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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 16 years before retroceding the full management of IPL. Sustainability will be achieved by preparing
a new generation of Lao doctors and scientists to fill key positions as heads of laboratories and administration at IPL.

IPL has a mandate from Lao Ministry of Health to fulfil 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 benefits from a large degree of autonomy (legal, scientific, management, financial) 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 scientific 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 finance 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.



Main Organigram

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 IP Paris. A specificity 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. Bounkong SYHAVONG, (Chairman), Minister of Health, Lao PDR.

Dr. Ponmek DALALOY, (Honorary Chairman of the Board), Former Minister of Health, Lao PDR.
Dr. Manivanh SOUPHANTHONG, Former Dean of University of Health Sciences, Lao PDR.

Pr. Dr. Didier SICARD, Honorary President of the National Ethic Committee of France, France.
Dr. Marc JOUAN, International Director of the Institut Pasteur, France.

Actual composition of Scientific Advisory Board:
Prof. Felix REY, Institut Pasteur, Paris.

Prof. Olivier LORTHOLARY, Necker Hospital, Paris.
Dr. Rabindra R ABEYSINGHE, WHO, Manila
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Letter From

Dr. Paul BREY

Director

We have witnessed in 2019 one of the most devastating
Dengue epidemics in Laos over the past decades. With
indicators such as high dengue viral inoculum in the
general population, low herd immunity and a very
robust Aedes aegypti / Aedes albopictus adult and
larval populations through out Vientiane Capital, IPL
predicted a major Dengue epidemic for 2019 already in
November of 2018. This information was shared with the
Lao Ministry of Health at the National Dengue Meeting.
The Ministry recognized this risk, but to conduct a major
vector control campaign during the dry season when
vector populations are very low is difficult to motivate
and implement a vector control campaign as there is a
general sentiment that the situation is not urgent enough
so why carry out such a campaign when there are only a
few cases of Dengue and vector mosquitoes are few. The
problem is that the vector populations are too important
to control once the rains have started. It is a bit like the
analogy of a forest fire. If the fire is control when it is small
it can be managed if you let the fire get out of control it
is impossible to stop the spread. It may seem counter-
intuitive to initiate control program during the dry
season, but this is precisely the moment we should attack
the vector when its populations are low. The dry season
is the bottleneck for the next rainy season’s mosquito
vector population. If we can reduce the mosquito vector
populations during the dry season it makes it difficult
for the vector mosquitoes to expand their populations
effectively once the rain season returns. Hence, effective
dry season mosquito vector control could reduce the
vector populations enough to slow down the spread
of Dengue once the rains return. Laos is not the only

country in the region that saw record-breaking number
of Dengue cases; Philippines, Bangladesh, Thailand
Cambodia and Vietnam also suffered a similar scourge.
The World Health Organization (WHO) and expert
medical entomologists need to work closely with public
health authorities to push for the implementation of “dry
season “vector control programs.

2019 also saw the re-emergence of Ebola virus in the
Democratic Republic of Congo with some case being
reported in the bordering countries. The seriousness of
the re-emergence prompted the WHO to declare on 24
July 2019 a public health emergency where all countries
must be on alert for imported Ebola cases. Hence, on
29 July 2019 IPL received an official mandate letter N°
916 from the Lao Ministry of Health to take on the
responsibility of being the front line laboratory for Ebola
diagnostics and differential diagnostics for hemorrhagic
tever viruses. IPL immediately put into place its protocols
for Level 4 putative hemorrhagic fever viruses sample
management and diagnostics.

IPL also continued it work on vaccine preventable
diseases providing the Lao Ministry of Health with
evidenced based results on the Hepatitis B vaccine
protection, Pentavalent vaccine efficacy and preliminary
results on the Human Papilloma Virus (HPV) vaccine
immunogenicity and protection in adolescent school girls
in Lao PDR. Such evidence-based results are provided to
the Lao Ministry of Health and WHO as policy briefs to
improved the public health policy according to results.



On the Parasitology front, the SATREPS project
supported by the Japanese government, which focused
on Malaria, Opisthorciasis and Schistosomiasis came to
an end in May 2019, but additional funds from Japanese
industry have been secured to continue our work on
Malaria and Malaria parasite drug resistance.

Another highlight in 2019 is the IPLs Board of Directors
officially established IPLs own foundation “Fondation
Institut Pasteur du Laos” under the auspices of the
Fondation de France in Paris. This foundation was
created as a financial tool to promote the sustainability
of IPL in the future. IPL Fondation can receive donations
from outside sources and the financial interest generated
by the foundation will then be sent exclusively to IPL
to use for IPL Lao scientist/technician salary support,
scientific projects, equipment etc. An independent
governance board, separate from the IPL executive,
manages the IPL Fondation funds. We are now actively
searching for contributes big and small to help meet our
goal of 5 Million USD by 2024 (www.pasteur.la).

Finally in the educational tradition of Institut Pasteur
and the IP International Network, IPL and Institut
Pasteur in Paris co-organized the International Medical
Entomology course 10-22 June 2019 hosted at IPL. This
course included lectures from leading specialists from
France, Europe and Southeast Asia, as well as hands-on
laboratory practical courses in the dedicated training labs
and medically important arthropod collection at IPL. The
course finished with a three-day medical entomology
field excursion, allowing the students to put what they
learned into practice. Fourteen selected students from
Laos, France, Cambodia, Myanmar, New Caledonia,
Vietnam, Tunisia, Slovenia, Iran and the Kingdom of
Bhutan joined the course.

Paul Brey
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IN MEMORIAM

Phengsavanh SITTIVONG
1948-2019

In 2007 when I arrived in Vientiane to establish the Institut
Pasteur du Laos I needed to find a trustworthy collaborator
who could speak and write fluently in French and Lao
languages and who could help me with interactions with the
Lao government during this initial phase of the creation of the
Institut Pasteur du Laos. During a stay at the Green Park Hotel
in Vientiane, I met the proprietor Mr. Chung Prarasavong
who told me his “little” brother Phengsavanh was looking to
find a position within an organization that was here to benefit
the country.

After T met Phengsavanh, who was about 10 years my
senior, I knew that he was the type of person I was looking
for. An experienced jurist, trained in France with working
experience within the Lao Ministry of Justice and years of
experience in Canada, Phengsavanh was a remarkable
person with many talents. I liked his direct approach and
his remarkable ability to give me insight into the Lao culture
and their way of doing things.

Shortly after hiring Phengsavanh, we were having lunch
together at alocal restaurant when several men approached our
table and conveyed their respects in Lao, shook Phengsavanh’s
hand vigorously, visibly with a high degree of admiration. I
teased Phengsavanh asking him if he was some kind of star?
He replied frankly, “yes” he used to be the captain of the Lao
National Football (Soccer) Team and was a famous player who
scored 3 goals to beat the “historic rivals, the National
Team of Thailand! So, I quickly realized that my co-worker

Phengsavanh was the former Lao Zinedine Zidane!
But Phengsavanh told me that he had given up football,
but was absolutely passionate about tennis —he played the
game almost everyday after work and on weekends!

Prior to the creation of the Institut Pasteur du Laos by decree
of Mr. Bouason Bhoupavanh, the Lao Prime Minister, we need
to establish a representation office for Institut Pasteur in Laos.
Phengsavanh did all the paper work and we got our license to
operate in Laos. We set up a small office in the Sihom Office
building and with Phengsavanh we began to work with the
Minister of Health Dr. Ponmek Dalaloy, his head of Cabinet
Dr. Nao Boutta, and Professor Sithat Insisiengmay to draft a
general collaboration agreement along with our counterparts
at Institut Pasteur in Paris (Michele Boccoz, International
Director and Antoine des Graviers, legal council to the
international division). The General Cooperation agreement
would serve as a framework for the future statutes of the
Institut Pasteur du Laos. The Institut Pasteur du Laos was
officially established as a Lao National Institute for research
and training on infectious diseases on the 16 of November
2007.

After the creation of IPL, Phengsavanh remained a crucial
figure during the construction phase and during the hiring
process of IPL staff. He was well liked by our Lao staff who
considered him like a big brother figure. Phengsavanh’s door
was always open and he was always available to talk to staff
and always ready to help out. He was the one the staff would
call if something was not right. Phengsavanh remained once
the Institut was operational continuing to provide legal advice,
translate documents and participate in the daily life of IPL.
Even after his retirement Phengsavanh continued working at
IPL part-time in the mornings and playing tennis the
afternoons.

Over the past 12 years Phengsavanh Sittivong has played
an important role in the establishment of Institut Pasteur
du Laos. His deep understanding of the Lao and Western
cultures made him a key player in negotiations with the Lao
Government, Vientiane Municipality, but also allowed the
IPL administration to have a clear understanding of the Lao
point of view. His legal and translational skills allowed IPL to
negotiate and communicate effectively with our Lao partners.
Phengsavanh’s jovial good-natured personality always made
our staff and guests always feel at ease and welcome. We lost
our Phengsavanh on the 11" of September this year while he
was playing tennis, the game he loved so much. We miss him
dearly.

Paul Brey
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Arbovirus and Emerging viral
diseases Lao-French joint Lab 1

Since 2012, the Arbovirus and Emerging Viral Diseases Laboratory developed combined field studies to
improve knowledge of viral vector-borne diseases in the Lao PDR. Over the last three years, the team was
organized around specific projects to help the young Lao scientists and technicians to acquire skills in virology
with strong practical applications. In order to expand the capacities of the unit and reinforce the positioning
of the laboratory in the public health arena, a new strategy has been developed. The team has now been
restructured into three groups that, between them, encompass the different laboratories’ areas of responsibility.

Progress in arbovirus surveillance and staff changes afforded opportunities to reorganize the team. A major part of the
group is now dedicated to the global surveillance of arboviruses, providing (i) assistance to Vientiane and provincial
hospitals for the confirmation of arboviral infections, (ii) updated information and alerts to national and international
health authorities, and (iii) training for medical staff in hospitals. A second group focuses its activities on arbovirus
ecology. Interactions with entomologists and vertebrate experts were reinforced in order to diversify the fields of
investigation on arbovirus cycles and maintenance in wild environments. A third group is in charge of conducting
research on more fundamental aspects of virus-host interactions and to develop new detection or diagnosis tests.

Nevertheless, the capacity of the unit to mobilize sufficient staft to face a major public health crisis in the area of the
emergence of unrecorded viral pathogens in the region or re-emergence of endemic viruses on a 24/7 basis has been
maintained.

Head of Laboratory: Marc GRANDADAM, PhD

Junior Scientists:
Somphavanh SOMLOR, MD
Thonglakhone XAYBOUNSOU, MD

Technicians:

Phaithong BOUNMANY

Souksakhone VIENGPHOUTHONG
Sitsana KEOSENHOM, Lab & Quality Agent
Phoutsana KHAMSUVAT

Thep aksone CHINDAVONG

Phithaya THONGSAVATH, Data clerk

Projects

¥ Arbovirus surveillance in Lao PDR

# Ecomore2 project

¥ Inputs of Research and development activities in Ecomore2 project
% Training activities

& Support to institutions

% Evaluation of new tools for arbovirus diagnosis



Executive summary

Arbovirus surveillance became over time the major
tool for research and public health involvement of the
Arbovirus and emerging viral diseases laboratory. The
strong background of knowledge and data acquired by
the laboratory over the last seven years allowed to set up
capacities to anticipate dengue epidemic and improve
patients’ diagnostic and management. However, dengue
remainsamajor publichealth concernanditstransmission
remains challenging for the country. Dengue surveillance
was the driving activity of the laboratory through
Ecomore2 project. Lao PDR experienced a continuous
transmission of dengue with a global predominance
of dengue 4 over the past three years. However, a
sudden onset of dengue virus serotype 2 raised the
question of the occurrence of a major outbreak in 2019.
As of September 30", more than 33.500 dengue
suspected cases were declared at the country level within
which, 66 fatal cases were attributed to dengue virus.

The development of news laboratory methods was
required to fulfill some objectives of Ecomore2 project.
Specific capacities were developed to improve dengue
virus characterization. From a genetic point of view,
a rapid screening protocol has been set up in order to
determine dengue virus genotypes using partial envelop
sequencing. Isolates of interest are then analyzed by
extensive envelop gene sequencing. Surveillance system
also aims to evaluate the risk for arbovirus importation
and spreading. Experimental infection of local
Aedes species have been performed to evaluate their
competence for the transmission of different genotypes of
chikungunya virus isolates from imported cases in Laos.

The expertise of the laboratory has also been requested
by health authorities to reinforce the country capacities
to fight against global emergencies (Ebola) or by private
companies for the evaluation of new diagnostics tools.

Overthese eightyears ofactivities, thelaboratorybecamea
key partner for the national health authorities by providing
recommendations for arbovirus diagnostic, control and
prevention and training to reinforce health systems.
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Figure 1: Arbovirus and Emerging Viral Diseases Laboratory organigram

Figure 2: Arbovirus and emerging viral diseases laboratory regional partnerships



Arbovirus surveillance in Lao PDR

Project Ecomore2 funded by Agence Francaise du
développement (AFD)

Project coordinators: Marc GRANDADAM ;
Somphavanh SOMLOR

Staft members: Thonglakhone XAYBOUNSOU,
Phaihong BOUNMANY, Sitsana KEOSENHOM

Dengue surveillance in Vientiane Capital

Arboviruses surveillance

For now eight consecutive years, the AVED laboratory
provides real time information on dengue transmission
to the Lao Ministry thanks to its surveillance network in
Vientiane Capital. Since 2015, the surveillance network
includes several Lao provinces after specific a request
of the MOH (Saravan; Attapeu) and as an outcome of a
large training program for the Lao Army health service
(Arboshield project; Champassack; Luang Prabang....).
The sum of the data allows to establish, with a certain
degree of certainty, predictions regarding the level
of transmission of dengue in Vientiane Capital
city (Table 1). In November 2018, the indicators

suggested that, if environmental conditions were met,
a major dengue epidemic could be expected in Laos.
This trend was confirmed in the first months of 2019,
when a significant level of dengue cases were confirmed
with a predominance of serotype 2 (Figure n°3).

