both countries.

A MLST scheme associating seven core function genes: adk, lepB, lipA, lipB, secY, sodB and sucA was
developed and validated on seven Cambodian strains detected in patients and two complete reference
genomes from Korea and Japan. Sequence data were analyzed both with respect to sequence type (ST)
diversity and DNA polymorphism. Differing trends were revealed. DNA polymorphism and phylogeny of
individual gene loci indicated a significant level of recombination and genetic diversity. However, the ST
distribution is clearly clonal and the clinical situation can be summarized by the formula: one patient, one
strain, one ST. This contradiction is only apparent and is most likely the consequence of the unique life cycle
of O. tsutsugamushi. The quasi exclusive vertical transmission mode in mites generates repeated
bottlenecks and small-size populations and strongly limits genetic diversity. O. tsutsugamushi has
developed specific mechanisms for generating genetic diversity which include recombination, duplication
and conjugation.

Institut Pasteur Nha Trang, CIRAD/Montpellier University, Welcome Trust-Oxford University Bangkok,
Calmette and Kantha Bopha hospitals

Action Concertée Inter-Pasteurienne

Publications
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Duong V, Mai TT, Blasdell K, Lo LV, Morvan C, Lay S, Anukool W, Wongprompitak P, Suputtamongkol Y,
Laurent D, Richner B, Ra C, Chien BT, Frutos R, Buchy P.Molecular epidemiology of Orientia tsutsugamushi
in Cambodia and Central Vietham reveals a broad region-wide genetic diversity. Infect Genet Evol. 2011 Jan
15.

Duong V, Blasdell K, May TT, Sreyrath L, Gavotte L, Morand S, Frutos R, Buchy P. Diversity of Orientia
tsutsugamushi clinical isolates in Cambodia reveals active selection and recombination process. Infect
Genet Evol. 2010 Sep 18.

Wongprompitak P, Anukool W, Wongsawat E, Silpasakorn S, Duong V, Buchy P, Morand S, Frutos R, Ekpo
P, Suputtamongkol Y. Broad-coverage molecular epidemiology of Orientia tsutsugamushi in Thailand. Infect
Genet Evol. 2011 Jun 25. [Epub ahead of print]

P Wongprompitak, V Duong, W Anukool, L Gavottte, C Moulia, K Blasdell, P Buchy, P Ekpo, R Frutos, Y
Suputtamongkol. Multilocus typing of Orientia tsutsugamushi clinical isolates from Thailand reveals region-
wide distribution of genotypes. (submitted)

Oral communications

R Frutos, P Wongprompitak, V Duong, L Gavotte, W Anukool, TTX Mai, K Blasdell, C Ra, E Wongsawat, D
Laurent, S Silpasakorn, BT Chien, P Ekpo, Y Suputtamongkol, P Buchy. Diversity of Orientia tsutsugamushi
strains in South East Asia (Thailand, Cambodia, Vietnam) based on the 56-kDa protein gene and multilocus
typing. (in preparation). Joint Internaitonal Tropical Medicine Meeting JITMM 2010, 1-3 Decembre 2010,
Bangkok, Thailande.
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Leptospirosis

Principal Investigators

Dr Bertand Guillard, Head of Clinical Laboratory and HEM Sopheak, Laboratory of Microbiology, Institut
Pasteur du Cambodge

Cyrille Goarant (Institut Pasteur de Nouvelle-Calédonie)
Mathieu Picardeau, Pascale Bourhy (Unité de Biologie des Spirochetes, Institut Pasteur, Paris)
Situation in Cambodia

Leptospirosis is a neglected emerging disease with increasing interest in the scientific / medical
community. It has been so far poorly described in Cambodia and is probably underdiagnosed in the
current local medical practices, although conditions to its active circulation exist in this country. One
study made in Cambodia in 2006-2007 (ACIP 2005), the largest conducted to date on leptospirosis in
Cambodia, confirms the importance of this zoonotic disease, that must be considered a real public
health issue in this country.

Current activities in the lahoratory

IgM ELISA Panbio
Nested-PCR (Mérien et al., 1992)
Real-Time PCR TaqMan lipL32 (Stoddard et al., 2009).

IPC expects to have one biologist trained to micro-agglutination reference test (MAT) in IPP and then
possibly develop a panel in IPC.

Studies

ACIP 2005 : La leptospirose humaine au Cambodge : évaluation de la fréquence des infections sévéres
hospitalisées et identification des sérogroupes en cause.

On-going or further projects developed in the unit are aiming:

proportion of patients with an immune phase profile (15.5%) suggests former contacts with Leptospira and
possible infections with little or no symptoms.

ACIP 2009: Mise en place d'un groupe de recherche sur la leptospirose dans le RIIP: méthodes
diagnostiques, importance en santé publique.

- provide estimates on human leptospirosis in countries of the IP network
- identify the circulating strains
- support the cooperation and interaction between scientists in the IP network.

- set up reference laboratories for diagnosis of leptospirosis
Publication

A. Berlioz-Arthaud, B. Guillard, C. Goarant, S. Hem. Surveillance active de la leptospirose humaine en milieu
hospitalier au Cambodge. Bull. Soc. Pathol. Exot (2010); DOI 10.1007/s13149-010-0043-2
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Central nervous system infections in Cambodia

Collaborations

Unit of Virology and Laboratory of Clinical Microbiology, IPC
Jayavarman VII hospital (Kantha bopha foundation),

Oxford University Clinical Research Unit in Vietham

Financial support

Li Ka Shing foundation

For this preliminary pilote study, we aimed to recruit 150 children clinically diagnosed with encephalitis and
admitted to Jayavarman VIl hospital in Siem Reap, Cambodia. Between 19th July 2010 and 18th January
2011, 110 children were enrolled. The age average is 7.2 years old (ranging from 3.6 months to 14 years).
The molecular detection techniques were used to detect major viruses (flaviviruses, enteroviruses, herpes
simplex virus, cytomegalovirus, Ebstein-Barr virus, influenza virus, and other viruses according to specific
clinical symptoms) and bacteriae (Haemophilus influenzae, Streptococcus pneumoniae, Neisseria
meningitidis and streptococcus suis) responsible for encephalitis in our region (Le VT et al., 2010). Molecular
methods (PCR/RT-PCR) were used to test the 110 patients and a pathogen was detected in 14 cases (13%)
in the cerebrospinal fluid (CSF) and/or in plasma samples. The detection of anti-dengue (DENV) and anti-
japanese encephalitis (JEV) virus IgM antibodies in plasma and CSF was done using in-house serologies. In
total, and by using both approaches, the identification of the cause of the disease was clearly established in
27% of cases and a "probable" diagnostic in 18% of patients. The most common pathogen was JEV (n=23)
followed by DENV (n=4), Enterovirus (n=1), Haemophilus influenzae (n=1) and Streptococcus pneumoniae
(n=1). The most frequent "probable" causative agents (cases where virus, bacteria or the IgM against the
pathogen were found in plasma only) was JEV (n=5), DENV (n=5), undifferentitaed flaviviruses (n=5) and
Orientia tsutsugamushi (agent of the scrub typhus) (n=5). This is the first study of the central nervous
system infection in Cambodia and our preliminary results show that JEV is the major viral cause of
encephalitis similary to the study in Vietham (Le VN et al., 2010) followed by dengue and rarely enterovirus.
Surprisingly, there was no other virus (herpes, etc) dectected in these children while they are common
pathogen reported elsewhere in the literature. The bacteriae detected in this study are common in meningo-
encéphalitis except for O. tsutsugamushi. But this has to be confirmed by other tests as this bacteria was
not found in CSF. However, the etiology remains unknown in more than 50% encephalitis. The remaining
unknown etiology was probably due to the non exhaustive research for all potential infectious causes of
encephalitis and in addition, undiagnosed encephalitis may be caused by unknown human or zoonotic
pathogens. Therefore, efforts to identify novel or previously unrecognized pathogens in these undiagnosed
patients are essential for future prevention and treatment strategies.

Publications

V Duong, S San, D Holl, M Rani, V Deubel, P Buchy. Evidence of Japanese encephalitis virus infections in
swine populations in 8 provinces of Cambodia: implications for national Japanese encephalitis vaccination
policy. Acta Tropica 120 (2011) 146- 150

Recent related publications:
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R MICOL, P BUCHY, G GUERRIER, D VEASNA, L FERRADINI, JP DOUSSET, P J. GUERIN, S BALKAN, J
GALIMAND, H CHANROEUN, O LORTHOLARY, C ROUZIOUX, A FONTANET, M LERUEZ-VILLE.
(2009).Prevalence, risk factors, and impact on outcome of cytomegalovirus replication in serum of
Cambodian HIV-infected patients (2004-2007). JAIDS 2009 May 5 [Epub ahead of print]

R MICOL, P BUCHY, G GUERRIER, D VEASNA, L FERRADINI, JP DOUSSET, P J. GUERIN, S BALKAN, J
GALIMAND, O LORTHOLARY, C ROUZIOUX, A FONTANET, M LERUEZ-VILLE. (2009). CMV Infection in
Cambodia: a Probable Cause of Death before HAART Initiation in HIV-infected Patients. JAIDS, 58: 276-7.

R MICOL, P BUCHY, G GUERRIER, J GALIMAND, D VEASNA, L FERRADINI, S BALKAN, P J. GUERIN, P.R.
MARTIN, A FONTANET, O LORTHOLARY, C ROUZIOUX, , M LERUEZ-VILLE. (2009). No association between
HHV-6 reactivation and cryptococcosis in HIV-infected Patients. J Med Microbiol., 58:276-7.
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RABIES

Virology and Epidemiology Units, IPC
Resuits

Rabies, a fatal but preventable zoonosis, is a major public health problem in developing countries. In
Cambodia the disease burden is largely underestimated because patients with encephalitis following dog
bites are rarely hospitalized and die at home. Since 1998 Institut Pasteur in Cambodia (IPC), Phnom Penh
has been the only source of free post-exposure prophylaxis (PEP) and post-mortem diagnosis. The 1998-
2007 data compiled by IPC was analyzed to describe all treated patients, confirmed human rabies cases
and results of human and animal testing. From dog bites' characteristics, we defined a suspected rabies
injury in humans as an unprovoked bite from a dog that died spontaneously, or was reported sick. We
applied a deterministic probability model to estimate 2007 rabies mortality nationwide from the estimated
incidence of rabid dog bites, the body distribution of bite wounds and the probability of PEP access. During
1998-2007, 124,749 patients received PEP at IPC (average 12,470; range 8,907 - 14,475) and 63 fatal
human cases presenting with encephalitis following a dog bite were reported, in which 73% were confirmed
positive by direct immunofluorescence assay or by reverse-transcriptase polymerase chain reaction. During
1998 - 2007, IPC tested 1,255 animal brain samples, 1,214 (97%) were from dogs including 610 (49%)
positive samples.

In 2007, 14,475 patients received PEP (100 PEP/100,000 people in Cambodia) including 95% who resided
in Phnom Penh (615 PEP/100,000) or 5 neighboring provinces. The predictive model estimated 810 human
rabies deaths would occur in 2007 (95%confidence interval [Cl] 394 - 1,607); an incidence of 5.8/100,000
(95%Cl = 2.8 - 11.5).

In conclusion, access to PEP is only sufficient for Phnom Penh residents. In 2007, the estimated rabies
related mortality exceeded that of malaria and that of dengue. A national rabies control program is needed
to improve surveillance, access to PEP, and initiate vaccination campaigns in dogs.

