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Institut Pasteur du Laos (IPL) is a Lao National Institution created by Prime Ministerial Decree in November 2007.
IPL is the result of a long term and joint decision between Lao Ministry of Health and Institut Pasteur Paris which
commits to stay until 2036 before retroceding the full management of IPL. Sustainability will be achieved by preparing
a new generation of Lao doctors and scientists to Il key positions as heads of laboratories and administration at IPL.

IPL has a mandate from Lao Ministry of Health to ful | activities of public service:

1. Research and diagnostics on emerging infectious diseases and vector borne diseases;

2. Training, education and capacity building;

3. Technical assistance to National Center for Laboratory and Epidemiology (NCLE) for investigation of epidemics.

IPL bene ts from a large degree of autonomy (legal, scienti ¢, management, nancial) and as such can be considered
as a new model of Lao public institution. All the ownership belongs and remains the property of Lao PDR.

IPL has a scienti ¢ autonomy within its mandate provided by the MoH. It is able to engage freely in collaborative
research and investigations with other Lao and international research and public health organisations.

Financial issues are independent from the Lao public nance system. IPL is able to receive outside funding (dona-
tions, grants, bequeaths, etc.) and to generate its own resources through its own discoveries to insure its sustainability.
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IPL is governed by a Board of Directors composed of 3 Lao Members appointed by the Lao Ministry of Health and
2 members appointed by Institut Pasteur Paris. A speci city of the Board meetings is the participation of the main
contributors and stakeholders as observers in the spirit of transparency and partnership.

Actual composition of the Board of Directors:

Ass. Pr. Dr. Bounfeng Phoummalyaysith, (Chairman), Minister of Health, Lao PDR

Dr. Bounkong Syhavong, Former Minister of Health, Lao PDR

Dr. Manivanh Souphanthong, Dean and Professor Faculty of Basic Sciences, University of Health Sciences,
Vientiane, Laos

Pr. Dr. Yves Buisson, National Academy of Medicine, France

Dr. Marc Jouan, Director of Institut Pasteur de Nouvelle Cal@donie, Nouvelle Cal@donie

Actual composition of Scienti ¢ Advisory Board:

Prof. Anna-Bella Failloux, Institut Pasteur, France

Prof. Olivier Lortholary, Assistance Publiqgue H pitaux de Paris, France
Prof. Jean-Claude Manuguerra, Institut Pasteur, France

Dr. Pascal Ringwald, World Health Organization, Cambodia

Prof. Anavaj Sakuntabhai, Institut Pasteur du Japon, Japan
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Virology laboratory

e Virology Laboratory was created in 2024 at the Institut Pasteur du Laos a er the merging of the Virology and
Pathogen Discovery and Medical Virology and Rabies groups. e main activities include:
I[Wnderstanding the ecology and emergence of known and novel viruses in Lao PDR;
I[Developing countermeasures to diagnose, prevent, or control viral infections of public health importance in Laos;
1[Training, education, and capacity building for scientists from Laos and regional partners to adapt and establish
novel, cutting-edge technologies for outbreak response;
1[Providing to other Lao partners diagnostic support and in-depth molecular analysis for arboviruses, respiratory
viruses, or other (re)-emerging pathogens studies and/or outbreak investigations.

Team

Head of Laboratory
Dr. Gary Wong, PhD

Scientist and Group Leader Medical Virology
Dr. Cgcile Troupin, PhD

Scientist and Group Leader Pathogen Discovery
Dr. Chittaphone Vanhnollat, MD, PhD

Scientist and Biosafety O cer

Dr. Somphavanh Somlor, MD, MSc

Research Engineer

Mrs.  ep Aksone Chindavong, MSc

Laboratory technicians

Mrs. Phaithong Bounmany

Mrs. Sitsana Keosenhom

Mrs. Phoutsana Khamsuvat

Mrs. Souksakhone Viengphouthong
Mr. Kedkeo Intavong

Mr. Longthor Vachouaxiong

Projects

# Reinforced Collaboration for the Investigation and Response to Emerging Viral Pathogens of Security Concern.

# Investigation of the etiology of undi erentiated febrile syndromes through an integrated virological/
entomological/high-throughput sequencing approach to map the circulation of arboviruses, rickettsioses and
other intracellular bacteria in humans and vectors in Lao PDR.

# Innovative platform for molecular and serological diagnostics (PIMES).

#- Surveillance of arboviruses in Lao PDR.

# SARS-CoV-2 variants surveillance in Lao PDR.

#» Molecular epidemiology of rabies in Lao PDR.

# Genomic surveillance of avian in uenza viruses in Lao PDR.
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Executive summary

During the 21 century, the world experienced an
increasing frequency of zoonotic disease outbreaks
caused by novel or neglected emerging viruses, such
as Severe Acute Respiratory Syndrome (SARS), H1N1
swine u, Middle East Respiratory Syndrome (MERS),
Ebola virus disease, Zika fever, Coronavirus disease
2019 (COVID-19), and monkeypox (mpox). Lower-
and middle-income countries, including Lao PDR, have
limited resources that can be allocated to medical care
or public health. e rapid development of Lao PDR in
recent years has resulted in substantial environmental,
climate, and land-use changes. is results in a higher
than-typical number of interactions between humans,
wild animals and their respective environments, and an
increased possibility of cross-species transmission as well
asoutbreak risk.  ere isextensive trade activity between
Lao PDR and neighboring countries, resulting in a high
volume of cross-border movement of workers and goods.
In addition, wild animals and vectors are not con ned
by national boundaries. erefore, the geographical
location of Lao PDR, at the heart of the Greater Mekong
Subregion (GMS), means that outbreaks in Lao PDR
have a high risk of negatively impacting its neighbors.

e Virology Laboratory aims to build and reinforce
laboratory capacity with Lao and regional partners
through regular training workshops and educational
courses. e Virology Laboratory provides public
health services to support Lao national institutes and
hospitals with diagnostic, sequencing and surveillance
activities against a number of priority pathogens, such
as Dengue-, Chikungunya-, Zika, avian in uenza-, and
SARS corona-viruses. rough its research activities,
the Virology Laboratory strives to characterize the
prevalence, maintenance, and transmission of known
and unknown viruses in humans, animals, and the
environment of Lao PDR, studying associated factors
in uencing spillover risk, and provide countermeasure
options, such as the rational design, validation, and
implementation of cutting-edge diagnostic assays.

In 2024, the Virology Laboratory was involved with the
following research projects:

Reinforced Collaboration for the Investigation and
Response to Emerging Viral Pathogens of Security

Concern.

In collaboration with the National Microbiology
Laboratory in Canada, we reinforced the biosafety and
biosecurity of the BSL-2/3 laboratories, as well as eld
safety, through standardized operating procedures and
the creation of a dedicated biosafety o ce, promoting
sustainable local capacity building, establishing an
inventory of natural bat and rodent reservoirs for
detection of SARS-like-CoVs and other putative zoonotic
viral pathogens, and studying interspecies spill-over of
these putative zoonotic viral pathogens.

Investigation of the etiology of undi erentiated
febrile syndromes through an integrated virological/
entomological/high-throughput sequencing approach
to map the circulation of arboviruses, rickettsioses
and other intracellular bacteria in humans and vectors
in Lao PDR.

In collaboration with the Medical Entomology
Laboratory, we screened insects and human blood
samples, previously collected during 2023-2024 and
tested negative for presence of dengue virus (DENV), for
other emerging arboviruses and rickettsia to identify the
prevalence of these pathogens in human and insect vector
populations of Lao PDR. Next-generation sequencing
may be employed to search for novel pathogens in
selected samples.

Innovative platform for molecular and serological
diagnostics (PIMES).

In collaboration with Institut Pasteur Paris, the project
focuses on establishing a platform for the identi cation
of novel/neglected pathogens, the development of
speci ¢ molecular and serological assays, and the use
of these tools to detect acute infections and to study the
prevalence of these infections in the human or animal
populations.



e project includes a capacity-building component for
Lao and regional partners on the training of bioinformatic
tools used for novel pathogen discovery and in silico
antigen design, as well as the development of molecular
Recombinase polymerase ampli cation (RPA), Loop-
mediated isothermal ampli cation (LAMP), and
serological Luciferase Immunoprecipitation System
(LIPS) assays to be used alongside gold-standard
diagnostic methods.
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Plain language summary

Lao PDR is geographically located at the centre of the
Greater Mekong Subregion, an under-developed area in
Southeast Asia that recently has been undergoing rapid
environmental change. Wild animals are increasingly
encroaching into areas inhabited by humans, and
more frequent contact between these two populations
results in a higher chance of disease spread. Providing
quality healthcare in Lao PDR is challenging because of
limited infrastructure and capacity. e Virology team
at the Institut Pasteur du Laos focuses on addressing
these issues through public health services to support
healthcare professionals in making accurate diagnoses
and to advise public health o cials in policymaking,
training, and education of researchers to elevate
their abilities and competence, as well as research
to understand the current up-to-date situation of
infectious diseases in Lao PDR and provide evidence-
based solutions to improving outbreak preparedness.

Reinforced  Collaboration  for
the Investigation and Response
to Emerging Viral Pathogens of
Security Concern

IK@"KDg K@IEEP\F Gl j U

@KYYQjLLYIHES B

Collaborations

1 National Microbiology Laboratory, Canada.

1 Faculty of Environmental Sciences, National University
of Laos, Laos.

1 National Animal Health Laboratory (NAHL), Ministry
of Agriculture and Forestry, Lao PDR.

Funding

1 Global A airs Canada, Canada.

Objectives

e project aims to accomplish the following expected
results:

1 Enhanced capacity in Laos to monitor for, rapidly
detectand e ectively respond to disease events involving
especially dangerous pathogens of bioterrorism and
bioweapons concern.

1 Increased knowledge and awareness among local
scientists/community on zoonotic viral pathogens and
their safe acquisition, handling, storage, and catalogue of
biological samples.



1 Increased biosafety and biosecurity skills, awareness,
and application at IPL through the creation of a dedicated
biosafety o ce.

1 Strengthened detection, diagnosis, science, and
response to emerging viral pathogens by Lao scientists,
technicians, and other national stakeholders.

1 Reduced risks and threats from emerging infectious
zoonotic diseases in Lao PDR and globally.

Background

Southeast Asia is well-known to be a hotspot for emerging
viral pathogens, which include Severe Acute Respiratory
Syndrome Coronavirus (SARS-CoV) and other SARS-
CoV-like viruses, H5-subtype avian in uenza virus,
and Nipah virus (1). ese pathogens are believed to
have originated in animals before being transmitted
to humans, either directly or through an intermediate
host. Lao PDR, a landlocked country in Southeast Asia,
currently lacks a robust surveillance system for detecting
diseases caused by emerging viruses and has limited
laboratory capacity for the rapid detection of novel
pathogens. Consequently, it is imperative to establish
and reinforce local capabilities for safe investigation and
rapid response to emerging zoonotic viral diseases.

e project, Reinforced Collaboration for the
Investigation and Response to Emerging Viral Pathogens
of Security Concern, is a scienti ¢ collaborative e ort
between the Institut Pasteur du Laos (IPL) in Lao PDR
and the National Microbiology Laboratory (NML)
in Canada, funded by Global A airs Canada (GAC).
Following the completion of the initial pilot phase, the
project is dedicated to further enhancing sustainable local
capacities in Lao PDR against emerging viral pathogens
with pandemic potential, thus ensuring biological threat
reduction and strengthening the scienti ¢ cooperation
between Canada and Lao PDR.

Toimplementthe One Health approach, IPL, representing
the human health sector, has established collaborative
partnerships with local entities in both the animal
and environmental sectors, including the Faculty of
Environmental Sciences (FES) at the National University

of Laos and the National Animal Health Laboratory
(NAHL) under the Ministry of Agriculture and Forestry.

Capacity building

and skill exch

Faculty of
Environmental
Sciences (FES)
Mational University of Laos.

Capacity busng,
Ienowdedge and
wehnology transher

National Microbiology
Laboratory (NML})
Public Health Agency of
Canada

Institut Pasteur du
Laos (IPL)
Lao Ministry of Health

National Animal
Health Laboratory
(NAHL)

Lao Ministry of Agriculure
and Forestry

owledge and skill exshange.

Research activities

[ sample and data collection | |

Laboratoty testings |
IPL  NML

Using molecular, serological and
next-generation sequencing
approaches, collected specimens are
being tested for the prevalence and
transmissibility of HCVPs known or
thought to be endemic in the region

| Data analysis
IPL NML
Inventories of hosts and pathogens, and

relational databases are being
established. Data obtained will be
analyzed 1o galn insight into the natural
fauna of infectious agents circulating in
Laos

Information dessemination

Scientific
communication

IPL FES NAHL

Using live-capture technigques and
surveys to collect samples from wildlife
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joedun o yed

Annual reports

Policy briefs |

Figure 1: Collaboration and conceptual framework.

Methodology and results

Biosafety and biosecurity:

Several noticeable improvements have been achieved
in the awareness and skills related to biosafety and
biosecurity at IPL. Laboratory personnel are now
more engaged in safety drills and demonstrate deeper
knowledge of potential biosafety risks. e biosafety
o cer of IPL is currently supporting the development
of the biosafety curriculum for the Faculty of Medical
Technology at the University of Health Sciences, as well
as the national biosafety e-learning resource.
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Figure 2: Biosafety/biosecurity-related activities.

Local capacity building

IPL partnered with colleagues from the NML to assess
and improve the biosafety standards and e ciency of
several Standard Operating Procedures (SOPs), including
those for sample inactivation, DNA/RNA extraction,
and screening assays. We also developed new SOPs to
broaden the capacity of IPL for pan- avivirus screening.
Multiple on-site visits were organized to strengthen the
skills of Lao scientists and researchers. is included
two NML visits to IPL, where training was provided
on next-generation sequencing, bioinformatics, sample
inactivation/extraction, protein expression, and ELISA.

Field missions

e eld missions for the year 2024 were conducted
in 3 sites, including Kasi district, Vientiane province;
Khounkham district, Khammoune province; and
Viengthong district, Bolikhamxay province. A total of
5,881 biological samples were collected.  ese samples
included anal, saliva, and urine swabs, ectoparasites, as
well as blood and tissues obtained from bats, rodents,
and small mammals.
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Figure 3: Number of biological samples collected.

Laboratory activities

e samples are currently undergoing laboratory
testing using PCR-based methods targeting eight viral
groups. IPL is responsible for testing coronaviruses
(2), paramyxoviruses (3), hantaviruses (4), aviviruses
(5), while NML handles phleboviruses, Old World
arenaviruses, loviruses, and nairoviruses. Additional
analyses will be based on the baseline results obtained.
More comprehensive ndings will be shared in
forthcoming publications and reports.



Discussion

Investigation of the etiology of

o L undi erentiated febrile syndromes
isprojectaimstostrengthenlocal capacity to investigate

and respond to potential viral pathogens by improving through an ) Integ r_ated VIrOIOglcaI/
skills and raising awareness in biosafety, biosecurity, | entomological/high-throughput

diagnostic capabilities, and in-depth pathogen analysis. sequencing approach to map

Currently, the collected samples are being tested, and the th - lati f bovi
detected pathogens will undergo further characterization. € crculation 0 arboviruses,

ese results will provide valuable insights into the | rickettsioses and other intracellular
prevalence, transmissibility, and spillover potential of bacteria in humans and vectors in
these pathogens.
Lao PDR

Conclusion & perspectives

rough collaboration with NML, a signi cant exchange
of knowledge and experience has taken place amongst
the partners. is will better prepare Lao PDR and the
surrounding region for the emergence of high-impact
pathogens, including those with pandemic potential.
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e global objective is to investigate the causes of
undi erentiated febrile syndromes in Lao PDR using
an integrated virological and entomological approach.

is project aims to map the circulation of arboviruses,
rickettsioses, and other intracellular bacteria in humans
and vectors by screening blood samples collected during
the acute phase from patients presenting with dengue-
like fever who had previously tested negative for Dengue
virus (DENV), Chikungunya virus (CHIKV), and Zika
virus (ZIKV).

Background

At the request of the Lao Ministry of Health (MOH),
IPL has developed surveillance of arboviruses in the
country, currently focused on DENV, CHIKYV and ZIKV
infections.  is surveillance has extended to 22 civil and
military hospitals, spread across ten provinces in Lao
PDR. At the same time, several entomological study
programs on mosquitoes, sand ies, and ticks have been
developed. Currently, 40 to 50% of arbovirus surveillance
blood samples tested at IPL were negative for DENV,
CHIKYV, and ZIKV. is suggests that other pathogens
causing dengue-like febrile syndromes, such as those
from the Alphavirus, Flavivirus, and Phlebovirus genera,
may also be circulating in Lao PDR.

Pan-alphavirus, pan- avivirus, and pan-phlebovirus
molecular detection assays have previously been validated
by the Medical Entomology Laboratory to detect the
presence of these viruses in vectors, such as mosquitoes,
sand ies, and ticks. ese techniques were used on blood
samples taken during the febrile phase from patients
clinically suspected of dengue fever, in which virological
analyses are negative for DENV, CHIKV, and ZIKV.

Rickettsioses are infectious diseases caused by obligate
intracellular gram-negative bacteria. ey belong to
the order Rickettsiales and reside in a wide range of
arthropod vectors, such as eas, ticks, and mites.