Table 1: Indicators used for dengue prediction for 2019
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Figure 3: Comparison of the national syndromic
and Vientiane Capital laboratory based surveillance

data. (A) Weekly of dengue suspected cases
recorded at the national level (source NCLE);
(B) Laboratory surveillance data from IPL.
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As of September 30, 2019, 33.200 cases of dengue were
reported at the national level, including 66 fatal cases
attributed to dengue. Of them, 21 were recorded in
Vientiane Capital city. investigated. A dengue virus
infection could be confirmed for 11 of the 13 cases
investigated by the AEVD laboratory. All the three
circulating serotypes (i.e. DENV-1; DENV-2 and DENV-
4) were found at the origin of these fatal cases. AEVD
laboratory investigated a large part of the suspected
cases. From January to September 2019, 6211 dengue
suspected cases from 9 provinces (Vientiane Capital,
Vientiane Province, Saravan, Attapeu LuangPrabang,
Xayabouly,  XiengKhouang, = Champassack  and
Savannakhet) were tested giving a global confirmation
rate of 65%. At the acme of the outbreak, between weeks
27 to 33, the confirmation rate reached 80%. At this stage
the number samples received by the laboratory was not
manageable anymore (Picture 1). Specific clinical criteria
were determined and discussed with the Ministry of
Health and WHO in order to save laboratory capabilities
and prioritize the investigation of critical cases. The
number of samples tested for dengue virus serotyping
has also been reduced. The drop in the number of
cases observed in the surveillance in Vientiane Capital
is mostly a result of the recommendations for a pre-
screening selection of the suspected cases (Figure
n°3). As shown by the syndromic surveillance system,
the number of cases recorded began to decrease from
week 34. However, confirmation rate remained beyond
70%, suggesting the epidemic may continue until the
end of the year. Among the RT-PCR positive cases, 10
to 30% were randomly selected for serotyping. This
procedure, experienced during the 2012-2013 DENV-3
epidemic, demonstrated to give an accurate vision of
the distribution of the dengue virus serotypes. The
predominance of DENV-2, anticipated in October
2018, was confirmed and was associated with a co-
circulation of DENV-1 and DENV-4 (Figure n°4).

Picture 1: Reception and bio-banking of dengue
suspected cases’ samples

Figure n°4: Dengue serotypes distribution in Vientiane
Capital

Differential diagnosis

The algorithm used for the investigation of dengue
suspected cases includes a differential diagnosis approach.
At this stage, chikungunya and zika viruses have been
identified as possible threats with potential high impact
in the general Lao population. As diagnostic capacities
and capabilities remain limited, the passive surveillance
of these viruses is the keystone for the early detection
of the importation and/or circulation in the country.

Urine collection has been promoted to the clinicians
for now four years to improve zika virus direct
diagnosis by RT-PCR. When available, the suspected
cases negative for dengue were tested for the presence
of zika virus genome in urine by RT-PCR. No case
of zika infection could be identify in 2018-2019.



Two cases of chikungunya virus infection were
recorded in foreigners returning respectively
from Indonesia and Myanmar. Genetic and
vector competence on Lao populations of
Aedes mosquitoes are now under investigation.

Ecomore?2 project

The main objective of ECOMRE?2 is to gather different
sources of information (disease surveillance; entomologic
indicators; socio-demographic data; meteo/climatic
data...) to reinforce the capacity to predict dengue
epidemic by developing a multi data sources modelling
system. The dengue surveillance system provides the core
source of information of the future outbreak simulator
including GPS coordinates’ of dengue confirmed cases
for real time mapping in Vientiane Capital. Socio-
demographic data from the last census and satellite
pictures were used to characterize the city (Figure n°5).

B

Figure 5: Different layers used for dengue transmission
analysis in  Vientiane Capital province. (A)
Distribution of dengue confirmed cases based on
households GPS coordinates. (B) Ground temperature

The superposition of the different layers of data used for
the mapping will help to determine the driving factors
of dengue transmission specific to Vientiane Capital city.
Additional approaches based on clustering analysis of
the confirmed cases will help to analyse the dynamic
of the outbreak (Figure n°6). The study of the different
epidemic cycles observed over the last past eight years
evidenced different patterns of confirmed cases clustering.

12



13 INSTITUT PASTEUR DU LAOS ANNUAL REPORT 2019-2020

70 Inputs of Research and development

*0 activities in Ecomore2 project

50

a0 Ecomore2 project in Lao PDR aims to gather multiple

- sources of data for the development of an outbreak
simulator. Dengue virus genetic information and the
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level of herd immunity of the Lao population against
dengue were considered as key issue for the accuracy of

o the future simulator. Specific tools were designed for the
§ § rapid analysis of large series of virus or human samples.
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Rapid genotyping protocol for dengue

:2 virus mobility studies
30 From a genetic point of view, the four dengue virus
25 serotypes are subdivided in closely related patterns
20 o of isolates also known as “genotypes”. The full envelop
o = gene sequencing is used as the gold standard to
12 ' * 1 . determine dengue virus genotypes. However, the cost
Siaed S e i el S se and the workload are limiting this type of analysis
S o gooEssaneegeenssy e toa limited number of isolates. Rapid genotyping
§ §~ § § ~§~ § § §~ § ~§- §~ 53 ?‘; §~ § § §~ § § §~ protocols were developed in order to determine the
SIS 3 S 3 S 3 B 3 R R 3 S 3 S genotype(s) of large series of isolates with the aim to

facilitate virus mobility studies. Preliminary results
were obtained were already obtained for the two
main serotypes of dengue recorded in 2018-2019.

Dengue virus serotype 2 phylogeny

Since 2012, dengue virus serotype 2 (DENV-2) has
been regularly detected in Lao People’s Democratic
Republic at a low level but the epidemiologic profile
changed in 2018. Indeed, in October 2018, DENV-
2 burden progressively increases and DENV-2
became predominant Vientiane Capital in 2019. In
this study, we updated DENV-2 polymorphism data
observed in Vientiane Capital and at the country level.
To determine DENV-2 isolates origins and diversity,
a Genotype Screening Protocol (GSP) based on
partial envelope gene sequencing has been set up.
A panel of 49 DENV-2 isolates, gathering both
autochthonous and imported cases collected in six
Lao provinces between 2015 to 2019, was analyzed.

Figure n°6: Clustering of dengue confirmed cases
based on the combination of laboratory surveillance



The molecular epidemiology revealed the co-
circulation of two DENV-2 genotypes (Cosmopolitan
and Asian genotypes) and lineages within each
genotype over the last five years. Sequence comparison
suggested multiple events of introductions of DENV-
2 strains in the country from neighboring countries.

Figure n°7: Phylo-geography of Lao DENV-2 isolates
determined by the genotype screening protocol

Dengue virus serotype 4 phylogeny

In 2013, the arbovirus surveillance network
detected the emergence of DENV-4 in Vientiane
Capital. In 2014-2015 the virus spread at the country
level and DENV-4 became predominant in 2017-2018.
In this study, we determined DENV-4 polymorphism
observed in Vientiane Capital and at the country level.

For this purpose, we conducted a phylogenetic study on
DENV-4 samples, isolated by the arbovirus surveillance
system, during the major DENV-4 outbreak in Laos
PDR between 2014 and 2018. The preliminary results

demonstrated an introduction of the genotype I in 2014.
However, since 2015, only genotype I was detected in Lao

Discriminant ELISA for typing Arbovi-

rus antiobodies (DELTAa)

Seroprevalence studies were implemented to determine
the level of exposure of different groups of the Lao
population to arboviral diseases (cf BiolaoPlus project
in Epidemiology section; Ecomore2). A major limitation
in the interpretation of the data are the cross-reactions
between and within antigenic complex. The gold
standard to discriminate antibody cross reactivity is
the plaque reduction neutralization test (PRNT). This
technics is labour intensive and sometimes requires
a significant volume of sample as it is required to test
different virus in parallel to establish the interpretation
thresholds. Only limited series of samples can be analyse
at the same time. A new approach based on a modified
indirect ELISA, based on antibody affinity, has been set
up to overcome these obstacles. Preliminary comparison
with PRNT showed that the DELTAa assay allow the
discrimination of antibody reactivity at the antigenic
complex level. Tests are now ongoing to evaluate how this
approach may help to determine virus specific antibodies
and could be apply for dengue virus serotyping.
The DELTAa assay has been used for the screening
of the samples collected to determine dengue
virus seroprevalence in Vientiane Capital city.
The level of herd immunity of the population in
Vientiane against dengue and the burden of each
serotypes are part of the information that will be
used for the development of the outbreak simulator.

Blood samples were collected in 9 sentinel hospitals in
Vientiane Capital between February to April 2019 (Figure
n°8; Picture 2). A total of 1317 volunteers were included
defining a cohort with a mean age of 30.1 years (min-max
3-88 years) and a sex ratio of 1.4 (F/M). Among them,
66.3 % (95% CI 63.4-68.5) displayed reactive IgG against
dengue antigen using ELISA. The DENV seroprevalence
increased progressively from 14.1% (95% CI 8.6-20.0)
in children aged 3 to 6 years, to 64.7% (95% CI 59.7-
69.8) among participants aged 19 to 30 years and finally
92.8% (CI 95% 82.6-96.1) among adults over 50 years.

14
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When measuring the antibody affinity using the DELTAa
assay with a threshold of 60%, the overall DENV
seroprevalence rate felt to 21.3% (95% CI 29.4-34.5).
Seroprevalence rates increased with age 2% (95% CI 0.6-
6.3) among children aged 3 to 6 years to 20.2% (95% CI
25.8-35.5) in young adults (19 - 30 years) and was only
36.6% (CI 95% 43.6-56.4) among adults over 50 years.
Dengue seroprevalence rate based on high antibody
affinity was found to be limited in Vientiane Capital
with a slight increase with age. This may explain at least
in part, the permanent impact of dengue in Vientiane
Capital city. The same type of approach is now ongoing
to establish the seroprevalence rates for each serotypes.

Picture 2: Inclusion of outpatients by students of the Lao
Tropical and Public Health Institute

Figure n°8: Comparison of dengue seroprevalence
measured by both conventional indirect ELISA and
DELTAa assay

Training activities

« 2 days training on GIS in the frame of Ecomore
2 for IPL, NCLE and Xaysettha district hospital
(Institut Pasteur du Laos, Marc Choisy; Olivier Telle)
o Arboshield project, year 3: 21 days of training
for military staffs on health surveillance system
(module 1), biosafety/biosecurity (module 2) and
diagnostic of viral vector borne diseases (module 3).
o Co-supervision of a Lao master student (Palamy
Changleuxai; Flinders University, Adelaide, Australia)
o Supervision of two master student of the
Lao  Tropical and Public Health Institute.

Education activities (Elodie Calvez)

o Arboshield program: 8 participants divided into 2
group (1 group per year) from Lao Army Institute of
Preventive Medicine. In this course, six topics were
described: Biosafety and biosecurity, Concentration
and dilution, General biology, Molecular biology,
Immunology, Pathogen vector transmission. This
training is organized 1 hour per week since 2018.
o IPL staff training: Every week, IPL staff divided into
two group participated to a course and different topic
were presented like Concentration and dilution, General
biology, Molecular biology, and Sequence analysis.
o Journal club organization: Every two weeks a journal
club is organized with the IPL junior scientists. The
aims of the journal club are to develop the ability of the
junior scientist to research and analyse a publication
and also to be able to present and explain the results.
o Implementation of the Biosafety e-learning (Kaptitude
program): This new program was organized to
increase the knowledge of the IPL laboratory but also
maintenance staff in Biological and Chemical security.



Support to institutions

Evaluation of new tools for arbovirus
diagnosis

Table II: Biological material transfer activity in 2019

Consignee Biological material

Antigens: Dengue; Chikungunya
for IgM and IgG detection

Institut Pasteur de Bangui

Institut Pasteur de Cote
d’Ivoire

Antigens: Dengue; Chikungunya
for IgM and IgG detection

« A financial support has been provided to colleagues of
the dengue surveillance network from Vientiane Capital,
Salavan and Attapeu provinces to attend to the National
dengue meeting in Champassack (10-11 December 2018).

« Ecomore2 project supported the development of alert
and prevention application by staffs of Xaysettha district
hospital by providing a smartphone and a computer.
These staff were also invited to GIS training organized at
the Institut Pasteur du Laos and Institut Pasteur du
Cambodge.

« Following the international alert on Ebola launched
by WHO in July 2019, the AEVD laboratory has been
mandated by the Lao Ministry of health to reactivate
laboratory capabilities for the first line investigation
of Ebola suspected cases. Staffs of AEVD laboratory
followed a refreshing training on management of
biological samples suspected to contain BSL-4 pathogens
(Picture 2). Several exercises were performed to
check the reagents and the performances of the team.

Picture 2: Ebola training session in IPL BSL-3

Surveillance activities performed by the AEVD
laboratory over the last past years have generated a
collection of nearly 15.000 human samples. The ethical
agreements and the patients’ inform consent allowed
the AEVD laboratory to use the leftovers for research
and to improve diagnosis on arboviral infections. The
laboratory has been solicited by private companies and
the Foundation for Innovative New Diagnostics (FIND)
to perform evaluation studies of automated serological
tests and lateral flow immunochromatographic assays
(Picture 3). These requests concretize the level of
expertise of the laboratory and its staff and offers
a new source of funding to support IPL activities.

Picture 3: Evaluation a new dengue diagnostic tools

Scientific communications

« Somphavanh SOMLOR et al. “Institut Pasteur dengue
surveillance network” Annual dengue surveillance
meeting. December 11" 2018. (Oral communication).

o Somphavanh SOMLOR et al Annual dengue
surveillance meeting. “Dengue  diagnostic and
laboratory  surveillance” ~ December 11"  2018.
Champasack, Lao PDR. (Oral communication).
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o Somphavanh SOMLOR et al “Chikungunya”
Symposium - “Outbreak Preparedness and Readiness in
the Greater Mekong Subregion” on May 28" and 29" 2019
in KunMing, Yunnan, China.(Oral communication).

« Elodie Calvez et al, “Genetic landscape of dengue virus
serotype 2 in Vientiane Capital, Lao PDR". National
Research Forum, Vientiane, October 17%, 2019 (Oral
communication).