Over the past 10 years, new techniques and protocols have been proposed for rabies diagnosis,
especially in humans. However, the reported number of laboratory-confirmed human rabies cases
remains limited and underestimates the real impact of this neglected zoonotic disease, particularly in
enzo-epizootic areas of Asia and Africa [1]. The regular reporting of diagnostic data through the
structures of the World Organization for Animal Health and the World Health Organization (WHO) (using
the RABNET network, for example), together with the importance of the status of rabies as a notifiable
disease in all countries, remain crucial for the surveillance and control of rabies, especially in humans.
There is clearly a need to improve diagnostic tools appropriate for the facilities in these countries. This
paper provides a review of recent publications relating to the evaluation of methodsfor human rabies
diagnosis in developing country settings in order to highlight the sampling methods and techniques that
are likely to give the most reliable results. In their recent review entitled “Emerging technologies for the
detection of rabies virus: challenges and hopes in the 21st century”, Fooks et al. [2] provide information
on some of the latest techniques to detect rabies virus or nucleic acid in diagnostic samples. However,
additional major techniques not mentioned by Fooks et al. [2] are also available, some concerning recent
studies addressing the broader challenge of human rabies diagnosis in developing countries, which we
aim to describe here.
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Institut Pasteur — Cambodia
Publications 2010

Dacheux L, Wacharapluesadee S, Hemachudha T, Meslin FX, Buchy P, Reynes JM, Bourhy H. More accurate
insight into the incidence of human rabies in developing countries trough validated laboratory techniques.
PLoS Negl Trop Dis. 2010; 4(11): e765

Recent related publications

Ly S, Buchy P, Heng NY, Ong S, Chhor N, Bourhy H, Vong S. Rabies situation in Cambodia. PLoS Negl Trop
Dis. 2009 Sep 8;3(9):e511.

L. Dacheux, J.M. Reynes, P. Buchy, O. Sivuth, B.M. Diop, D. Rousset, C. Rathat, N. Jolly, J.B. Dufourcq, C.
Nareth, S. Diop, C. lehlé, R. Rajerisson, C. Sadorge, H. Bourhy. A reliable diagnosis of human rabies based
on skin biopsies. Clin Infect Dis 2008, 47: 1410-1417.
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Epidemiology and Public Health Unit

e Cohort study: dengue virus circulation in Kampong Cham
province in 2010 Collaborative

e Dengue : A capture - recapture analysis of the National Dengue
Surveillance System researches at regional

. . and international levels
Virology unit
implement new tools

e “Molecular epidemiology of dengue virus”

e “DENFRAME: A fundamental contribution to the management for rapid diagnosis of

of dengue disease in the human populations of Latin America

and Asia” the disease and

e “‘Immune response in severe dengue cases” discovery of new
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Cohort study : dengue virus circulation in
Cambodia in 2010

Coordinating investigators
Dr Philippe Buchy, Virology Unit, IPC

Dr Sirenda Vong, Epidemiology and public Health unit, IPC

This cohort study is a community-based surveillance for febrile illness study conducted from April 2010
February 2011. A total of 10 villages in Kampong Cham province were selected for the cohort study. Person
of all ages presented with a documented fever (= 380C) were eligible and blood samples were collected at
the day of fever (Visit 1) and at 15 days after (Visit 2). Blood collection was done from all febrile subjects
<20 years of age and from 1 every 7 adult (i.e. subjects 220 years of age) in dengue surveillance and from
all febrile subjects of all ages in respiratory viruses surveillance (after reading the informed consent and
signing consent form). Laboratory diagnosis tests for dengue virus were done at Institut Pasteur in
Cambodia. From April to December 2010, a total of 744 and 977 febrile cases were enrolled in dengue
surveillance. The detection of IgM anti-dengue antibodies was assessed by IgM capture ELISA assay (MAC-
ELISA) on all Visit 2 specimen. Detection of dengue virus, either by PCR, or virus isolation in cell culture was
performed on all Visit 1 specimens from persons positive on Visit 2 for IgM anti-dengue antibodies. Among
736 Visit 2 samples, 17 (2.3%) were dengue IgM positive and 55 (7.5%) had a cross-reactive antibodies
reaction against dengue virus (DENV) and Japanese encephalitis virus (JEV). The confirmation diagnosis of
72 Visit 1 specimens selected from individual positive for IgM antibodies on Visit 2 were 7 (9.8%) DENV-1,
26 (36%) DENV-2 and 12 (16.7%) DENV-4. Among the 72 Visit 1 specimen, IgM antibodies against DENV
were detected in 6 (8.3%), against JEV in 1 (1.4%) and against DENV and JEV in 11 (15.3%) patients and
were negative in 54 (75%) cases. DENV was detected in 8 patients (11%; 2 DENV-1 and 6 DENV-2) by virus
isolation.

National Dengue Control Program and Kampong Cham Hospital

PDVI and IVI
Publications

Vong S, Goyet S, Ly S, Ngan C, Huy R, Duong V, Wichmann O, Letson GW, Margolis HS, Buchy P. Under-
recognition and reporting of dengue in Cambodia: a capture-recapture analysis of the National Dengue
Surveillance System. Epidemiol Infect. Sous presse

Vong S, Khieu V, Glass O, Ly S, Duong V, Huy R, Ngan C, Wichmann O, Letson GW, Margolis HS, Buchy P.
Dengue incidence in urban and rural Cambodia: results from population-based active fever surveillance,
2006-2008. PLoS Negl Trop Dis. 2010 Nov 30;4(11):e903.

Beatty ME, Stone A, Fitzsimons DW, Hanna JN, Lam SK, Vong S, Guzman MG, Mendez-Galvan JF, Halstead
SB, Letson GW, Kuritsky J, Mahoney R, Margolis HS; Asia-Pacific and Americas Dengue Prevention Boards
Surveillance Working Group. Best practices in dengue surveillance: a report from the Asia-Pacific and
Americas Dengue Prevention Boards. PLoS Negl Trop Dis. 2010 Nov 16;4(11):e890.
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Vong S. Bull World Health Organ. National dengue surveillance in Cambodia 1980-2008: epidemiological
and virological trends and the impact of vector control. 2010 Sep 1;88(9):650-7. Epub 2010 Apr 7.

Beauté J, Vong S. Cost and disease burden of dengue in Cambodia. BMC Public Health. 2010 Aug
31;10:521.

Wichmann O, Yoon IK, Vong S, Limkittikul K, Gibbons RV, Mammen MP, Ly S, Buchy P, Sirivichayakul C,
Buathong R, Huy R, Letson GW, Sabchareon A. Dengue in Thailand and Cambodia: an assessment of the
degree of underrecognized disease burden based on reported cases. PLoS Negl Trop Dis. Sous presse
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DENFRAME project

Coordinating investigators

Dr Philippe Buchy, Virology Unit, IPC

Dr Sirenda Vong, Epidemiology and Public Health unit, IPC

DENFRAME project was carried out during the dengue epidemic in 2006 and 2007. Patients’ information
and clinical data were collected by the physicians using a specific case report form and blood samples were
taken on hospital admission and discharge. Laboratory confirmation tests of dengue infection were done at
Institut Pasteur in Cambodia. A total of 134 and 205 patients were enrolled in 2006 and 2007, respectively,
of which 243 patients were diagnosed with acute dengue infection, 62 with non-dengue infection and 17 as
having non infectious disease. During the household investigation, 17 (8%) dengue-infected individuals who
did not experience any symptoms and 2 (1%) symptomatic household members were identified among 214
household members. The summary of patient’s characteristics, clinical and virological data of this study is
shown in Table 1.

The result from the analysis of these data obtained was used in 2 manuscripts submitted to Plos Neglected
Tropical Disease. The first manuscript assessed the clinical features of dengue disease in dengue cases and
the members of their households using multinational data from Asia and Latin America collected during
DENFRAME study in 2006. Dengue infection was confirmed in 184 case and 108 (58.7%) of which were
from South-East Asia. Twenty-eight (15.2%) of these cases were considered to correspond to severe dengue
(from South-East Asia only) and family investigations were carried out for 177 confirmed cases. Dengue
infection was detected in 44 of the 497 household members studied, and this infection was asymptomatic
or paucisymptomatic in 29 (65.9%) individuals. Household attack rates of 41.6% (95% Cl: 36.9-46.4) and
64.8% (95% Cl: 56.9-72.1) were obtained in South-East Asia and Latin America, respectively. Logistic
regression with the family cluster effect identified low neutrophil and monocyte counts as associated with
clinical dengue symptoms. Primary dengue infection and dengue virus serotype were not associated with
symptomatic dengue infection in this study. In conclusion, household investigation demonstrated a high
attack rate among family members, including a number of paucisymptomatic or asymptomatic cases, the
frequency of which was lower in South-East Asia than in Latin America. The second manuscript studied the
performance of NS1 antigen assay in the various form of dengue infection and assessed its potential use as
a marker of dengue disease severity. The study found an overall sensitivity of 57.5% and specificity of
100%. NS1 Ag assay combined with IgM antibody capture ELISA significantly increased the sensitivity of
dengue diagnosis. NS1 Ag positivity rate was found significantly higher in DF than in DHF/DSS (72.3%
versus 40.2%); higher in primary than in secondary infections (87.5% versus 53.5%, p=0.001); higher in
patients with a high viremia (> 5 log/mL) than in those with lower viremia (91% versus 45%); and higher in
patients infected with DENV-1 (80%) than with DENV-2 (40%), DENV-3 (63%) and DENV-4 (53%). In
asymptomatic individuals, the NS1 Ag capture sensitivity tends to be lower than that in symptomatic
patients. Higher NS1 antigen ratio was associated with lower disease severity or with DENV-1 infection
(adjusted OR: 0.21, p=0.002 and adjusted OR: 0.083, p=0.006 respectively) and milder disease severity
was observed in patients with RNA copy number > 5 log10 cDNA equivalents/mL.

Dengue virus (DENV) is responsible for the most prevalent and widespread arthropod-borne disease of man.
Most DENV infections are asymptomatic or result in mild febrile illness (dengue fever, DF). However,
infections can become life-threatening, evolving as dengue hemorrhagic fever (DHF) or dengue shock
syndrome (DSS). The underlying mechanisms causing severe dengue are still poorly understood.
Epidemiological data indicate that DENV could differ in their potential to provoke hemorrhagic fever and
shock, suggesting differences in virulence. Indeed, DENV vary at the genetic level. However, putative
differences in virulence have never been correlated to viral properties that could be characterized in vitro.

—
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Three DENV isolates of serotype-1 from the 2007 epidemic in Cambodia that are derived from patients
experiencing the various clinical forms of dengue were characterized both phenotypically and genetically.
Phenotypic characteristics in vitro, based on replication kinetics in different cell lines and apoptosis
response, grouped isolates from DF and DHF patients together, whereas the virus isolate from a DSS patient
showed unique features: lower level of replication in mammalian cells and extensive apoptosis in mosquito
cells. Genomic comparison of viruses revealed four unique amino-acid residues in the envelope gene and in
non structural genes (NS4, NS3 and NS5) in the virus isolate from the DSS patient.

Three isolates of DENV-1 from the same epidemic show phenotypic differences associated with differences
in their genome sequence. These results suggest that dengue viruses may differ in virulence and that
dengue viruses causing DF and DHF are more similar compared to virus derived from DSS patient.

Collaborations
Kampong Cham Hospital

Funding
European Union (INCO-DEV6)

DuongV, Ly S, Patrich LT,Tuiskunen A, Ong S, Norith C, Lunkvist A, Leparc-Goffart |, Deubel V, Vong S, Buchy
P. Clinical and virological factors influencing the performance of a NS1 Antigen capture assay and potential
use as a marker of dengue disease severity. Negl Trop Dis. 2011 Jul;5(7):e1244. Epub 2011 Jul 19.

Tuiskunen A, Monteil V, Plumet S, Boubis L, Wahistrom M, Duong V, Buchy P, Lundkvist A, Tolou H, Leparc-
Goffart I. Phenotypic and genotypic characterization of dengue virus isolates couples dengue fever and
dengue hemorrhagic fever cases and differentiates them from dengue shock syndrome. Virol J. 2011 Aug
11;8(1):398. [Epub ahead of print]

P DUSSART, L BARIL, L PETIT, L BENIGUEL, LC QUANG, S LY, R DO SOCORRO AZEVEDO, J-B MEYNARD, S
VONG , L CHARTIER, A DIOP, O SIVUTH, V DUONG, CM THANG, M JACOBS, A SAKUNTABHAI, MR TEXEIRA
NUNES, VTQ HUONG, P BUCHY, PFC VASCONCELOS. Study of dengue cases and the members of their
households: a familial cluster analysis - the multinational DENFRAME project: Dengue clinical study in Asia
and Latin America. (submitted)

Oral presentations

DuongV, Ly S, Patrich LT,Tuiskunen A, Ong S, Norith C, Lunkvist A, Leparc-Goffart |, Deubel V, Vong S, Buchy
P. Clinical and virological factors influencing the performance of a NS1 Antigen capture assay and potential
use as a marker of dengue disease severity. Annual meeting of the International network of Institut Pasteur,
November 2010, Hong-Kong SAR, China.