IS project was structured, in collaboration with
the Medical Entomology Laboratory, around three
main axes: 1) detection of arboviruses, rickettsia, and
other intracellular bacteria in humans; 2) detection of
arboviruses, rickettsia, and other intracellular bacteria
in vectors;, 3) precise identi cation and molecular
characterization by high-throughput sequencing of the
detected pathogens. Here, only the results on the rst axis
will be presented. e results of the second and third axes
will be presented by the Medical Entomology Laboratory.

Methodology

Sample selection.

Samples were selected from the IPL arboviruses
surveillance biobank in 2023 and 2024. Brie vy, in 2023,
among the 2519 samples tested at IPL, 853 were negative
for DENV, ZIKV, and CHIKYV (see next paragraph), and
between January and September 2024, 125 were negative
among the 196 samples tested. Among these 978 samples
that tested negative for DENV, ZIKV, and CHIKYV, 761
were selected for arbovirus screening and 709 for the
rickettsia screening based on the availability of biological
materials (extracted RNA for arboviruses screening and
bu y coat for rickettsia screening) and their geographical
representativeness. e geographical origin of the
samples is shown (Figure 1).




Figure 1. Origin of samples for arbovirus (A) and
rickettsia (B) detection.

DENV, ZIKV and CHIKYV detection.

Virus nucleic acids are extracted from human plasma by
Nucleo Spin RNA virus kit (Macherey-Nagel), Nucleo
Spin 8 virus kit (Macherey-Nagel), or Nucleic Acid
Extraction Rapid kit (Bioperfectus) according to the
manufacturers instructions. Extracted RNAs are then
screened for the presence of dengue (DENV) and Zika
(ZIKV) viruses by a duplex one-step real-time RT-PCR
assay. e plasma samples that test negative for DENV
by PCR are screened by the Dengue NS1 Antigen +
Antibodies Combo rapid test (SD Bioline) for detection
of DENV NS1, anti-DENV IgM, and anti-DENV IgG.
Finally, samples that test negative for DENV by PCR
and/or DENV NS1 by rapid test are then screened for the
detection of chikungunya virus (CHIKV) using a real-
time RT-PCR assay.

Arbovirus detection.

Extracted RNAs from samples that tested negative
for DENV by PCR and/or DENV NS1 and/or anti-
DENV IgM and ZIKV and CHIKV by PCR are
reverse-transcribed to complementary DNA (cDNA)

by Maxima H Minus First Strand cDNA Synthesis
Kit ( ermoFisher Scienti ¢) according to the
manufacturers instructions. cDNAs are then screened
by pan-alphavirus, pan- avivirus, and pan-phlebovirus
nested PCR.

Rickettsia detection.

Nucleic acids are extracted from a human bu y coat
by Nucleo Spin 8 virus kit (Macherey-Nagel) according
to the manufacturers instructions, with a proteinase
K treatment. Extracted DNAs are then screened by i)
one probe-based real-time gPCR assay to detect O.
tsutsugamushi (47 kDa htrA gene) (2) and ii) i) two
probe-based real-time gPCR assays to detect Rickettsia
genus (17 kDa gene) (2,3).

Rickettsia species identi cation.

Seventeen kDa real-time PCR-positive samples are
subsequently screened with apanel of nested conventional
PCR assays targeting the 17 kDa, gltA, ompB, ompA, and
sca4 genes. For positive amplicons, DNA sequencing was
done using a BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems) on a 3500xL Genetic Analyzer
apparatus (Applied Biosystems). e raw sequences are
analyzed and edited using Unipro UGENE so ware, and
then the identi cation of the species is performed by
using the Nucleotide Basic Local Alignment Search Tool
(BLAST-N) implemented in the NCBI website (https://
blast.ncbi.nim.nih.gov/blast/Blast.cgi).

Arbovirus detection.

No viruses were detected among the 761 samples
screened by the nested PCR assays to detect Alphavirus,
Flavivirus, and Phlebovirus genera arboviruses.

Rickettsia detection.

Among the 709 selected samples, O. tsutsugamushi was
detected in 19 samples (2.7%), and the presence of the

12



13 INSTITUT PASTEUR DU LAOS ANNUAL REPORT 2024

Rickettsia genus was detected by at least 1 of the two
gPCR systems in 16 samples (2.3%). O. tsutsugamushi
was detected in samples originating from 6 provinces:
Borikhamxay (n=2), Luangprabang (n=1), Saravane
(n=1), Vientiane Capital (n=11), Vientiane (n=3)
and Xaysomboune (n=1); whereas Rickettsia was
detected in samples originated from 4 provinces:
Oudomxay (n=2), Saravane (n=1), Vientiane Capital
(n=12), Vientiane (n=1) (Table 1). No coinfection was
detected among the positive samples.

Table 1: Molecular assay results of Rickettsia detection.

Province name Pan-Rickettsiae

Sample number

0. tsutsugamushi

positive positive
Attapeu 6 %
Borikhamxay 15 2 (13,3%)
Champasack I -
Khammuane 1
Luangnamtha 2 -
Luangprabang 39 1 (2,5%) -
Oudomxay 89 - 2(2,3%)
Saravane 16 1 (6,3%) 1(6,3%)
Savannakhet 18 & =
Vientiane capital 448 11 (2,5%) 12 (2,7%)
Vienliane province 50 3 (6%) 1(2%)
Xayaboury il - =
Xaysomboune 5 1 (20%)
Xiengkhuang 5 -

19 (2,7%)

In order to identify the Rickettsia species, positive
samples were subsequently screened with a panel
of nested conventional PCR assays targeting
the 17 kDa, gltA, ompB, ompA, and sca4 genes.

Eight amplicons were obtained using the 17kDa nested-
PCR assay. Based on the Sanger sequences, ve samples
are found to be genetically close to R. typhi (the agent
of murine typhus, transmitted by eas) and 1 sample
to R. felis (the agent of ea-borne spotted fever or
cat- ea typhus, transmitted by eas). For the two
other samples, the species could not be conclusively
identi ed due to the small size of the PCR products.

Discussion

No viruses were detected among the 761 samples
screened using nested PCR assays targeting the
Alphavirus, Flavivirus, and Phlebovirus genera
of arboviruses. e negative results from human
samples suggest the need for further improvements.
is could involve either (i) optimizing the existing
detection systems to enhance their sensitivity or (ii)
developing new detection assays that speci cally target
arboviruses known to infect humans in Southeast Asia.

Among the 709 samples selected for Rickettsia screening,
Orientia tsutsugamushi  was detected in 19 samples
(2.7%), and the presence of the Rickettsia genus was
con rmed in 16 samples (2.3%). No coinfections were
observed among the positive cases. Of the 16 Rickettsia-
positive samples, the species were identi ed in 6 cases:
5 samples were genetically similar to R. typhi (the
causative agent of murine typhus, transmitted by eas),
and 1 sample to R. felis (the causative agent of ea-
borne spotted fever or cat- ea typhus, also transmitted
by eas). Further identi cation of the Rickettsia species
in the remaining samples will be pursued using a panel
of nested conventional PCR assays targeting the 17 kDa,
gltA, ompB, ompA, and sca4 genes.

ese results con rmed the circulation of O.
tsutsugamushi (the agent of the scrub typhus, transmitted
by mites) andR. typhiandR.felisin Lao PDR, aspreviously
reported. A prior study found these three Rickettsiae to
be present in 2.6% to 14.8% of febrile syndromes (1).
However, the detection rates of Rickettsiae in our study
are lower than those reported in a 2006 study that used
serological methods, which may explain the discrepancy.
Our ndings are more consistent with a 2013 study
conducted in Luangnamtha and Saravane provinces.

at study, using molecular techniques combined with
culture, detected O. tsutsugamushi (7%), R. typhi (<1%),
undetermined Rickettsia species, and R. felis (<1%)
among blood samples from 1,938 patients with febrile
syndromes (4).



Other bacteria associated with undi erentiated fevers in
humans have already been identi ed in ticks in Lao PDR,
including Anaplasma phagocytophilum (the agent of
anaplasmosis) and Borrelia spp. (the agents of borreliosis,
the most well-known of which is Lyme disease), Coxiella
burnetii (the agent of Q fever) and Ehrlichia cha eensis
(the agent of human monocytic ehrlichiosis) (5).
Although some of these diseases have not yet been
reported in Lao PDR, the identi cation of their causative
agents in local vectors suggests that it would be valuable
to test for their presence in human samples.

Conclusion & perspectives

is study did not identify arboviruses of the Alphavirus,
Flavivirus, and Phlebovirus genera in blood samples
taken during the febrile phase from patients clinically
suspected of dengue fever, in 2023 and 2024, in which the
virological testsare negative for DENV, CHIKV,and ZIKV,
suggesting a need to optimize these assays. Performing a
virome analysis using next-generation sequencing (NGS)
on a subset of samples from patients in the febrile phase,
where the causative agent of the febrile syndrome could
not be identi ed in this study, may facilitate the detection
of new arboviruses. is approach could potentially lead
to the development of speci ¢ detection systems that
could be used for screening human samples in the future.

Finally, this study con rms that several rickettsioses,
such as scrub typhus, murine typhus, or tick-borne
spotted fever, can be responsible for dengue-like
fever in Lao PDR, which has signi cant public health
implications. While there is no speci ¢ antiviral therapy
for dengue fever, rickettsioses necessitate appropriate
antibiotic treatment.  erefore, the investigation of these
rickettsioses as potential di erential diagnoses for dengue
fever should be prioritized in the Laotian context.
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Innovative platform for molecular
and serological diagnostics (PIMES)

Collaboration

[Institut Pasteur (IP) Paris, France.

I[Ministry of Foreign A airs, France.

Objectives

1. Laboratory capacity building. To establish a new
platform to develop novel serological and molecular
diagnostic tools against priority viruses and estimate the
presence and circulation of these pathogens in humans
and animals.

2. Training. To train a team of young Lao researchers
to ensure they acquire the necessary skills to work with
these new technologies.

3. Communication. To share the study results with
the Lao Ministry of Health, various Lao institutional
collaborators, and international public health authorities.

Background

Zoonotic diseases, which are transmitted from animals
to humans, pose a signi cant threat to public health.

e COVID-19 pandemic is a recent example that
demonstrates on a global level the negative consequences
if the causative pathogen cannot be accurately identi ed
and controlled in a timely manner. Factors such as
deforestation, climate change, and globalization increase
the risk of pathogen spillover to humans. e One
Health initiative aims to reduce the risk of diseases
at the interface between humans, animals, and the
environment. PIMES is a project aligned with the One
Health initiative by improving the capacity to rapidly
and accurately identify new viruses circulating in humans
and animals.

is project aims to develop -cutting-edge, high-
performance molecular diagnostic tools to detect new
viruses in samples collected from humans and animals
of Lao PDR. ese tools can theoretically be generated
and validated within weeks if the sequence is known,
contributing to a rapid response against an emerging
outbreak.  ese tools can also be used to estimate the
prevalence of these pathogens in the general population
and strengthen surveillance e orts in Lao PDR. e
establishment of this novel diagnostic platform will allow
local researchers to be trained on the development of
these techniques against any known or novel pathogens
and constitute an essential link for the successful control
and prevention of infectious disease outbreaks.

e milestones and indicators of the project include
training local researchers on antigen design in silico,
developing and validating molecular assays to detect
emerging viruses, establishing a map of pathogen
circulation, and assessing the risk of spillover. e results
will be shared with national and international health
authorities, funders, and other stakeholders in the form
of reports and meetings, as well as with the general public
through the project webpage.



e steering committee will monitor project progress
regularly and facilitate communication among various
organizations and authorities. Ultimately, this project
aims to improve existing laboratory and research capacity
and contribute to rapid outbreak response, leading to
e ective prevention and control of zoonotic diseases in
Lao PDR.

Methodology

Training workshops.

From September 18 to October 4, two workshops were
held on bioinformatic analysis and in silico antigen
design, as part of knowledge transfer and capacity
building. e trainers were experts from IP Paris:
bioinformatics (Drs. omas BIGOT and Julia KENDE)
and antigen design (Drs. Massimiliano BOMONI and
Vincent SCHNAPKA).

Invitations to attend were sent to sta researchers at
other Lao partner institutes, including the Department
of Communicable Disease Control (DCDC) and
National Centre for Laboratory and Epidemiology
(NCLE), Lao Ministry of Health; the National Animal
Health Laboratory (NAHL), Lao Ministry of Agriculture
and Forestry; the Lao-Oxford-Mahosot Hospital-
Wellcome Trust Research Unit (LOMWRU); and Centre
Infectiology Lao-Christophe Merieux (CLIM). Regional
invitations were sent to sta  from the Institut Pasteur du
Cambodge (IPC).

e training consisted of theoretical (classroom) and
practical (computer-based) components. e agenda
included the following topics for bioinformatics:
fundamentals of bioinformatics, next-generation
sequencing, and alignments, introduction to databases
in bioinformatics, genome assembly, functional and
taxonomic annotation, consensus and variant calling,
from homology to phylogeny, and summary of concepts
for pathogen discovery.

e agenda for in silico antigen design is as follows:
identify homolog structures with BLAST, sequence
alignment with MAFFT, build homology models of viral
protein in complex with receptor/antibody, structural
analysis with MDAnalysis, building models of viral
proteins with AF2/AF3, look for similar structures in
complex with antibodies/receptors, building models
of protein complexes with AF3, quality assessment and
binding free-energy estimation, structural analysis with
MDAnalysis, predicting protein-protein interactions
with Al, HADDOCK Tutorial on antibody/antigen.

Over 20 sta members from the IPL, DCDC, NCLE,
NAHL, LOMWRU, CILM, and IPC attended the basic
bioinformatics and in silico antigen design training
sessions (Figure 1A-B).

For the basic bioinformatics session, the hands-on
practices were conducted using Galaxy installed on IPLs
in-house server, along with other open-source so ware,
covering a range of bioinformatics tasks.  ese included
quality checks of Illumina and ONT sequence data using
FastQC, MultiQC, NanoPlot, and PycoQC; taxonomic
classi cation with Kraken2; de novo assembly using
Velvet, genome annotation with Augustus and Prokka;
variant calling via GATK; and phylogeny reconstruction
using Seaview.

For the in silico antigen design session, the practices
involved several approaches, including homolog-based
identi cation using MAFFT and Modeller, Al-based
structure prediction and homolog identi cation using
AlphaFold3 and Foldseek, a geometric deep-learning
approach with PeSTo and ScanNet, and physics-based
docking using HADDOCK. e trainees were provided
with the necessary tools and Python scripts to predict
the antigenic domain of the BANAL-52 coronavirus
and estimate its antigen-antibody binding a nity.
Additionally, the trainees were given the task of predicting
the antigenic region of the given amino acid sequence by
using the acquired skills and presenting the result on the
nal day.
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Lectures were recorded for future training purposes and for reference for trainees who had unforeseen enforced

absences, and they were stored on the IPL server. Trainees who successfully completed the training were awarded
certi cates of completion (Figure 2A-B).

e courses were well-received, with overwhelmingly positive participant feedback and demonstrable improvements
in participants pro ciency in bioinformatics and in silico antigen design.

Figure 2. Certi cate presentation ceremony (A) Basic bioinformatics, (B) in silico antigen design training course.



Surveillance of arboviruses in Lao
PDR

Collaboration

110 military hospitals from 8 provinces in Lao PDR.

1 National Centre for Laboratory and Epidemiology
(NCLE), Ministry of Health, Lao PDR.

1Department of Communicable Diseases Control
(DCDC), Ministry of Health, Lao PDR.

1 Defense  reat Reduction Agency (DTRA), USA.
I[MBrench Ministry of Higher Education, Research and
Innovation (MESRI), France, through funds allocated
by Institut Pasteur de Paris.

1[World Health Organization, Lao PDR country o ce.

e main objective of the arbovirus surveillance program
implemented at the IPL since 2012 is to provide the Lao
Ministry of Health (MOH) with critical information
regarding the circulation of various arboviruses,
particularly DENV and CHIKYV, within the country. is
data supports the MOH in monitoring and controlling
the spread of these viruses to protect public health.

Background

Since 2012, the Virology laboratory has been providing
the Lao MOH with information on the circulation
of arboviruses within Lao PDR. To achieve this goal,
the Virology laboratory has established a surveillance
network for arboviruses in the Vientiane capital. In
2015, at the request of the MOH, the surveillance was
extended to the 2 southern provinces of Laos (Saravane
and Attapeu). Since 2018, it has been extended to an
additional 7 provinces (Champasack, Savannakhet,
Luangprabang, Xiengkhuang, Phongsaly, Oudomxay
and Vientiane province) through the implementation
of the Arboshield project, a collaboration with the Lao
Army Health Service.

Methodology

Samples.

Patient blood samples are collected on EDTA tubes and
stored at +4 C prior to transportation to IPL for diagnosis
and molecular characterization. At IPL, blood specimens
are centrifuged and plasma samples are used to perform
the various virological tests.

Virus, antigen and antibodies detection.

Virus nucleic acids are extracted from human plasma
by NucleOspin RNA virus kit (Macherey-Nagel);
NucleOspin 8 virus kit (Macherey-Nagel) or Nucleic
Acid Extraction Rapid kit (Bioperfectus) according to
the manufacturers instructions.