« Thonglakhone XAYBOUNSOU et al. “Kinetic of
dengue virus cellular viremia in Lao patients”. National
Research Forum, Vientiane, October 17%, 2019 (Oral
communication).

o Somphavanh SOMLOR et al. Dengue seroprevalence
in Vientiane Capital, Lao PDR. National Research Forum,
Vientiane, October 17%, 2019 (Oral communication).

o Somphavanh SOMLOR et al. Incidence of dengue
infection in Lao teenagers in Vientiane Capital.
Adolescent health research day Vientiane, October 15,
2019 (poster).

Publications

« Elliott E Miot, Elodie Calvez, Fabien Aubry, Stéphanie
Dabo, Marc Grandadam, Sébastien Marcombe, Catherine
Oke, James G. Logan, Paul T. Brey, Louis Lambrechts.
Potential of the sylvatic mosquito Aedes malayensis to
act as an arbovirus bridge vector in a forested area of the
Nakai district, Laos”. Parasites & Vectors. (submitted)

o Temmam S, Vongphayloth K, Hertz ], Sutherland I,
Douangboubpha B, Grandadam M, Thomas Bigot T,
Brey P, Eloit M. Six nearly-complete genome segments
of a novel reovirus identified in Laotian batflies. 2019.
Microbiology Resource Announcements (in press)

o Nouanthong P, Hiibschen JM, Billamay §,
Mongkhoune S, Vilivong K, Khounvisith V, Sinner
R, Grandadam M, Phonekeo D, Black AP, Muller CP.
Varicella zoster and fever rash surveillance in Lao
People’s Democratic Republic. BMC Infect Dis. 2019
May 8;19(1):392. doi: 10.1186/512879-019-3990-7.

o Tangena JA, Marcombe S, Thammavong P,
Chonephetsarath S, Somphong B, Sayteng K,
Grandadam M, Sutherland IW, Lindsay SW, Brey PT.
Bionomics and insecticide resistance of the arboviral
vector Aedes albopictus in northern Lao PDR. PLoS
One. 2018 Oct 25;13(10):e0206387. doi: 10.1371
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Medical Entomology & Biology of Disease
Vectors Laboratory Lao-French joint Lab 2

The main objective of our lab is to study the biology and ecology of arthropod vectors (mosquitoes, sandflies,
ticks, etc.), as well as the transmission cycles of the viruses, parasites and other microbial pathogens they transmit.
Furthermore, we are working on ways to mitigate vector borne disease transmission in Lao PDR via vector control
training programs.

Head of Laboratory: Dr. Paul BREY, PhD

Scientists:
Khamsing VONGPHAILOTH, MD
Sébastien MARCOMBE, PhD

Junior Scientist:
Phoutmany THAMMAVONG, MD

PhD Student:
Elliott MIOT, MSc

Technicians:

Somsanith CHONEPHESARATH
Nothasine PHOMMAVANH
Kaithong LAKEOMANY
Somphat NILAXAY
Phonesavanh LUANGAMATH
Vaekey VUNGKYLY

Bouapha NGONETHACHACK
Inthava KATIYALATH
Kongphaeng SAIYALATH
Khanmany OUDOMSOUK

Projects

# ECOnomic Development, ECOsystem Modifications, and Emerging Infectious Diseases Risk
Evaluation. Entomology work package.

¥ ARBOVEC-PLUS

#- Inventory of cave-dwelling hematophagous insects in Laos

#- PhD thesis: Potential of the mosquito Aedes malayensis as an arbovirus vector in South East Asia
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Executive summary

As previous years the Medical Entomology and Vector-Borne
disease laboratory has been very active. This year we have
published eight articles in reputable international journals.

In 2019 the IPL entomology team hosted the International
Medical Entomology Course of the Pasteur International
Network for 15 high level students from: Laos, Cambodia,
Vietnam Myanmar, France, New Caledonia, Slovenia, Iran,
Tunisia and the Kingdom of Bhutan.

This year’s annual report relates our scientific results on the
ECOMORE 2 (Agence Fran¢ais du Développement - AFD
funded) This project explored Aedes aegypti and Aedes
albopictus larval and adult populations throughout Vientiane
Capital and analysed the usefulness of novel Pyriproxyphen-
treated In2Care traps as a means of targeted Aedes vector
control.

In addition, in the Arbovec Plus project we continued our
collaboration with the US Naval Medical Research Center Asia
(NMRC-A) in Singapore on insecticide resistance in Aedes
aegypti and Aedes albopictus vectors from six provinces of
Lao PDR, to validate the usefulness of novel molecular markers
of insecticide resistance and finally to validate high-through-
put PCR diagnostic tests to identify insecticide resistance in
Aedes aegypti.

In the context of the National Geographic Project we
carried out an inventory of Culicideae, Phlebotominae
and Ceratapogonidae as well as their diversity density and
population dynamics inside and around caves. This study was
carried out to determine the dipteran vectors in caves where
bats are living. With the increase in cave visits for tourists
in Lao PDR it is requisite to have a better understanding of
infectious emerging disease risk that these vectors represent.

Finally we carried out the Spillback project to assess the
risk of Dengue Virus to migrate from urban and peri-urban
environments to simian populations in forested areas of Lao
PDR (75% of the country) via bridge vectors, such as Aedes
albopictus and Aedes malayensis. The “spillback” of Dengue
virus into Simian populations lead to the establishment of a
forest cycle of Dengue in Lao PDR, as is already the case in
Malaysia. We explore and test this hypothesis in our studies
both in Laos Singapore and France.
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Description of the entomological work

package

Mosquito surveillance, insecticide resistance, and
innovative vector control method

Mosquito surveillance

The recent economic development of Laos, characterized
by one of the highest rates of urbanization in the ASEAN
community and the development of outer-urban zones
where the density of population is combined with rural
activities, offers ideal ecosystems for the proliferation
of Aedes mosquitoes, specifically in Vientiane. An
epidemiological study carried out in Vientiane since 2012
has shown the existence of dengue transmission hotspots
in several areas of the city (Figure 1). It is important to
know the dynamics of the mosquito populations during
the dry and rainy seasons in these various localities.
Indeed, it is crucial to understand the geography of
Aedes mosquitoes regarding their environment in order
to understand if risk factors are related to the Aedesindex
or—as suggested by other researches—to other factors.
To do so, mosquito larval measurement (Breteau index
and container index) will be carried out in different types
of areas (created by GIS). The result of the surveillance
will allow us to identify times and locations where
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mosquito control would have the maximum impact on
disease diffusion in the city (in central or rural spaces,
during transmission or low transmission season, etc.).
If other mosquito species are present during the Aedes
surveillance, they will be collected and screened for
arboviruses.

Figure 1: Kernel density of dengue cases in Vientiane,
Laos (2012-01/2016).

Insecticide resistance

During inter-epidemic periods or when the elimination
of mosquito breeding habitats is not easily achievable,
insecticide application in larval habitats is routinely
conducted by public health services in many countries,
including the Lao PDR (Rawlins 1998, Rodriguez et al.,
2002, Thavara etal.,2004). Space-sprayingapplicationsare
conducted during epidemics or when the entomological
indices of mosquitoes are high. For both larviciding
and adulticiding, organophosphates and pyrethroids
are the insecticide families of choice, worldwide and
in the Lao PDR. Unfortunately, many dengue vector
control programs are threatened by the development
of insecticide resistance in Aedes populations across
the world (Marcombe et al. 2009). Strong levels of
resistance to organophosphates and pyrethroids have
been detected in Aedes aegypti populations in Southeast
Asia (Marcombe et al., 2009, 2014 ; Jirakanjanakit et al.,
2007; Ranson, 2010; Kamgang et al., 2010 ; Vontas et al.,
2012). The organophosphate temephos (larvicide) and
insecticides from the pyrethroid family (permethrin,

deltamethrin; adulticides) have been used in the Lao PDR
PDR for decades and specifically during the last outbreak
in 2013. Compared to its neighboring countries (Vietnam
and Thailand), there was no information available on the
resistance status of Aedes populations and the possible
impact of the resistance on vector control operations
in the country. A preliminary study led in 2015 by the
Institut Pasteur du Laos showed insecticide resistance
in Aedes populations from several provinces as well as
in Vientiane (Marcombe et al. in prep). In view of these
results, it is important now to know more precisely the
distribution and resistance levels of the populations
of vectors in Vientiane in order to propose alternative
strategies. Resistance to conventional insecticides
(temephos, deltamethrin, permethrin, and malathion)
were tested on Aedes aegypti and Ae. albopictus larvae
and adults collected in Vientiane. Distribution maps of
the resistance by species and at larval/adult stages will be
drawn up and shared with stakeholders to improve the
efficiency of the vector control campaign.



Innovative vector control method

In recent years, a number of new tools to combat
vectors have been developed and present an interesting
potential to replace or strengthen the current expensive
and laborious methods of larvicide treatments and
fumigation. Furthermore, the actual efficiency of these
methods is often discussed (Marcombe et al. 2012).
Among these tools, the method described as “auto-
dissemination” presents an innovative technique for the
treatment of breeding sites. It consists of using female
mosquitoes themselves as carriers of an insecticide, the
pyriproxyfen (insect growth regulator), and to make
them transfer the insecticide to the larval breeding sites
in urban areas (Figure 2). The potential of this technique
and this insecticide was proved in small-scale trials in
Peru, Italy, and Madeira (Guess et al., 2009; Caputo et al.,
2012) and is in development on other sites. We suggest
in this project studying the efficacy of this method to
control vectors in the specific urban environment of the
city of Vientiane.

Figure 2. In2Care” mosquito trap.

Objectives

- Define the dynamics of vectors

- Organize an active entomological surveillance in
representative districts to document the annual dynamics
of the populations of vectors

- Set up a systematic entomological balance sheet of
the housing environment of the confirmed cases and
possibly the other possible sites of contamination to
identify active zones of transmission

- Measure the levels of insecticide resistance of the Aedes
populations against conventional insecticides used in
Vientiane to recommend the appropriate methods of
vector control to the authorities

- Estimate innovative strategies of vector control by
measuring their efficacy on the populations of mosquitoes
to propose alternatives to the conventional methods

- Investigate the possibility of alternative vectors.

Methodology

Entomological surveillance

After selection of 4 sentinel sites (Figure 3), vector density
is surveyed during the dry and rainy season. Adults and
larvae were trapped by 2 Ovitraps and 2 BG sentinel trap
inside and outside the houses. Traps are checked weekly
and shipped to IPL entomology unit where larvae are
reared to adults for taxonomy and resistance testing and
adult mosquitoes are identified and thus kept at -800C
for arboviruses screening.

Figure 3. Location of sites for entomological surveillance
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Insecticide resistance

Larval bioassays on the Aedes sp. populations were
run with diagnostic dose (WHO recommended) of
deltamethrin (0.00132 mg/L), permethrin (0.0032
mg/L), temephos (0.0132 mg/L) and DDT (0.04 mg/L).
Mortality was recorded after 24h. Following WHO criteria
a population is considered resistant if the mortality after
24 h is under 90%, resistance is suspected with mortality
between 90 and 98% and a population is susceptible with
mortality over 98%.

Adult bioassays were run using filter papers treated with
diagnostic doses of deltamethrin (0.05%), permethrin
(0.25%), DDT (4%), and malathion (0.8%) following a
WHO protocol. Mortality resulting from tarsal contact
with treated filter papers was measured using WHO test
kits on adult mosquitoes of the different populations.
Four batches of 25 non-blood-fed females (2-5 days of
age) were introduced into holding tubes and maintained
for 60 minutes at 27 + 2°C and a relative humidity of 80
+ 10%. Insects were then transferred into the exposure
tubes and placed vertically for 60 minutes under
subdued light. Mortality was recorded 24 hours after
exposure. Mortality was recorded after 24h. Following
WHO criteria a population is considered resistant if the
mortality after 24 h is under 90%, resistance is suspected
with mortality between 90 and 98% and a population is
susceptible with mortality over 98%.

Innovative vector control method

The new tool is the In2Care® Mosquito Trap that attracts
and kills Aedes females with ingredients that target both
mosquito larvae and adults. It is the first to exploit the
concept of ‘auto-dissemination; resulting in an effective
kill of mosquito larvae in breeding sites surrounding the
trap. In2Care® Mosquito Traps can be placed both indoors
and outdoors at a recommended density of 1/400m2
(10 traps per acre) and be maintained every 4-6 weeks
using refill sachets. The Trap uses a combination of a US-
EPA approved entomopathogenic fungus that kills the
adult mosquitoes, coupled with a WHO-recommended
juvenile growth hormone mimic (Pyriproxyfen (PPF))
that is specific to diptera and kills larvae. The In2Care®
mosquito trap has been validated in field studies

(Snetselaar et al. 2014). The female mosquitoes are
attracted to the trap to lay eggs (oviposition). Once in
the trap they become contaminated with fungal spores
and PPE She will then fly off with both spores and PPF
to find oviposition sites and upon laying her eggs will
contaminate the water with PPE The PPF will then kill
the developing larvae. The female herself will eventually
die from the fungal infection (Figure 2).

In2Care® Mosquito Trap field study in Vientiane

The field trial study started in July 2018 and two
villages were selected as treatment sites (Sensavang and
Saphanthong tai) and two other villages were selected as
control (Donekoy and Sivilay, Figure 5). We coordinated
the vector control campaigns with the vector control units
of the different district and villages of Vientiane in order
to avoid any interferences in our study sites. Dengue
transmission rates (confirmed cases/dominant serotype)
and mosquito abundance (larval/adult traps/indexes)
was measured before and, during the interventions to
estimate the efficacy of the new vector control method.
The traps were maintained every 6 weeks (water and
insecticide refill) and until august 2019. The water from
5 traps in each villages is sampled and brought back to
the laboratory and Ae. aegypti larvae (3rd instar) are
exposed to this water and the mortality was evaluated.



Vector surveillance

Figure 4 shows the abundance of Aedes larvae in in the 4 villages and Figure 4 shows the number of adult collected
in the BG-Sentinel traps in Vientiane. For both, adult and larval abundance, the results showed that the abundance
pattern over time follow the dry/rainy season model (i.e. high abundance during season and vice-versa) and show
that is these locations the mosquito vectors are present throughout the year. Data anylasis are currently being
implemented to show the efficacy of the new technology on the number of mosquito collected.