Recent related publications:

Veasna D, Vong S, Buchy P. Dengue and other arboviral diseases in South-East Asia. Med Trop 2009;
69:339-344.
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Immune response in severe dengue cases

Coordinating investigators

Dr Philippe Buchy, Virology Unit, IPC

Genome-wide expression profiling has been used successfully to decipher complex cellular modifications in
human pathologies such as cancers, but more rarely in infectious diseases. We used such an approach to
get an overview of the molecular mechanisms associated to dengue shock syndrome (DSS), a frequent life-
threatening form of dengue virus infection. We carefully designed a study and improved analysis tools and
processes to compare the genome-wide expression profiles of whole blood cells from 48 matched
Cambodian patients infected during the 2007 dengue outbreak. Those patients presented distinct clinical
evolution: 19 progressed to DSS while 16 and 13 presented respectively classical dengue fever (DF) or the
intermediate severity grade of dengue hemorrhagic fever (DHF I/Il). Using multi-way analysis of variance
(ANOVA), we identified a sighature of 2959 genes differentiating DSS patients from both DF and DHF I/II.
We showed that DSS-gene signature was strongly associated with dengue disease phenotype

Using a combined approach to analyse the molecular patterns associated with the DSS-gene sighature, we
provide an integrative overview of the transcriptional responses altered in DSS children. In particular, we
show that the transcriptome of DSS children blood cells is characterized by a decreased abundance of
transcripts related to T and NK lymphocyte responses and by an increased abundance of anti-inflammatory
and repair/remodeling transcripts. We also show that unexpected pro-inflammatory gene patterns at the
interface between innate immunity, inflammation and host lipid metabolism, known to play pathogenic
roles in acute and chronic inflammatory diseases associated with systemic vascular dysfunction, are
transcriptionnally active in the blood cells of DSS children.

We suggest that such mechanisms are critically involved in the pathophysiology of DSS and may represent
therapeutic targets or biomarkers of progression to DSS.

Collahoration

Institut de Médecine Tropicale des Forces Armées Médicales Francaises
Funding

French army

Publications

Devignot S, Sapet C, Duong V, Bergon A, Rihet P, Ong S, Lorn PT, Chroeung N, Ngeav S, Tolou HJ, Buchy P,
Couissinier-Paris P. Genome-wide expression profiling deciphers host response altered during dengue shock
syndrome and reveals the role of innate immunity in severe dengue. PLoS ONE 2010, 7:e11671. IF: 4.35
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Molecular epidemiology of dengue virus

Coordinating investigators

Dr Philippe Buchy, Virology Unit, IPC

Dengue virus (DENV) was isolated in 1963 and has become endemic in Cambodia with peak epidemic
during raining season. Since 2000, the Dengue Nation Control Program has reported from 10 000 to 40
000 cases per year with fatality rate ranging from 0.7 to 1.7. All 4 dengue serotypes are found circulating in
Cambodia with alternative predominance of serotypes DENV-2 and DENV-3. The DENV-1 serotype represents
from 5% to 20% depending upon year of dengue cases in Cambodia. In this work 79 clinical strains of DENV-
1 genotype 1 dengue virus were isolated between 2000 and 2009 and sequenced. Four distinct populations
with different dynamics were identified comprising 7 (Population 1), 8 (Population 2), 17 (Population 3) and
47 (Population 4) isolates, respectively. The main drive evolutionary drive was negative selective pressure
but each population was characterized by the presence of specific mutations acquired through evolution.
Coexistence, extinction and replacement of populations occurred over the 10-year period. Populations 1, 2
and 3 were all detected since 2000-2002 and disappeared in 2003, 2004-2005 and 2007, respectively.
Populations 1 and 2 displayed different dynamics. Population 1 was very diverse whereas population 2 was
very homogeneous. Population 4 which derived from population 3 in 2003 remained the only one at the end
of the sampling period in 2008-2009 owing to a selective sweep. The population dynamic of DENV-1 viruses
and consequences for molecular epidemiology are discussed.

Similar analysis are being performed on DENV-2, DENV-3 and DENV-4 viruses.

A better description of the extent and structure of genetic diversity in dengue virus (DENV) in endemic
settings is central to its eventual control. To this end we determined the complete coding region sequence of
187 DENV-2 genomes and 68 E genes from viruses sampled from Viethamese patients between 1995 and
2009. Strikingly, an episode of genotype replacement was observed, with Asian 1 lineage viruses entirely
displacing the previously dominant Asian/American lineage viruses. This genotype replacement event also
seems to have occurred within DENV-2 in Thailand and Cambodia, suggestive of a major difference in viral
fitness. To determine the cause of this major evolutionary event we compared both the infectivity of the
Asian 1 and Asian/American genotypes in mosquitoes and their viraemia levels in humans. Although there
was little difference in infectivity in mosquitoes, we observed significantly higher plasma viraemia levels in
paediatric patients infected with Asian 1 lineage viruses relative to Asian/American viruses, a phenotype
that is predicted to result in a higher probability of human-to-mosquito transmission. These results provide a
mechanistic basis to a marked change in the genetic structure of DENV-2 and more broadly underscore that
an understanding of DENV evolutionary dynamics can inform the development of vaccines and antiviral
drugs.

virology unit, Oxford University Clinical Research Unit in Vietham, Broad Institute

Funding

Oxford University Clinical Research Unit in Vietnam, Broad Institute

Publications

Duong V, Simmons C, Gavotte L, Viari A, Ong S, Chantha N, Lennon NJ, Birren BW, Vong S, Farrar JJ, Henn

MR, Deubel V, Frutos R, Buchy P. Genetic diversity and lineage dynamic of dengue virus serotype 1 (DENV-
1) in Cambodia. Infect Genet Evol. 2011 Jul 2. [Epub ahead of print]
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Vu TT, Holmes EC, Duong V, Nguyen TQ, Tran TH, Quail M, Churcher C, Parkhill J, Cardosa J, Farrar J,
Wills B, Lennon NJ, Birren BW, Buchy P, Henn MR, Simmons CP. Emergence of the Asian | genotype of
dengue virus serotype 2 in Vietham: in vivo fithess advantage and selectively mediated lineage replacement
across South-East Asia. PLoS Trop Neglect Dis 2010, 4(7):e757 IF: 4.69

Oral presentation:

Duong V, Ly S, LT Patrich,Tuiskunen A, Ong S, Chroeung N, Lundkvist A, Leparc-Goffart I, Deubel V, Vong S,
Buchy P. Clinical and virological factors influencing the performance of a NS1 Antigen Capture assay and
potential use as a marker of dengue disease severity. Mékong Santé January 2011, Phom Penh, Cambodge
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Evaluation of dengue diagnhostic test

Coordinating investigators

Dr Philippe Buchy, Virology Unit, IPC

This study describes an evaluation of the performance of 9 commercially available dengue IgM tests using a
panel of archived, well-characterized sera. Twenty companies were invited and 6 agreed to participate in the
evaluation. Identical lots of 5 ELISAs and 4 rapid diagnostic tests (RDTs) were available for evaluation. A
proficiency panel for IgM ELISAs was sent to each site for quality assurance. An Evaluation panel comprised
of 186 dengue IgM positive sera (predominantly medium and low titers) and 164 1gM negative sera from
patients with other flaviviruses, with clinical syndromes similar to dengue and from healthy controls was
constructed and tested by the reference laboratories. Panel sera were heat inactivated, aliquoted,
lyophilised and supplied coded to the sites. Participating labs performed all 9 tests according to
manufacturers' directions, using the identical panel. Results were analyzed for sensitivity and specificity
against a standardized MAC-ELISA and the homogeneity (agreement between sites for each test) and kappa
values (agreement of site results against the reference standard) were calculated. The sensitivity of ELISAs
ranged from 60-98% and RDTs from 20-97%. The specificity of ELISAs ranged from 81-97% and RDTs from
78-91%, with the test of highest sensitivity showing the lowest specificity. Three ELISAs and none of the
RDTs were found to have acceptable performance (sensitivity >90% specificity>80%). Agreement between
sites was good for 2 ELISAs but poor for most RDTs. Kappa values were acceptable only for 3 ELISAs and
none of the RDTSs.

In 2010, the NS1 antigen capture ELISA kits as well as the rapid diagnostic kits were evaluated. Data are
being analyzed at this time and will be published in 2 separated papers.

Collahoration
WHO/TDR dengue expert laboratories

WHO/TDR

Publications

Peeling RW, Artsob H, Pelegrino JL, Buchy P, Cardosa MJ, Devi S, Enria DA, Farrar J, Gubler DJ, Guzman MG,
Halstead SB, Hunsperger E, Kliks S, Margolis HS, Nathanson CM, Nguyen VC, Rizzo N, Vazquez S, Yoksan S.
Evaluation of diagnostic tests: dengue. Nature Reviews Microbiology, 2010: S30-38.

Guzman MG, Halstead SB, Artsob H, Buchy P, Farrar J, Gubler DJ, Hunsperger E, Kroeger A, Margolis HS,
Martinez E, Nathan MB, Pelegrino JL, Simmons C, Yoksan S, Peeling RW. Dengue: a continuing global
threat. Nature Reviews Microbiology, 2010: S7-16.

Recent related publications:

E. Hunsperger, S. Yoksan, P. Buchy, Vinh Chau Nguyen, S. Devi, D. Enria, J. Pelegrino, S. Vazquez , H. Artsob,
D. Gubler, S. Halstead, M. Guzman, H. Margolis, C. M. Nathanson, N. Rizzo, K. Bessoff,S. Kliks,R. W. Peeling.
Evaluation of commercially available dengue IgM tests by a WHO/PDVI Laboratory Network. Emerg Infect
Dis 2009., 15: 436-440

Buchy P, Pedalg R. Laboratory diagnosis and diagnostic tests. In: Den@uedelines for diagnosis,
treatment, prevention and control. Edition: World Health Organization, 2009.
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Theme V:
Malaria

The Malaria Molecular
Epidemiology Unit

Development of new tools for improving malaria

elimination in Cambodia

e Laboratory-based quality control testing of Malaria

¢ Field trial to evaluate the performance of a point-of-care
diagnostic for screening G6PD deficiency (RDT) in vivax malaria
endemic area

e Focus Screening And Treatment (FSAT)

Conduct research focused on P. falciparum

artemisinin resistance

e Global Fund to Fight AIDS, Tuberculosis and Malaria round 6 -
Grant CAM-607-G10M-CNM3

e Global Fund to Fight AIDS, Tuberculosis and Malaria round 9 -
Grant CAM-S10-G14-M-MC/IPC

e Hits to lead optimisation of original anti-malaria compounds: a
synergic multi-target approach.

e Long-term culture adaptation of Plasmodium falciparum isolates
with different genetic backgrounds: Useful tools for studying
artemisinin derivatives resistance and screening new anti-malaria
compounds

e Plasmodium falciparum quiescence and resistance to
artemisinins

P. vivax malaria challenges

e Genetic Admixture and Susceptibility to Plasmodium vivax
Infections in the Madagascar Population

—
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The Malaria Molecular Epidemiology Unit
(MMEU)

The Malaria Molecular Epidemiology Unit (MMEU) is a research structure, which enhances Pasteur Institute
of Cambodia actions’ in Public Health and scientific researches, alongside Cambodian national actors and
regional/international partners.

Founded in 2001, this unit is currently composed of one senior scientist (PharmD, Medical Biology DES,
PhD, HDR), one temporary post doc student, two research engineers and nine laboratory technicians.
Scientific projects conducted in this unit rely on performant technical platforms such as:

= cellular culture platform (equipped with two safety cabinet, two triple gas incubators, one
scintillation counter, three liquid nitro containers and two -80°C freezers),

= molecular biology platform (equipped with six classical and two real time PCR thermocyclers, one
MagPix luminex system) and

= immunology platform (belonging to the Virology Unit, equipped with one FACSCalibur cytometer).