18
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Extracted RNAs are then screened for presence of dengue
(DENV) and Zika (ZIKV) viruses by a duplex one-
step real-time RT-PCR assay (1). e DENV serotype
identi cation is performed by using a multiplex one-
step real-time RT-PCR assay (1). e plasma samples
that test negative for DENV by PCR are screened by the
Dengue NS1 Antigen + Antibodies Combo rapid test
(SD Bioline) for detection of DENV NS1, anti-DENV
IgM and anti-DENV IgG. Finally, the samples that test
negative for DENV by PCR and/or DENV NS1 by rapid
test are then screened for the detection CHIKV using a
real-time RT-PCR assay (2).

Dengue surveillance.

Between 1% of January and 11" of October 2024, a total
of 195 suspected cases were investigated at IPL. e
samples were nearly evenly distributed between hospitals
in Vientiane Capital (44.9%, n=88) and provincial
hospitals (55.1%, n=107), and patients originated from
12 provinces (Figure 1).

Figure 1: Origin of the samples
collected for the arbovirus
surveillance, received at IPL
between 01 January and 11
October 2024.

Of the 195 samples analysed, 26.5% were classi ed as
"con rmed acute dengue infection cases" (positive by
RT-PCR or dengue NS1 test), while 8.2% were identi ed
as "acute or recent dengue infection” (presence of
anti-dengue IgM). Another 14.8% were classi ed as
"inconclusive” (only anti-dengue 1gG detected), and in
49.5% of the cases, no evidence of dengue virus infection
was found. One sample was deemed non-compliant due
toinsu cient volume for full analysis.

Serotype identi cation.

Between 1t January and 11" October 2024, dengue
serotyping was successfully performed on all 52 samples
positive by DENV PCR. At the national level, DENV
serotype 2 (DENV-2) was the predominant serotype in
the country representing 86.5% of all PCR-positive cases
and the DENV serotype 1 (DENV-1) was detected in
13.5% of cases.

Di erential diagnosis.

e algorithm used to investigate dengue suspected cases
at IPL includes a di erential diagnostic approach. Since
2023, all samplesreceived at IPL were screened by aduplex
RT-PCR to detect DENV and ZIKV. Subsequently, all
samples that tested negative by DENV/ZIKV PCR were
then tested for CHIKV infection by RT-PCR. One acute
CHIKYV infection was detected (CHIKV PCR positive)
in one sample from Vientiane Province but no ZIKV was
detected among the samples screened in 2024. DENV
subtyping, if needed, is available at IPL on request from
partners.

Discussion

Until week 41 of 2024, Laos reported 16,966 suspected
cases, including 11 fatal cases. During this period, IPL
tested blood specimens from 195 patients with suspected
dengue fever. Among them, 52 (26.5%) cases were
classi ed as con rmed acute dengue infection, 16
(8.2%) as acute or recent dengue infection, 29 (14.8%)
as inconclusive and 98 (49.5%) showed no evidence of
dengue infection.



e number of samples tested this year signi cantly
decreased compared to previous years due to a
reorganization of IPLs dengue surveillance activities.

In 2024, DENV-2 was the predominant serotype detected
among DENV PCR-positive samples, accounting for
86.5% of cases. is con rms the shi in serotype
distribution observed in 2023, when DENV-2 emerged
as the dominant serotype. In contrast, DENV-1 was the
most frequently detected serotype in 2021 and 2022,
CHIKYV is mostly circulating in the southern provinces
of Lao PDR (3). Due to limited diagnostic capacity in
local hospitals and the fact that some physicians may
not be fully familiar with the complete spectrum of
chikungunya symptoms, which can sometimes resemble
those of dengue, passive surveillance of CHIKV is crucial
for tracking its circulation. ZIKV has also been identi ed
as a potential threat in Lao PDR, having already been
detected in neighboring countries such as Cambodia,

ailand, and Vietnam (4). In February 2020, Lao
PDR reported its rst probable case of congenital Zika,
when a baby was born with microcephaly in Vientiane.
Medical, epidemiological, and laboratory investigations
con rmed the case (5). Given the overlapping symptoms
of these arboviruses, the diagnostic algorithm used
at IPL to investigate suspected dengue cases includes
CHIKV and ZIKV in the di erential diagnosis. Since
2023, all samples received at IPL have been screened
using a duplex RT-PCR, which detects both DENV and
ZIKV simultaneously (1). Additionally, all samples that
test negative for DENV by PCR are further screened for
CHIKYV infection using RT-PCR (2). In 2024, one acute
CHIKYV infection was detected in one patient coming
from Vientiane Province, with no history of travel inside
or outside the country. is nding is interesting as
until now, the majority of CHIKV cases were detected
in southern provinces and the few cases detected in
Vientiane Capital were imported cases (3).

Conclusion and perspectives

In 2024, 52 samples (26.5%) were classi ed as"con rmed
acute dengue infection,"” and 16 samples (8.2%) as "acute
or recent dengue infection" out of 195 samples collected
from patients with dengue-like symptoms at hospitals
participating in the surveillance system. One acute
CHIKYV infection was detected in a patient from Vientiane
province, while no ZIKV infections were detected.

e results of the arbovirus surveillance were shared
through multiple channels: i) daily updates were provided
to clinicians, ii) weekly reports were sent to NCLE and
DCDC, and iii) monthly summaries were shared with
DCDC. Both NCLE and DCDC consolidate testing
data from various laboratories and report aggregated
information to the Ministry of Health (MOH). is
active surveillance enables the MOH to monitor the
epidemiologic situation of dengue in Laos e ectively.

In the future, advanced sequencing methods, such as
next-generation sequencing (NGS), could also enable
full-length genome characterization of DENV and
CHIKYV, which would enhance our understanding of the
dynamics of these viruses circulation in Lao PDR.

References

1. Ou TP, Yun C, Auerswald H, In S, Leang R, Huy R,
et al. Improved detection of dengue and Zika viruses
using multiplex RT-gPCR assays. Journal of Virological
Methods. 2020 Aug;282:113862.

2. Pastorino B, Bessaud M, Grandadam M, Murri S, Tolou
HJ, Peyre tte CN. Development of a TagManfi RT-PCR
assay without RNA extraction step for the detection and
quanti cation of African Chikungunya viruses. Journal
of Virological Methods. 2005 Mar;124(1 2):65 71.

3. Calvez E, Bounmany P, Somlor S, Xaybounsou
T, Viengphouthong S, Keosenhom S, et al. Multiple
chikungunya virus introductions in Lao PDR from 2014
to 2020. PLoS One. 2022;17(7):0271439.

20



21 INSTITUT PASTEUR DU LAOS ANNUAL REPORT 2024

4. Lim SK, Lim JK, Yoon IK. An Update on Zika Virus
in Asia. Infection & Chemotherapy. 2017 Jun 1;49(2):91
100.

5. Calvez E, Vetsaphong P, Somlor S, Xaybounsou T,
Viengphouthong S, Dupont-Rouzeyrol M, et al. First
probable case of congenital Zika syndrome in Lao
Peoples Democratic Republic. Int J Infect Dis. 2021
Apr;105:595 7.

SARS-CoV-2 variants surveillance
in Lao PDR

Collaborations

1['National Centre for Laboratory and Epidemiology
(NCLE), Ministry of Health, Lao PDR.
1 Department of Communicable Diseases Control
(DCDC), Ministry of Health, Lao PDR.

1[World Health Organization, Lao PDR country o ce.

e main objective of the SARS-CoV-2 variants
surveillance performed at IPL is to generate sequence
data on the SARS-CoV-2 strains shared by the NCLE,
in order to provide the Lao MOH and the international
community (via GISAID) data on the circulation of
SARS-CoV-2 variants within Lao PDR as part of the
epidemic control strategy.

Background

A er the emergence of the Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) virus in
Wuhan, China during late 2019, the Institut Pasteur du
Laos (IPL) was requested by the Lao Ministry of Health
(MOH) to support the national pandemic response.
As a result, since March 2020, IPL has been one of the
frontline laboratories for the diagnosis of SARS-CoV-2
in the country. In April 2021, IPL initiated surveillance
of circulating SARS-CoV-2 variants through Sanger
sequencing and RT-PCR screening. By November
2022, IPL further advanced its e orts by implementing
a next-generation sequencing (NGS) method to obtain
full-length genome sequences of SARS-CoV-2 variants,
enhancing the laboratorys capacity to monitor viral
evolution and variant emergence in the country.

Methodology

Samples.

Respiratory samples were selected by NCLE among the
strains identi ed by the national surveillance and sent to
IPL every two weeks.

RT-PCR testing of SARS-CoV-2.

Viral RNA was extracted from clinical specimens using
the Nucleo Spin RNA virus kit (Macherey-Nagel) or
the Nucleic Acid Extraction Rapid kit (Bioperfectus),
according to the manufacturers instructions.



Extracted RNAs were then screened for the detection
of the SARS-CoV-2 genome by RT-PCR following the
Charitg-Berlin protocol (1).

Next-Generation Sequencing.

At the end of 2022, IPL established a highly multiplexed
PCR amplicons approach using the ARTIC Network
multiplex PCR primers sets (https://artic.network/ncov-
2019) with the Oxford Nanopore MinlON technology
(2,3). Samples were multiplexed using Oxford Nanopore
rapid barcode and run in batches of 4-24 on a single ow
cell. Basecalling was performed on MinKNOW so ware.

e consensus sequences were then obtained using the
EDGE pipeline (4). Lineages and speci ¢ mutations were
determined from consensus sequences using Nextclade
(https://clades.nextstrain.org) and PANGOLIN (https://
pangolin.cog-uk.io) web servers. Complete genomes of
the SARS-CoV-2 virus generated by IPL were submitted
to GISAID (5).

Surveillance of SARS-CoV-2 variants.

Between January and October 2024, NCLE submitted 161
samples from nine provinces to IPL for NGS sequencing
(Figure 1). IPL successfully identi ed SARS-CoV-2
variants for 129 samples (80%).  irty-two samples could
not be identi ed due to high cycle threshold (Ct) values
(>30) or insu cient sequence coverage (<80%) and thus
the variant could not be accurately identi ed using the
Nextclade tool.

Figure 1: Origin of samples submitted by NCLE to IPL
for NGS sequencing.

Most of the identi ed strains (n=121) were of the
Omicron BA.2.86 variant group, classi ed as a variant
of interest (VOI) by the World Health Organization
(WHO) on November 21, 2023 (https://www.who.int/
activities/tracking-SARS-CoV-2-variants).  is variant
was rst detected in Lao PDR in December 2023. Six of
the identi ed strains were recombinant variants (XDD,
XDV, and XDQ), and two strains were the Omicron sub-
variant EG.5.1, which circulated in Lao PDR between
June 2023 and February 2024.

Within the Omicron BA.2.86 group, 108 samples were
identi ed as the JN.1 variant (and its sub-variants),
which WHO classi ed as a VOI on December 18, 2023,
and which has been circulating in Lao PDR since January
2024. Additionally, six samples were identi ed as the JN.2
variant, which circulated in Laos between December
2023 and March 2024. Several variants under monitoring
(VUM), derived from the JN.1 variant, were also detected
in Lao PDR in 2024, including: i) KP.2 (n=12),
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circulating since May 2024; ii) KP.3 (n=22), circulating
since June 2024; and iii) LB.1 (n=2), rst detected in Lao
PDR in July 2024.

Discussion

e ongoing surveillance of SARS-CoV-2 variants at IPL
has provided critical insights into the dynamics of viral
transmission and evolution within the country. In 2024,
the identi cation of the Omicron BA.2.86 variant group
as predominant among the SARS-CoV-2 strains re ects
the changing landscape of SARS-CoV-2 in Lao PDR at
the end of 2023, emphasizing the need for robust genomic
monitoring. e emergence of variants of interest (VOI),
such as JN.1, alongside new variants under monitoring
(VUM) like KP.2, KP.3, and LB.1, highlights the adaptive
nature of the virus, potentially in uenced by population
immunity and public health interventions.

ese ndings underscore the importance of maintaining
a comprehensive surveillance network, which is
essential for informing public health strategies and
controlling future outbreaks. Continued investment in
sequencing capabilities and data sharing will be pivotal
in understanding and mitigating the impact of SARS-
CoV-2 variants on public health in Lao PDR.

Conclusion & perspectives

In2024, IPL shared the SARS-CoV-2 variants surveillance
reports with NCLE, DCDC, and WHO by email and viaa
virtual database shared between IPL, NCLE, and WHO.
Subsequently, IPL also submitted the sequences obtained
by NGS on the GISAID database (https://www.gisaid.
org). ese results allowed the accurate identi cation
of the circulating variants present in Lao PDR, which
is essential for the national pandemic control strategy
established by MOH.
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Molecular epidemiology of rabiesin
Lao PDR

Collaboration

I[National Animal Health Laboratory (NAHL), Ministry
of Agriculture and Forestry, Lao PDR.

Funding

1 French Ministry of Higher Education, Research and
Innovation (MESRI), France.

Objectives

e objective of this project was to conduct a molecular
epidemiology study on approximately 100 rabies strains
collected by NAHL between 2017 and 2023 and elucidate
the rabies circulation in animals of Lao PDR.

Background

Rabies is a fatal viral zoonotic disease that poses a
signi cant public health threat, particularly in developing
countries. Annually, approximately 59,000 people die
from rabies, with around 80% of human cases occurring
in rural areas (1).

Notably, over 40% of deaths involve children under the
age of 15. In Asia, the estimated annual death toll is
approximately 38,000, though the actual number may
be higher due to poor diagnosis and underreporting in
many regions. Dogs are the primary reservoir of rabies,
responsible for over 95% of human cases.

In Laos, between 2012 and 2022, the Ministry of Health
(MOH) reported an annual incidence of human rabies
cases ranging from 2 to 24 (mean = 8) (2),a gure lower
than the most recent estimate of 38 deaths per year (1). In
order to monitor rabies in animals, the National Animal
Health Laboratory (NAHL) initiated rabies surveillance
in 2004, utilizing the Direct Fluorescence Antibody Test
(DFAT) on brain tissue samples.

Since 2012, no molecular data on rabies strains circulating
in animals in Lao PDR has been available (3). To Il this
gap, IPL collaborated with NAHL to sequence rabies-
positive samples from animals. As part of this initiative,
a retrospective analysis of rabies strains from 2017 to
2023 was conducted to better understand the patterns of
rabies circulation among animals in Laos.

Methodology

Samples.

A total of 119 brain samples that tested positive for rabies
using the Direct Fluorescence Antibody Test (DFAT)
were shared by NAHL. e majority of these samples
were collected from dogs (n=115), while two samples
were obtained from cats and two from cattle (Figure 1).
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Figure 1: Origin of animal samples positive for rabies obtained from 2017 to 2023.

e number of samples per year is indicated in the coloured circles. e name of provinces is indicated by two-or-three
letter code: Borikhamxay (BLKX); Champasack (CPS); LuangPrabang (LBP); Saravane (SRV); Savannakhet (SVK);
Vientiane Capital (VTC); Vientiane Province (VTP); Xiengkhuang (XK); Xaysomboune (XSB). e province of origin
was not available for two samples.



Rabies virus detection.

Virus nucleic acids are extracted from brain samples
by Direct-zol RNA Miniprep kit (Zymo Research)
according to the manufacturers instructions. Extracted
RNAs are then screened for presence of RABV by SYBR
Green pan-lyssavirus RT-gPCR assay following WOAH
recommendation (4). e RNA extraction quality is
validated by SYBR Green RT-gPCR assay targeting an
endogenous gene (b-actin).

NGS sequencing.

RNA was then reverse transcribed using LunaScript
RT Super Mix (New England Biolabs) according to the
manufacturers instructions. e complete viral genome
(excluding the 3 and 5 extremities, corresponding to the
leader and the trailer regions, respectively) was ampli ed
with six overlapping PCR fragments by using the Phusion
polymerase ( ermoFisher) as previously described (5).
Samples were multiplexed using Oxford Nanopore rapid
barcode and run in batches of 8-24 on a single R9 ow
cell. Basecalling was performed on MinKNOW so ware.
e consensus sequences were then obtained using
the EDGE pipeline using the sequence of Lao4 strain
(AB981664) as a reference for the mapping step.

Phylogenetic analysis.

All consensus sequences were manually inspected for
accuracy, such as the presence of intact open reading
frames. A sequence alignment of the newly Lao RABV
sequenced genomes combined with the 265 complete
genome sequences collected from GenBank was
constructed using MAFFT. Maximum likelihood (ML)
tree was inferred using 1Q Tree web server (http://igtree.
cibiv.univie.ac.at) with automatic substitution model
selection using ModelFinder and then edited with
FigTree v1.4.4 so ware (http://tree.bio.ed.ac.uk).

Selection of samples for NGS sequencing.

Out of the 119 samples received at IPL, 11 tested negative
for rabies virus (RABV) using the SYBR Green pan-
lyssavirus RT-gPCR assay. Six samples had high cycle
threshold (Ct) values (>30), preventing the successful
ampli cation of PCR products, while ve samples with
low Ct values failed to produce one or more required
fragments. Consequently, a total of 97 samples were
selected for NGS.

Phylogenetic analysis.

e preliminary phylogenetic analysis revealed that
rabies viruses circulating in Laos grouped into several
subclades belonging mainly to the Southeast Asia 3
(SEA3) subclade, belonging to the ASIAN clade. Inside
the SEA3 subclade, Lao strains grouped in 4 di erent
clusters (A-D) (Figure 2). In addition, some strains
showed genetic similarity to viruses from the SEAl
clade, which had mainly been reported in China. More
comprehensive ndings will be shared in forthcoming
publications and reports.
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Figure 2: Phylogenetic analysis of RABV strains detected in Laos performed with full-length genome sequence.
Newly sequenced Lao RABV strains from 2017-2022 are indicated in red, Lao RABV strains from previous studies from
1999-2012 are indicated in blue. Other RABV strains representative of diversity in Asia are indicated in black.