Figure 4. Abundance of Aedes sp. larvae in Vientiane, Laos

Figure 5. Abundance of Aedes sp. adult in Vientiane, Laos
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Insecticide resistance

The results of the larval bioassays are presented in
Figure 7. Larval Ae. aegypti and Ae. albopictus mosquito
populations from 4 villages in Vientiane Capital were
tested. Two larval Ae. aegypti populations tested were
highly resistant to deltamethrin, permethrinand DDT. All
larval populations were resistant to temephos except the
population from Sivilay village (100% mortality). Aedes
aegypti adult populations from 4 villages were tested.
All the populations tested were highly resistant to all the
insecticides tested. The results showed that larval Aedes
albopictus mosquito populations from Sengsavang and
IPL were resistant and suspected resistant, respectively.
Both populations were resistant to DDT. The populations
from Sengsavang was susceptible to deltamethrin and
suspected resistant to permethrin. The IPL population
was susceptible to permethrin and suspected resistant to
deltamethrin. The results of the adult bioassays showed
that the 2 Aedes albopictus mosquito populations were
highly resistant to the organochlorine DDT and the
organophosphate malathion. Both populations were
susceptible to deltamethrin and were susceptible and /or
suspected resistant to permethrin.

Figure 7. Insecticide resistance distribution in dengue
vectors in Vientiane, Laos.

In2Care® Mosquito Trap field study in Vientiane

Figures show the distribution of the auto-dissemination
traps in Saphanthong tai and Sensavang villages,
respectively. The large scale field trial was finished in
August 2019 and results will be presented next year.

The pictures show the team (IPL staff, Vientiane districts
health officers, village volunteers and Lao military staff)

Financial support

This work was supported by the Agence Francaise de
Développement.
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This 2-year project stems from analysis of data related to
the ARBOVEC project implemented in Laos from April
2014 to August 2015. Insecticide resistance levels in 10
Ae. aegypti populations from 5 provinces were measured
following WHO protocols. Several larval populations
showed moderate resistance to the organophosphate
insecticide temephos and high resistance to the
pyrethroid deltamethrin. Bioassays performed on adult
mosquitoes confirmed the presence of pyrethroid and
organophosphate resistance with some populations being
resistant to permethrin and malathion but also pointed
out high resistance to the organochlorine DDT.

In 2013, Lao PDR has faced one its most severe dengue
outbreak in decades (>50,000 cases and 100 death; WHO
2013). The most recent outbreak was in 2017 with 11,000
cases reported, with a predominance of mostly DENV
serotype 4. The mosquitoes Ae. aegyptiand Ae. albopictus
are the main dengue virus vector in Laos. Because there
is still no vaccine or specific treatment available against
this virus, vector control remains the only strategy for
reducing dengue transmission. Effective vector control
measures rely on active community participation, health
education programs, and environmental management
(Erlanger et al., 2008). During inter-epidemic periods
or when the elimination of breeding habitats of the
mosquito is not easily achievable, insecticide application
in larval habitats is routinely conducted by public health
services in many countries including Laos (Rawlins 1998,
Rodriguez et al., 2002). Space spraying applications are
conducted during epidemics or when the entomological
indices of mosquitoes are high. For both larviciding and
adulticiding, organophosphates and pyrethroids are the
insecticide families of choice against dengue vectors
worldwide and in Laos.

Unfortunately, many dengue vector control programs
are now threatened by the development of insecticide
resistance in Aedes sp. populations worldwide. Insecticide
resistance is associated with mutations in the sequence of
the target proteins (target-site resistance, kdr mutation
for pyrethroids and DDT), and/or an increase activity of

26



27 INSTITUT PASTEUR DU LAOS ANNUAL REPORT 2019-2020

particular detoxification enzymes leading to an increase
biodegradation of insecticides by resistant mosquitoes
(metabolic-based resistance). Metabolic-based resistance
usually involves several large enzyme families called
“detoxification enzymes” including cytochrome P450
monooxygenases (P450s), glutathione S-transferases
(GSTs) and carboxy/cholinesterases (CCEs). A recent
study performed by Faucon et al. (2015; http://genome.
cshlp.org/content/25/9/1347) used a cutting-edge
next generation sequencing approach for identifying
novel molecular markers of metabolic resistance in Ae.
aegypti. This study identified several gene Copy Number
Variations (CNVs), Single Nucleotide Polymorphisms
(SNPs) and differentially expressed genes (DE genes)
strongly associated with resistance in populations from
south-east Asia and showed that these novel resistance
markers will well complement current target-site markers
(kdr mutations) for monitoring the different resistance
mechanism in natural populations and improving vector
control strategies.

Indeed, during the 2013 dengue outbreak in Lao PDR,
more than $300,000 of temephos (Abate® formulation)
were bought by the government without knowing the
insecticide resistance status of Aedes sp. populations.
Until the recent ARBOVEC project (NMRHC-A
funding, 1 year project at IPL, April 2014-August
2015) and compared to its neighboring countries there
was barely no information available on the resistance
status of dengue vectors populations in Laos. We now
know that resistance levels to organophosphate and
pyrethroid insecticides are high in several provinces
and that metabolic based resistance and kdr mutation
are likely involved (Dr. Marcombe, ARBOVEC project)
and investigations on the specific metabolic mechanisms
involved in the resistance at the gene level are now
needed.

In this frame, the screening and validation of novel
resistance markers will be implemented in resistant vector
populations of several regions of Lao PDR representing
various environmental characteristics which could
influence the development of particular mechanisms.
Covering a large part of Laos will allow us to develop
tools able to detect a large variety of resistance markers
in various settings.

The validation and implementation of novel resistance
markers will reduce the cost and the charge of the
resistance monitoring compared to the usual techniques
and will allow monitoring the spatial and temporal
dynamic of resistant alleles/genes in the field in order to
manage resistance locally.

Objectives

o Determine the resistance levels of Aedes aegypti
mosquitoes from six provinces of Laos against
conventional insecticides.

o Validate the usefulness of novel molecular markers of
insecticide resistance, recently identified in Ae. aegypti,
in Laos.

o Validate high-throughput PCR-based diagnostic tests
to identify insecticide resistance in Ae. aegypti.

Mosquito collections

Mosquito collections were implemented in 12 provinces
in 2017-2019 (Figurel).

Figure 1. Map showing selected provinces for insecticide
resistance monitoring in Laos.



Morphological mosquito identification

For all the mosquito populations collected, larvae were
reared until adults (F1 generation; Figure 1). After adult
identification, mosquitoes obtained were separated
by species and location. Only Aedes aegypti and Ae.
albopictus were kept for breeding. Females mosquitoes
were then blood fed using quail and the eggs obtained
were kept for the larval and adult bioassays.

Insecticide resistance status

We tested the susceptibility of Aedes aegypti mosquitoes
to a range of insecticides representative of those
historically and currently used for mosquito control in
Lao PDR (ie DDT, temephos, malathion, deltamethrin
and permethrin). Larval and adult bioassays were be
performed following WHO guidelines (WHO 2005,
2006).

Larval bioassays on Ae. aegypti were performed using
late third- and early fourth-instar larvae of the field
strains. For each bioassay, larvae of each strain were
transferred to cups containing 99 mL of distilled
water and 1 mL of the insecticide tested at the desired
concentration. Larval bioassays on the Ae. aegypti and
Ae. albopictus populations were run with diagnostic
doses (WHO recommended) of deltamethrin (0.00132
mg/L), permethrin (0.014 mg/L), temephos (0.02 mg/L)
and DDT (0.04 mg/L). Mortality was recorded after 24h.
Following WHO criteria, a population is considered
resistant if the mortality after 24 h is under 90%, resistance
is suspected with mortality between 90 and 98% and a
population is susceptible with mortality over 98%.

Adult bioassays were run using filter papers treated with
diagnostic doses of deltamethrin (0.05%), permethrin
(0.25%), DDT (4%), and malathion (0.8%) on Ae. aegypti
and Ae. albopictus populations. Mortality resulting from
tarsal contact with treated filter papers was measured
using WHO test kits on adult mosquitoes of the different
populations. Four batches of 25 non-blood-fed females
(2-5 days of age) were introduced into holding tubes
and maintained for 60 minutes at 27 + 2°C and a relative
humidity of 80 + 10%. Insects were then transferred into
the exposure tubes and placed vertically for 60 minutes
under subdued light. Mortality was recorded 24 hours
after exposure.

Characterization of genetic markers for insecticide
resistance in Ae. aegypti from Laos

To validate the usefulness of novel resistance markers
(CNVs, SNPs and DE genes) identified in Faucon et al
(2015) a composite population being representative of
Lao PDR was built by pooling F1 eggs obtained from
previously colonized resistant populations (10 Ae.
aegypti populations from the ARBOVEC project). This
composite population (named Metalao) was sent to the
LECA-CNRS laboratory and was colonized for future
resistance mechanisms studies. A composite population
of Ae. albopictus from 5 provinces was built at IPL for
further insecticide resistance and molecular analysis.
This composite population (named MetalaoAlbo) was
sent to the LECA-CNRS laboratory (February 2018)
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and is being characterized for insecticide resistance
phenotypes and mechanisms.

Experimental set-up

The Aedes aegypti composite population was established
from various populations collected in Laos by the
Institute Pasteur du Laos. Two generations (Gl and
G2, without selection) were done in the laboratory to
allow the mosquitoes to acclimatize to the conditions
of the insectarium. Four generations of selection were
done (from G3 to G6) with three different insecticides:
deltamethrin and permethrin (pyrethroid family), and
malathion (organophosphate), to segregate the resistant
alleles. For every generations, 32 lots of 30 mosquitoes
were exposed to lethal doses of these insecticides (60 to
80 % mortality maximum of the individuals). The first
lineage (not selected) was raised in parallel without
selection pressure. Four pools of 15 females were exposed
to insecticides from G2 to estimate mortality rates (48
hours after exposure) during the selection.

Ten pools of 5 females and 30 individual females were
sampled before the selections (G2-NS for not-selected)
and among the survivors of the 4th generation of selection
(G6-deltamethrin, G6-permethrin, G6-malathion).
Females of the first lineage maintained without selection
in G6 (G6-NS) were sampled for the study. Besides,
mosquitoes from the reference insecticide susecptible
strain (Bora) were used as reference compared to the
composite population.

DNA extraction

DNA extraction was performed using the CTAB method
(cetyltrimethylammonium bromure). Mosquitoes were
crushed in 250 uL. CTAB 2%, then heated up to 65°C
during 10 minutes before adding 250 uL of chloroform.
After 5 minutes of centrifugation at 12000 RPM, 200
uL of the superior aqueous form containing the DNA
were sampled and mixed with isopropanol. After
centrifugation, isopropanol was removed and 200 pL
of ethanol 70% was added. Ultrapure water was then
added to the DNA (60 pL for pools and 30 uL for single
specimen. DNA was dosed with a fluorimeter (Qubit®)

and dilutions were done to obtain the same DNA quantity
for each samples (0,1 ng/pL).

Kdr mutations genotyping

Kdr mutations were genotyped by qPCR with specific
primers to compare the allelic frequencies of the non-
selected specimen compared to the insecticide selected
ones after few generations. The following codons were
amplified: F1534C (Phenylalanine - Cysteine) and
V1016G (Valine - Glycine) (Brengues et al., 2003).

The qPCR method used was described by Saavedra-
Rodriguez et al. (2007). The mosquito genotype was
determined by using meltcurves temperatures (resistant
homozygote RR at 85,5°C, or homozygote sensible SS at
81°C for 1534 / 78,5°C for 1016), and 2 pics for these two
temperatures for heterozygote RS.

CNYV detection

Faucon et al. (2015) showed that several gene cluster
duplications were present in Ae. aegypti genome. The
following genes, belonging to different clusters, were
chosen for the detection of CNVs: CYP9J28, CYP6Z-like,
CYP6Z8, CYP6BB2, GSTE2 and, CCEAE3A. Detection
of the CNVs was done by qPCR with specific primers.

The gene copy numbers was made with the AAC relative
method: the quantification of each interest genes was
normalized by using the quantification of domestic
genes identified in the genome by Faucon et al. (2015).
These data were then normalized with the average of the
CNVs obtained in the reference strain (Bora) to obtain
DNA relative quantity between susceptible and resistant
mosquito pools.

Insecticide resistance bioassays

The results of the adult and larval bioassays are presented
in Figure 2. Larval Aedes aegypti and Ae. albopictus
mosquito  populations from Xayaboury, Bokeo,



Luang Namtha, Borlikhamxay, Khammouane and,
Champasak

provinces were tested. All larval Ae. aegypti populations
tested were moderately resistant to temephos. Most of
the Ae. albopictus were resistant to temephos.

All the adult populations tested were highly resistant to
the organochlorine DDT. All the Ae. aegypti populations
tested against permethrin (pyrethroid family) presented
high levels of resistance. Most of the Ae. aegypti
mosquito populations were resistant or suspected
resistant to deltamethrin, which is also an insecticide
from the pyrethroid family. Only three populations,
from Xayaboury, Vientiane Capital and Luang Prabang
provinces showed full susceptibility to this insecticide
(100% mortality). All the populations tested against
malathion, an insecticide from the organophosphate
family, were resistant to this insecticide (mortality<90%).
Only one population, from Xayaboury province showed
tull susceptibility to this insecticide (100% mortality).

Figure 2. Insecticide resistance distribution of dengue
vectors in Laos. (This map also shows result from the
ARBOVEC project, see previous IPL annual reports for

Characterization of genetic markers for insecticide
resistance in Ae. aegypti from Laos (LECA - CNRS)

A composite population of Ae. aegyptifrom 10 provinces
was built at IPL for insecticide resistance and molecular
analysis. This composite population (named MetaLao)
was sent to the LECA laboratory and was characterized
for insecticide resistance. The composite population was
resistant to temephos to deltamethrin and DDT and
resistance was suspected to permethrin (Table 1).

Table 1. Resistance status of Aedes aegypti composite
population (MetaLao) on larvae to temephos,
deltamethrin, permethrin and, DDT.

Insecticide Concentration n % Mortality Status
temephos  0.0132mg/l 100 86 Resistant
deltamethrin 0.00132mg/l 100 B9 Resistant
permethrin - 0.0032mg/I 100 97

DDT 0.04mg/I 100 11 Resistant

Table 2. Resistance status of Aedes aegypti composite
population (MetaLao) on adults to deltamethrin,
permethrin, malathion and, DDT.