Malaria situation in Cambodia

Malaria is one of Cambodia’s foremost public health problems and its control is a high priority for the
Government and donor agencies. In an estimated population of 13.6 million, approximately 2.5 million
individuals live in forested areas with malaria transmission; malaria is most severe in villages surrounded by
forests. Prevalence rates range from 15%-40% in villages near or in forested areas, to 0%-3% in the plains
and rice field areas.

Forest villagers in the eastern and northern provinces are
at high risk of malaria, with all age groups suffering
infection; children under the age of five years are at
highest risk of severe disease due to their lack of
immunity. Elsewhere, malaria is an occupational disease
with specific high-risk groups, including forestry workers,
new settlers and mobile/migrant populations who have
come into forested areas, and soldiers, and their
families, serving in the forests.

Four of the five Plasmodium species known to cause
malaria in humans have already been described.
Currently, P. falciparum remains the most frequent
cause of malaria infections (prevalence of 74 % in 2007). However, distributions of Plasmodium species are
changing since several years, with a particularly significant rising of P. vivax malaria cases (from 8% in 2000
to 23% in 2007). Moreover, in areas of low transmission, a proportion of P. vivax infections up to 50% is
commonly found. This trend, probably related to various effective strategies implemented in Cambodia
against P. falciparum malaria, shows clearly that we had significantly underestimated the burden of other
simian Plasmodium species.

The number of reported malaria cases has
been falling as a general trend since 1997,
1 I s <1 ) 4 but in a saw-tooth pattern of periodic
--------------- = | 1 increases, e.g. in 2003, 2006, and 2009,
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followed by bigger decreases as remedial measures are taken.

The reasons for the rises in the number of cases have been varied, but have included such factors as
periodic variations in rainfall or climate change (La Nina); sudden changes in forest-related activities
(military actions, illegal woodcutting); plantation development; sudden closure of factories and economic
contraction, causing new migration and settlement in forests; and extension of better diagnosis and referral
services in remote areas, along with changes in regular reporting and increased reliability of reporting
(better coverage).

Scientific projects developed at the MMEU

Built around the control/elimination concept in South East Asia, since 2001 the MMEU has been mainly
involved in various studies conducted on Plasmodium falciparum antimalarial resistance in Cambodia such
as:

PAL+ program - French Ministry of Research,

FSP-RAI project - French ministry of Foreign affairs,

Resmalchip project - European Community, French Academy of Sciences,

Artemisinin Resistance Confirmation, Characterization and Containment Project (ARC3) project -

WHO & Bill & Melinda Gates Foundation,

e Global Fund to Fight AIDS, Tuberculosis and Malaria round 6, Grant CAM-607-G10M-CNM3, « Halt the
development and prevent the spread of antimalarial drugs resistance: Carry out a quality monitoring
of drug resistance in sentinel sites»

e During this period, the staff of the unit has gained strong experiences on this topic (Annex 1, list of

the publications). Since 2010, the scientific research projects are conducted in close collaboration

with the Cambodian National Malaria Control Programme, WHO and others regional and
international collaborators (RIIP, IPP, European and US Universities) (Annex 2, list of the partners)
and are mainly focused on three topics, as following:

—
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Topic 1
Development of new
tools to accelerate
malaria elimination in

Cambodia

Topic 2
Conduct research
focused on
P. falciparum
artemisinin resistance

Topic 3
P. vivax malaria
challenges

Main goal
Control &
Elimination

TOPIC 1

Development of new tools for
iImproving malaria elimination in
Cambodia

As countries approach malaria elimination, activities which aims to measure how public health programs
operate over time and achieve their goals, will need to shift from measuring reductions in morbidity and
mortality, to detecting infections (with or without symptoms) and measuring transmission.

Thus, the monitoring and evaluation and surveillance research and development agenda needs to develop
the tools and strategies that will replace passive surveillance of morbidity with active and prompt detection

R
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of infection, including confirmation of interruption of transmission by detecting present and past infections,
particularly in mobile populations.

On-going or further projects developed in the unit are aiming:

1- To implement high through PCR used in national/regional prevalence surveys (Pf, Pv and Pk), in active
case detection of Pf infections

2- To monitor parasite population structure in Cambodia to find out the parasite genes flow related to the
spread of antimalarial drugs resistant parasites (Pf and Pv),

3-To develop serological markers for monitoring the trend of malaria transmission (Pf, Pv and Pk),
4- To develop tools to detect gametocytes carriers (Pf),

5- To develop tools to improve the use of primaquine (G6PD issue) in Pf _malaria (to kill gametocytes) or Pv
malaria (to prevent relapses from hypnozoites) such as practical and aa ordable point-of-care diagnostics
for G6PD deficiency,

5- To improve malaria diagnostic (RDTs) and rational used of antimalarial treatments,

6- To develop evidence to guide the management of malaria parasite negative acute febrile cases, and
guide priority setting for point of care diagnostics development to assist in such case management
decisions.

—
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Laboratory-based quality control testing of
Malaria Rapid Diagnostic Tests in Cambodia

Coordinating investigators

Principal Investigator
Dr Duong Socheat, National Centre for Parasitology Entomology and Malaria Control
Co-investigator

Dr Didier Ménard, Institut Pasteur du Cambodge

Background

Malaria rapid diagnostic tests (RDT) are gaining importance in the diagnosis of malaria, particularly in
remote areas. While diagnosis based on symptoms (fever) has been commonly used in areas where good
quality microscopy could not be maintained, rising costs of treatment rise due to parasite resistance to
cheaper drugs has made demonstration of parasites prior to treatment imperative in many areas. RDTs are
the only method for providing such diagnostic services on a large scale at present. Large numbers of RDTs
are being purchased by countries using funds from the Global Fund for AIDS, Tuberculosis and Malaria
(GFATM) and other sources. However, considerable evidence from published reports and WHO data shows
that malaria RDTs vary widely in sensitivity and specificity both within and between products. It is vital to
ensure high accuracy of diagnosis to reduce morbidity and mortality resulting from false negative
diagnoses, reduce the frequency of over-treatment and misdiagnosis of non-malarial disease, and to
establish confidence in parasite-based diagnosis among health service personnel and the community. At
present, there is no reliable list of pre-qualified RDTs to guide purchase. WHO has developed standard
methods for laboratory-based testing RDTs after purchase and throughout the product shelf life, using
panels of wild-type parasites prepared and stored according to standard procedures. Along with crude
monitoring of sensitivity against local microscopy at district level, this is the only way of ensuring that RDTs
are continuing to perform to specifications throughout the shelf life of the product.

Study ohjectives
The activities developed in the study will aim:

. To develop a bank of aliquots of dilutions of wild-type P. falciparum and P. vivax, and P.
malariae if available, suitable for use in quality control testing of malaria RDTs, according to
Standard Operating Procedures developed at WPRO-WHO.

. To store the above parasites for laboratory quality control testing of RDTs

. To provide aliquots to confirmatory laboratories in collaboration with WHO or to
manufacturers strictly for RDT QC purposes at a cost to cover expenses in coordination with WPRO-
WHO.

. To provide quality assurance testing to assure the quality of diagnosis using malaria RDTs in

the national anti-malaria programme of Cambodia and the Region and to test other malaria RDTs on
request of FIND.

° To participate in the External Quality Assurance Programme as described in the Methods
Manual for Laboratory Quality Control Testing of Malaria Rapid Diagnostic Tests version 6.

—
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The methods for collecting, diluting, storing, and using wild-type parasites for quality control testing of
malaria RDTs are detailed in the Standard Operating Procedures Manual developed by WPRO. The Pasteur
Institute in Cambodia currently stored samples of P. falciparum, and P. vivax, collected in 2006 - 2010.
RDTs for QC testing are tested on receipt (sent from purchasing countries prior to use in the country) and
every 3 months throughout the manufacturer's recommended shelf life. They are stored in an incubator at
28°C (just below maximum specified storage temperature). RDT testing are performed to a standard
algorithm (in WPRO SOPs) using thawed samples of diluted parasites. A report is sent to the purchasing
country after each round of testing. Tests no meeting required sensitivity are retested, and consistent
failures are sent for confirmatory testing elsewhere on arrangement with MVP WPRO.

Samples collection. The 2010 - samples collection were carried out from the 12th of July to 31th of July
2010 in Takavit Health Center, Kg Sheila District, Sihanouk Province. Febrile patients of more than 5 years
of age, with no recent anti-malarial treatment in the past month were interviewed and screened with 3 kinds
of RDTs (Care Start pLDH/HRP2,SD Malaria Ag Pf/Pan ,Paracheck HRP2). Patients with strongly positive
RDTs were included in the study. Blood samples were collected by venipuncture as per SOP 3.01. The
samples collected from the field were transported within 4 hours to IPC in Phnom Penh, processed and
finished the same day. Malaria slides were prepared for microscopy (2 slides with Earle-Perez thick film).
Blood spots on filter paper were prepared for Plasmodium diagnosis and species typing by using PCR
method previously described (Singh et al.,, A)TMH 1999). A total of 151 patients were interviewed. 39
positives results were found by RDTs screening: 19 Pf, 17 Pv and 3 Pf/Pv. Blood samples were collected in
21 subjects (7 Pf and 14 Pv). 20 of 21 patients

(95.23%) had parasite counts higher than the |« [ RDTsreceivedfrom2003to 2010
threshold of 2,000 parasites/pl. Twenty samples were |«
processed for dilution and aliquoting but only 17 (2 |=
patients were HBS positive and one patient HIV |«
discordant) were suitable for QA. The total number of |=
suitable aliquots for QA was 13657.

150

2010 - RDT lot testing. Since previous report (2008-
2009), we have received 144 different lots for testing %
either for quality control or heat stability study. The .
following figure presents the evolution of the humber )Tk
of RDT lots, we have received in our laboratory since
2003.

total
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Field trial to evaluate the performance of a point-
of-care diagnostic for screening G6PD deficiency
(RDT) in vivax malaria endemic area

Coordinating investigators

Principal Investigator

Dr Didier Ménard, Institut Pasteur du Cambodge

Co Investigator

Dr. Chea Nguon & Dr Duong Socheat

National Centre for Parasitology Entomology and Malaria Control
Collaborators

Dr J. Kevin BAIRD, Eijkman-Oxford Clinical Research Unit

Dr Bertrand Guillard, Institut Pasteur du Cambodge

Background

To date, primaquine, an amino-8-quinoleine drug, remains the only effective treatment to block P.
falciparum transmission by killing gametocytes and to prevent relapses of the persistent liver of P. vivax.
However, the major side effect of this drug is that it may cause severe haemolysis in people with glucose-6-
phosphate dehydrogenase (G6PD) deficiency whose global distribution is correlated with highly endemic
areas of malaria. Thus, the routine use of this drug is not recommended unless the G6PD activity in malaria
patient is confirm as normal. Currently, the definitive diagnosis of G6PD deficiency (named “gold standard”
method) is based on the estimation of enzyme activity, by quantitative spectrophotometric analysis of the
rate of NADPH production from NADP+. For rapid population screening, several semi-quantitative methods
have been applied, such as the dye-decolouration test, and fluorescent spot tests, which indicate G6PD
deficiency when the blood spot fails to fluoresce under ultraviolet light. Most of the methods for screening of
G6PD deficiency are costly or time-consuming and therefore inconvenient for use in the field. Development
a new tool such as Rapid Diagnostic Test format, simple, reliable which could be used in health facilities in
remote areas to screening G6PD deficiency remains essential to achieve the goal of elimination of
falciparum and vivax malaria.

Study ohjectives

This operational research study therefore aims to evaluate a new inexpensive and heat-stable point-of-care
diagnostic for screening G6PD deficiency, developed by AccessBio CEO (New Jersey, USA). This study will be
conducted in Cambodia by measuring the technical performances of the G6PD RDT relative to gold
standard methods (biochemical assay based on NADPH production catalyzed by G6PD).

A cross sectional survey was carried out during two months (October - November 2010) in different villages
in Pailin district (Cambodia). One thousand healthy people patients (except those with diseases that affects
their competency to give informed consent and pregnant or lactating women) over 18 years of age from
villages in Pailin district were enrolled by staff dedicated to the project. After informed consent obtained, 2
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ml of venous blood was collected in EDTA-tube. Freshly collected blood was first used to perform the G6PD
RDT-format test according to manufacturers’ instructions, stored at 4°C and sent at IPC within 48 hours. At
IPC, blood samples were split in 3 separates aliquots: one for hemoglobin concentration and reticulocyte
count, one for biochemical assays based on NADPH production catalyzed by G6PD and one for further
investigations related to examination for malaria parasites (PCR) and G6PD deficiency (sequencing).