Discussion

Preliminary phylogenetic analysis revealed that rabies
virus (RABV) strains circulating in Laos are grouped into
several subclades, primarily within the Southeast Asia
3 (SEA3) subclade, which is part of the larger ASIAN
clade, as previously described (5). SEA3 subclades also
include rabies viruses from Cambodia, Vietnam, and

ailand, suggesting regional cross-border transmission
of the virus. Moreover, some strains exhibited genetic
similarities to viruses from the SEAL clade, which had
previously been predominantly reported in China
(5). is nding indicates potential genetic exchange
or common ancestry between rabies viruses in these
regions, suggesting a wider geographical distribution of
the SEAL clade than previously documented.

Further analysis will be necessary to gain a deeper
understanding of rabies circulation in animals in Laos.
is preliminary analysis was based on full-length
genome sequences, for which the number of available
data in public databases like GenBank is still limited.
Additional analyses focusing on the nucleoprotein (N)
or glycoprotein (G) genes of RABV, for which more
sequences are available in GenBank, should provide
better insights into rabies circulation among animals and
help study the cross-border transmission of the virus.

Conclusion & perspectives

ese preliminary results suggest that certain rabies
virus strains may have been introduced into Laos from
neighboring countries.  is research emphasizes the
transboundary nature of rabies circulation in Southeast
Asia and highlights the need for ongoing surveillance
and cross-border collaboration to e ectively manage
rabies outbreaks in the region.
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Collaboration

1[National Animal Health Laboratory (NAHL), Ministry
of Agriculture and Forestry, Lao PDR.

Funding

' World Health Organization.

Objectives

e objective is to support NAHL by providing genomic
information on avian in uenza viruses (AlVs) detected
within the framework of their national surveillance
network.

Background

Avian In uenza Viruses (AlVs), particularly the H5N1
subtype, are known to cause severe respiratory illnesses,
pneumonia, and fatalities in humans. First identi ed
in 1996 in China and subsequently in humans in Hong
Kong in 1997, H5N1 has resulted in approximately 900
reported human cases worldwide since 2003, with a
case fatality rate of 50% (1). Despite only two o cially-
reported cases of H5N1 in Lao PDR (in 2014 and 2020),
the true disease burden is likely much higher due to the
country’s limited surveillance capabilities for respiratory
infections. In fact, thousands of H5N1 strains have
been detected regularly by the National Animal Health
Laboratory (NAHL) through active surveillance of
poultry (2).

Given the ongoing threat posed by AlVs worldwide,
particularly in light of recent human H5N1 cases reported
in Cambodia and Vietnam, IPL is assisting NAHL for the
sequencing and the genome analysis of speci ¢ strains
collected through national surveillance e orts.

Methodology

Samples.

Samples were collected from ducks, chickens, or
geese (oropharyngeal swabs and tissues) or from the
environment (water or fecal swabs) by NAHL, in 2023
and 2024, in the framework of their national surveillance
in Lao PDR.

and

Avian in uenza virus detection

identi cation.

subtype

Virus nucleic acids are extracted from collected swabs by
Nucleo Spin RNA virus kit (Macherey-Nagel) according
to the manufacturers instructions. Extracted RNAs are
then screened for the presence of Avian In uenza virus
(AIVs) by RT-gPCR assay targeting the Matrix (M) gene.



Samples testing positive for AlIVs are subsequently
subjected to additional molecular assays, including
conventional and/or real-time RT-PCR, to identify AlV
subtypes in accordance with FAO recommendations.

NGS sequencing.

Whole genomes were ampli ed using custom Unil2,
and Unil3 integrated barcoded primers and Superscript
Il One-step RT PCR with Platinum Taq High Fidelity
kit ( ermo Fisher, Massachusetts, USA), as previously
described (3). Sequencing libraries were prepared
using the ligation sequencing kit SQK-LSK109 (Oxford
Nanopore Technologies, Oxford, UK) and sequenced
on the MinlON Mk1B platform (Oxford Nanopore
Technologies, Oxford, UK). Sequencing reads were
de-multiplexed, quality-trimmed, and Itered using
Porechop SO ware (https://github.com/rrwick/
Porechop). Consensus sequences were generated using
IRMA v1.02 using default settings.

Phylogenetic analyses.

A selection of sequences of H5N1 and HIN2 viruses,
with a special focus on viruses from Lao PDR, Vietnam,
and Cambodia, were obtained from GISAID. Only
sequences with full-length HA genes were selected. A
selection of sequences representative of diverse clades
circulating worldwide were also downloaded. Sequences
were aligned using MAFFT. Each alignment was
checked manually. Maximum likelihood (ML) trees were
constructed using 1Q Tree web server (http://igtree.cibiv.
univie.ac.at) with automatic substitution model selection
using ModelFinder and then edited with FigTree v1.4.4
so ware (http://tree.bio.ed.ac.uk).

Subtype identi cation.

e results of the serotype identi cation have been shared
with NAHL and will be reported in a future publication.

NGS sequencing results.

Based on the Ct values, 28 samples were selected for
genomic sequencing using NGS. Genomic sequences
were successfully generated for 22 samples with Ct values
below 30. Among these 22 samples, full-length genomes
(8 segments) were obtained for 10 strains.

Molecular and phylogenetic analyses.

Comprehensive molecular and phylogenetic analyses,
including the identi cation of virulence markers, have
been provided to NAHL and local authorities and will be
reported in a future publication.

Discussion

Avian In uenza Viruses (AlVs) were detected in all
samples processed at IPL, with Ct values ranging from 20
to42,re ectingawide range of viral loads. Hemagglutinin
(HA) subtypes were successfully identi ed in all samples,
while the neuraminidase (NA) subtypes could not be
determined in four samples, likely due to limitations
of the molecular assays as these samples have high Ct
values, re ecting a low viral load.

Complete full-length genomes, encompassing all eight
segments were obtained for three strains. e ability to
sequence full-length genomes from original samples
using multi-segment RT-PCR with a universal set of
primers appears to be limited to samples with high
viral loads, speci cally those with Ct values below 30,
underscoring the need to explore other techniques
to amplify or enrich the viral RNA to allow for more
e cient full-genome sequencing, especially in samples
with higher Ct values. One potential approach is to utilize
conventional PCR targeting speci ¢ in uenza subtypes
and subsequently sequence the resulting amplicons using
the Sanger method, which can provide further insights
into known critical mutation.
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Conclusion & perspectives

Full-length genome sequences of AIVs could be
reasonably e ciently generated by NGS for samples with
Ct values below 30. For samples with higher Ct values,
an additional ampli cation step could be performed by
inoculating speci ed pathogen-free (SPF) embryonated
eggs in a Biosafety Level 3 (BSL-3) laboratory. e
allantoic uid from dead eggs is then harvested, and
the ampli ed isolates, with a higher viral load, can be
sequenced by NGS to generate whole-genome sequences.

is capacity will be set up at IPL in the framework of
a project initiated in October 2024 on tracking AlIVs in
live bird markets of Laos, funded by the International
Pathogen Surveillance Network (IPSN).

e recent re-emergence of human H5N1 cases in
Cambodia and Vietnam underscores the importance of
enhancing AIV sequencing capabilities. Strengthening
these capabilities will better equip Lao health authorities
and international stakeholders to respond more
e ectively to AIV outbreaks.  rough this initiative,
IPL aims to bolster intersectoral collaboration with the
Ministry of Agriculture and Forestry and the Ministry of
Health, thereby enhancing both animal and public health
e ortsin Laos.
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Congress

Oral presentations:

1. Troupin C. Surveillance of arboviruses and their
vectors in Vientiane capital (and in Laos), One Urban
Health workshop in Southeast Asia, 30-31 January 2024,
Singapore.

2. Troupin C. Dengue surveillance at IPL (in the
framework of Arboshield Plus project), Arboshield Plus
project closing meeting, 26-27 March 2024, Vientiane.

Posters:

1. Vanhnollat C. Joint collaboration on capacity building
at Institut Pasteur in Laos, Global Health Security
Conference 2024, Sydney, Australia, 18-21 June 2024.
Congress attendance:

1. Troupin C. Arbovirus Summit, 22-23 April 2024, Bali,
Indonesia, invited panelist on Need and Opportunities
for Integrated Arbovirus Surveillance .

2. Troupin C. Regional Technical Consultation on

Reassortant Avian In uenza in Southeast Asia, 23-25
July 2025, Bangkok, ailand, online attendance.

Teaching activities

(lectures given in universities, during seminars, etc.)

1. Wong G. Novel pathogen discovery in the Greater
Mekong Subregion. 1st A*IDL-Institut Pasteur Joint
Symposium. Paris, France. October 2023.

2. Wong G. Novel pathogen discovery in Southeast Asia.
Institut Pasteur de Lille. Lille, France. December 2023.
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3. Wong G. Viral diversity in wild and urban rodents of
Yunnan Province, China. Pasteur English Immersion
Club (PEIC). Online. May 2024.

4. Troupin C. Principles of virological diagnosis,
Arboviruses surveillance activities at IPL, Diagnosis of
COVID-19at IPL. Arboshield Plusintern, IPL, Vientiane,
Laos. March-April 2024.

Training activities

Training given by the team:

1. Basic Bioinformatics, Institut Pasteur du Laos,
Vientiane Capital, Lao PDR. 18-27 September 2024.

2. In silico Identi cation of Proteins, Institut Pasteur
du Laos, Vientiane Capital, Lao PDR. 30 September-04
October 2024.

3. Provided an internship for a PhD student
from the University of Hokkaido on using IFA
(immuno uorescence assay) to detect bat- and shrew-
borne hantaviruses, Institut Pasteur du Laos, Vientiane
Capital, Lao PDR. 02 April to 14 May 2024.

Training undertaken by the team:
Troupin C.

1. Basic Bioinformatics, Institut Pasteur du Laos,
Vientiane Capital, Lao PDR. 18-27 September 2024.

Vanhnollat C.
1. Adeno-Associated Viral vector in Gene  erapy and
Genome Editing, Mahidol University, ailand. 23-25

April 2024.

2. Sample inactivation/extraction, protein expression
and ELISA, Institut Pasteur du Laos, Vientiane Capital,
Lao PDR. 01-12 July 2024.
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3. Basic Bioinformatics, Institut Pasteur du Laos,
Vientiane Capital, Lao PDR. 18-27 September 2024.

4. In silico Identi cation of Proteins, Institut Pasteur
du Laos, Vientiane Capital, Lao PDR. 30 September-04
October 2024.

Somlor S.

1. Training in Cell Culture Techniques . Institut Pasteur
du Cambodge, Phnom Penh, Cambodia. 11-24 February
2024,

2. Training on maintenance BSL3 . Institut Pasteur du
Cambodge, Phnom Penh, Cambodia. 20-31 May 2024.
3. Sample inactivation/extraction, protein expression
and ELISA, Institut Pasteur du Laos, Vientiane Capital,
Lao PDR. 01-12 July 2024.

4. Basic Bioinformatics, Institut Pasteur du Laos,
Vientiane Capital, Lao PDR. 18-27 September 2024.

5. In silico Identi cation of Proteins, Institut Pasteur
du Laos, Vientiane Capital, Lao PDR. 30 September-04
October 2024.

Chindavong T.

1. Lab Design and Basic Laboratory Quality Assurance
and Quality Management System, Regional Medical
Sciences Center 8, Udon  ani, ailand. 27-31 May
2024,

2. Arboviral Genomic Surveillance In A Climate
Evolving World , Singapore. 03-09 July 2024.

3. Specimen Referral System and Laboratory Quality
Assurance and Quality Management System, Vientiane
Capital, Lao PDR. 19-23 August 2024.

4. Certi ed Biosafety O cer, Vientiane Capital, Lao
PDR. 10-13 September 2024.

5. Basic Bioinformatics, Institut Pasteur du Laos,
Vientiane Capital, Lao PDR. 18-27 September 2024.

6. Insilico Identi cation of Proteins, Institut Pasteur
du Laos, Vientiane Capital, Lao PDR. 30 September-04
October 2024.

Bounmany P.

1. Training in Cell Culture Techniques . Institut Pasteur
du Cambodge, Phnom Penh, Cambodia. 11-24 February
2024.

2. Sample inactivation/extraction, protein expression
and ELISA, Institut Pasteur du Laos, Vientiane Capital,
Lao PDR. 01-12 July 2024.

3. National Inventory of Dangerous Pathogens,
Vientiane Capital, Lao PDR. 26-27 September 2024.

Khamsuvat P.

1. Certi ed Biosafety O cer, Vientiane Capital, Lao
PDR. 10-13 September 2024.

Viengphouthong S.

1. National Inventory of Dangerous Pathogens,
Vientiane Capital, Lao PDR. 26-27 September 2024.

Intavong K.

1. Discussion session to learn lessons, control and
respond to the dengue epidemic in 2023 and plan for
year 2024 , Vang Vieng, Lao PDR. 20-21 December 2023.
2. Biosafety and discussion on biologically selected
agents and toxins (BSATS) , Vientiane Capital, Lao PDR.
15-16 May 2024.

3. Basic Bioinformatics, Institut Pasteur du Laos,
Vientiane Capital, Lao PDR. 18-27 September 2024.

4. In silico Identi cation of Proteins, Institut Pasteur
du Laos, Vientiane Capital, Lao PDR. 30 September-04
October 2024.

Vachouaxiong L.

1. Basic Bioinformatics, Institut Pasteur du Laos,
Vientiane Capital, Lao PDR. 18-27 September 2024.

2. In silico Identi cation of Proteins, Institut Pasteur
du Laos, Vientiane Capital, Lao PDR. 30 September-04
October 2024.



Medical Entomology and Vector-borne disease
laboratory

e Medical Entomology and Vector-borne disease laboratory at Institut Pasteur du Laos is one of the most active
medical entomology laboratories in Laos as well as in Southeast Asia. In order to identify common and emerging
vector-borne pathogens in Laos, medical entomology lab has established studies to assess the distribution and
potential for infection transmission of divers arthropod vectors such as ticks, chigger mites, mosquitoes, sand ies,
bat ies, etc. Our lab uses di erent approaches for taxonomic studies of arthropod vectors, in particular combination
of traditional morphological taxonomy and modern molecular techniques. Both known and unknown pathogens
related to arthropods are also investigated by molecular techniques using pan-genus PCRs and by Next Generation
Sequencing in collaboration with di erent other laboratories.

In addition, the entomology lab is seting-up a pilot program for a better understanding of climatic impacts on the
tick vectors and their associated pathogens. is study could be a pilot project to support the future development of
a country and/or regional health surveillance system on tick-borne diseases.

In order to build sustainable local capacity in Laos to investigate and respond to vector-borne diseases as well as
other emerging zoonotic viral diseases, our laboratory has also provided on-the-job training for young Lao students.
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@ Ectoparasite and pathogen surveillance in Laos (TickMap 7).
# Research on mosquitoes, sand ies and their related pathogens in Laos.
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Executive summary

Vector-borne diseases pose a signi cant infectious
disease risk to populations. Over the last decades,
emerging vector-borne diseases have become one of the
most critical public health problems.  ese diseases are
0 en neglected in low-income countries like Laos due
to a lack of diagnostic tools and appropriate surveillance
systems.

Ectoparasite and pathogen surveillance

in Laos

In 2024, we persued our collaboration with the US Navy
Medical Research Unit Two (NAMRU-2) in Singapore
and with the Institut Pasteur un Paris on the Ectoparasite
and Pathogen Surveillance in Laos (TickMap7) project.

Ectoparasite and pathogen studies in Laos were initiated
in 2014 to assess the distribution of ticks and other
ectoparasites, such as chigger mites, and their associated
pathogens (arboviruses and Rickettsia) using classical
molecular methods, including PCR and Next-Generation
Sequencing (NGS).

is year, eld collections were conducted in two
provinces: Luangnamtha and Phongsaly. From 2023
to 2024, we collected and identi ed 4,505 ticks and
ectoparasites, uncovering 12 species across Ve genera,
with Rhipicephalus microplus tick being the most
abundant. Molecular analysis revealed the presence of
Candidatus Rickettsia jingxinensis in Rhipicephalus ticks.

NGS analysis of tick samples from 2019 to 2023
identi ed at least 62 viral families, including Flaviviridae,
Phenuiviridae, Nairoviridae  and highlighting the
diversity of the tick virome in Laos.

In the coming year, we will continue our studies of
the viral families of interest though detailed NGS data
analysis while improving molecular techniques for
detecting Rickettsia spp.

We will also investigate the e ects of climate change
on tick ecology and pathogen transmission dynamics
to support the development of a national or regional
surveillance system, with a focus on protecting vulnerable
rural populations.