Insecticide n % Mortality Status
deltamethrin 103 gh.1
malathion 58 53.9
perrmethrin - 100 40

DoT 100 A0 Resistant

Diagnostic doses of deltamethrin (0.05%), permethrin
(0.25%), DDT (4%), and malathion (0.8%) were used.

At LECA laboratory, further to the reception of the Ae.
aegypti metapopulation from Laos, a generation without
insecticide selection was made to obtain sufficient
number of adult for the future selections. In parallel,
preliminary tests were realized on the same generation
to define times of exposures for each of the insecticides
tested here: deltamethrin (0.05 %), malathion (5 %) and
permethrin (0.75 %). The objective was to define a time
of exposure corresponding to a lethal dose between 60
and 80min for females only. Up to now, six generations
of selection were realized (F2 to F6). The objective was to
realize at least 4 generations of selection.
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For each generation, 32 pools of 30 mosquitoes (male
and female) were exposed to 20 min for deltamethrin,
10 min for malathion and 25 min for permethrin. For
each of the selections, the mortality rates were measured
independently of the selection by doing 4 pools of 20
individuals (female only).

Mortality rates during selection

For every generation of selection, the mortality rates
were measured for all the insecticides. For F2, the
percentages of dead mosquitoes were calculated
according to the insecticides to which they were exposed:
90 % for malathion, 85 % for permethrin and 70 % for
deltamethrin. A significant reduction in the mortality,
showing an effect of the selection, was observed for all
the lineages from G5 (P<0,05). For G6, the mortality
rates were 52 % for malathion, 40 % for deltamethrin and
20 % for the permethrin.

Figure 3: Mortality rates of mosquitoes to the different
insecticide over the generations (Fisher test: P<0,05 *
compared with G2).

Cross resistance data from insecticide-selected lines

We previously showed that selecting a composite
Aedes aegypti population from Lao PDR with different
insecticides (deltamethrin, permethrin and malathion)
lead to a significant increase of resistance to each
insecticide in only 4 generations, suggesting that
resistance alleles to these insecticides are circulating in
Lao PDR.

To assess the specificity of the resistance phenotypes
observed in each selected-line, we then performed
comparative bioassays on each selected line with all
insecticides. Bioassays consisted in exposing adults
females from each line (not selected, deltamethrin-
selected, permethrin-selected, malathion-selected) to
a diagnostic dose of each insecticide and recording
mortality rate 24h later.

These comparative bioassays revealed that the resistance
observed for both deltamethrin-selected and malathion-
selected lines are highly specific while permethrin-
selected line also displays some cross-resistance with
other lines (Figure 4).

Figure4. Cross resistance test. A GLMer (binomial family)
was performed to analyze these data. Each selected-line
is identified by a different color. Different letters indicate
significant mortality differences between lines for each
insecticide tested.



Genotype frequency of kdr mutations during election

The evolution of the resistant allelic frequencies of
the two kdr mutations was measured. In G2, the 1016
resistant mutation allele frequency was 0.13 % (Figure 5).
The frequency increased significantly (0.4%) in G6 when
mosquitoes were selected with deltamethrin (P<0.001)
and permethrin (P<0.01). In the same time, the frequency
of the resistant allele slightly increased for the lineage
selected with malathion, and decreased significantly for
the non-selected lineage (P<0.05).

For G2, the resistance allelic frequency for the codon
1534 was 0,6. This frequency then remain stable: no
significant difference with the composite population of
departure was measured.

Figure 5: Allelic frequency of kdr mutations (V1016G and
F1534C) for the different lineages (Fisher test: P<0.001
% P<0.01 **; P<0.05 *). NS: Not Selected.

These results were also studied in the haplotypes
form (Figure 6). A disappearance of the susceptible
homozygotes (SS / SS) was observed in G6 with
deltamethrin exposure and with permethrin. In the same
time, a strong increase of the number of resistant allele
individuals for every mutation (RS / RS) was measured:
29 % compared with G2-NS for permethrin, and 38 % for
deltamethrin.

Figure 6: Cumulated frequencies of kdr mutations
haplotypes (F1534C and V1016G).

Detection of Copy number variations (CNV) associated
with resistance

To know if the Lao composite population have already
showed genomic increases for the chosen markers, the
quantity of DNAg was compared between G2-NS and
the susceptible Bora strain. It was significantly superior
in G2-NS for the genes CCEAE3A (P<0.05 ), CYP6BB2
(P<0.01), and GSTE2 ( P<0.01), which showed the
presence of duplications (Figure 7).

The quantities of DNAg of G6 of each of the lineages
were then compared with those of G2-NS. A single
difference was significant, the G6-malathion for the gene
CCEAE3A, in which the quantity of DNAg four times
superior to that measured in the G1 population (P<0.01).
No other significant increase was noted after selection,
even by including the genes where there was no effect in
G2-NS.
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Figure 7: DNAg relative quantity variation for each gene. The black line represent the average CNV for the susceptible
Bora strain.

Previous attempts to identify CNV associated with resistance in each selected line by qPCR was pushed further in
order to confirm prior results and to enlarge the panel of markers by targeting other potential genes of interest.

These experiments allowed to confirm the strongassociation between the genomic amplification of the carboxylesterase
CCEAE3A and malathion resistance. By designing novel primers to target other neighboring esterase genes we
showed that the esterase AAEL019678 is also specifically amplified in the malathion line (Fig 8A). A potential CNV
signal was also detected for the esterase CCEAE1A (also in the same cluster) but with a strong polymorphism,
suggesting that the amplification of this esterase cluster is probably not extending to this gene in most individuals of
the malathion-selected line (Fig 8A).

We also targeted two glutathione-S transferase genes, GSTE4 and GSTE6 but no signal of CNV were identified for
any selected-line (Fig 8B).



Finally, in attempt to identify CNV markers of pyrethroid
resistance in Lao PDR, we targeted additional P450 genes
(CYP genes) belonging to two CYP6 and CYP9 clusters
previously associated with resistance in other geographic
regions. This included the genes CYP6CC1 and CYP6P12
in the CYP6 cluster (Fig8C) and genes AAEL014614 and
CYP9J15in the CYP9 cluster of CYP9] (Fig 8D). However,
qPCR data confirmed the absence of CNV affecting these
genes in any selected-line, suggesting that Kdr mutations
remain the best DNA markers of pyrethroid resistance in
Lao PDR. A

500.00 kb —
174,38 Mb 174,40 Mb 174,45 Mb

< AAELO15304 < AAELDDS123 < AAELOZ23844 ICCEAETA =
AAELO18ETE =
AAELO106TO =

174.38 Mb 174.40 Mb 174.458 Mb
- protein coding

50000 kb
- T J T T 5F1.40 MB | 271.45 Mb
| | | | | | | |
< CYFEBB2 < AAEL0Z8582 < CYPEP1Z
< AAELDTO4 = CYPBGOT
271,35 Mb BF1.40 Mo 271.45 Mb

Figure 8. Normalized gDNA quantity for each gene
between each line. G2 NS: Lao composite population
before insecticide selection; G6 NS: Lao composite
population not selected with any insecticide for
5 generation, G6 delta/Mal/Perm: Selected-lines
originating from G2 NS but having selected with a given
insecticide (deltamethrin, malathion and permethrin
respectively) for 4 generations.
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Developing a high-throughput molecular

assay for detecting esterase amplification
in natural populations (LECA - CNRS)

Besides the identification of novel DNA markers of
resistance, the project also aimed at developing new
resistance diagnostic tools to track insecticide resistance
inthe field. In this frame, we are currently trying to develop
a PCR-based assay allowing to genotype the “presence/
absence” of the esterase amplification mentioned above
in individual mosquitoes. If our primer design strategy is
successful, such PCR assay should be positive in presence
of the genomic amplification and negative in absence of
amplification (see figure 8).

Figure 8. Primer design strategy adopted for developing
a new PCR assay to genotype the presence/absence of
a genomic amplification associated with insecticide
resistance.

Currently, we are analyzing genome sequencing data
previously obtained from an Ae. aegypti population from
Thailand also carrying this esterase gene amplification
at high frequency in order to identify the best primer
design for this PCR assay. More precisely, we are using
both read coverage and reads status to precisely identify
the breakpoints (boundaries) of this large genomic
amplification. Based on these NGS data, a first set of
PCR primers have been ordered and will be tested on
mosquitoes from Lao and Thailand in October-November
2018. If our PCR assay is validated, we will then use it to
genotype the presence of this esterase gene amplification
in individual mosquitoes from various field populations
previously collected by IPL in Lao PDR.
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Background and Relevance

Vector-borne diseases (VBDs) were the second cause of
emerging infectious disease (EID) events after zoonotic
pathogens (1). Over the past decades, there has been
significant emergence and reemergence of several vector-
borne diseases such as malaria, leishmaniasis, dengue,
Yellow fever, Zika, Chikungunya and plague (2-4). The
emergence of new and resurgence of old known vector-
borne pathogens can be associated with several factors
including adaptation and change of microorganism,
habitat changes, globalization, tourism and travel etc. (5,
6).

Cave ecosystems are specific environment conditions
that provide suitable place for insects and harbor many
different opportunist pathogens, such as viruses, bacteria
and fungi (7, 8). Many of these pathogens infect cave-
dwelling vertebrates, especially bats (9-13). Some of them
could be transmitted from one vertebrate host to another
by hematophagous arthropod vectors (e.g. mosquitoes,
sandflies, batflies and biting midges) (14-16). Human
and animals are risk to exposure to the arthropod vectors
in caves and in the surrounding areas.

In South East Asia (SE-Asia), cave visiting is more and
more popular for many reasons, such as for resource
gathering by the local populations or economic purposes,
such as ecotourism or spiritual purposes (cave dwelling
monks). Therefore, such growing human incursion into
caves may increase the risk of exposure and spillover of
emerging pathogens that circulate among cave-dwelling
vertebrates. The recent discovery in humans of the
monkey parasite Plasmodium knowlesi stands out as
an excellent example of the potential transfers of animal
parasites to humans (17, 18). SE-Asia is a known hotspot
of biodiversity. However, very little is known about
cave-dwelling hematophagous insects that are medically
important, such as mosquitoes (Culicidae), sandflies
(Phlebotominae) and biting midges (Ceratopogonidae).

To date, eight mosquito species are known to be true
troglodytes, two species are known to enter caves, and
two others have been found at the entrances of caves (19).
Little is known about mosquito species in caves in Laos.

Before 1990s, SE- Asia, was considered as a region without
autochthonous transmission of leishmaniasis hence there
is a paucity of knowledge on phlebotomine sandflies.
A total of 27 species of sandflies have been identified
in Thailand with widespread distribution, high density
and diversity inside caves (20-23). Se. gemmea and Se.
barraudi, were suspected as the vector of Leishmania
siamensis in southern part of Thailand (24). In Laos, only
one cavernicolous species of sandfly, Chinius genus, was
reported by N. Léger et al (25), while two species of the
Phlebotomus genus and five species of the Sergentomyia
genuswerereportedbyL.Quate(26). Fromourpreliminary
results of SandMap project of the Institut Pasteur du
Laos (IP-Laos) in 2015 (Khammouane Province),
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From our preliminary results of SandMap project of the
Institut Pasteur du Laos (IP-Laos) in 2015 (Khammouane
Province), showed that at least 20 different groups of
sandfly females were classified using their morphological
characters (unpublished data). Conversely, nothing is
known about biting midges in caves in Laos. Sixty-six
species of Culicoides were reported in Laos (27). To
our knowledge, data on the diversity of cavernicolous
insects of medical or veterinary interest are very limited.
Moreover, almost nothing is known about their biology,
population dynamics and community structure. Thus, to
tulfill this gap, we would like to investigate mosquitoes,
sandflies and biting midges in caves in Laos. Our
hypothesis is that density and species richness of cave-
dwelling insects in Laos are high, similar in each cave
from different provinces, and related to environmental
factors, especially inside humidity, temperature and
outside rainfall.

Goals and Objectives

Inventory of  Culicidae, = Phlebotominae  and
Ceratopogonidae will help to address the knowledge gap
in their diversity, density and population dynamic in
caves and areas near caves in Laos in relation with relevant
environmental parameters, particularly cave humidity,
temperature and external rainfall. The specific objectives
are as following: 1) to describe density and species
richness of cave-dwelling insects in Laos, 2) to investigate
the cave similarity in terms of species composition and
density, and 3) to investigate the relationships between
inside humidity, temperature, monthly rainfall (chosen
as environmental variables) and the variations of insect
density and diversity indices during the study period.

Methodology

Field collections

Mosquitoes, sand flies and biting midges were collected
inside caves and outside caves alongside karstic limestone
mountains (peri-karstic caves) that are located in the
Vientiane Province. Three districts of karstic limestone
mountains were selected: Fueng District (18°30°N,
101°59’E), Hin Heup District (18°46’N, 102°16’E), and
Vang Vieng District (18°58'N, 102°20’E). Among three
districts, Vang Vieng is well known for cave exploration
with increasing numbers of tourists visiting each year.
It is one of the top tourism destinations in the central
part of Laos. To obtain baseline data on the diversity and
population dynamics of hematophagous insects in karstic
caves and peri-karstic cave areas, two or three caves from
each district were selected. One-week surveys were
conducted at the selected field sites (Table 1 for more
detail).

Table 1: Field collection sites and dates



Collection procedure

Collections were conducted two times in each site, during
the dry season (approximately November to April) and
rainy season (May to October), to maximize collection
yield and observe potential temporal patterns. In each
selected location, standard collection methods using
CDC light traps were used for hematophagous insect
collection inside caves, and near cave areas between 4-6
p.m. and 8-9 a.m for 6-7 nights. Climate data were also
recorded by Easy data logger.

All insects were feezed at —20 °C for 20-30 minutes.
Specimens were stored at 70% ethanol, and then
transported to the IP-Laos laboratory in Vientiane capital
for morphological identification.