A total of 983 subjects were enrolled in the study.
Fifty two samples (5.8%) were detected as deficient
by using RDT. Among those, 16 (3.3%) were females
and 36 (8.5%) were males. No significantly
differences were found between sex (P=0.4), age
(mean age for deficient 24.3 years vs. mean age for
normal 23.9 years, P=0.8). Distribution of G6PD
enzymatic activity in our sampling population
showed that lowest value was O and highest value
was 17.9 U/g Hg. Arithmetic mean was 7.2 (95%Cl:
6.3-8.1). SD was 4.1. Median value was 8.0 (95%Cl:
6.5-8.7). The coefficient of Skewness which is a
measure for the degree of symmetry in the variable

0 1 3 4 6 7 8 10 11 12 14 15 17 18

distribution showed that the variable symmetry was G6PD enzymatic activity (Ulg Hb)

significantly different from a Normal distribution (-
0.11, P=0.66). No significantly differences were found between sex (mean for female, 6.4 U/g Hg and male,
7.9 U/g Hg, P=0.1) and age (P=0.8).

G6PD enzymatic activity of samples classified as deficient (n=8, 1.1 U/d Hg) by the RDT were significantly
lower (P< 0.001) than samples classified as normal (n=72, 7.9 U/g Hg), as well in the female group
(deficient, n=3, 0.6 U/g Hg and normal, n=35, 6.9 U/g Hg, P=0.007) or in the male group (deficient, n=5,
1.4 U/g Hg and normal, n=37, 8.7 U/g Hg, P<0.001).

Preliminary analysis of the performance of the RDT showed that sensitivity of the RDT ranged from 33% to
53% according the threshold used, higher among males than females (75% vs. 40% at 0.8 U/g Hg
threshold) and the specificity was from 95.8% to 98.5%.
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Containment survey 2009

Coordinating investigators

Principal Investigator

Dr Duong Socheat, National Centre for Parasitology Entomology and Malaria Control

Co Investigator

Dr. Sokomar Nguon & Dr. Kheng Sim , National Centre for Parasitology Entomology and Malaria Control
Dr Didier Ménard , Institut Pasteur du Cambodge

Dr. Michelle Thompson & Dr. Sophal Uth , Malaria Consortium

Dr. Stefan Hoyer & Dr. Andrew Thomson & Dr. Eva Christophel & Dr. Pascal Ringwald & Dr. Najibullah Habib
& Dr. Steven Bjorge & Dr. Samphornarann Top & Dr. Seyha Ros & Dr. Chhiang Yeang, World Health
Organization

Background

A key component of the containment plan was to conduct population-based surveys (which include
malariometric, coverage and behavior) at household, health facility, and drug outlet levels undertaken in
year 1 as baseline and a subsequent follow-up in year 2. These surveys aimed to collect data for the current
Containment Project and any future containment-related projects (including Cambodia’s Global Fund Round
9 Malaria proposal) and fulfill critical milestones for the project. Data collection tools have been builted on
existing protocols used in the wider scale malaria surveys undertaken in Cambodia in 2004 and 2007, and
serve as an opportunity to improve upon these in preparation for the National Cambodia Malaria Survey
planned for 2010. Finally, it has been anticipated that the survey will provide key M&E data for the
upcoming International Task Force (ITF) meeting in early 2010 which will also serve as a mid-term review
for the Containment Project.

Study ohjectives

The overall objective of the Containment project was to provide key M&E data for the upcoming
International Task Force meeting in February 2010 which will serve as mid-term review of the Containment
Project, to build on and improve upon existing tools and methodologies (e.g., health facility tools) to be used
in the wider scale Cambodia Malaria Survey planned for 2010 and to provide supplementary baseline prior
to the implementation of Cambodia’s Global Fund Round 9 Malaria component.

The household survey design was multi-stage, with sampling clusters at the first stage, households within
each cluster at the second stage, and then individuals within each household. The sample size estimation
was 1,920 households, which will be able to detect a change in malaria prevalence from 2% in 2009 to
0.5% in 2010, with a design effect (DE) of 1.75, 80% power and assuming 10% non response. To achieve
this sample size, 48 clusters of 40 households were sampled within the two zone strata: 20 from zone 1 and
28 from zone 2 (high risk clusters only).
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A finger prick blood sample was taken from a sub-sample of
four individuals in the household. A blood slide and 4 dried
blood spots were prepared from each individual. The point
prevalence of Plasmodium infection was estimated by a
blood survey. Microscopic examination of Giemsa-stained
blood smears was performed in order to determine the
presence of malaria parasites in survey participants. In
addition to blood film, dried blood spot were collected on
filter paper for PCR screening. The DBS were used for
confirmation of detection and species identification for
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malaria measures, the remaining blood spots were stored for
future screening of potential molecular markers and

genotyping for drug resistance.

Results

From the 1st of November 2009 to the 9th of January 2010, a

total of 5795 individuals were interviewed. Among them,
5340 slides and 5346 blood spots were collected. Age were ranged from 0.1 to 86 years (mean = 25.8
years). Proportion of female was 50.5%. No significant differences were found between zones or provinces
for gender proportion and mean age.

Prevalence of malaria by microscopy was estimated to 1.2%.
Prevalence of Plasmodium vivax infections (1.0%) was
significantly higher (P< 0.0001) than Plasmodium falciparum
(0.2%). Prevalence of malaria by PCR detection was around 2-
fold higher (3.0%) than prevalence estimated by microscopy.
The increase in detection threshold by using PCR was higher
for Plasmodium falciparum infections (5-fold, from 0.2% to
1.1%) compared to Plasmodium vivax infections (2-fold, from
1.0% to 2.0%) Prevalence of Plasmodium vivax infections
(2.0%) remained significantly higher (P< 0.0001) than
Plasmodium falciparum (1.1%).
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Focus Screening And Treatment (FSAT):
High throughput molecular diagnosis for malaria
control in Cambodia

Coordinating investigators

Principal Investigator

Dr Duong Socheat, National Centre for Parasitology Entomology and Malaria Control

Co Investigator

Dr. Sokomar Nguon & Dr. Kheng Sim, National Centre for Parasitology Entomology and Malaria Control
Dr Didier Ménard, Institut Pasteur du Cambodge

Dr. Stefan Hoyer & Dr. Andrew Thomson & Dr. Eva Christophel & Dr. Pascal Ringwald & Dr. Najibullah Habib
& Dr. Steven Bjorge & Dr. Samphornarann Top & Dr. Seyha Ros & Dr. Chhiang Yeang, World Health
Organization

The border region between Cambodia and Thailand has reportedly been the epicentre of emerging
resistance of P. falciparum to antimalarial drugs since the 1960s. In 2007, an in-depth study was conducted
in Pailin by the Mahidol Oxford Research Unit (MORU) in collaboration with Institut Pasteur du Cambodge
(IPC) and CNM. This showed parasite clearance times uniformly prolonged in all patients that received
either artesunate 2 mg/kg per day for seven days (AS7) or artesunate 4 mg/kg per day over three days plus
mefloquine 15 and 10 mg/kg per day on day 3 and 4, respectively. To prevent a possible spread of multi-
drug resistant (MDR) parasites from Pailin, it was decide to introduce the strategy of the Focused Screening
and Treatment (FSAT) based on PCR detection of parasite carriers.

Study objectives

The primary objective of the FSAT was to carry out a systematic epidemiological analysis of all P. falciparum
positive parasite carriers as to their most probable origin of infection and to their individual risk of spreading
the malaria parasites by their past and subsequent migrations and to identify locations with malaria
transmission outside of Pailin to which FSAT-detected migrations might have spread Plasmodium
falciparum parasites.

The secondary objectives were to confirm the elimination of any putative MDR parasite strains through a 7
and 28-day follow-up in PCR-detected Plasmodium falciparum positive cases with atovaquone-proguanil
combination (and primaquine for non G6PD-deficient people), to screen and free the local residents of
villages identified to bear the heaviest malaria burden from all malaria parasites followed up by optimal
vector control and community based diagnosis and treatment, to subsequently monitor these villages,
measure and combat the reinvasion of parasites to sustain optimal levels of control, to confirm the
feasibility of the FSAT method consisting of PCR testing for cross sectional screening and directly observed
primaquine and atovaquone-proguanil (AP) treatment and to assess the frequency of G6PD deficiency.

Twenty villages in Pailin Province were selected: 15 named as “intervention villages” and 5 named as
“control villages”. Among the “interventions villages”, ten were villages with the highest outpatient
prevalence reported in 2009 by Health Center data. The first 3 villages on this list of 10 had over 50 percent
of all Plasmodium falciparum cases in Pailin in 2009. These 10 villages combined had 72% of Pailin’s
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Plasmodium falciparum cases in 2009. Selection of five additional “intervention villages” was based on
Village Malaria Worker (VMW) data provided by Malaria Consortium (MC). The 5 “control villages” were
selected at random from the list of 100 remaining villages. FSAT village interventions were conducted at a
rate of 3 per month. The Screening Team (Team 1) spent four days in each village, processing one village
per week. Team 1 was followed at a one-week interval by the Follow-up and Treatment Team (Team 2).
Screening consisted of 4 Stations: Registration and Informed Consent, Temperature Check, Laboratory, and
Treatment. Blood samples collected at day of screening were packed in 96-vial PCR plates according to
standard packaging procedures of infectious substances and transported every two-three days by taxi to the
Institut Pasteur in Phnom Penh. PCR plates (containing patient screening samples and field positive and
negative controls which are blinded to laboratory staff) and classical blood samples collected at day O (used
to confirm the screening result), day 7 and day 28 during the follow up of positive patients are analyzed by
using nested PCR approach targeting cytochrome b gene. For all positive to samples, RFLP using Alul are
carried out in order to determine the Plasmodium species. All P.falciparum positive samples are screened
for identification of Y268N mutation in cytochrome b gene related to atovaquone resistance. In case of Pf
treatment failure, msp-1, msp-2 and glurp genotypes of day 0 and day 28 samples are compared in order to
distinguish recrudescence from reinfection. All patients tested PCR positive are screened for G6PD
deficiency (according to Kuwahata et al, Malaria Journal 2010, 9:223) to allow using primaquine treatment.
Microscopy blood slides are also taken and stored at IPC in order to cross-check all RDT and PCR positive
samples and examined for specification, parasite density and presence of gametocytes.

The collection of the samples in the first village in the Pailin district started the 1st of May. Since the 1st of
May and until the 30th of October (rainy season June to November), a total of 6,931 villagers were screened
in the 20 selected villages at the average speed of 1 village/week. The coverage achieved by FSAT was
72.7% when counting all villagers present at the village at the moment of FSAT. One of the core problems of
malaria control in Pailin remains linked to the seasonally migrant population which temporarily doubles the
resident population during the two maize harvest/year. All malaria positive cases had declared having
stayed or likely to stay within Pailin or local transmission areas within Cambodia. P. vivax malaria infections
were significantly most prevalent in adults compared to children under the age of 15. In the 20 villages, only
8 were detected positives by malaria RDT: two were infected with P. falciparum or mixed P. falciparum/Non-
P. falciparum species and 6 with Non-P. falciparum species. Analysis of 6931 dry blood samples by nested-
PCR showed that one hundred and thirty three (1.9%) villagers carried malaria parasites: 60 were
Plasmodium falciparum infected (prevalence rate of 0.9%), 72 were infected by Plasmodium vivax
(prevalence rate of 1.0%) and one by Plasmodium malariae (prevalence rate of 0.01%). Plasmodium
falciparum parasites circulating in Pailin province were sensitive to atovaquone: no mutant parasites in
cytochrome b were found. Atovaquone-proguanil combination was 100% effective to clear asexual P.
falciparum parasites and Atovaquone-proguanil combination & primaquine was 100% effective to clear
asexual and sexual P. falciparum parasites.