Mosquitoes and sand ies with their

related pathogens in Laos

In 2024, we continued studying the diversity and
abundance of mosquito and sand y populations in Laos,
based on collections conducted across six provinces
from 2021 to 2024. Morphological identi cation of
mosquitoes revealed the presence of 69 mosquito species
across 11 genera, showcasing the rich biodiversity of
mosquito species in the region. Laboratory screening
by RT-PCR detected aviviruses in mosquito pools and
phleboviruses in sand y pools, indicating the active
circulation of these arboviruses among mosquitoes and
sand iesin Laos.

e public health signi cance of these viruses is not yet
fully understood. Future research will focus on analyzing
NGS data to molecularly characterize aviviruses
and phleboviruses, aiming to better understand their
evolutionary relationships and transmission dynamics.
Additionally, further collections and molecular
screenings will be conducted to expand knowledge of
vectors and viruses distribution.
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Plain language summary

Diseases spread by insects and ticks represent a big
health problem. In Laos, these diseases are 0 en ignored
because there arent enough tools to detect them.

Tick and Ectoparasite Research.

In 2024, we worked with international partners to study
ticks and other ectoparasites in Laos. Since 2014, weve
been checking their diversity and trying to identify
diseases they could carry, like Rickettsia bacteria and
some particular viruses.

is year, we collected over 4,500 ticks and other
ectoparasites from two provinces. We found 12 types of
ticks. Some of these ticks carried Rickettsia bacteria. We
also found at least 62 di erent families of viruses.
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Next, we Il improve our methods to detect and study
these bacteria and viruses. We Il also look at how climate
change could a ect ticks and the pathogens they harbor.

Mosquito and Sand y Research.

In 2024, we studied mosquitoes and sand ies in six
provinces. We identi ed at least 69 types of mosquitoes
and detected viruses in both mosquitoes and sand ies.

ese viruses, known as aviviruses and phleboviruses,
include some types that are known to cause illnesses in
other regions. However, their full impact in Laos remains
unclear.

Next steps include studying these viruses in more detail
and collecting more mosquitoes and sand ies to see
how they spread diseases. is work will help us prevent
disease outbreaks in Laos in the future.

Ectoparasite and pathogen
surveillance in Laos (TickMap 7)

Collaborations

1 U.S. Naval Medical Research Unit-2.
1[Pathogen Discovery Laboratory, Institut Pasteur Paris
(IPP)-France.

Funding

10.S. Naval Medical Research Center-Asia (NMRC-A) in
support of the Department of Defense Global Emerging
Infections Surveillance and Response System (DoD-
GEIS).

1 French Ministry of Higher Education and Research.

Objectives

1 Survey and modern identi cation (ID) of indigenous
tick and other associated arthropods, species distribution.
1 Collection, ID, extraction of vector DNA for submission
and development of regional repository.

1 Detection of putative pathogens associated with
ectoparasites from Laos.

1 Building local capacities and competencies.

Background

Vector-borne diseases constitute a signi cant infectious
disease risk for deployed military personnel and for
local populations. In Laos, de nitive diagnosis is
0 en not available for vector-borne illnesses, so the
infectious diseases which are a threat to military and
civilian populations are not well-de ned. In order to
identify common and emerging vector-borne pathogens
in Laos, in collaboration with NAMRU-2 Singapore
(SG), we established a study to assess the distribution
and infection potential of vectors (including ticks and
associated arthropods). In this study, tick and associated
arthropod vectors were surveyed from environment and
their associated hosts to provide biological specimens
for diagnostic purposes. e samples were transported
to the Institut du Pasteur (IPL) laboratory in Vientiane,
where a wide range of diagnostic tests were performed to
identify both the vector and the pathogens with which
they were infected. In order to understand the infectious
disease threats in a range of environments in Laos, IPL
collected and screened specimens from 2 sites and 2
provinces throughout Laos.



Methodology

Field sites and times.

During the course of our study between 2023 and
2024, ectoparasites were collected from Khammouane,
Luangnamtha, Phongsaly, and Vientiane provinces (Fig.
1).

Figure 1: Sampling sites of ectoparasites between 2023
and 2024. KM: Khammouane, LNT: Luangnamtha, PSL:
Phongsaly, and VTP: Vientiane province.

Field collection procedure.

Tick dragging/ agging: Tick dragnets were swept/
dragged along the forest ground at approximately 1 2
m intervals before being examined for ticks (Fig.2).
Ticks were removed from the sheets using forceps, then
transferred to 1.5 ml labeled cryotubes, and stored -20 C.
Our dragnet collecting was carried out in all three sites.

Figure 2: Tick dragging in forest in Phongsaly province
in November 2023.

Small Mammal Trapping: In each study site, 50 Sherman
traps (baited with bananas, sticky rice, or dried sh/
meat) were placed in the format of transect according to
the topography in a plantation or forest (Fig. 3).

Figure 3: Setting Sherman traps for rodent capture in
forest areas.

Additional tick collection was carried out by examining

domestic animals (cows). e animal owners were asked
to help to examine their animals. Once ticks attached on
animals were found, they were collected by direct hand
removal. All samples were stored in -20 Cinthe eldand
transported to Vientiane laboratory (IPL) using dry ice.
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Laboratory work.
Sample preparation and RNA/DNA extraction.

Between 1 and 10 ticks/ectoparasites were pooled together based on collection source, species, development stage,
blood meal, and site. Nucleic acids from the pools were extracted as follow: specimens were placed in a 1.5 ml vial
containing 1 ml of 1X cold Phosphate Bu ered Saline (PBS) and Lysing Matrix A zirconium beads (MP Biomedicals).
Tick pools were homogenized for 10 min at a vibration frequency of 25/s in a TissueLyser 11 system (Qiagen). A er
grinding, beads and tissues were spun down by centrifugation for 5 min at 3000 rpm. To obtain total nucleic acid
(both DNA and RNA) for bacterial and viral detection by polymerase chain reaction (PCR), 100 | of each pool was
extracted and puri ed by using NucleoSpinfi 8 Virus extraction kit following manufacturers protocol. e remaining
400 | of each pool was stored at 80 C for future studies.

Arbovirus screening at IPL.

Extracted samples were initially screened for phleboviruses and aviviruses by RT-PCR at IPL (Fig.4) as previously
described by Sanchez-Seco et al., 2003 and 2005. Samples were also tested for Jingmen tick virus (JMV) by RT-gPCR
as described by Cicculli, V. et al., 2024.

Figure 4: Lab work procedure for pan- avivirus and pan-phlebovirus screening at IP-Laos.

Lab work at IP-Laos: RT-PCR

Pan-Phleboviruses: L-Segment: (Sanchez-Seco et al , 2003) ~220 base pairs, SFTSV
as positive control

-Flavivirus: NS5: (Sanchez-Seco et al , 2005) ~143 base pairs, Dengue virus as
positive control




Implementation of rickettsia testing at IPL.

To investigate the occurrence of Rickettsia spp. from
the spotted fever group in ticks, a molecular screening
approach targeting the 17kDa gene (Jiang et al. 2004)
was implemented at IPL. To identify Rickettsia to species
level, we also examined the Sca4, and ompA genes.
Ehrlichia cha eensis and Anaplasma phagocytophilum
were also included in the testing panel (Tab. 1) and Sanger
sequencing was performed as previously described by
Taylor et al., 2016.

Table 1: Primers used for rickettsia species identi cation.

CATTGTCCGTCAGGTTGGCG

RI7K3IF | F1

Rr2608Rn

17kD | ew R1 GGAACACTTCTTGGCGGTG

F2 AACCGTAATTGCCGTTATCCGG

R2 GCATTACTTGGTTCTCAATTCGG

RrD749F | FI TGGTAGCATTAAAAGCTGATGG

RrD928F | F2 ATTTATACACTTGCGGTAACAC

Scad

Rickettsia spp. (Spotted RrD1826

fever group) R R TCTAAATKCTGCTGMATCAAT

RompAM TTGCGTTATAACACTTTTTAAGTG
50F-R F1 A

190-70F F2 ATGGCGAATATTTCTCCAAAA

omp

RompA64 ATTACCTATTGTTCCGTTAATGGC
2R Rl A

190-701R | R2 GTTCCGTTAATGGCAGCATCT

EHR165-

17 E GCGGCAAGCCTAACACAT

EHR16s-

97 R CCCGTCTGCCACTAACAATTATT

168

Ehrlichia chaffeensis RN
A EHR16s-
38 P

AGTCGAACGGACAATTGCTTATAA
CCTTTTGGT

Ehr16SF [ F GTACCYACAGAAGAAGTCC

EhrisSR [ R GCTGTAAACGATGAGTGCTAA

Next generation Sequencing.
RNA library construction, and NGS sequencing.
In brief, the quality and concentration of extracted

samples were evaluated using Agilent TapeStation and
Qubit 2.0 Fluorometer (Invitrogen, USA) respectively.

Total RNA libraries were constructed using the SMARTer
Stranded Total RNA-seq Kit v3-Pico input mammalian
(TakKaRa). DNA library quality and concentration were
evaluated using the same techniques mentioned above.

en the libraries were sent to Macrogen Asia Paci ¢
Pte. Ltd. for NGS using platform NovaSeq6000 at 20Gb/
sample.

Figure 5: Procedure for NGS.
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Bioinformatics pipeline.

e Pathogen Discovery lab (Institut Pasteur, Paris)
designed a so ware called microseek. It is a pipeline
oriented initially for pathogen discovery but that also
cane ciently detect known viruses (see https://pubmed.
ncbi.nlm.nih.gov/36146797/).

Species composition and abundance of ectoparasites
collected between 2023 and 2024.

A total of 4,505 ticks and other ectoparasites were
collected from two provinces, of which 2,676 were from
animals, 1,606 from dragging, and 223 from rodents (see
Tab. 2 below for more details).

Ticks were classi ed into 12 species of 5 genera including
Amblyomma testudinarium, Dermacentor auratus, and
D. spp.; Haemaphysalis aborensis, H. hystricis, and H.
spp.; Ixodes granulatus, and I. spp.; and Rhipicephalus
haemaphysaloides, R. microplus, Rh. sanguineus and Rh.
spp. e most abundance was Rh. microplus (See Tab. 2
below for more detail).
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Table 2: Ectoparasites collected from di erent sources
and their classi cation.

Flea 1 1

Table 3: Total number of tick pools and ticks screened for
spotted fever group rickettsia using 17kDa gene.

Laelapidy 196 196
Trombiculidae 8 8
Ixodidae Amblyormma A testudinarium 21 36 57
Dermacentor D auratus 1 1

D spp. 552 552

. iphysalis  H. ab 16 16

H. hystricis 4 8

H. spp. 2 a0 92

Ixodes 1. granulatus 2 7 9

I spp. 880 12 892

Rhipicephalus  R. haemaphysaloid o -
R. mifcroplus 2,548 2,548

R. sanguineus 47 47

R.spp. 10 40

Pathogen screening.
Rickettsia screening at IPL.
Spotted fever group rickettsia.

A total of 107 mini pools of ticks (corresponding to a
total of 341 ticks) were screened by conventional PCR for
17kDa gene of the spotted fever group rickettsia species.

e results showed that 54 pools (145 ticks) (see Tab. 3
below) yielded the expected product size (~434 bp). So
far, Sca4 and ompA genes were successfully ampli ed in
15 samples of these positive tick pools. Sanger sequencing
of these three genes con rmed the appartenance to the
rickettsia species (see Fig.6-8 below for blast results).
Scad gene was 100% identitical to Candidatus Rickettsia
Jingxinensis (Fig.7), whereas ompA gene showed 100%
identity to many Rickettsia species (Fig.8); the analysyis
of other additional genes such as gltA, ompB, and Fla B is
needed for the precise identi cation at rickettsia species
level.

Ambl; A. testudinarium 11 55 0

Dermacentor D. spp. 18 108 1 1

Haemaphysalis  H. hystricis 1 1 1 1
H. spp. 6 6 2 2

Ixodes L spp. 6 15 0

Rhipicephalus  R. haemaphysaloides 14 14 5 5
R. microplus 51 142 45 136

Figure 6: Blast results
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Figure 8: Blast results
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Ehrlichia cha eensis.

A total of 154 individual tick samples collected from
various sources in four provinces of Laos were screened
for Ehrlichia cha eensis using gPCR. Of these, 46 out of
154 samples tested positive (Tab. 4).

Table 5: Total number of tick pools and ticks screened for
pan- aviviruses and pan-phleboviruses.

Tick  [Amblyonma  |A, festudinarium 12 12
tAmblyomema A spp. 254 a5
[Dermacentor D auraing 1 1

T sppe 300 57
Harnaphysalis [H. arborensis 14 14
M hystricis 3 3
H. spp. 29 28
codes I spp. 862 102
" |Rhipicephalus [Rh. microplus 1942 1076
|RE. b h 25 25
|Rth. sanguineus 132 33

all negative

all negative

Jingmen tick virus detection among ticks in Laos.

A total of 200 individual tick samples collected from
di erent sources in four provinces of Laos were screened
for IMTV. Among them, 94/200 were positive a with
high prevalence in Rhipicephalus ticks collected from
domestic animals (Tab. 6).

Table 6: Total number of ticks screened for Jingmen tick

Khammouane Buffalos R. haemaphysaloides L 0 VIrus.
R. microplus 16 0
Cows R. microplus 30 12
Dogs R. sanguineus 4 1
Luangnamtha A. testudinarium 1 1 _— R} ! physaloid 1 0
Cows R. haemaphysaloides 2 2 T — R. microplus 17 8
R. microplus 32 21 Cows R. microplus 30 16
D. auratus 1 0 Dogs R. sanguineus 4 3
Vegetation D. spp. 10 0 Goats R microplus 4 4
H. spp. 2 0 A. testudi ium. 1 1
Phongsaly A festudinariom i 5 Cows R hu.emuphysufmdes 4 4
Luang R. microplus 48 48
D. sppi 10 i D. auratus 1 0
Vegetation H. hystricis 1 0 Vegetation D. spp. 0 1
H. spp. 8 0 H. spp. 2 0
L spp. 4 0 A testudinarium 4 0
Vientiane . spp. 10 0
Province Cows R. microplus 24 9 Phongsaly Vegetation H. hystricis 1 1
H. spp. 8 0
1 spp. 4 0
R. haemaphysaloides 4 0
Pan- aviviruses and pan-phleboviruses screening by RT- | vientane | ™ o = .
P C R . Pravinge R. haemaphysaloides 3 0
Dogs R. microplus 6 0
R sanguineus 10 4

So far, a total of 1,387 mini pools of 3,575 ticks were
pooled and the initially screened for pan- aviviruses and
pan-phleboviruses. All samples tested negative (see Tab.
5 below).
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Tick virome analysis by metagenomic approaches.

Preliminary analysis of data generated by NGS from
2019 to 2023.

From 2019 to 2023, despite limited funding allocated for
NGS, a total of 94 big pools comprising of 3,424 ticks
collected from 5 provinces including Borlikhamxay,
Luangnamtha, Oudomxay, Phongsaly and Xiengkhouang
(Fig.9) were submitted to NGS. Eight pools containing
mixed tick genera or collection sources were excluded
from analysis (red color in Tab.7).

Virome composition and diversity (viral families).

Data from the remaining 86 tick pools revealed virus-
related sequences assigned to at least 62 known virus
families (heatmap of top 50 viral family shows in
Fig.9), including at least six families of particular
interest: Flaviviridae, Rhabdoviridae, Phenuiviridae,
Peribunyaviridae, Orthomyxoviridae and Nairoviridae.

e most abundant viral family was Flaviviridae (Fig.10).

e Shannon diversity index varied based on collection
sites and hosts. For Rhipicephalus ticks from cows,
virome diversity was signi cantly lower in Luangnamtha
compared to other provinces. No signi cant di erences
in diversity were observed for ticks collected from
vegetation across sites or genera (see Fig.12). Genetic
characterization of the viral families of interest and more
detailed analysis are ongoing.

Figure 9: Map of tick samples submitted to NGS analysis
between 2019 and 2023.
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Table 7: Tick samples submitted to NGS analysis between 2019 and 2023. Pools with mixed tick genera or collection

sources were removed from analysis (red color).