Specimen preparation and identification

Mosquitoes were identified under stereo-microscope
using related identification keys (28-33). Mosquito
specimens were pinned and deposited at the Insect
Arthropod Collection Room of the IP-Laos. For the
sandfly and biting midge specimens, head, wings,
and abdomen genitalia of both sexes were cut under
stereomicroscope using sterile needles. Head, wings, and
genitalia were mounted on slides using PVA mediums
and morphological identification under compound-
microscope using related morphological identification
keys. Sandflies were morphologically identified using
dichotomous keys of Lewis and other related references
(26, 34, 35). Biting midges were tentative identified using
the keys and illustrations of Ratanaworabhan (36) and
Howarth (37). Both sandfly and biting midge sample
slides will be provided to Dr. Jerome Depaquit at the
Université de Reims Champagne-Ardenne for quality
assurance and deposited the Arthropod Collection
Room of the IP-Laos.

Preliminary results
Density of Diptera assemblages

A total of 21,518 arthropod hematophagous insects were
collected from both inside and outside caves, of which

20,518 were sandflies, 1,216 were mosquitoes and 95 were
possibly biting midges. . In all sampled districts, sandflies
were predominant (Tablel) with the apparent density
(number of specimens collected per trap and per day) of
118.35 in Fueng, 52.24 in Hin Heup and 22.79 in Vang
Vieng. The density of sandflies was slightly higher in dry
season, except in Vang Vieng district. Overall the density
of mosquitoes was low in all districts, with a value of 3.91
and was lower in dry season than rainy season (Table 2).

Table 2: Total number of samples collected by district

Table 3: Density of arthropod hematophagous insects
(number of specimens collected per trap and per day)
collected by season

Inventory and diversity of Diptera assemblages

A total of 567 mosquitoes was quickly screen to species
so far, around 40 species from 12 genera was suspected
identified, many species reported here still need to
confirm identification (Table 4). Uranotaenia was the
most abundant genus followed by Culex spp.

A total of 3,183 sandflies were cut and morphological
identification, atleast 17 species were suspected identified
from 4 genera: Chinius, Idiophlebotomus, Phlebotomus
and Sergentomyia. Sergentomyia was the most abundant
genus (1,862/3,183).
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Table 4: Diversity of mosquitoes collected by district

Aedes
Ae. albopictus
Ae. gardnerii
Ae.sp
Ae. malikuli?
Anopheles
An. aconitus
An. barbirostris
An. gardnerri
An. indefinitus
An. jamesis
An. kochi
An. minimus
An. sp
An. vagus
Armiegres
Ar. subalbatus
Ar. inchoatus
Ar. Kesseli
Ar. kuchingensis
Bothaella
Bo. eldridgei
Bo. helenae
Culex
Cx. baiyi

Cx. nigropunctatus

Cx. phangngae

Cx. quinquefasciatus

Cx. vishnui

Cx. scanioni?

Cx. sp

Cx. gelidus

Cx. bitaeniorliynetus
Downsiomyia

Do. novonivae

Do. sp
Heizmannia

Hz. Macdonaldi?

Hz Sp
Malaya

Malaya sp
Mansonia

Mansonia
Phagomyia

Ph. lophoventralis
Tripteroides

Tr. caeruleocephalus
Uranotaenia

Ur. macfarlanei

Ur. rampae

Ur. sombooni

Ur. metatarsata

Ur. obscura?

Ur. macfarlonei

Fueng

65

56

Hin Huep  Vang Vieng Total

18 26
17 22
2
1 1
1
2 41 44
1 1
2 2
1 1
4 4
3 3
11 11
2 5 7
6 7
8 8
5 18 26
3 5
1 2 3
4 10 14
5 4
4 4
2 2
2 2
8 72 145
2 2
1 42 47
4 4
4 3 7
1 14 71
1 1
1 5 6
5
2 2
2 2
1 1
1 1
3 3
2 2
1 1
5 8 13
8 13
2 2
2 2
2 2
2 2
2 2
2 2
131 124 208
1 1
1 2
1 19
126 119 250
1 1
4 21

Ur. sp 1 1 2

Ur. lateralis 1 1

Ur. hebes 1 1
Total 120 151 296 567

Table 5: Diversity of sandflies collected during our study

Female Male Total
Sergentomyia
Se. anodontis 166 166
Se. bailyi 48 48
Se. barraudi 257 257
Se. hivernus 368 368
Se. indica 60 60
Se. iyengari 146 146
Se. khawi 164 164
Se. sp. 69 531 600
Se. sp. near hivernus 1 1
Se. sp. near tambori ? 1 1
Se. sp. near to barraudi 51 51
Sergentomyia Total 1,331 531 1,862
Phlebotomus
Ph. argentipes 1 1
Ph. baurguesae 1 1
Ph. betisi 24 24
Ph. mascomai 67 67
Ph. sp. 41 200 241
Ph. sp. near argentipes 1 1
Ph. sp. near kiangsusis 33 33
Ph. sp. near macomia 1 1
Ph. sp. near major mojor 100 100
Ph. stantoni 155 14 169
Phlebotomus Total 424 214 638
Chinius
C. eunicegalatiae 452 117 569
Chinius Total 452 117 569
Idiophlebotomus
I.sp 49 65 114
Idiophlebotomus Total 49 65 114
Grand Total 2,256 927 3,183

Discussion

Thisisthe first study of cave-dwellingblood sucking insect
in Laos, where the data on the diversity of cavernicolous
insects of medical or veterinary interests are very limited.
Overall, 21,518 arthropod hematophagous insects were
collected from both inside and outside caves, of which
20,518 were sandflies, 1,216 were mosquitoes and 95
were possibly biting midges.



So far, around 40 species from 12 mosquito genera
and at least 17 species of 4 sandfly genera: Chinius,
Idiophlebotomus, Phlebotomus and Sergentomyia
suspected identified. More than 8 species of mosquitoes
and sandflies are suspected to be new records for Lao PDR.
We will continue to work on identification confirmation.
The identification of biting midges is now ongoing. More
detail analysis on density and species richness; cave
similarity in term of species composition and density; and
the relationships between inside humidity, temperature,
and monthly rainfall (chosen as environmental variables)
and the variations of insect density and diversity indices
will be performed and submitted to an international
journal (Entomology).
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The Lao mosquito fauna is still not well characterized,
especially in remote forested areas such as our study
area. The work of Rueda et al. [1] began to establish a
comprehensive checklist of mosquito species in the
country, but it was mainly based on a literature review
and only few field collections.

In order to update the checklist of mosquitoes in our
study area, we performed larval and adult mosquito
collections in the NNT NPA along several rivers: Nam
Theun (January 2012), Nam Mon (March 2012), Nam
Noy (December 2011, March-April 2012, February,
March, May, August, November, December 2017, and
February-March 2018), and Nam On (May 2017) (Figure

1).

Figure 1. Map showing sampling locations of mosquitoes
in Lao PDR. KM = Khammuane Province; Black stars
= sampling locations; Blue line = Mekong River and its
tributaries.

Mosquito larvae were collected in various types of
breeding sites such as rock pools along the riverbanks,
tree holes, temporary pools of water, fruit husks, and
bamboo shoots. We also constructed bamboo traps, i.e.
large bamboos cut in small pieces and filled with fresh
water, that we deployed across the Nam Noy field site
to create semi-natural breeding sites. Adult mosquitoes
were captured using a combination of commercial traps
(e.g. CDC light traps, BG sentinel traps) and active
collections using vacuum-powered and mouth aspirators,
and butterfly nets. Larvae were reared until adulthood
and sorted morphologically back in the laboratory.
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During our field surveys, we identified 54 mosquito
taxa belonging to 11 genera, of which 15 species were
new records in Laos. We also described Ae. malayensis,
a species found throughout South East Asia [2-4], for
the first time in Laos based on morphological characters
and molecular analyses. We produced photos of the
morphological characters allowing proper identification
of Ae. malayensis and distinction from closely related
species that are found in sympatry, such as Ae. albopictus
(Figure 2 & 3). We also provided information on the
bionomics of Ae. malayensis.

Figure 2: Morphological comparison of the thorax. (A)
Ae. malayensis - a supraalar area of thorax with a patch
of pale scales extended upward toward the scutellum. (B)
Ae. albopictus - a supraalar area of thorax with spot of
pale scales not extended toward the scutellum.

Figure 3: Morphological comparison of the abdominal
terga IV-VIL. (A) Ae. malayensis - dorsal white bands
connected to lateral pale patches. (B) Ae. albopictus -
dorsal white bands separated from lateral spots.

Successful colonies of Ae. albopictus and Ae. malayensis
were derived from the collections, which allowed
subsequent laboratory studies on these sylvatic mosquito
populations.

Publications

Motoki MT, Vongphayloth K, Rueda LM, Miot EE, Hiscox
A, Hertz JC, and Brey PT. New records and updated
checklist of mosquitoes (Diptera: Culicidae) from Lao
People’s Democratic Republic, with special emphasis on
adult and larval surveillance in Khammuane Province. J
Vector Ecol. 2019;44: 76-88. d0i:10.1111/jvec.12331

Motoki MT, Miot EE Rueda LM, Vongphayloth K,
Phommavanh N, Lakeomany K, Debboun M, Hertz
JC, and Brey PT. First Record of Aedes (Stegomyia)
malayensis Colless (Diptera: Culicidae) in the Lao
People’s Democratic Republic, Based on Morphological
Diagnosis and Molecular Analysis. US Army Med Dep
J. 2018;: 1-7.

Identification of sylvatic mosquito
species attracted tohumansin a forested
area of the Nakai Nam Theun National
Protected Area

Little is known about the vector status, ecology, and
behavior of mosquito species in Laos. In addition
to vector competence, vectorial capacity strongly
depends on mosquito ecology and feeding behavior.

Host preference, host availability, vector abundance,
feeding frequency, encounter rate, and the temporal
pattern of blood-feeding activity are some of the main
ecological parameters that determine the effective contact
between vectors and hosts [5]. Thus, characterizing the
abundance, richness, diversity, and biting behaviors of
mosquito species is an essential step in order to assess the
risk of spillover of zoonotic, vector-borne pathogens to
the human population [6]. The same is true for assessing
the risk of spillback of human vector-borne pathogens
establishing novel sylvatic transmission cycles in regions
where they were previously absent [7,8].



We conducted a total of four 1-week missions in August
(rainy season), November-December (dry season) 2017
and twice in March 2018 (intermediate season) in the
NNT NPA. Mosquito species attracted to humans were
specifically targeted using human-baited double-net
traps [9] (Figure 4) deployed in three habitats (riverside,
low-cover forest, high-cover forest) along a trail going
from the Nam Noy riverbank to deeper in the forest
(Figure 5). Mosquitoes were captured around the clock,
sacrificed, grouped per 1-hour interval, and identified
morphologically back in the laboratory. Based on the
captures, we evaluated the abundance, richness, diversity,
and daily activity pattern of human-attracted mosquito
species and compared these indices between habitats and
seasons.

Figure 4: Human-baited double-net traps in situ.

Figure 5: Map of the Nam Noy field site with the location
of the collection sites. Generated using ©Google Maps.
Purple, red and yellow marks show the collection
locations in the riverside habitat, low-cover forest habitat,
and high-cover forest habitat, respectively.

We collected a total of 1,018 females that were
morphologically assigned to 9 genera and 26 mosquito
taxa, of which 87.6% represented only 8 mosquito species
(Figure 6). Some of them are known or putative arbovirus
vectors such as Ae. albopictus, Cx. vishnui, Ar. subalbatus,
and Ae. malayensis. Others have been poorly studied and
little is known about their potential as pathogen vectors
such as Heizmannia species, Ae. desmotes, and Ar.
jugraensis.
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Figure 6: Species abundance of human-attracted mosquitoes stratified by season and habitat. Heat map of the log10-
transformed total number of mosquitoes caught in the human- baited traps shown by season (rainy, dry, intermediate)
and habitat (riverside, low-cover forest, high-cover forest) for each species. Abundance ranges from dark blue (low)
to red (high).



Analyses of species richness and diversity revealed that
they were significantly higher during the rainy season,
especially in the low-cover forest habitat (Figure 7 & 8).

Figure 7: Species richness of human-attracted mosquitoes
stratified by season and habitat. Boxplots of the daily
number of mosquitoes caught in the human-baited traps
shown by season (rainy, dry, intermediate) and habitat
(riverside, low-cover forest, high-cover forest). Each
point in the boxplots represents the species richness of
a 24-hour mosquito collection period. Letters above the
boxplots indicate statistical significance of the differences.
Conditions sharing a letter are not significantly different.

Figure 8: Diversity of human-attracted mosquitoes
stratified by season and habitat. Boxplots of the daily
Shannon diversity (H’) index of mosquitoes caught in the
human-baited traps by season (rainy, dry, intermediate)
and habitat (riverside, low-cover forest, high-cover
forest). Each point in the boxplots represents the H’
index of a 24-hour mosquito collection period. Letters
above the boxplots indicate statistical significance of
the differences. Conditions sharing a letter are not
significantly different.

Daily activity patterns showed that all human-attracted
mosquito species collected were only active during
daytime regardless of seasons or habitats (Figure 9).
Host-seeking activity differed between the low-cover
forest habitat, where mosquitoes were mostly active
during the afternoon, and the high-cover forest habitat,
where they were more active in the morning, regardless
of the season.

Figure 9: Daily pattern of human-seeking mosquito
activity stratified by habitat and season. The mean hourly
number of mosquitoes caught in the human-baited traps
is plotted over time by habitat (riverside, low-cover forest,
high-cover forest) and season (rainy, dry, intermediate).
Hourly data were collected for 24-hour periods (rainy
season: 6 consecutive days and nights; dry season: 6
consecutive days and nights; intermediate season: 2 x 6
consecutive days and nights).

The results of this study improve our understanding
of mosquito-human interactions in the NNT NPA by
providing new information on the species abundance,
richness, diversity, and daily activity pattern of mosquitoes
caught in human-baited traps. We characterized
several human-attracted mosquito species, including
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Ae. malayensis, in a primary forest of Laos, which paves
to way for identification of potential bridge vectors in
this area.

Publication

Miot EF, Motoki MT, Phommavanh N, Lakeomany
K, Vongphayloth K, Hertz JC, Lambrechts L, and Brey
PT. Diversity, abundance and daily activity pattern of
human-seeking mosquitoes in a forested area of the
Nakai district, Laos. Manuscript in preparation.