Some practical aspects related to laboratory will be improved for the next round of samples collection in
2011

(1) The time of delay between samples collection and treatment should/could be reduced by using mobile
lab (from 11 days to 1 day). This mobile lab will allow improving G6PD screening test issue and will have a
positive impact on mobile migrant’s adherence to the project;

(2) the improvement of method used for malaria diagnosis by increasing the volume of the collected
sample (switch from blood spot, ~ 3 pl to 20 ul of whole blood collected by finger-prick in eppendorf tube)
and by switching from nested PCR to Real time.
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TOPIC 2

Conduct research focused on 2.
falciparumartemisinin
resistance

The interruption of malaria transmission worldwide and subsequently malaria elimination is one of the
greatest challenges for international health and development communities.

The current expert view suggests that by using available tools and strategies, we could expect to eliminate
malaria in a number of countries and regions. Among the available tools, antimalarial drugs are essential at
all stages of malaria elimination. However, one of the major threats to sustained malaria elimination is
the emergence of malaria parasites that are resistant to artemisinins. These medicines are the basis for
artemisinin-based combination therapies (ACTs), the most potent weapon in treating falciparum malaria.
Evidence of resistance to artemisinins has been identified and confirmed on the Cambodia-Thailand border.
Other suspected foci have been identified in the Greater Mekong sub-region, but are not yet confirmed.

Resistance to previous generations of antimalarials spread rapidly around the world, resulting in increases
in child mortality and an untold number of deaths, especially in Sub-Saharan Africa. This is thus absolutely
critical to preserve efficacy in the areas where ACT are still fully active and to design and monitor
containment measures to prevent spreading of the resistant strains out of the Southeast Asian endemic
areas. It appears urgent to know the cellular and molecular mechanisms linked to artemisinin resistance in
order to limit it geographically, but also to circumvent it by developing new drugs active against this new
form of malaria resistance. Moreover, understanding and monitoring the declining efficacy of artemisinins is
on the critical path to prevent them from jeopardizing the partner medicines. The implementation of a
systematic detection of resistance and further prevention of the therapeutic fall of ACT will limit the
aggravation of the current situation.

At the scientific level, our objectives are

1. to identify molecular or cellular markers of artemisinin resistance quiescence-induced. Gaining
fundamental knowledge on quiescence and its role as a new mechanism of drug resistance in malaria
parasites is of paramount importance, as parasite quiescence is a potential and overlooked roadblock in
the development of novel alternative antimalarials.

2. to develop new tools, currently strongly expected by the medical and technical teams in the field.
Indeed the current gold standard test, developed in the 70’s and which worked correctly with former
generation of antimalarial drugs appears to be, with this new kind of resistance quiescence-based, out
of date. Relevant in vitro tests and molecular makers for monitoring artemisinin resistance would be
developed.

3. to use our collection of present-day panel of Cambodian P.falciparum isolates with well-characterised
in vitro drug resistance profiles for assessing the in vitro efficacy of new candidates antimalarial drugs.
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Global Fund to Fight AIDS, Tuberculosis and Malaria round 6 —

Grant CAM-607-G10M-CNM3

« Halt the development and prevent the spread
of antimalarial drugs resistance: Carry out a
quality monitoring of drug resistance in sentinel
sites»

Coordinating investigators

Principal Investigator
Dr Duong Socheat, National Centre for Parasitology Entomology and Malaria Control
Co Investigator

Dr Didier Ménard, Institut Pasteur du Cambodge

In Cambodia, malaria treatment and control are hampered by the spread of resistance to common anti-
malarial drugs, especially along the Cambodia-Thailand border where multi-drug resistant malaria is highly
prevalent. The increasing resistance in Africa and its dramatic impact on malaria morbidity and mortality is
linked with the spreading of resistance strains that emerged in South East Asia. Increasing the survey and
the control of malaria resistance in Cambodia is of paramount importance for the National ministry of
health but also by extent to the whole endemic countries in the world.

Development of news genetics tools for resistance survey is now going faster and faster. It is now time for
the MoH of endemic countries to increase their knowledge and use of these new technologies (including
high throughput screening, etc). This must be done according to the good laboratory practice and in a quality
assurance network.

Study objectives

The GF 6th Round project aims to increase capacity at MoH for surveillance of anti-malarial drug resistance,
by building a functional resistance system for anti-malarial drug resistance and by creating a reliable
training of the MoH staff for a new National Laboratory on Molecular Resistance (NLMR) at the CNM
according to good laboratory practice.

Based on clinical trial study realized by different teams associating with several partners (CNM, WHO) and
on several sites from different region of the country, the isolates collected from the patient recruited for
these clinical assays will be examined in vitro for their susceptibility to the following molecules: artesunate,
artemether, quinine, mefloquine, chloroquine and lumefantrine. New molecules will equally to be tested
according to the needs and studies. Moreover, our unit will be in charge to differentiate recrudescence and
re-infection among in vivo treatment failure cases by genotyping, to compare the in vitro data with the in

R

Mot G Cambode 107



vivo outcomes and to assess the evolution of P. falciparum drug resistance over the last years. All these
technologies will be transfer (in vitro test and molecular tools) to new laboratory NLMR at CNM before the
end of the proposal.

The creation of a nhew National Laboratory on Molecular Resistance (NLMR) at the CNM has been already
planned by the MOH (NAMRU2 - grant). This laboratory needs human resources for processing the work. We
will operate as technical expert in training and advising of the NLMR for improving laboratory quality
procedures development in order to achieve international recommendations on quality control.

During last two year, we trained 5 technicians and today one of them are now in place at the CNM lab. This
is made under the supervision and help of our team but following the schedule the last three year of the
project will help the team to become one hundred percent autonomous including all administrative purpose
relate to laboratory work (ordering, accounting, maintenance, etc...).

In parallel as suggested in the project, we have developed the Quality Assurance process in our lab using
ISO 15189 as a goal to achieve. A 2-days training session has been organized at the end of September.
External Quality Control has been also implemented for malaria microscopy diagnosis. A set of 12 slides has
been sent to IPC. Results of this first EQC were excellent and a new set of slides will be sent in January
2011.

We are also involved with the CNM laboratory in to the Malaria Molecular External Quality Assessment
Program or M2EQAP, supported by USAID. This programme is designed to assess proficiency and enable
identification of areas requiring training and support and has been developed in accordance with ISO 43-1.:
Proficiency Testing by Interlaboratory Comparisons (International Standards Organization, 1997). M2EQAP
is a voluntary scheme open to any laboratory performing mspd, msp2 and glurp genotyping to distinguish
malaria recrudescence from reinfection on dried blood spot (DBS) samples

In the mean time, we have received 405 samples from in vivo and in vitro studies. A total of 221 P.
falciparum were tested and phenotyped using the classical isotopic assay. For each isolates, five
antimalarial drug recommended by the MoH of Cambodia were assayed for susceptibility testing:
artesunate, artemether, quinine, mefloquine, chloroquine and lumefantrine.
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Global Fund to Fight AIDS, Tuberculosis and Malaria round 9 —
Grant CAM-S10-G14-M-MC/IPC

« Containing artemisinin-resistant Plasmodium
falciparum parasites and moving towards
malaria pre-elimination status in Cambodia »

Coordinating investigators

Principal Investigator

Dr Duong Socheat, National Centre for Parasitology Entomology and Malaria Control
Co Investigator

Dr Didier Ménard , Institut Pasteur du Cambodge

Background

The artesunate resistant strains containment project must set up a specific and efficient monitoring and
evaluation programme to help effective implementation and success.

Study objectives

According to Global fund proposal, the objectives of IPC in collaboration with CNM will be to conduct
operational researches for:

Mapping of artemisinin resistant parasites in 6 sentinel sites in Cambodia using a simplified in vivo test
to complement with in vitro test and molecular markers (IPC1 & 2),

Monitoring impact on transmission through National Survey prevalence base on Molecular diagnosis
(IPC3),

Assessing the effectiveness of VMWSs in low transmission areas and its impact on P. vivax burden (IPC4,
5 & 6),

Assessing cost-effectiveness of alternative approaches to the elimination of foci through active case
detection by molecular diagnosis (IPC7),

Expanding the Non Malaria Fever lliness (NMFI) study to more sites in order to precise and document the
morbidity impact (IPC8),

Applying molecular tools to monitoring parasite population structure in relation to resistance and
elimination (IPC9).

This study will be conducted in sentinel sites in different epidemiological patterns of malaria through
Cambodia (both hospitals as health facilities/community level). In each site, 50 P. falciparum isolates from
infected patients will be collected in order to achieve the mapping of artemisinin resistant parasites in
Cambodia using in vitro test and molecular markers. For P. vivax, in each site, 25 isolates from infected
patients will be collected in order to achieve the evaluation of P. vivax burden and mapping of P. vivax
resistant parasites in Cambodia using in vitro test and molecular markers.

This study will be provided relevant information about antimalarial resistance. A parasite and DNA banks
will be set up in order to perform further experiments such as parasites for short and long-term culture
adaptation, DNA to monitor parasite population in relation to artemisin resistance and elimination or to
assess the implication of red blood cells diseases with Plasmodium infections.
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Hits to lead optimisation of original anti-malaria
compounds: a synergic multi-target approach.
Biodiversity analyses and validation of hits on P.
falciparum & P. vivax field isolates

Coordinating investigators

Principal Investigator

Dr J.-C Barale, CNRS, Immunologie Moléculaire des Parasites, Institut Pasteur, Paris
Co Investigator

Dr Didier Ménard, Institut Pasteur du Cambodge

Eric Legrand, Institut Pasteur de Guyanne Francaise

Background

Protease inhibition led to new chemotherapies such as the HIV protease inhibitors, or the HCV
protease inhibitors that are currently in clinical trials. The functional specificity of these enzymes allows
the design of highly specific inhibitors that block the targeted pathological process and avoid toxic side
effects. Biochemical and genetic analyses have shown that proteases of Plasmodium, the causative agent
of malaria, play a central role in the entrance of the parasite into the host hepatocytes or red blood cell. The
project aims at scaling up the drug discovery phase of a research program targeting essential
Plasmodium serine proteases, two of them SUB2 and SUB1 being involved in host cells invasion.

Study objectives

The Workpackage 4 (Biodiversity analyses and validation of hits on P. falciparum & vivax field isolates) will
aim to evaluate Pf/PvSUB2 and Pf/PvSUB1 substrates polymorphism in P. falciparum & vivax field isolates,
to validate SUBs inhibitors on P. falciparum & vivax field isolates, to select and adapt to culture conditions of
a panel of P. falciparum field isolates corresponding to the pattern of susceptibility/resistance to actual
drugs and to assess the ability of P. falciparum to become resistant to SUBs selected hits

The lack of polymorphism is one of the important characteristics that define a drug target candidate.
Indeed, this structural conservation suggests a strong pressure of selection that could prevent any quick
strain adaptation to the pressure induced by a specific inhibitor. Therefore, following specific PCR
amplification on 30 gDNAs, corresponding to P. falciparum & vivax strains isolated from patients from at
least two continents (namely South-East Asea and South-America), the sequence coding for SUB3 active site
and the cleavage sites of Pf/PvSUB1 substrates (namely SERA5 and MSP1) will be determined to obtain a
representative analysis of their natural polymorphism.

Contrary to P. falciparum, our understanding of the fundamental biology, pathogenesis, transmission, and
management of P. vivax lags far behind that of P. falciparum. One of the main reasons is that long-term
culture of P. vivax is not feasible without frequent addition of reticulocytes and modified culture media (3-5).
These major obstacles have particularly limited the investigation of P. vivax malaria biology, especially the
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monitoring of the antimalarial drug resistance by using in vitro tests, the characterization of putative
molecular markers related to drug resistance and the screening of new antimalarial drugs. However,
recently several centres have reported methods for conducting in vitro P. vivax drug susceptibility which are
generally based on the P. falciparum WHO microtest using quantification of schizont maturation (6-8).
Because of its drawbacks, our objective will be to improve the technique (improvement of the culture
condition and the detection of the P. vivax development) for setting up a robust and reliable in vitro test for
P. vivax in order to assess new anti-malaria drug candidates on Pv isolates collected in malaria endemic
areas, especially in Cambodia and in French Guiana.