Province Genus Development Stage Source No. of Pool .
Bolikhamxay Amblyomma/Haemaphysalis A. testudinarium/H. hystri Adult Cow 1 6
Lice/Rhipicephalus Lice/R. microplus Lice/Adult/Nymph Cow 1 19
Rhipicephalus R. microplus Adult Cow 21 473
Adult/Nymph Cow 1 15
R. microplus/R. sanguineus Adult Cow 1 12
L ha Ambly /H physalis/Ixodes/Rhipiceph A. testudinarium/H. hystricis/l. spp./R. microplus Adult/Nymph Cow/Vegetation 1 a9
Nymph Cow/Vegetation 1 54
Rhipicephalus R. haemaphysaloides/R. microplus Adult Cow 1 a1
R. microplus Adult Cow 14 964
Adult/Nymph Cow 3 292
R. microplus/R. sanguineus Adult Cow 2 129
Adult/Nymph Cow 2 178
Oudomxai Amblyomma A, testudinarium Adult/Nymp Cow 1 11
Adult/Nymph Vegetation 1 27
Dermacentor D. auratus/D. bellulus/D. spp. Adult/Nymp/Larva Vegetation 1 16
Haemaphysalis H. hystricis/H. quadriaculeata/H. spp. Adult/Larva Vegetation 1 10
Adult/Nymph Vegetation 1 22
H. hystricis/H. spp. Adult/Nymp/Larva Vegetation 1 18
Ixodes I. spp. Nymph Vegetation 1 12
Rhipicephalus R. microplus Adult Cow 12 123
Adult/Nymph Cow 1 19
R.h physoloides/Rh. Micropl Adult Cow 1 10
R. heamaphysoloides Adult Cow 1 10
Phongsaly Amblyomma A, testudinarium Adult Buffalo 2 a1
Adult/Nymph Buffalo 3 30
Nymph Vegetation 1 105
Amblyomma/Dermacentor A. testudinarium/D. auratus/D. bellulus/D. pasteuri/D. tamokensis Adult wild pig 1 23
A. testudinarium/D. spp. Adult/Nymph Buffalo/Vegetation 1 138
Amblyomma/Dermacentor/Rhipicephalus A. testudinarium/D. spp./R. microplus Adult/Nymph Buffalo 1 28
Dermacentor D. auratus/D. bellulus/D. tamokensis Adult wild pig 1 29
Dermacentor/Rhipicephalus D. bellulus/D. tamokensis/D. spp./R. microplus Adult Vegetation 1 64
Xiengkhouang Amblyomma A, testudinarium Nymph Vegetation 1 9
Dermacentor D. auratus/D. spp. Adult/Nymp/fLarva  Vegetation/Rodent 1 10
Haemaphysalis H. aborensis/H. hystricis/H. ornithophila/H. spp. Adult/Nymp/Larva Vegetation 1 3
H. spp. Nymph Vegetation 4 151
Ixodes I.spp. Nymph/Larvae Vegetation 1 22
Rhipicephalus R. microplus Adult Cow 2 16
R. spp. Larvae Vegetation 2 160
Grand Total 94 3,424
Figure 10: Heatmap showing the top 50 virus families detected in 86 tick pools.
Top 50 viral families
. Year Year
Site 20 2022
I BN N [ Source
Genus 15
ﬁpcalgggmcgambovma 2019
Klgtu;wr das
Site
5 Bolikharnxay
Luangnamtha
Oudormxai
Phongsaly
Xiengkhouang
I:al:henal |_viruses
Source
Buffala
d:’?% vir: Cow
i Iwrales
;ucr:i Je:una\.'lr\_s . EPIW
dag Mix
Wild pig
Genus
inses Amblyomma
Dermacentor
suheu Fuomavllale:s Haemaphysalis
Ixodes
Rhipicephalus

& 3
DRDEDNEDERDEHED e e e e e e e P et et
LT SO

T

LS b d o ke SR

S e e e
Soan 2302 e g

SEBENG Coo
Hing S

ECcCct
R . A

coreor CCCooor

DO DENEDEDREDEID
e e e ]




45 INSTITUT PASTEUR DU LAOS ANNUAL REPORT 2024

Figure 11: Proportion of virus families detected from 86 tick pools. Red stars indicate families of interest.

B

R

50%
&%
0%

%

Figure 12: Shannon diversity indexes of viral families among ticks collected from di erent sources (A). Shannon
diversity indexes among Rhipicephalus ticks from cows by provinces (B). Shannon diversity indexes among ticks

collected by dragging by genus and sites (C).
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NGS strategy for tick virome studies in 2024 - 2025.

To continue the surveillance of ticks and tick-borne
pathogens in Laos and investigate the in uence of
ecological factors on pathogen circulation and co-
circulation, NGS analysis at the individual tick level is
planned. So far, 60 tick samples have been selected for
library preparation.

Conclusion and perspectives

is study provides comprehensive data on tick and
ectoparasite diversity and their potential as vectors of
pathogens in Laos. Between 2023 and 2024, 4,505 ticks
and ectoparasites were collected and identi ed, revealing
12 species across Ve genera. Notably, Rhipicephalus
microplus was the most abundant species. Molecular
screening found the presence of Candidatus Rickettsia
jingxinensis in Rhipicephalus ticks, alongside preliminary
detection of Ehrlichia cha eensis. However, no Pan-
avivirus or Pan-phlebovirus sequences were detected.
NGS analysis of tick samples collected from 2019 to 2023
identi ed sequences from 62 virus families, including
families of interest such as Flaviviridae, Phenuiviridae,
and Nairoviridae, highlighting tick virome diversity
across provinces and hosts in Laos.

Future research will prioritize the genetic characterization
of viruses identi ed through NGS, focusing on viral
families of medical and veterinary importance. In
2024-2025, individual-level tick NGS strategies will
be employed to improve the pathogen detection and
the understanding of the ecological factors driving the
circulation of tick-borne pathogens.

Akey focus will be also the developmentand optimization
of molecular techniques for the detection of known
human pathogens such as Rickettsia, and Ehrlichia
cha eensis. Improved protocols for amplifying other
genes such as gltA, ompB, aB of spotted fever group
Rickettsia species and more sensitive primer sets for E.
cha eensis will be essential for accurate identi cation
and con rmation.

ese methodological improvements will support a
deeper understanding of the circulation of tick-borne
pathogens, aiding in e ective surveillance and control
e orts for these diseases in Laos.

In next coming years, we will also continue to study the
climatechangeimpactsonticksandtick-related pathogens
in Lao PDR in order to model the transmission dynamics
of tick-borne diseases and support the development of
a country-wide and/or regional surveillance system to
prevent the spread of these vector-borne diseases in the
human population, especially in the poor and rural areas
that are more at risk.
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Research on mosquitoes, sand ies
and their related pathogens in Laos

Collaboration

1MW.S. Naval Medical Research Unit-2.
1[Pathogen Discovery Laboratory, IP-Paris-France.

1[U.S. Naval Medical Research Center-Asia (NMRC-A)
in support of the Department of Defense Global
Emerging Infections Surveillance and Response System
(DoD-GEIS).

1[JFrench Ministry of Higher Education, Research
(MESRI)-IP-Laos

I[Fondation Institut Pasteur du Laos (Young Research
Grant Challenge 2023).

1 Local capacity building in medical entomology and
vector-borne diseases.

1 Inventory of vector species in Laos.

1 Pathogen detection from mosquitoes and sand ies in
Laos.

Background

Lao PDR is known for the diversity of its landscapes,
ecosystems and mountainous that attracted many tourists
each year. is developing country located in the middle
of the Indochinese peninsula shares borders with many
countries and is a hot-spot for biodiversity and potential
emergence of infectious diseases. Among emerging
arboviruses, dengue viruses (DENV) and Chikungunya
(CHIKV) are good examples of zoonotic diseases.  ese
arboviruses had sylvatic transmission cycles where
they circulated between vertebrate animals and forest-
dwelling insects before their spill-over into the human
population. In a particular environmental condition,
some pathogens could cross the species barriers and
cause the emergence of new zoonotic diseases. Hence, the
associated health risks in a speci ¢ ecosystem need to be
addressed, particularly those related to potential zoonotic
pathogens that circulate among karstic and cave-dwelling
vertebrates. Very little is known about hematophagous
insects and ectoparasites that are medically important
and the associated health risks in Indochinese peninsula
as well as in Laos.

To |l this gap, we decided to pursue our previous work
and to further investigate the arboviruses in Laos, by
carrying out arbovirus studies in hematophagous insects,
particularly mosquitoes and sand ies from the karstic
areas of Laos.



Methodology

Mosquito and Sand y sample collection.

Standard collection methods using CDC light traps were
used for sand y capture from di erent types of habitats.
Traps were set between 4 6 p.m.and 8 9a.m. Specimens
from IP-Laos repository collected between 2021 and
2024 were used for this study. Mosquitoes and sand ies
were collected from 6 provinces including Bolikhamxay,
Khammouane, Luangnamtha, Oudomxay, Phongsaly
and Vientiane province (Fig. 1).

Figure 1: Map showing locations (red stars) of Mosquito
and sand y collection sites used in this study. Numbesr
indicate years of collection. BXL: Bolikhamxay, KM:
Khammouane, LNT: Luangnamtha, ODX: Oudomxay,
PSL: Phongsaly, and VTP: Vientiane province.

Specimen preparation and identi cation.

e samples were freezen at 20 C then sorted and
counted. A er that they were kept in Eppendorf tube
with silica gel. Mosquitoes were identi ed under stereo-
microscope using related identi cation keys *¢. Sand ys
head, wings, and abdomen genitalia of both sexes were
cut under a stereomicroscope using sterile needles.
Head, wings, and genitalia were mounted on slides using
PVA or Euparal mounting medium. Morphological
identi cation was done under a compound microscope
using related morphological identi cation keys’®.

Total nucleic acids extraction.

Individual thorax/whole body in a NucleoSpinfi 8
tube was lled with 500 | of Phosphate-Bu ered
Saline (PBS) 1X and Lysing Matrix E beads or A (MP
Biomedicals). A TissueLyser 11 system (Qiagen) was used
for homogenization for 10 min at a vibration frequency
of 25/s. To obtain total nucleic acids extraction (DNA/
RNA) for pathogen screening, a total of 100 | of
each tube was extracted using a NucleoSpinfi 8 Virus
extraction kit following the manufacturers protocol. e
remaining 400 | of each pool was stored at 80 C for
further pathogen isolation.

Arbovirus screening.

Mosquitoes and sand ies were screened for the detection
of phleboviruses, aviviruses, and alphaviruses by
conventional nested RT-PCR.

Next generation Sequencing.
RNA library construction, and NGS sequencing.

In brief, the quality and concentration of extracted
samples were evaluated using Agilent TapeStation and
Qubit 2.0 Fluorometer (Invitrogen, USA) respectively.
Total RNA libraries were constructed using the SMARTer
Stranded Total RNA-seq Kit v3-Pico input mammalian
(TaKaRa).
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DNA library quality and concentration were evaluated
using the same techniques mentioned above. en the
libraries were sent to Macrogen Asia Paci c Pte. Ltd. for
NGS using NovaSeq6000 platform at 20Gb/sample.

Bioinformatics pipeline.

e pathogen discovery lab (IP Paris) team has designed a
so ware called microseek. Itisapipeline oriented initially
for pathogen discovery but that can also e ciently detect
already known viruses (see https://pubmed.ncbi.nim.
nih.gov/36146797/).

Preliminary results

Mosquito and sand y species and abundance.

A total of 3,859 samples, including 3,277 mosquitoes and
582 sand ies, were collected from six provinces of Laos
between 2019 and 2024 (Fig. 2) and processed in this
study. Of these, 3,853 samples underwent morphological
identi cation and sample preparation for laboratory
screening. e mosquitoes were classi ed into 69 species
across 11 genera (based on the old classi cation) (Tab. 8).

Figure 2: Numbers of mosquitoes and sand ies from
di erent provinces used in this study.
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Table 1. Mosquito species composition.
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Pan- aviviruses and pan-phleboviruses screening by
RT-PCR.

A total of 1,091 pools containing 2,102 samples were
screened for aviviruses and phleboviruses. Nineteen
mosquito pools tested positive for pan- aviviruses, and
17 sand y pools tested positive for phleboviruses (see
Tab. 9 for details).

aviviruses

Table 9: Mosquitoes and sand ies positive for
and phleboviruses in this study.

Bolikhamxay Mosquile 262 6 19 i 0
Kl Mosqui 159 491 1 17 0 [
i Maosgul 76 £3 0 U] o o

M Sandfly 157 332 0 0 17 137
Oudoneay Mosguito 39 93 [} ] o I
Phongsaly Mnsq‘nlm 42 48 Q 0 o o
Vientiane Mosyuilo 468 544 9 9 o i
Proving 0 0 0 [

Sanddly 1 250

NGS strategy.

In order to characterize aviviruses from mosquitoes
and phleboviruses from sand ies, so far the NGS library
of 16 samples of avivirus-positive mosquitoes and of 6
samples of phlebovirus-positive sand ies was prepared.

Conclusion and perspectives

is study highlights the diversity and abundance of
mosquito and sand y populations across six provinces of
Laos, collected between 2021 and 2024. Morphological
identi cation of mosquitoes revealed 69 mosquito species
across 11 genera, underlining the rich biodiversity of
these mosquito species. Laboratory screening by RT-
PCR detected the presence of aviviruses in mosquito
pools and phleboviruses in sand y pools, indicating the
circulation of these arboviruses among vectors in Laos.

Future work will focus on completing the NGS sequencing
and analysis to identify and characterize aviviruses and
phleboviruses in more details.

is will provide insights into the genetic composition,
evolutionary relationships, and potential transmission
dynamics of these viruses in Laos.

Furthermore, expanded sampling e orts and enhanced
molecular screening in other provinces are recommended
to better understand the distribution of vector species
and associated viruses. ese ndings will contribute
to the development of targeted vector surveillance and
control strategies, aiding in the prevention of arboviral
outbreaks in the region.
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Training activities

Training undertaken by the team.

1. Basics of bioinformatics and LIPS (Luciferase
ImmunoPrecipitation System), PIMES project.



Vaccine-preventable diseases laboratory

e Vaccine-Preventable Diseases laboratory (LaoLuxLab) aims to strengthen capacity for investigations of infectious
diseases that are of relevance for Laos. It is a joint laboratory, consisting of team members at the Institut Pasteur du
Laos and the Luxembourg Institute of Health. Since 2011, the group has been conducting research on infectious
diseases in Laos with the following objectives:

1[To investigate the epidemiology of infectious diseases in humans and animals, with a focus on vaccine-preventable
diseases.

1[To provide health o cials with the scienti c evidence required for their decisions to improve human and animal
health.

1[To evaluate and strengthen current disease prevention and control measures, including vaccination programs
1[To build gqualitative and sustainable laboratory capacity.

e results and recommendations of the studies are communicated to stakeholders and partners in the form of
written and oral reports and policy briefs.

Team

Scientist

Dr. Siriphone Virachith, MD, PhD
Junior scientist, PhD student

Dr. Vilaysone Khounvisith, MD

) Research engineer

Mr. Chomseng Norkhankham
Laboratory technicians

Mrs. Nouna Innoula

Mrs. Bounta Vongphachanh

Mrs. Latdavone Khenkha

Consultant, National Immunization Program
Laos

Dr. Phonethipsavanh Nouanthong, MD
Project coordinator, LIH

Dr. Judith H bschen, PhD

PhD student, visiting, LIH Visiting consultant, former head of lab Postdoctoral fellow, visiting scientist, LIH
Mrs. Andrea Diaz Dr. Antony Black Dr. Lisa Hefele, PhD
Projects

# Investigating hepatitis B virus infection in Lao blood donors: Genotype patterns, occult infection.

# Maternal and neonatal vaccination protection in the Lao PDR.

# e relationship between water, sanitation and hygiene (WASH) levels and infectious diseases, Khammouane
province, Lao PDR.

#- Reasons for hospitalization in children under ve.

@ e infective causes of acute hepatitis and jaundice amongst hospital patients.

a-Challenges to hepatitis C virus testing and treatment in a rural setting of Lao Peoples Democratic Republic.
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Executive summary

e LaoLuxLab / Vaccine-Preventable Diseases
laboratory was established in 2011, under guidance
of the Clinical and Applied Virology group at the
Luxembourg Institute of Health, in the framework of the
Luxembourg-Laos Partnership for Research and Capacity
Building in Infectious Disease Surveillance (PaReCIDS) .

e primary objective of PaReCIDS is to engage in
scienti c investigations concerning health-related issues
caused by infectious diseases in Laos within the context
of sustainable development. Since 2018, PaReCIDS is
managed by Dr Judith H bschen, Principal Investigator
of the Clinical and Applied Virology group.

All studies conducted by the laboratory are designed
and executed in close collaboration with local partners
and focus mainly on the molecular epidemiology and
seroprevalence of vaccine-preventable infectious diseases,
as well as animal and zoonotic diseases. In the course of
the past three years, we shi ed from conducting smaller,
disease-speci ¢ studies to adopting a more integrated
approach to better address the needs of the country. s
involved employing advanced study designs to create
versatile sample cohorts. By focusing our e orts on
fewer but more substantial studies, we can better allocate
resources, enabling larger-scale and more impactful
research. s strategic shi notonly enhancese ciency
and collaboration within the research environment but
also o ers valuable opportunities for sta training and
new experiences.

Our studies are of importance for stakeholders in public
health by providing information about the burden of
speci ¢ infections, by promoting outbreak control and
vaccination programmes, by improving health and
productivity and by proposing measures to optimize
national health strategies. Our results and evidence-based
recommendations are communicated to stakeholders
and partners in the form of written and oral reports
and policy briefs. In this years report, we present the
research activities and capacity-strengthening initiatives
conducted in 2024.

Among our ongoing research projects, we want to
highlight the progress in two of our major studies, headed
by Lao scientists:

We continued our long-standing partnership with the
National Blood Transfusion Center, operated by the Lao
Red Cross, and launched a follow-up project, focusing
on hepatitis B virus prevalence in blood donors. For
this project, the collection of 6300 samples from all 18
provinces is nearly completed.

For another project, laboratory members under
supervision of Dr Virachith visited several provincial
hospitals to implement a study focusing on maternal and
neonatal vaccination protection. e sample collection
with the target of 1600 mother and child pairs was
successfully concluded this year and the laboratory
analyses are expected to start in January 2025.

In addition to several ongoing projects, two new studies
were implemented in 2024:

Mrs. Diaz, PhD student in the Clinical and Applied
Virology group, joined the laboratory during two
research visits for several months. Supported by local
sta , she implemented a large research study looking at
reasons for hospitalization in children under ve years,
in collaboration with the Childrens hospital in Vientiane.
Since January this year, more than 1100 children were
enrolled in this study.