Potential of the sylvatic mosquito Aedes
malayensis to act as an arbovirus bridge
vector in forested area of the Nakai Nam
Theun National Protected Area

Following our initial field surveys, we chose to focus on
the mosquito Ae. malayensis to further characterize its
potential to act as an arbovirus bridge vector in the NNT
NPA. This was done by evaluating its vector competence
and its attraction to human scent in laboratory conditions.

We measured the vector competence of our laboratory
colony of Ae. malayensis recently derived from a sylvatic
population (see Chapter 1) for DENV and YFV, using
an urban Ae. aegypti population from Laos as a positive
control. Mosquito were orally challenged with a low-
passage DENV-1 isolate from Laos and a low-passage
YEV isolate belonging to the West African lineage.
Additionally, we performed behavioral experiments
using a dual-port olfactometer to assess the specific
attraction of this Ae. malayensis population to human
odor in the presence of CO, (Figure 12A).

We found that our sylvatic Ae. malayensis population
was competent for DENV-1, but to a lesser extent than
our Ae. aegypti control (Figure 10). Due to low YFV
infection rates overall, we were not able to conclusively
demonstrate that this Ae. malayensis population was
competent for YFV, but it was likely less competent than
our Ae. aegypti control (Figure 11).

Figure 10: Vector competence of sylvatic Ae. malayensis
and Ae. aegypti controls after exposure to 1.38 x 107
FFUs/ml of DENV-1. Bars represent the percentage of
virus-positive mosquitoes 14 days post infectious blood
meal and the error bars are the 95% confidence intervals
of the percentages. Infection rate (IR) is the proportion of
blood-fed females with an infected body. Dissemination
rate (DR) is the proportion of infected females with virus
disseminated to the head tissues. Transmission rate (TR)
is the proportion of females with a disseminated infection
that shed virus in their saliva. Transmission efficiency
(TE) is the overall proportion of blood-fed females that
shed virus in their saliva. The Ae. aegypti population was
included as a positive control. The figure compiles data
from two independent experiments that did not differ
significantly. **p < 0.01; ***p < 0.001.



Figure 11: Vector competence of sylvatic Ae. malayensis
and Ae. aegypti controls after exposure to 1.84 x 106
FFUs/ml of YFV. Bars represent the percentage of virus-
positive mosquitoes 14 days post infectious blood meal
and the error bars are the 95% confidence intervals of
the percentages. Infection rate (IR) is the proportion of
blood-fed females with an infected body. Dissemination
rate (DR) is the proportion of infected females with virus
disseminated to the head tissues. Transmission rate (TR)
is the proportion of females with a disseminated infection
that shed virus in their saliva. Transmission efficiency
(TE) is the overall proportion of blood-fed females that
shed virus in their saliva. The Ae. aegypti population
was included as a positive control. ***p < 0.001.

The olfactometer bioassays allowed us to measure
both flight activity (i.e. percentage of females that
spontaneously left the release chamber) and specific
attraction to human odor (i.e. percentage of trapped
mosquitoes that chose the trap with human odor). We
observed that in the presence of human odor combined
with CO,, a higher proportion of Ae. malayensis females
were activated and started flying compared to CO, alone
(Figure 12B). However, there was no specific attraction
to human odor, with equal proportions of mosquitoes
caught in the trap with human odor combined with CO,
and in the trap with CO2 alone (Figure 12C).
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Figure 12: Lack of laboratory evidence for Ae. malayensis
attraction to human odor. (A) Schematic and pictures of
the experimental setup to measure attraction to human
odor in a dual-port olfactometer. (B) Flight activity is the
percentage of female mosquitoes that exited the release
chamber after 20 min. (C) Attraction to human odor
was estimated as the percentage of trapped mosquitoes
that chose the trap with human odor, which ranges
from 0% (full attraction to CO, without human odor) to
100% (full attraction to CO, with human odor). The red,
vertical dashed lines indicate the expected percentage
of trapped mosquitoes when there is no preference for
either trap (50%). Error bars represent 95% confidence
intervals of the percentages. Letters next to or above the
bars indicate statistical significance. Conditions with
a letter in common are not significantly different from
each other. The data shown in (B) and (C) are pooled
from 6 and 9 separate replicate trials for CO, only vs.
CO, only and CO, + Human odor vs. CO, only designs,
respectively, which did not differ significantly. The Ae.
aegypti population was included as a positive control.

The relatively modest vector competence for DENV
and YFV, combined with a lack of detectable attraction
to human odor in laboratory conditions, indicate a low
potential for this sylvatic population of Ae. malayensis
to act as an arbovirus bridge vector in our study area.
Nevertheless, we caution that opportunistic feeding on
humans (see Chapter 2) may occasionally contribute to
bridge sylvatic and human transmission cycles. Further
assessment of the risk of DENV and/or YFV spillback
associated with Ae. malayensis should account for
additional risk factors such as the presence of susceptible
non-human primates and the probability of human-
mediated introduction of arboviruses into the area.

Miot EE Calvez E, Aubry F Dabo F Grandadam M,
Marcombe S, Oke C, Logan ]G, Brey PT, and Lambrechts
L. Potential of the sylvatic mosquito Aedes malayensis
to act as an arbovirus bridge vector in forested area of
the Nakai district, Laos. Manuscript under review for
publication in Parasites & Vectors.

Potential of peridomestic Aedes
malayensis mosquitoes to transmit
yellow fever virus in Singapore

Following our evaluation of the vectorial capacity of a
sylvatic population of Ae. malayensisin Laos (see Chapter
3), we extended our investigation to a peridomestic
Ae. malayensis population found in urban parks of
Singapore.

This Ae. malayensis population was previously colonized
by our collaborators at Duke-NUS Medical School who
suspected that it could contribute to “cryptic” arbovirus
transmission. Although vector control measures in
Singapore achieve very low densities of Aedes mosquitoes
[10], arboviruses such as DENV, CHIKYV, and ZIKV have
re-emerged in Singapore in the last two decades [11-14].
Indeed, this peridomestic Ae. malayensis population
was recently shown to be experimentally competent for
DENYV and CHIKYV [15]. However, its vector competence
for YFV had not been evaluated, and its propensity to
bite humans was unknown.

Until now, the Asia-Pacific region has remained YFV-
free. However, the increasing influx of travelers coming
from endemic regions of Africa and South America
where recent YFV outbreaks have occurred has
significantly increased the risk of YFV introduction in
places like Singapore, a major hub for trade and tourism
[16,17]. YFV introduction into the Asia-Pacific region
was confirmed in 2016 when 11 workers infected with
YEFV in Angola returned to China, although fortunately
it did not subsequently result in local transmission of the
virus [18].



To evaluate the ability of Ae. malayensis to contribute
to YFV transmission in Singapore, we used the colony
established in 2014 by our collaborators in Singapore.
First, we measured the vector competence of this Ae.
malayensis colony for YFV, using Ae. aegypti as a
positive control. Mosquito were orally challenged with a
low-passage YFV isolate belonging to the West African
lineage. Second, I performed a small-scale field survey
in several parks and a forested area of Singapore in
March 2019 to evaluate the probability of host-vector
contact between humans and Ae. malayensis. I sampled
mosquitoes at 6 locations from 7 a.m. to 7 p.m. using a
human-baited double-net trap: East Coast Park zone A (2
days), East Coast Park zone C (1 day), Mount Faber park
(1 day), Clementi woods park (1 day), West Coast park (1
day), and a forested area in the northern part of the city
in Sembawang (3 days). We also obtained data from the
island-wide Gravitrap surveillance network implemented
by Singapore National Environment Agency (NEA) to
monitor the spatial and temporal variability of adult
Aedes mosquito populations.

Overall, the peridomestic Ae. malayensis population
from Singapore was experimentally competent for YFV
to a similar level as our Ae. aegypti control (Figure 13
&14).

Figure 13: Peridomestic Ae. malayensis in Singapore
are orally susceptible to YFV. Dose-response curves
are shown for the Ae. malayensis population from
Singapore under study and a control Ae. aegypti
population. Infection rate is the proportion of blood-
fed females testing YFV-positive 10-14 days post
blood meal. Dissemination rate is the proportion of
YFV-infected females with YFV-positive wings/legs or
head 14 days post blood meal. The line represents the
logistic regression of the data and the shaded area is the
95% confidence interval of the fit. The data shown are
combined from two separate experiments.

During the small-scale field survey, Ae. malayensis was
caught in the human-baited trap in one of the urban parks
(Sembawang). The most abundant species collected was
Ae. albopictus (89%) followed by Ae. malayensis (9%).
Moreover, out of the 504,771 mosquitoes collected in
Gravitraps, the predominant species was Ae. aegypti
(80%), but a total of 1,931 Ae. malayensis were caught in
1,741 traps (Figure 15).

Figure 15: Distribution of Aedes malayensis in high-
rise apartment blocks in Singapore. Map based on data
collected from the island-wide Gravitrap surveillance
network in 2018.

Together, this study provided evidence that peridomestic
Ae. malayensis mosquitoes in Singapore are competent
vectors for YFV, which may not only engage in contact
with humans in urban parks but also breed in domestic
settings such as housing blocks. Therefore, we conclude
that Ae. malayensis could contribute to YFV transmission
in Singapore if the virus were to be introduced.
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Singapore can transmit yellow fever virus. PLoS Negl Trop
Dis. 2019;13: €0007783. doi:10.1371/journal.pntd.0007783
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Executive summary

The LaoLux Laboratory (LLL) aims to build capacity
for investigations of human and animal infectious
diseases that are of relevance for Lao PDR. All studies
are conducted 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. These
studies have importance for stakeholders in public
and animal health by providing estimates about the
burden of specific infections, by promoting outbreak
control and vaccination programmes, by improving
animal health and productivity, and by proposing
measures to optimize national health strategies. Our
evidence-based results and recommendations are
communicated to stake-holders and partners in the
form of written and oral reports and policy briefs.

In this year’s report, we present our serostudy of Polio
virus. Emergence of vaccine-derived poliovirus has
occurred in Lao PDR in recent years. It can only be
prevented by high vaccination coverage and adequate
disease surveillance. We find that adults born before
the systematic introduction of the polio vaccine in Lao
PDR have a lower seroprevalence of polio antibodies.
Thus, in addition to the routine childhood vaccination
and in the interest of an efficient use of resources, we
recommend that at least health care workers should be
systematically vaccinated in a nationwide programme.

We also detail a study regarding knowledge, attitude and
practice towards vaccines in Lao healthcare workers.
This important sub-group are at risk of infection from
patients and also can transmit infections to patients.
Furthermore, they can be an important source of
information on vaccines for the general public. Our
findings show a mixed knowledge, fair attitudes and
fair practices regarding vaccination. Receiving advice
from colleagues and having a free vaccine improved
vaccine uptake. Vaccine promotion programs for
HCW should take these factors into consideration.

Our study on hepatitis A virus (HAV) seroprevalence in
Xiengkhouang province and Vientiane Capital showed
evidence of a high level of previous infection in adults.
This disease is related to poor sanitation, and evidence
of high history of infection in those aged above 20
years old suggests poor sanitation in the past. Lower
seroprevalence levels in young Lao adolescents and
children may reflect improved sanitation in recent years.
However, children in Xiengkhouang province had a
higher seroprevalence than those in Vientiane Capital,
indicating poorer sanitation in the rural areas. We
suggest improved surveillance, awareness and sanitation.

Our collaboration with the Faculty of Agriculture at
the National University of Laos continued with a study
of poultry pathogens in backyard farms. In this study,
we found high rates of avian viruses and demonstrated
the co-circulation of diverse strains of coronaviruses
and chicken anemia viruses. Interestingly, phylogenetic
analysis suggested that there is cross-species transmission
of viruses between chickens and ducks. We suggest
ways to improve the control of avian viruses such as
separation of bird species and tailored vaccination
programs which would benefit the health of the birds
and the economic sustainability of the smallholders.

Other ongoing and completed studies that willbe reported
in full in the report next year include investigation
hepatitis B virus (HBV) infection in Lao dentists which
showed that improvements in hygiene and awareness are
warranted among Lao dentists. The results were reported
to the Lao Dental Association and the data are being
written as a manuscript. We also investigated the impact
of the HBV vaccine introduction on infection of Lao
adolescents and demonstrate a significant reduction in
exposure and chronic infection rates following vaccine
introduction. However, there remains a need to improve
vaccine coverage, particularly of the HepB birth dose.

Human papillomavirus (HPV) can cause cervical
cancer in infected women and Lao PDR has one
of the highest rates of this cancer worldwide.



In an ongoing study, we are investigating the genotype
distribution of HPV in healthy women and aim to
determine the prevalence of high-risk genotypes. Related
tothis, weareinvestigatingtheseroprevalenceofantibodies
against high-risk HPV genotypes in vaccinated and
unvaccinated adolescent Lao girls, in order to gain insight
into natural exposure levels and vaccine immunogenicity.

From March to May, 2019, we were joined by Diana
Cheung, a medical student from New York Institute of
Technology,whodidaprojecton “Knowledgeandattitudes
towards liver cancer and liver cancer screening among
chronic HBV and chronic HCV patients in Vientiane,
Lao PDR: a cross sectional study” We are also joined by
Khamsai Khamphavong from the Lao Military Institute of
Disease Prevention who will stay in the laboratory for 10
months to receive training in laboratory techniques and
research. Thongchanh Khammounneurn, a Biomedical
Masters student from the University of Health Sciences,
completed her thesis on “Monitoring of immune response
to HBV vaccination in Lao Red Cross and Blood Centre
staff in Lao PDR’. Franziska Fuchs, a Medical student
from Saarland University, investigated “Knowledge,
attitude and practice survey among healthcare
workers and pregnant women and immunity status on
ToRCH-infections during antenatal care in Lao PDR”

Vilaysone Khounvisith, from our laboratory, visited the
Luxembourg Institute of Health and the Laboratoire
National de Santé in Luxembourg for 2 months and
received training in laboratory techniques and data
analysis.

Financial support

In 2019, the laboratory was largely funded by the
“PARECIDS II” grant from the Government of the
Grand Duchy of Luxembourg and operates in close
partnership with the Infectious Disease Research Unit
at the Luxembourg Institute of Health, Luxembourg.
A “Lao Equity through policy Analysis and Research
Networks” (LEARN) research grant was awarded to Dr.
Phonethipsavanh Nouanthong in 2018 to investigate
the immunogenicity of human papillomavirus in Lao

girls. We also receive support from ARBOSHIELD grant
to facilitate training of Lao military staff.