The screening and first rounds of validation of the different inhibitors are routinely performed on well
characterised P. falciparum clones that have been adapted to in vitro culture decades ago. It is therefore
essential to validate pre-selected hits on parasites directly isolated from patients to circumvent any bias.
Moreover, such parasites are representative of the susceptibility/ or (multi)-resistance to classical anti-
malarial drugs. New generation of anti-malaria compounds must indeed display the same efficiency on all
these parasites strains, as we have already observed for the first generation of anti-SUB1 and anti-SUB2
inhibitors. Therefore, IC50 of optimised SUBs inhibitors will be evaluated on a representative panel of P.
falciparum parasites isolated from patients following a WHO approved assay.

As observed in the case of other infectious agents, the constant and relatively quick selection of
Plasmodium strains resistant to one or several existing drugs has dramatic consequences in terms of public
health. Since the development of a drug candidate is a long and expensive task, it not only has to be fully
validated in terms of anti-parasite activity but the risks of emerging parasites to this candidate has to be
assessed as early as possible. This property will have a central role in the selection of the chemical
compounds for a drug candidate. Moreover, the eventuality that SUBs inhibitors would interact with at least
two targets, such as SUB1 and SUB2, and ideally three (SUB1/2/3), affecting different stages of
Plasmodium, should significantly reduce the occurrence of emerging resistances, since this should require
more than one genetic event. To address this issue on resistance build up, the IC50 of optimised SUBs
inhibitors will be measured on P. falciparum strains, which have undergone long term in vitro culture in
presence of sub-lethal concentration of the selected compounds.

During the last 12 months, we have evaluated the polymophism of SUB1 & 2 enzymes among a panel of P.
falciparum and P. vivax samples collected from Cambodian patients. Parasites studied showed a low
genetic diversity: for PfSUB1, two minor amino acid changes (outside the active site or the automaturation
site of the enzyme) were observed in one parasite (n=45), were different from the Belem reference
sequence (E319Q and E426D, respectively). Analysis of the PvSUB2 showed higher polymophism, in 13
Cambodian P. vivax parasites: 9 double mutant-types (E92K and N315K, n=1; D131G and V141A, N=8) and
4 single mutant-types (N315K).

Analysis of the polymorphism of the substrates (PfMSP1 and PvMSP1) is on-going. Results from validation
of SUBs inhibitors action in growth inhibition of P. falciparum from fresh isolates or long term adapted
clones by using the 48-h classical isotopic assay is pending and will be available before the end of the year
2011. P. vivax culture remains the most difficult objective to achieve. First experiment should be carry out in
2011. Evaluation of the ability of P. falciparum to become resistant to SUBs inhibitors should be attempt the
next year (2012).

Funding
Projet CARNOT
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Long-term culture adaptation of Plasmodium
falciparum isolates with different genetic
backgrounds: Useful tools for studying
artemisinin derivatives resistance and screening
new anti-malaria compounds

Coordinating investigators

Principal Investigator

Dr Didier Ménard

Institut Pasteur du Cambodge
Co Investigator

Dr Thierry FANDEUR
Centre de Recherches Médicales et Sanitaires - CERMES
Dr Eric LEGRAND & Dr Lise MUSSET

Institut Pasteur de la Guyane
Dr Christiane BOUCHIER
Plate-forme Génomique, Institut Pasteur, Paris

Background

The alarming level of falciparum drug resistance calls for rapid development of novel antimalarials. It is
imperative that such novel compounds be active against present-day parasites, including obviously multi-
resistant strains. Yet, most reference strains under use for drug development have been isolated and
adapted in continuous culture three decades ago (e.g. strains 3D7, W2). Some sub-lines have been selected
in vitro for resistance to individual compounds, but they do not reflect the present day diversity of parasite
genetic backgrounds, which are separated by about 100 generations from the parasites isolated in the early
80's. Development of drugs for the next decades should as early as possible in the process evaluate efficacy
with present-day parasites. This requires establishing a collection of culture-adapted parasites with known
drug susceptibility phenotypes and characterized genotypes. Drug resistance displays a marked geographic
heterogeneity, with differing patterns of drug response profiles, cross-resistance and differing resistance
haplotypes, probably a consequence of the differing drug pressure exerted on the local parasite population
during the recent decades. These geographic differences call for establishing a panel of present day drug-
resistant parasites lines from multiple regions.

Study objectives

The main objective of this project is to establish a collection of long-term culture-adapted Plasmodium
falciparum clonal lines from different endemic areas (Cambodia, Niger and French Guyana) with well-
characterised genotypes and in vitro drug resistance profiles. Among them, several parasite clones of
interest will be sequenced (whole genome sequencing).

The creation of this bio-bank will thus (1) identify the optimal technical conditions for the adaptation of wild
isolates to continuous culture, (2) to study the molecular basis of drug resistance and particularly the
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mechanisms associated responses of parasites to artemisinin derivatives, (3) to study the efficacy of new
antimalarial drugs, (4) to share or make available through collaboration with these different strains of
partners (units Malaria Research Institute Pasteur in Paris)

The P. falciparum isolates will be collected in the context of the ongoing activities of the laboratory on
monitoring parasite resistance to antimalarials. All samples will be accompanied by information about
location of collection, date of collection, age and gender of the donor along with treatment prescribed and
therapeutic outcome (cure or clinical failure, and parasite clearance time). Parasites from patients with
monoclonal infection (based on the multilocus genotyping at admission- anticipated to be the majority of
the patients) and monospecies (falciparum) infection will be processed for adaptation. Isolates meeting the
criteria for evaluating their inhibitory concentration 50% (IC50) will be cultured according to SOPs proposed
by Morten A. Nielsen and Trine Staalsoe. Isolates will be cultured for 2 months in O+ red bloods cells, growth
rate monitored at regular intervals and a full multi-locus genotype will be established. The monoclonal
isolates will be further cultivated for at least 2 additional months to ensure their stability. Aliquots will be
cryopreserved on a monthly basis. After 2 months of continuous culture (before and after cloning), a large
batch of aliquots will be frozen in liquid nitrogen. Three distinct aliquots of will be thawed at different time
points and cultured for 2 weeks to test the viability of the clone obtained and the stability of the drug
resistance phenotype and of the genotype. Comparative genotyping studies of classical markers of
resistance and diversity between the initial isolate and the clone adapted in culture will be conducted (Pfcrt,
Pfmdr-1, Pfdhfr, Pfdhps, PfATPase6, Pfmrp, Pfnhe-1, gene copy number of Pfmdr-1, polymorphisms in
Pfmspl, Pfmsp2, glurp, 6-8 neutral, polymorphic microsatellite loci). Finally, complete genome sequencing
of several clones will be made.

Drug resistance in vitro will be evaluated using established SOP in place in the laboratory, including use of
high quality molecules, tests in duplicate and inclusion of two reference control lines as internal quality
control (3D7 and W2). As a consequence, it will be possible to compare the drug susceptibility profile of the
individual lines for a panel of anti-malarials with the currently used reference lines.

At the end of the project, a cross analysis of results (number of isolates cultured, percentage of successful
adaptation for the variables collected) and a final protocol will be published.

During the last 6 months, we have established a collection of 80 long-term culture-adapted Plasmodium
falciparum clonal lines (N=50, from Cambodian isolates and N=30 from Guiana isolates. Characterization of
genotypes and in vitro drug resistance profiles is on-going. We are planning to sequence 4 parasite clones of
interest (2 initial and 2 recrudescent isolates from Pailin, Cambodia).

Projet ACIP - Institut Pasteur, Paris
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Plasmodium falciparum quiescence and
resistance to artemisinins

Coordinating investigators

Principal Investigator

Dr Francoise Benoit-Vical, Laboratoire de Chimie de Coordination du CNRS - UPR8241, Toulouse

Co Investigator

Dr Didier Ménard , Institut Pasteur du Cambodge

Dr Odile Mercereau-Puijalon, Molecular Immunology of Parasites, Institut Pasteur, Paris, CNRS URA 2581.

Dr Christiane Bouchier, Genomic platform (PF1), Institut Pasteur, Paris

Background

The recent scaling up of malaria control measures has reduced the morbidity and mortality rates in many
areas. However, the burden of malaria remains quite high, with 243 million (190-311 million) cases of
clinical malaria in 2008, and an unacceptable toll of close to 1 million deaths, mainly in children under 5
years of age in Sub-Saharan Africa . Antimalarial drugs play a prominent part in malaria control and drug
resistance of the malaria parasites has emerged as one of the greatest threats to malaria control.
Plasmodium falciparum, the parasites responsible for severe malaria, have developed resistance to
quinolines and antifolates, and resistant parasites have spread across wide geographic areas. In 2001,
WHO recommended to use artemisinin-based combination therapies (ACTs) as first-line treatment for
uncomplicated P. falciparum malaria, and most malaria-endemic countries have since progressively shifted
their national treatment policies to ACTs. Currently, ACTs are often the last treatments that can effectively
and rapidly cure P. falciparum infections permitting to significantly decrease the mortality and the morbidity
due to malaria. However, alarming signs of emerging resistance to artemisinin derivatives along the Thai-
Cambodian border are of major concern. This region has historically been the epicentre of antimalarial
resistance and parasites have developed multidrug resistance (chloroquine, sulfadoxine-pyrimethamine and
mefloquine). Cambodia was the first country to adopt ACT as first-line treatment in their national policy
(artesunate plus mefloquine and dihydroartemisinin plus piperaquine). Regular monitoring of treatment
efficacy was put in place across the country and led to early detection of reduced susceptibility of P.
falciparum to artemisinins. Given that parasites in this area are already resistant to most other
antimalarials, no other alternative of effective treatments is currently available. The declining artemisinin
efficacy in Western Cambodia is evidenced by a markedly slower parasite clearance in patients and high
failure rates in the next weeks after the treatment. Poor correlations have been observed between these
altered in vivo infection parameters and the in vitro drug susceptibility of the patient's parasites with the
WHO standard radioactive chemo-sensitivity assay. In other words, resistance to artemisinins emerges at a
time where no methodology exists to study it in vitro and neither predictive molecular nor biochemical
marker. There is an urgent need to better understand the mode of action of artemisinin derivatives, to
identify the molecular mechanisms associated with artemisinins resistance and to devise tools to monitor
resistance in vitro and/or using molecular or cellular markers.

Study objectives - Methodology - Study design
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The aim of this project is to characterize the quiescence induced by artemisinins in P. falciparum parasites
and to explore whether an altered dose-dependent quiescence response to artemisinins accounts for the
decreased therapeutic efficacy of artemisinins in Cambodia. The project will have five specific objectives:

the first objective will be to study the molecular signatures of F32-ART that differ from its parent
sensitive strain and that are associated with the acquired resistance to artemisinins. We will capitalize
on the comparison of fully resistant parasite line (F32-ART) with the parental line and the parasites
displaying intermediate resistance levels collected at various steps of the selection procedure in order to
define all the molecular events explaining this resistance and their appearance chronology. This will
include whole genome sequencing and expression profiling.

the second objective will be to develop experimental tools and procedures to study and

quantify quiescent parasites. This will be done by further defining the developmental stages able to

enter in quiescence, exploring a variety of strategies to label and sort the fraction of viable cells at
various stages of exposure to artemisinins.

the third objective will be to investigate candidate cellular mechanisms of the artemisinin-induced
quiescence in P. falciparum. We will focus our investigations on: i) involvement of survival proteins, ii)
involvement of cell cycle regulation proteins as those implicated in the alteration of the cell-cycle
regulation mediated by CDK and/or CDK inhibitors and the cell-cycle regulatory circuits.

the fourth objective will be to explore the quiescence properties of Cambodian isolates with documented
decreased in vivo susceptibility. The standard in vitro drug susceptibility assay, which is based on
measuring DNA synthesis during the S phase (from trophozoites to schizonts), is not suitable to monitor
quiescence of young ring stages. We hypothesize that this accounts for the lack of alteration of the IC50
for artemisinin in F32-ART parasite and in field isolates.

the fifth objective will be to develop new predictive tools for monitoring artemisinin-resistant parasites in
Cambodia. We will use our collection of cryo-preserved isolates collected longitudinally during the last
ten years (this time frame coincides with the emergence of artemisinin resistance in Western
Cambodia). The collection includes isolates originating from the epicenter of drug resistance in Western
Cambodia as well as samples from other endemic areas in the country where there is no resistance yet.
This will allow searching for evidence of recent genetic selection associated with artemisinins drug
resistance in the area of Pailin and look for temporal and spatial.
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TOPIC3
F. vivaxmalaria challenges

Despite the considerable efforts undertaken to control/eliminate malaria in the world, it is still difficult to
estimate the consequences in reducing the prevalence of P. falciparum to other Plasmodium species
infecting humans, especially P. vivax. However, it seems increasingly clear that control measures initiated
based on knowledge about P. falciparum (ITNs, antimalarial treatment) seem to be less effective against P.
vivax parasites. The difficulty in controlling P. vivax has been exacerbated for several reasons. First, the
developmental biology of P. vivax is unique in early gametocytogenesis and the generation of hypnozoites in
the liver that are responsible for relapses of the disease. Second, the response of P. vivax to some
antimalarials differs when compared with P. falciparum. Third, the behavior and physiology of mosquito
vectors, especially cryptic species, are largely unknown in many regions where P. vivax is endemic. Progress
had been slow, given inherent research challenges and minimal financial supports.