Finally, a study focusing on the causes of acute hepatitisin
Laos was initiated at two Central hospitals in Vientiane.
Even though especially viral hepatitis constitutes a
public health problem in Laos, the epidemiology of
hepatitis is not well understood. e investigation of
the causal contributions to jaundice/hepatitis may aid
the improvement of diagnostic capabilities within the
country and inform public health policy makers in Laos.

roughout the year, numerous training opportunities
were provided to the members of the LaoLuxLab /
Vaccine-Preventable Diseases laboratory to enhance
their expertise and skill set (for details, please see below).



Notable, Dr Khounvisith, a PhD student in the
laboratory, spent the spring semester at the University
in Basel, focusing on project management, data analysis
in epidemiology and Quantum Geographic Information
System (QGIS). She is currently working on her PhD
project focusing on the relationship between infectious
diseases and water, sanitation and hygiene levels in rural
communities in Laos. Dr Virachith attended a workshop
focusing on Regional Trials for Epidemic Preparedness
& Response organized by the PREPARE - Programme
for research in epidemic preparedness and response in
Singapore.
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Plain language summary

e LaoLuxLab / Vaccine-Preventable Disease laboratory
was founded in 2011 as part of the Luxembourg-
Laos Partnership for Research and Capacity Building
in Infectious Disease Surveillance (PaReCIDS) . e
laboratory collaborates with local partners on studies
investigating infectious diseases and particularly vaccine-

LER\HP FIKM\iJGIXGAK jU\ E¥FIXEBEIALIMKIXU preventable diseases in Laos, aiming to support public
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health strategies, vaccination programs and surveillance.

e ndings of our studies are shared with public health

authorities through easy-to-understand reports and
recommendations to guide better health decisions.
In the past years, we transitioned from smaller, disease-
speci c studies to an integrated approach with advanced
study designs. is change makes our research more
e cient, encourages teamwork, and gives sta valuable
chances to learn and grow. Professional growth is a key
focus of PaReCIDS:  roughout the year, several training
opportunities have been o ered to members of the
LaoLuxLab / Vaccine-Preventable Diseases laboratory to
further enhance their expertise and skill sets.

In 2024, the laboratory made signi cant progress in key
studies. For instance, the group completed the sample
collection for a study focusing on maternal and neonatal
vaccination protection, with laboratory analysis planned
for January 2025. e team also collaborated with the
Lao Red Cross to study hepatitis B virus prevalence in
Lao blood donors, with a target of 6300 samples from all
18 provinces in Laos.

PhD student Mrs. Diaz from the Luxembourg Institute
of Health, joined the laboratory as visiting scientist to
investigate causes of child hospitalizations, enrolling
so far over 1100 children at the Childrens Hospital in
Vientiane. Lastly, a study on the reasons for hepatitis was
started at Vientianes Central hospitals in 2024.



Investigating hepatitis B virus
infection in Lao blood donors:
Genotype patterns, occult infection
status, prevalence trends and
vaccination impact

Members of the LaoLuxLab / Vaccine-Preventable Diseases
laboratory provided training in sample and data collection
and sample processing practices for blood bank sta across
18 provinces, at the National Blood Transfusion Center in
Vientiane (Lao Red Cross).

Collaboration

JNational Blood Transfusion Center, Lao Red Cross.
J[Provincial Blood Transfusion Centers.

I[Huxembourg Ministry of Foreign and European A airs,
Defence, Development Cooperation and Foreign Trade.
I[Muxembourg Institute of Health.

e objectives are to determine the prevalence of occult
hepatitis B virus (HBV) infection in Lao blood donors, the
geographical HBV genotype distribution in hepatitis B
surface antigen (HBsAg) positive donors, the prevalence
of HBsAg in repeat donors and the impact of HBV
vaccination in donors born a er vaccine introduction.
We aim to extend the investigation to other blood-borne
pathogens, including hepatitis D virus and hepatitis C
virus.

Background

Hepatitis B is endemic in Laos, with approximately 8
to 10% of adults being chronically infected. e high
endemicity of HBV infection is thought to be a major
cause of the high prevalence of liver cirrhosis, liver
disease and liver cancer in the nation. Vaccination
against hepatitis B has been introduced in the country
in 2001, but overall vaccination rates with the hepatitis B
birth dose and the hepatitis B containing vaccine remain
low at 70% and 84%, respectively.

A geographic variation in HBV epidemiology was
found in blood donors, with higher exposure and active
infection rates in the North of the country, without any
apparent explanation for this di erence. e study also
showed an alarmingly high prevalence of HBsAg, a
marker for active infection, in repeat donors. e fact
that chronically infected donors seem to return for blood
donation warrants a thorough investigation of current
blood screening, record keeping, and donor identi cation
practices.

Furthermore, although genotypes B and C are thought
to predominate in Laos, the rarer genotype | has also
been detected. Importantly, di erent genotypes and
variants have been associated with various degrees of
disease severity and resistance to anti-viral medication.
Since current data on the genetic composition of HBV
strains are lacking for most parts of Laos, nationwide
investigations are warranted, also to further elucidate
transmission patterns.
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A study from 2006 found that 3.9% of donated blood was
HBV DNA positive, despite being HBsAg negative, and
therefore passed the screening process. Such donated
blood (occult HBV infected; OBI) may represent a risk of
infection to transfusion recipients. Due to nancial and
logistical constraints, the Lao Red Cross have not been
able to invest in automated PCR screening of donated
blood, which would detect OBI infections.

To address the current knowledge gaps, we proposed
a follow-up study in collaboration with the Lao Red
Cross to investigate the prevalence of OBI in Lao blood
donors, the geographical HBV genotype distribution,
the prevalence of HBsAg in repeat donors and the
impact of HBV vaccination on donors born a er vaccine
introduction.

Methodology

In collaboration with the Lao National Blood Transfusion
Center (NBTC), a cross-sectional study is currently being
conducted, aiming to collect a total of about 6300 samples
from blood donors in all 18 provinces. Participants are
recruited when coming to a provincial donation center
for blood donation. e blood donation center sta
manages participant enrolment, including providing
study information, obtaining informed consent and
recording information on age, sex and risk factors. A er
enrolment, participants are asked to provide a blood
sample for laboratory analysis during blood donation.

For the calculation of the target sample size, the
provinces in the country were grouped into the three
regions North (Bokeo, Huaphan, Luang Namtha, Luang
Prabang, Oudomxay, Pongsaly, Xayaboury and Xieng
Khuang), Center (Bolikhamxay, Vientiane Province
and Xaysomboun) and South (Attapeu, Champasack,
Khammuane, Saravan, Savannakhet and Sekong). e
NBTC was regarded as an additional study location
rather than grouping it to the provinces in the Center due
to its high number of yearly blood donations.

We used an expected proportion of 3.9% OBI for our
calculations based on a previous study , and the number
of blood donation units per province in 2021 as reference
for the population size.

e target sample size was calculated by region and for
the NBTC considering a potential participant withdrawal
rate of 10% (Table 1).

Table 1. Sample size estimation per region.

12478
5615
11791
25808

North
Center
South
NBTC

1454.2

1598.6
1400.3
1588.8

1273.0
1444.4
1547.3

From each participant, 5 ml of whole blood was collected.

e serum was separated and stored at the blood banks
at -20 C until transport to NBTC. A er transferral to
the Institut Pasteur du Laos, the samples were stored at
-80 C.

Serological markers for HBV will be tested by
commercially available Enzyme-Linked Immunosorbent
Assay kits. Samples will also be tested for the presence
of HBV DNA by PCR. In addition to HBV, we plan to
extend the investigation to other blood-borne pathogens,
including hepatitis D virus and hepatitis C virus.

e study is ongoing. e sample collection is nearly
completed, with a cumulative 6200 samples from all
provinces, except for Phongsaly. Currently, we are
planning the laboratory testing.

Conclusion & perspectives

Investigating the geographical distribution of HBV
genotypes, the prevalence of OBI infection, the HBsAg
prevalence in repeat donors and the impact of HBV
vaccination in Laos is critical for tailoring public health
strategies.  is study will improve our understanding
of the current state of HBV epidemiology all over Laos
and provide valuable information for the development of
targeted interventions and resource allocation.



Maternal and neonatal vaccination
protection in the Lao PDR

Blood sample collection from an umbilical cord of a
neonate and subsequent sample processing.

Collaboration

I[Mahosot hospital in Vientiane.
J[Provincial hospitals.

Funding

J[Huxembourg Ministry of Foreign and European A airs,
Defence, Development Cooperation and Foreign Trade.
J[Luxembourg Institute of Health.

e aim of this study is to investigate antibody prevalence
and titres against several vaccine-preventable diseases
in women giving birth and their new-borns in di erent
regions in Laos. Data on vaccination and infection
history of the participants will be used to analyse the
factors impacting e ectiveness of transplacental transfer
of antibodies.

Background

Maternal antibodies are transferred across the placenta
to the unborn child in utero and can protect infants
against infectious diseases for the rst few months of life.
ese maternal antibodies may have been acquired by
vaccination or previous infection of the mother.

e current infant vaccination schedule in Laos includes
pentavalent vaccine (diphtheria, tetanus, pertussis,
hepatitis B, Haemophilus in uenzae type b) administered
at the age of 6,10 and 14 weeks, and measles/rubella
vaccine administered at 9-11 and 12-23 months of age.
Nevertheless, in Laos, there are frequent outbreaks
of measles, rubella, diphtheria and other vaccine-
preventable diseases, which can a ect infants at any age
before they are vaccinated, when maternal antibodies
should provide protection. In many districts of Laos,
there is low or incomplete vaccination coverage, and
therefore lack or early waning of maternally acquired
antibodies may leave infants susceptible to infection for
longer periods.

Su ciently high maternal antibody concentrations are
essential for the protection of infants a er birth and
during their rst few months of life. However, the titer
of transferred antibodies varies between individuals. We
designed a study to investigate the antibody prevalence
and titers against vaccine-preventable diseases in women
giving birth and their new-borns in di erent regions in
Laos.

58



59 INSTITUT PASTEUR DU LAOS ANNUAL REPORT 2024

We plan to analyse the vaccination and infection history
of the women and also any factors that may impact the
transplacental transfer of antibodies. e data that will be
generated for this study may be used to improve maternal
and infant health in the country. e study will provide
evidence-based data to the Lao Ministry of Health and
the National Immunization Programme.

Methodology

is is a cross-sectional study on antibody prevalence
and levels against vaccine-preventable diseases in women
and their new-borns in Laos. A total of 400 samples were
collected from each participating provincial hospital,
resulting in a sample size of 1600 mother and new-born
pairs. e participating hospitals are located in Vientiane
Capital, Vientiane Province, Bolikhamxay, Xaysomboun,
Khammuane, Luang Prabang, Huaphan and Saravan
province (Figure 1). ese locations were chosen to
obtain a broad geographical distribution in the country.

Luang
Prabang
/ ® Huaphan
L ]
~ Xaysomboun
° Bolikhamxay
Vientiane ——
Province .
) Khammuane
Vientiane .

Capital
p Saravan

Figure 1. Map of study locations. Black dots denote
provincial capitals.

Pregnant women who were admitted to the hospital for
delivery were invited to take part in the study by the
hospital sta . A er informed consent, a 5 ml venous
blood sample was taken from each woman by a quali ed
healthcare worker. In order to capture demographic
information and other relevant factors, such as
vaccination status and infection history, a short face-
to-face interview was conducted. Following delivery, a
5 ml blood sample was taken from the umbilical cord.

e samples were sent to the laboratory of the respective
hospital for further processing and serum separation. e
serum was stored at the hospital at -20 C until transfer to
the Institut Pasteur du Laos. Currently, the samples are
kept at -80 C.

e samples will be tested for antibodies against multiple
vaccine-preventable diseases, such as pertussis, measles,
tetanus, diphtheria and rubella, by using commercially
available enzyme-linked immunosorbent assay Kits.

e study is ongoing. We received all samples from 1600
mother and new-born pairs from the eight targeted
provinces. e laboratory analyses are planned for
beginning of January 2025.

Conclusion & perspectives

e results of this study will provide essential insights
into the presence and titers of maternal antibodies and
the success of vaccination programs in diverse settings
within the country. By identifying regional disparities
and in uencing factors, the research can guide public
health decision makers to further improve mother and
child health and to reduce infant and maternal morbidity
and mortality rates.



e relationship between water,
sanitation and hygiene (WASH)
levels and infectious diseases,
Khammouane province, Lao PDR

Example of sanitation practice (latrine) in Khammuane
province, Lao PDR.

Collaboration

I[lao Tropical and Public Health Institute.
1[Swiss Tropical and Public Health Institute.
I[Local provincial and district hospitals.

Funding

I[Luxembourg Ministry of Foreign and European A airs,
Defence, Development Cooperation and Foreign Trade.
I[Luxembourg Institute of Health.

Collaboration

e objective of the study is to investigate the current
water, sanitation and hygiene (WASH) levels in rural Lao
communities and their relationship to infectious diseases.

e speci c objectives of this study are to evaluate the
knowledge, attitude and practice of the general population
towards WASH levels, to determine the relationship
between WASH levels and parasite infestation and to
de nethe relationship between WASH levels and WASH-
related disease incidence.

Background

Adequate WASH levels are important for the health
of individuals and communities. WASH levels are
de ned according to speci ¢ WHO criteria which
include improved water source, improved facilities and
availability of handwashing facilities on premises with
soap and water. In Laos, the percentage of the population
using improved drinking water and sanitation sources has
increased signi cantly over the past 30 years. However,
in some areas such as rural Khammuane province, the
prevalence of infections related to poor WASH levels
remains high. Data on infectious disease related to WASH
are scarce in Laos and there are a limited number of
studies addressing the relationship between WASH levels
and infectious disease.  ese data are, however, valuable
for policymakers, highlighting the importance of WASH
and supporting e orts to improve WASH standards in
rural communities.

Methodology

e study was designed using a village-based cross-
sectional sampling approach. ree districts of
Khammuane province were included: Mahaxay, Nakiay
and Bualapha district. e villages and households were
randomly selected using a cluster sampling approach.
All household members over the age of 5 years in 81
villages were invited to participate, leading to 2300
participants from 888 households. From each study
participant, questionnaire forms, venous blood and stool
samples were collected. e standard enzyme-linked
immunosorbent assay technique was used to assess the
antibody levels against key infectious diseases (hepatitis
A and E virus). Formalin-ether concentration technique
was used to assess the current infection with helminths.
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Serum samples were collected from 2300 participants in three districts: Nakai (349; 15%), Mahaxay (1047; 46%),
and Bualapha district (904; 39%) (Table 2). Nearly half of the participants were male (1033; 45%), with an average
age of 32.0 years (—16.6), ranging from 5 to 87 years. e majority belonged to the Tai-Kadai/Lao-Loum ethnicity
(1249; 54%). e education levels of adult participants (n=1683) varied: 561 (33%) stated that they had not received
any education, approximately half completed primary school, and only 39 (2%) attained a university degree. e
majority of adults were engaged in farming (1534; 91%). In all participants with available data (n=2263), the wealth
index measurement was strati ed into three categories: poor (754; 33%), moderate (753; 33%), and high (756; 33%)
(Table 2).

Table 2. Socio-demographic characteristics of study participants.

Variables Total
N=2300 (%)
District
Nakaiy 349 (15.2)
Mahaxay 1047 (45.5)
Bualapha 904 (39.3)
Sex
Male 1033 (44.9)
Female 1267 (55.1)
Age (years), mean (SD) 32.0(16.6)
Age group
<10yrs 229 (10.0)
11-20yrs 471 (20.5)
21-30yrs 368 (16.0)
31-40yrs 526 (22.9)
41-50yrs 369 (16.0)
>50rs 337 (14.7)
Ethnicity
Lao-Loum 1249 (54.3)
Mong-Khmer (Lao Soung) 1051 (45.7)
Levels of education (>= 18 years old; n=1683)
No schooling 561 (33.3)
Primary school 659 (39.2)
Lower 2nd school 278 (16.5)
Upper 2nd school 146 (8.7)
University/bachelor 39(2.3)
Occupation, (218 years = 1683)
Student 15 (0.9)
Farmers/Housewife 1534 (91.2)
Office staff/commerce/business 134 (7.9)
Wealth index measurement, (n=2263)
Poor tertile 754 (33.3)
Middle tertile 753 (33.3)
High tertile 756 (33.4)

is research is part of Vilaysone Khounvisiths PhD. e data analyses are ongoing.



Conclusion & perspectives

is study will provide a comprehensive assessment of
WASH conditions and their association with infectious
diseases in rural Lao communities. By evaluating the
knowledge, attitudes, and practices related to WASH,
we will gain insights into community behaviours that
signi cantly in uence health outcomes as a basis for
designing future interventions.

Reasons for hospitalization in
children under ve

Mrs. Diaz, Mrs. Vongphachanh and Mr. Norkhankham
during sample pre-processing.

Collaboration

1[Childrens Hospital, Vientiane Capital.

I[Luxembourg Ministry of Foreign and European A airs,
Defence, Development Cooperation and Foreign Trade.
I[Luxembourg Institute of Health.

Visit to the Childrens hospital to provide training for
data entry using RedCap.
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e main objective of the project is to determine the
frequent reasons of hospitalizations in children under ve
years of age (CUF). In addition, the following secondary
objectives were de ned:

I[Determine the proportion of hospitalized CUF with
a suspected infectious disease etiology in relation to all
other causes.

[Assess disease severity, using length of hospital stay as a
proxy, based on clinical diagnoses.

I[1dentify frequent hospitalization reasons other than
respiratory and gastrointestinal syndromes.

1 ldentify microorganisms associated with respiratory
and gastrointestinal syndromes in hospitalized CUF.

Background

Hospital-based active surveillance is an e ective method
for monitoring severe diseases within a population. In
Laos, there is a lack of comprehensive data on the causes
of hospitalization among children under ve years of
age. While research has been conducted with a focus
on gastrointestinal or respiratory diseases, it has not
provided a broad understanding of the overall burden of
illness.  eaim of this study is to identify and describe the
most common causes of hospitalization in this age group.

e study is being undertaken in collaboration with the
Childrens Hospital, a leading paediatric institution in
Vientiane Capital.

Methodology

In collaboration with the Childrens hospital, we plan to
include 3000 patients under the age of 5 years that are
admitted to the hospital. e sample size calculations
were based on an expected 58% infectious disease
prevalence from data provided by the Childrens Hospital,
and accounting for a 20% dropout rate.

In addition, power analyses were performed for the
comparison of clinical outcomes with the estimated
sample size. e study will run over the course of two
years. A pooled nasal and throat swab, and a rectal
swab or stool sample is collected from the participants.
e data is collected through questionnaires at the
moment of admission and discharge. A study team
member calls the legal guardian of the patient 30 days
a er discharge to capture adherence to treatment, and
clinical outcomes such as mortality or re-admission into
the hospital. e questionnaires were translated into Lao
and are administered to the legal guardian by the nurses
in the hospital. All replies are collected digitally using
tablets provided by the laboratory. e questionnaires
include demographic information, clinical data (such
as symptoms and antibiotic usage), anthropometric
measurements (such as weight and height/length), and
relevant exposure history. . e digital data collection
enabled real-time monitoring of the process and was
the basis for the early identi cation and resolution of
encountered challenges. Prompt feedback to hospital
sta ,re ningofthe questionnaire and multiple discussion
rounds with all study team memberssigni cantly reduced
instances of missing data and errors during data entry.

Data and sample collection is ongoing. As of November
2024, more than 1100 participants were enrolled since
January 2024 (Figure 2), about 60% of them are male.
e median age of the participants was 13 months,
ranging from 0 to 59 months. Most of the participant are
residents of Vientiane Capital (73%) and are Tai-Kadai/
Lao Loum (76%). e healthcare workers reported
gastrointestinal diseases (38%) and respiratory diseases
(39%) as the most frequent reason for hospitalization.
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Figure 2. Numbers of enrolled participants from January
to November 21 2024.

Conclusion & perspectives

is project aims to elucidate the primary reasons for
hospitalizations among children under ve years of
age, with a speci ¢ emphasis on infectious diseases. By
determining the proportion of hospitalizations due to
suspected infectious diseases compared to other causes,
and assessing disease severity through length of hospital
stay, the study will provide crucial insights into the
burden and nature of childhood illnesses in Laos.

Additionally, the results may also inform healthcare
policy and paediatric care strategies, aiming to improve
health outcomes for Lao children.

e infective causes of acute
hepatitis and jaundice amongst
hospital patients

‘ i

Dr. Hefele, Dr. Siriphan and Dr. Virachith discussing
the study set-up at the Outpatient Department of
Setthathirath hospital in Vientiane.
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Collaboration

[Mahosot Hospital, Vientiane Capital.
1[Setthathirath Hospital, Vientiane Capital.

Funding

I[Luxembourg Ministry of Foreign and European A airs,
Defence, Development Cooperation and Foreign Trade.
I[Luxembourg Institute of Health.

Objectives

In absence of current data, we aimed to conduct a
comprehensive cross-sectional, hospital based study
to determine the causes of acute jaundice and hepatitis
among patients in Vientiane Capital.

Background

Two previous studies examined the causes of jaundice
and hepatitis in Laos. Both studies were conducted in
Vientiane. e rst, a case-control study in 1995-1996
, identi ed leptospirosis in 21% of the cases and IgM
antibodies against hepatitis A and B virus in 14% and
10% of cases, respectively. e second study, conducted
between 2001 and 2004, detected hepatitis A virus in
36% of the patients. e prevalence for both hepatitis
B and C virus was 5%. In addition to that, 13% of the
participants were diagnosed with scrub typhus, murine
typhus or leptospirosis.

Since 2004, no study addressed the causes of hepatitis in
hospital patients in the Lao PDR. Since then, considerable
progress has been made in improving sanitation, blood
safety and immunisation activities, which all may have
impacted the epidemiology of hepatitis in the country.

Methodology

e protocol for a cross-sectional study was developed
a er reviewing existing literature and conducting
interviews with local healthcare providers. Permission
from the National Ethic Committee for Health Research
was obtained in October 2023. Consequently, the study
was implemented at Mahosot hospital and Setthathirath
hospital in a consecutive fashion, starting rst at the
Gastroenterology department at Mahosot hospital.
A er informed consent and enrolment, participants are
asked to complete a questionnaire covering topics such
as age, socio-economic background, risk behaviours and
medical history. A second questionnaire is used to gather
information on the diagnosis.

e data is collected via REDCap so ware on tablets,
provided by the LaoLuxLab / Vaccine-Preventable
Disease laboratory. Similar to the hospitalization study
mentioned above, digital data collection enables real-
time monitoring of the data collection process, timely
detection of issues and data entry errors as well as
immediate feedback and corrective actions.

In addition to the face-to-face interview, participants are
asked to provide a blood sample for laboratory analysis.
e collected samples are transferred to the Institut
Pasteur du Laos where they are processed and stored at
-80 C until further analysis. e collected specimens will
be tested according to standardised guidelines to identify
possible hepatitis aetiologies relevant in the context of
Laos, including but not limited to the hepatitis viruses.

e study is ongoing and as of November 21, 85
participants were enrolled. e median age of the
participants was 39 years old, ranging from 16 to 82 years
(Figure 3). Most of the participants were from Vientiane
Capital (69%) and Vientiane Province (8%) and male
(53%). e majority (92%) of participants belonged to
the Tai-Kadai/Lao Loum ethno-linguistic group.
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Conclusion & perspectives

is hospital-based study seeks to 1l the critical knowledge gap regarding the causes of acute hepatitis in Laos. By
identifying the primary etiologies among these patients, the ndings can guide healthcare providers in developing

better diagnostic and care strategies. e results will also inform public health initiatives in Laos, such as the National
Strategic Plan on Viral Hepatitis 2024-2030.
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Figure 3. Age distribution of the participants enrolled in the study (as of November 21 2014) by sex.
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Challenges to hepatitis C virus
testing and treatment in a rural
setting of Lao Peoples Democratic
Republic

Background

e prevalence of hepatitis C virus (HCV) in Laos has
been estimated at 1-2% across di erent demographic
groups. We observed an unusually high incidence of
HCV exposure in one of our previous studies in Saravan
province (Figure 4). Participants from the rural district
of Samuoi, located in the eastern part of the province,
exhibited exposure rates of 24% , suggesting a substantial
future burden of liver disease. In response to this
surprisingly high exposure rates, a case-control study
was conducted in Samuoi district to explore the risk
factors associated with HCV exposure . In the framework
of this case-control study, direct acting anti-virals were
provided as treatment to 92 viremic individuals, and
adherence to the medication was evaluated.

— — .

Collaboration

I[Centre d'Infectiologie Lao-Christophe M@rieux.
J[Llao Tropical and Public Health Institute.

Funding

J[Luxembourg Ministry of Foreign and European A airs,
Defence, Development Cooperation and Foreign Trade.

J[Luxembourg Institute of Health.
{[Fondation Mg@rieux.
J[Aid Care China.

Objectives

e objective of the study was to evaluate treatment
compliance among individuals receiving direct-acting

antivirals (DAAs) for hepatitis C in a rural setting.

e treatment regimen involved a daily intake of 400 mg
of Sofosbuvir and 100 mg of Velpatasvir for a duration of
12 weeks. e compliance was assessed at three intervals
through pill counting during follow-up visits at the
district hospital, speci cally at weeks 4, 8, and 12. Face-
to-face interviews were conducted to gather information
on socio-demographics, risk factors for non-compliance,
medical history, health status, and awareness of the
disease and its treatment.
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Figure 4: HCV seroprevalence, Laos, May 2017 March
2019. A) Location of Saravan Province; B) districts
of Saravan Province. Colors represent seroprevalence
levels. HCV, hepatitis C virus. Figure reproduced from:
Black AP, Khounvisith V, Xaydalasouk K, Sayasinh K,
Sausy A, Muller CP, et al. Unexpectedly High Prevalence
of Hepatitis C Virus Infection, Southern Laos. Emerg
Infect Dis. 2022;28(1):256-259. https://doi.org/10.3201/
eid2801.211307

e majority of participants were male (78.3%), married
(96.7%) and under 50 years of age (56.5%) (Table 3),
with a mean age of 50 years (SD = 13, ranging from 24
to 90 years). In total, 19 participants were lost to follow-
up. Reasons for that were lack of transportation means,
challenging road access, relocation, severe illness, and
time constraints due to work.

Of the 73 participants that attended the nal check-
up at 12 weeks, the average compliance to treatment
(percentage of pills taken) was 97.7% (—6) with a range of
61-100%. Several reasons were identi ed for incomplete
compliance: forgetfulness (56.2%); lost pills (13.7%);
being busy with work (7.8%); confusion regarding dosage;
traveling for work; fear of side e ects; inaccessible at due
time.

Table 3. Characteristics of study participants.

Variables N (%)
Sex Male 72 (78.3)
Female 20 (21.7)
Age group (years) <50 52 (56.5)
250 40 (43.5)
Marital status Married 89 (96.7)
Single/divorced 3 (3.3)
Education No schooling 37 (40.2)
Elementary school 40 (43.5)
Secondary school or higher 15 (16.3)
Employment status Unemployed/retired 58 (63.0)
Currently employed or working 34 (37.0)
Income (USD) <100 USD 84 (91.3)
100 USD-300 USD 8 (8.7)
Living condition Alone 2 (2.2)
Living with family (>5 people) 90 (97.8)
Distance to district hospital <14 50 (54.4)
(km) 214 42 (45.6)

Discussion

e study highlights the challenges and successes of
providing hepatitis C treatment in rural Laos, with
ndings suggesting that compliance can be achieved
when patients have reliable access to care.

68



69 INSTITUT PASTEUR DU LAOS ANNUAL REPORT 2024

However, logistical barriers, particularly transportation
and road access, contributed to a signi cant loss to
follow-up.

e World Health Organization has advised the
implementation of simpli ed and decentralized diagnosis
and treatment methods, proven e ective in various
regions . Given the concerning conditions in Saravan
and in accordance with the Lao National Strategic Plan
on Viral Hepatitis, there is a critical need to develop and
establish a scalable decentralized intervention for HCV
testing and treatment.

Conclusion & perspectives

Our study identi ed signi cant challenges for treatment
compliance for HCV in a rural community in Laos. In
order to overcome these barriers, the implementation
of local interventions, training healthcare workers and
raising public awareness are necessary.

e study was published as:

Akkhasith D, Sayasone S, Homsana A, H bschen JM,
Virachith S, Black AP, Paboriboune P. Challenges to
Hepatitis C Virus Testing and Treatment in a Rural
Setting of Lao Peoples Democratic Republic. Journal of
Clinical and Experimental Hepatology 14, no. 5. 2024
October. https://doi.org/10.1016/j.jceh.2024.101426.

Publications in 2024

Dekker T, Hefele L, Neven A, H bschen JM, Essink DR,
Black AP. Factors associated with hepatitis B vaccination
in Laos: ndings from the multiple indicator cluster
surveys in 2011/12 and 2017. Lancet Reg Heal - West
Paci c. 2024 May 1;46:101059. https://doi.org/10.1016/j.
lanwpc.2024.101059.

Akkhasith D, Sayasone S, Homsana A, H bschen JM,
Virachith S, Black AP, Paboriboune P. Challenges to
Hepatitis C Virus Testing and Treatment in a Rural
Setting of Lao Peoples Democratic Republic.

Journal of Clinical and Experimental Hepatology
14, no. 5. 2024 October. https://doi.org/10.1016/].
jceh.2024.101426

Virachith S, Phakhounthong K, Khounvisith V, Mayxay
M, Kounnavong S, Sayasone S, H bschen JM, Black AP.
Hepatitis B virus exposure, seroprotection status and
susceptibility in Healthcare Workers from Lao Peoples
Democratic Republic: Cross-Sectional Study. Accepted
by JMIR Public Health & Surveillance. 2024 November.

Congress

Oral presentations.

Dekker T, Hefele L, Neven A, et al. (2024), Factors
associated with hepatitis B vaccination in the Lao Peoples
Democratic Republic:  ndings from the Multiple Indicator
Cluster Surveys in 2011/12 and 2017. Oral presentation at
the Conference on Tropical Medicine and Global Health
in D sseldorf, Germany, 19™ to 21 of October 2024.

Hefele L, Virachith S, Khounvisith V, et al. (2024),
Hepatitis B virus epidemiology in the Lao PDR. Oral
presentation at the Conference on Tropical Medicine
and Global Health in D sseldorf, Germany, 19" to 21% of
October 2024.

Posters.

Vantava S, Hefele L, Virachith S, et al. (2024), Low
seroprotection against diphtheria and tetanus in Lao
adolescents. Poster presentation at the Luxembourg
Microbiology Day, Luxembourg City, Luxembourg, 16™
of May 2024.

Black AP, Virachith S, Khounvisith V, Hefele L,
Paboriboune P, H bschen JM. High exposure to hepatitis
Cvirus in Saravan, southern Laos; identi cation of several
risk practices. Poster presentation at the Luxembourg
Microbiology Day, Luxembourg City, Luxembourg, 16™
of May 2024.



Hefele L, Virachith S, Khounvisith V, et al. (2024),
Hepatitis B virus epidemiology in the Lao PDR. Poster
presentation at the Luxembourg Microbiology Day,
Luxembourg City, Luxembourg, 16th of May 2024.

Black AP, Virachith S, Khounvisith V, Hefele L,
Paboriboune P, H bschen JM. High exposure to hepatitis
C virus in Saravan, southern Laos; identi cation of several
risk practices. Poster presentation at the Conference on
Tropical Medicine and Global Health in D sseldorf,
Germany, 19 to 21% of October 2024.

Congress attendance.

Siriphone Virachith was invited to contribute with
her expertise to the National Strategic Plans for Viral
Hepatitis in Lao PDR, 2024-2030 meetings, organized
by the Department of Healthcare and Rehabilitation
(Ministry of Health) and the World Health Organization.

e meetings were held on 26" of July and 28" of August.

Teaching activities

(lectures given in universities, during seminars, etc.).

Siriphone Virachith gave lectures to 1% and 2" year
students at the LTPHI in the framework of the hepatitis
seminar:

[Lecture: Introduction to viral hepatitis.
0 Generalities on viral hepatitis.
o Natural history of viral hepatitis.
0 Epidemiology and distribution of viral hepatitis.
0 Co-infections of viral hepatitis.

[Llecture: Non-hepatocarcinogenesis viral hepatitis.

0 Hepatitis A (HAV) and Hepatitis E (HEV):
biology, epidemiology, situation in Laos, pathophysiology,
virological diagnosis, and follow-up of infection.

1 Lecture : Public Health issues related to viral hepatitis.
0 Viral hepatitis screening.
0 Mother-to-child transmission.
0 Hepatitis management in developing countries.

1 Lecture: Laboratory practices for Viral Hepatitis.
0 Rapid Diagnostic Test.
0 ELISA test.
0 PCR test.

Training activities

Training given by the team:

In the framework of the project Reasons for
hospitalization in children under ve years of age, Mrs.
Diaz and Dr. Khounvisith have conducted three training
sessions at the Childrens hospital to introduce electronic
data collection with REDCap.

Training undertaken by the team:

Both Vilaysone Khounvisith and Siriphone Virachith
attended several trainings:

1 Basic bioinformatics at Institut Pasteur du Laos; 27™ to
28" of September 2024.

1[In-silico Identi cation of protein at Institut Pasteur du
Laos; 30" September to 4™ of October 2024.

1CLIPS workshop at Institut Pasteur du Laos 28" of
October to 7" of November 2024.

In addition, Siriphone Virachith attended the Regional
Trials for Epidemic Preparedness & Response Workshop
organized by the PREPARE - Programme for research in
epidemic preparedness and response in Singapore from
26™ of February to 1%t of March 2024.

In the third year of her PhD studies, Vilaysone
Khounvisith took courses in Switzerland during the
spring semester (February to May 2024), focusing on
project management, data analysis in epidemiology
and Quantum Geographic Information System (QGIS).
During this period, she also advanced data analysis for
her project and contributed to manuscript preparation.
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Parasitology laboratory

e aims of the Parasitology Laboratory are to carry out research and training in the area of Irpadisitology to
understand better parasitic diseases a ecting the Lao population anapisgrways to mitigate possible infections,
and to provide technical support to the national and sub-level institutions in the aretagfraad other parasitic
diseases.

Team

Head of Laboratory
Dr. Moritoshi lwagami, PhD

Senior Consultant
Dr. Shigeyuki Kano, MD, PhD

Scientist
Dr. Phonepadith Khattignavong, MD

Junior scientists
Dr. Phoyphaylinh Prasayasith, MD
Dr. Parita Hansana, MD

Laboratory technicians
Mrs. Pheovaly Soundala
Mrs. Sonesimmaly Sannikone

Project

# SATREPS project.




















































