One of the major challenges in P. vivax research agenda remains developing a reliable long-term culture
system to facilitate the understanding of its biology.

Further studies conducted in our unit will aim to:

1. Estimate the global burden of vivax malaria in Cambodia, define risk of vivax malaria within the
biological spatial limits of transmission and assess the parasite population structure.

2. Assess in vivo efficacy of blood schizonticidal therapies (ACTSs) for the treatment of P vivax
infections,

3. Develop in vitro tools for assessment of blood schizonticidal drug resistance in vivax malaria
(phenotype and genotype) and develop continuous in vitro culture systems for blood-stage parasites,

4. Define the distribution of inherited blood disorders linked to malaria (Duffy antigen, G6PD deficiency)
and determine the association with protection against vivax malaria

5. Find important processes in the invasion of reticulocytes with a particular focus on ligand—receptor
interactions (DARC and reticulocytes binding proteins).
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Genetic Admixture and Susceptibility to
Plasmodium vivax Infections in the Madagascar
Population

Coordinating investigators

Principal Investigator

Pr Peter Zimmerman, Case Western Reserve University, Cleveland, Ohio

Dr David Serre, Genomic Medicine Institute, Cleveland Clinic, Cleveland, Ohio

Co Investigator

Dr Christophe Rogier, Institut Pasteur de Madagascar

Dr Didier Ménard , Institut Pasteur du Cambodge

Dr Odile Mercereau-Puijalon, Molecular Immunology of Parasites, Institut Pasteur, Paris, CNRS URA 2581.

Dr Arsene Ratsimbasoa, Fondation Mérieux, Madagascar

Background

Malaria therapy, epidemiological and laboratory-based studies have shown that erythrocyte Duffy blood
group-negative people, largely of African ancestry, are resistant to erythrocyte P. vivax infection. This
contributed to a paradigm in malaria research that the Duffy antigen is required for P. vivax erythrocyte
invasion. While studies have reported P. vivax PCR positivity in Duffy (-) people, our recent studies have
confirmed that that P. vivax strains in Madagascar cause infection and malarial disease through a Duffy-
independent mechanism and that P. vivax blood-stage infection and malaria is common in Duffy (-)
Malagasy people (Menard et al., PNAS 2010). Although we have confirmed that P. vivax invasion in
Madagascar can occur independently of the erythrocyte’s Duffy blood group antigen, we do not know if
invasion is dependent or independent of the parasite’s ‘so-called’ Duffy binding protein (PvDBP).

Moreover, admixture of African and South-East Asian populations in the founding of Madagascar has
resulted in the integration of heritable traits that have evolved independently in human populations for
thousands of years (hundreds of generations). Exposure to malaria parasites for most of this time period,
led to development of resistance through natural selection in genes that encode proteins on the erythrocyte
surface and both alpha and beta globins. We hypothesize that the admixture in Madagascar has led to
unique patterns of RBC protein variants which allow P. vivax to infect and develop within Duffy (-)
erythrocytes.

Study objectives - Methodology - Study design
The proposal will be focused:

1. on the understanding how Plasmodium vivax has gained capacity to infect erythrocytes from Duffy-
negative (Duffy(-)) people
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Aim 1 - Identify associations between P. vivax strains and susceptibility of Duffy(-) people to P. vivax
blood-stage infection and clinical malaria. We will determine the relative susceptibility of Duffy (-) to P.
vivax infection and disease and compare the genetic makeup of P. vivax strains in both groups. Studies
will be focused in communities where our preliminary study found the highest prevalence of P. vivax
infections in Duffy (-) individuals.

Aim 2 - Assess autologous in vitro invasion pathway of Malagasy P. vivax strains for Duffy(+) and Duffy(-
) erythrocytes. In vitro invasion studies will follow methods used with success previously to investigate P.
vivax growth in 24-hour cultures. In vitro invasion by P. vivax patient isolates will first be classified as
dependent or independent of PvDBP following exposure to antibodies against PvDBP (mono- and poly-
clonal). Enzymatic treatment of red blood cells (e.g. trypsin, chymotrypsin, heuraminidase) will identify
general features of Duffy(-) erythrocyte invasion pathway. RNA-Seq analysis will identify transcripts
differentially expressed by P. vivax strains in Duffy(-) and Duffy(+) people.

Aim 3 - Assess interactions among P. vivax erythrocyte binding ligands and human erythrocytes
(Malagasy and non-Malagasy) that influence merozoite attachment and invasion of host red cells.
Studies will not be restricted to, but will first focus on the PvDBP. The general regimen will follow
cloning, over-expression, production of recombinant Malagasy variant alleles from candidate invasion
ligands from P. vivax-infected Duffy (+) and Duffy (-) donors. These recombinant candidate invasion
ligands will be compared by flow cytometry to test erythrocyte binding affinities to Duffy (+) and Duffy (-)
Malagasy and non-Malagasy blood donors who have been screened for standard blood group
specificities. Logical alternative invasion ligand candidates will include the P. vivax reticulocyte binding
protein (PvRBP) or other candidate merozoite proteins.

2. on testing the effect of genetic admixture, globally across the genome and specifically at the blood group
level, on the susceptibility to vivax infection and on identifying novel genetic risk factors underlying the
susceptibility to vivax malaria infections using admixture mapping

Analyses will be performed in order to replicate the PNAS observation of common vivax infection in
Duffy(-) individuals; to rigorously test for association between each blood group and candidate SNPs and
vivax malaria among Malagasy individuals (including Duffy); to identify if genetic admixture in
Madagascar resulted in “novel blood group phenotypes” (i.e. combinations of alleles within and between
proteins that are not observed in African and South-East Asian populations); to test for association
between Duffy genotype and the average genomic ancestry (estimated from AlIMs) and assess whether
Duffy(-) is more frequent among Malagasy individuals than expected given the distribution of neutral
“African” alleles (i.e. testing if Duffy(-) provides a selective advantage in Madagascar) and to test for
association between vivax PCR positivity and genomic ancestry to assess whether population-specific
alleles contribute to vivax infection (after correction for Duffy genotype).
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GENETIC

POLYMORPHISM

Theme VI: OF SALMONELLA

LABORATORY OF FOOD
MICROBIOLOGY AND WAT
ANALYSIS

¢ Phenotypic and genotypic diversity of Salmonella isolated in Cambg
biological specimens

¢ MLVA polymorphism of Salmonella enterica subspecies isolated fro
in cambodia
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Phenotypic and genotypic diversity of sailmonella
isolated in Cambodia from food or human
biological specimens

Coordinating investigators

Dr KRUY Sunlay, Food Microbiology and Water Analysis Laboratory

Pr Jean-Louis Koeck, Héléne van Cuik, IHA Robert Picqué, Bordeaux

Salmonella enterica is known as the major causative agent of salmonellosis in humans and animals. The
epidemiological distribution of this infection often involves large areas of geographically distant, and
reliable methods to discriminate strains responsible for an epidemic are necessary. Due to limitations of
serological typing method, many molecular genotyping methods have been developed. Some molecular
methods and their applications are: PCR coupled to PFGE, which is used for the separation and
characterization of molecular profiles, and MLVA genotyping, or so called analysis of polymorphic tandem
repeats are modern methods that allows study of the polymorphic genetic diversity and discrimination of
Salmonella strains related or unrelated to epidemics. In our study, eleven markers containing polymorphic
tandem repeats (VNTR: Variable Number Tandem Repeats) selected from the genome of Salmonella
enterica Typhimurium LT2 were used to assess the genetic diversity of 206 strains of Salmonella enterica
selected between 2001-2007. These are represented by 31 Salmonella serotypes selected from three
sources: human, food and animals. Each strain was isolated from single sample and was not related to an
episode of epidemic salmonellosis. The technique MLVA (Multiple-Locus VNTR Analysis) has allowed
subtyping of 107 genotypes grouped in a dendrogram into two distinct dispersion trees, the first for serotype
Typhi and the second for the other 30 serotypes devided within two subgroups derived from a common
ancestor. Four serotypes were dispersed in two to five phylogenetic branches. The representation of the
allelic variation of serotypes of S. enterica used a minimum spanning tree. Allelic variations in the serotypes
of Salmonella enterica, previously or newly described, were identified and genetic variants were distributed
in MLVA types in unique locus variants, in single locus variants or in variants different by a locus (SLVs), in
variants different by two loci (DLVs) and in different variants by more than two loci. Four markers (STTR3,
STTR5, STTRS8, and Sal20) have shown a high diversity Indice (DI> 0.80). In summary, MLVA can be applied
to study the genetic profile of Salmonella enterica with a wide variety of serotypes.

Publications

Kruy SL, van Cuyck H, Koeck JL. Multilocus variable number tandem repeat analysis for Salmonella
enterica subspecies. Eur J Clin Microbiol Infect Dis. . 2011 Apr;30(4):465-73. Epub 2010 Dec 11.
Review.
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MLVA polymorphism of Salmonella enterica
subspecies isolated from humans, animals, and
food in Cambodia

Coordinating investigators

Dr KRUY Sunlay, Food Microbiology and Water Analysis Laboratory
Collaborations

Pr Jean-Louis Koeck, Héléne van Cuik, IHA Robert Picqué, Bordeaux

Background:

Salmonella (S.) enterica is the main cause of salmonellosis in humans and animals. The epidemiology of
this infection involves large geographical distances, and strains related to an episode of salmonellosis
therefore need to be reliably discriminated. Due to the limitations of serotyping, molecular genotyping
methods have been developed, including multiple loci variable number of tandem repeats (VNTR) analysis
(MLVA). In our study, 11 variable number tandem-repeats markers were selected from the S. enterica
Typhimurium LT2 genome to evaluate the genetic diversity of 206 S. enterica strains collected in Cambodia
between 2001 and 2007.

Thirty-one serovars were identified from three sources: humans, animals and food. The markers were able
to discriminate all strains from 2 to 17 alleles. Using the genotype phylogeny repartition, MLVA
distinguished 107 genotypes clustered into two main groups: S. enterica Typhi and other serovars. Four
serovars (Derby, Schwarzengrund, Stanley, and Weltevreden) were dispersed in 2 to 5 phylogenic branches.
Allelic variations within S. enterica serovars was represented using the minimum spanning tree. For several
genotypes, we identified clonal complexes within the serovars. This finding supports the notion of endemo-
epidemic diffusion within animals, food, or humans. Furthermore, a clonal transmission from one source to
another was reported. Four markers (STTR3, STTR5, STTRS8, and Sal20) presented a high diversity index (DI>
0.80).

In summary, MLVA can be used in the typing and genetic profiling of a large diversity of S. enterica serovars,
as well as determining the epidemiological relationships of the strains with the geography of the area.

Publication

Cuyck HV, Farbos-Granger A, Leroy P, Yith V, Guillard B, Sarthou JL, Koeck JL, Kruy SL. MLVA polymorphism
of Salmonella enterica subspecies isolated from humans, animals, and food in Cambodia. BMC Res Notes.
2011 Aug 24;4(1):306. [Epub ahead of print]
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