Our partners include Luxembourg Development
Cooperation, Lao National Immunisation Programme,
Lao University of Health Sciences, Faculty of Agriculture
at the National University of Laos, Lao Tropical and
Public Health Institute, Lao Red Cross and various
hospitals nationwide.

Meeting presentations

7" Asian Vaccine Conference, Yangon, 13-15"
September

“Immunogenicity of human papillomavirus vaccine
among vaccinated adolescent girls in Lao PDR; a pilot
study” Poster

“Timeliness of the pentavalent childhood vaccine in
selected health care facilities in Bolikhamxay province”
Poster

“Lasting benefit of infant hepatitis B vaccination in
adolescents in the Lao People’s Democratic Republic”
Poster

“Seroprotection at different levels of the health care
system after routine vaccination with DTPw-HepB-Hib
in Lao PDR. Poster

13" Vaccine Congress, Bangkok, 15-18" September

“Seroprevalence of anti-tetanus antibodies in mothers
and cord blood and associated factors in health-care
settings in Lao People’s Democratic Republic” Poster

“High seroprevalence of Foot and Mouth Disease in
Laos” Poster

“Timeliness of the pentavalent childhood vaccine in
selected health care facilities in Bolikhamxay province”
Poster
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“Lasting benefit of infant hepatitis B vaccination in
adolescents in the Lao People’s Democratic Republic”
Oral presentation

Adolescent Research Day and National Health Research
Forum 2019, Vientiane Capital, 17-18" October

“Positive impact of hepatitis B vaccination in Lao PDR:
Hepatitis B seroprevalence in adolescents” Poster

11™ International Conference on Public Health among
Greater Mekong Sub-Regional countries, Vientiane, 18-
19" October

“Immunity against Human Paillomavirus in vaccinated
Lao adolescent girls” Oral presentation

“Moving forward to prevent hepatits B infection among
healthy blood donors in Lao PDR” Poster

The Liver Meeting, 8-12" November, Boston, USA

“Knowledge and attitude towards liver cancer and liver
cancer screening among HBV and HCV patients in
Vientiane, Lao PDR” Poster

Mekong Hepatitis Symposium, 27-29" November,
Vientiane

“Knowledge and attitude towards liver cancer and
liver cancer screening among HBV and HCV patients
in Vientiane, Lao PDR: a cross sectional study” Oral
presentation

Pasteur Institute Scientific Conference, Ho Chi Minh, 6"
December

“Vaccine-preventable disease laboratory at Institut
Pasteur du Laos; impact and immunogenicity of infant
and maternal vaccination.” Oral presentation

Teaching and training activities

o Taught at Institute Pasteur International Workshop
““Measles and Rubella Elimination: Options for Public
Health Interventions”, Ho Chi Minh, 2-5" December

« Seminar given to Lao Military staff on vaccines

o Short course on “Viral Hepatitis” given to Lao Tropical
Public Health Institute students, November

« Organised training on microscope use and maintenance
for veterinary staff from Xiengkhoung iVet school,
following donation of 2 microscopes

Manuscripts published 2019

Seroprotection at different levels of the health care system after
routine vaccination with DTPw-HepB-Hib in Lao PDR. Hefele
L, Syphan S, Xayavong D, Homsana A, Kleine D, Chanthavilay
P, Nouanthong P, Xaydalasouk K, Phathammavong O,
Billamay S, Xeuatvongsa A, Reinharz D, Muller CP, Black AP.
Clin Infect Dis. 2019 Feb 19.

Knowledge, attitudes, and practices regarding vaccination
among healthcare workers in Lao PDR. Sengchaleun YV,
Khampanisong P, Aye-Soukhathammavong P, Reinharz D,
Black AP. Southeast Asian ] Trop Med Public Health, March
20109.

Varicella zoster and fever rash surveillance in Lao People’s
Democratic Republic

Nouanthong P, Hiibschen JM, Billamay S, Mongkhoune
S, Vilivong K, Khounvisith V, Sinner R, Grandadam M,
Phonekeo D, Black AP, Muller CP. BMC Infect Dis. 2019 May
8;19(1):392.

Cross-species transmission of poultry pathogens in backyard
farms: ducks as carriers of chicken viruses. Pauly M, Snoeck
CJ, Phoutana V, Keosengthong A, Sausy A, Khenkha L,
Nouanthong P, Samountry B, Jutavijitum P, Vilivong K,
Hiibschen JM, Black AP, Pommasichan S, Muller CP. Avian
Pathol. 2019 Jun 14.

High prevalence of helminth infections in mother-child pairs
from three central provinces of Lao Peoples Democratic
Republic. Pauly M, Sayasinh K, Muller CP, Sayasone S, Black
AP. Parasite Epidemiology and Control. 2019

Seroprevalence of anti-tetanus antibodies in mothers and cord
blood and associated factors in health-care settings in Lao
People’s Democratic Republic. Ounnavong P, Chanthavilay P,
Khampanisong P, Reinharz D, Muller CP, Black AP. Vaccine.
2019
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Immunity levels to poliovirus in
Lao children and adults before the
vaccine-derived poliovirus outbreak:
a retrospective study

Project coordinators: Maude Pauly, Claude Muller
Staff Members: Phonethipsavanh Nouanthong

Large-scale vaccination campaigns eliminated wild
poliovirus (WPV) in most countries of the world and
WPV remains endemic only in Pakistan, Nigeria and
Afghanistan. In the Lao People’s Democratic Republic
(Lao PDR), oral polio vaccine (OPV) was introduced in
the early eighties, and vaccination was expanded to the
whole country in the nineties. In 1996, the last case of
WPV was reported in Lao PDR and in 2000, the Western
Pacific Region, including Lao PDR, was certified polio-
free.

Despite its ground-breaking role in the eradication
of poliovirus (PV), OPV (containing live attenuated
PV strains) has some important drawbacks. A small
proportion of vaccinees develop vaccine-associated
paralytic poliomyelitis (VAPP).

In countries with suboptimal vaccination coverage levels
and weak acute flaccid paralysis (AFP) surveillance,
excreted vaccine-virus can replicate and circulate for a
prolonged time. Within less than a year of circulation,
vaccine viruses may accumulate genetic mutations and
neurovirulent vaccine-derived PV (VDPV) may emerge.

At the end of 2015, VDPV type 1 strains emerged in Lao
PDR and caused paralysis in 11 individuals (last case
in January 2016) in the three neighbouring provinces
Bolikhamxay, Xaisomboun and Vientiane Province (see
also Fig 1). Most of the affected were male; 4 were below
the age of 18 months, 4 between 4 and 15 years, and 2 were
in their forties. Only a one-year old child had completed
the three OPV vaccinations. The others had only one
or no dose of OPV. Virtually all belonged to the ethnic
group of the Hmong. Circulation of the VDPV (cVDPV)
was confirmed by epidemiological investigations and
molecular analyses. By the beginning of 2016, the
outbreak was declared a public health emergency by
the Prime Minister and large vaccination campaigns
with trivalent OPV were launched and surveillance was
intensified throughout the country.

To reduce the risk of cVDPV emergence and in
compliance with the Polio End Game Strategy, a switch
from trivalent (containing type 1, 2 and 3 vaccine strains)
to bivalent (containing type 1 and 3 vaccine strains) OPV
was globally implemented in 2016. In Lao PDR, the new
recommendations, introduction of bivalent OPV and
of inactivated vaccine (IPV) as an adjunct to routine
immunization with OPV will soon be implemented.

Currently, PV surveillance relies mainly on the reporting
of AFP and in Lao PDR, reported rates of AFP reached
almost the recommended minimum required for PV-free
countries (i.e. one per 100 000 children below 15 years of
age). However, PV surveillance remains challenging as
silent circulation of WPV and VDPV is frequent.

Not enough is known in Lao PDR about immunity levels
against PV to understand the reasons for the recent
VDPV outbreak. We investigated five large cohorts
with different epidemiological, demographic, exposure
and vaccination histories in order to provide important
public health information about polio epidemiology.
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Fig 1. Lao provinces. Provinces affected by the cVDPV
type 1 outbreak are represented in grey and provinces
included in the study are dotted.

Seroprevalence in children (Cohorts 1-3)

97.6% of the children with full vaccination records and
aged less than 3.5 years had IgG antibodies against PV
by ELISA (Cohort 1). Neither sex or age, nor birthplace
or nutritional status influenced PV immune status.
However, seropositivity rates differed significantly
between the 3 provinces (x2=14.7, df=2, p<0.01; Table 1).

An anti-PV antibody seroprevalence of 98.8% was
determined in children aged less than 5 years from
remote districts in Huaphan (Cohort 2).

Neither age or sex, nor distance to next health care
facility had a significant effect on PV immune status
(Table 1). In another cohort of children with unknown
vaccination status from less marginalized communities
(Cohort 3), antibody seroprevalence was somewhat
lower with 92.3%. Similar to what was found for cohort
1, significantly lower immunity rates were also found for
this cohort in Bolikhamxay (84.1%) than in the two other
provinces (Luang Prabang: 95.4%, OR=3.9, 95%CI=1.4-
10.6, p=0.01; Vientiane: 96.3%, OR=4.9, 95%CI=1.4-
18, p=0.007). Children aged less than 1 year were
significantly more likely to have anti-PV antibodies than
children aged 5 to 9 years (97.6% versus 88.6%, p=0.007)
and anti-PV antibody levels were negatively correlated
with age (Pearson’s r=-0.4; 95%CI=-0.5 and -0.3; t=-7.1,
df=318, p<0.001).

Seroprevalence in adults (Cohorts 4 and 5)

81.7% of the blood donors (Cohort 4) had antibodies
against PV by ELISA. Seroprevalence rates ranged from
81.1 to 83.3% in the 4 provinces with no significant
differences. Participants born after the introduction of
OPV into the national immunization program in 1979
were significantly more likely to be seropositive: only
69.2% of the birth cohort 1958-1977 were seropositive,
compared to 82.7 and 85.1% of the younger birth cohorts
(1978-1988: OR=2.1, 95%CI=1.1-4, p=0.028; 1989-1998:
OR=2.5, 95%CI=1.4-4.6, p=0.003) (Table 1, Fig 2A).
Anti-PV antibody levels correlated negatively with age
(Pearson’s r=-0.1; 95%CI=-0.2 and 0; t=-3.6, df=526,
p= 0.001) (Table 1, Fig 2B). Mean antibody levels were
significantly lower in blood donors (47.6, 95%CI=18.2-
69.6) than in the fully vaccinated children (79.1;
95%ClI=47.7-79.1) (t=-14.3, df=1031.5, p-value<0.001;
Fig 2C).

Overall, a lower seroprevalence was determined for
HCW (Cohort 5) than for blood donors: only 71.9% of
the HCW had antibodies against PV by ELISA. Also in
this adult cohort, the antibody seroprevalence decreased
with age from 79.7% (birth year 1989-1998), to 74.3%
(birth year 1978-1988), to 69% (birth year 1958-1977),
but between the youngest and the oldest cohort there was
only a trend to significance (p=0.067).



Anti-PV antibody levels were negatively correlated
with age (Pearson’s r=-0.2; 95%CI=-0.2 and -0.1; t=-2.9,
df=698, p-value=0.004). The other recorded risk factors
were not significant (Table 1).

Fig 2. Age-related differences in poliovirus immunity as
determined by ELISA

(A) Difterences in age between seronegative and
seropositive blood donors and (B) age-stratified
anti- poliovirus antibody levels in blood donors. The
regression line and the confidence interval (shaded)
are shown. (C) Differences in median antibody levels
between fully vaccinated children (Cohort 1) and blood
donors (Cohort 4).

Discussion

To reduce the riskof WPV re-importation in Lao PDR, the
immunization services were strengthened nationwide.
In 2015, the OPV vaccination coverage was estimated
at 89% for 12-23 months old children. Nevertheless, in
the same year, the country experienced a cVDPV type 1
outbreak.

We find here that overall well above 90% of children
had antibodies against PV. This was true even for a rural
cohort of children with unknown vaccination status.
This high seroprevalence is also largely due to a very
high vaccine efficacy: 97.6% of fully vaccinated children
were positive for anti-PV antibodies by ELISA. Although
weak vaccine responses to OPV have been reported in
chronically malnourished children, we observed no effect
of malnutrition on antibody levels. Also no significant
difference in PV immunity was found between children
born at home and children born in hospital settings.
Remarkably, the cohort of children from remote districts
in Huaphan were equally well protected as the fully
vaccinated children, and distance to the next health care
facility had no negative impact on their immune status.
This suggests a high efliciency of outreach vaccination
activities.

However, significantly lower seropositivity rates were
determined in Bolikhamxay, both for fully vaccinated
children (94.5%) and children with unknown OPYV status
(84.1%). This is also the province which notified the first
paralytic cases during the outbreak. Deficiencies related
to vaccine management may also have influenced OPV
efficacy.
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In our adult cohorts, we found that only 81.7% of the Lao blood donors and 71.9% of the HCW had anti-PV antibodies
by ELISA. There was no significant difference between blood donors from different provinces and between HCW
from central, provincial or district hospitals or with different clinical and non-clinical positions. In both adult cohorts,
older participants and particularly those born before the introduction of OPV in the country had significantly lower
anti-PV antibody levels and, were significantly less likely to be seropositive (Figs 2A and B) than younger adults or
the children of Cohort 1 and 2. Adults born before the eighties did not undergo routine vaccination and were also
less likely to participate in SIAs. The significant age-dependent decrease in total anti-PV antibodies determined by
ELISA among all adult cohorts could thus be a reflection of the lower vaccination coverage in this age group, or of the
waning immunity after vaccination or exposure to VDPV or WPV. This may explain why four of the eleven reported
paralytic cases occurred among individuals above the age of 14 years.

Thus, our seroprevalence results are in line with what was observed during the outbreak. However, a limitation of our
cohorts was that for ethical reasons we were unable to collect explicit information on ethnicity, while ethnic minority
communities were most affected by the outbreak. These and adult risk groups such as HCWs, and regions with weak
vaccination programs should be primarily targeted by future supplementary vaccination activities.

These data have been published as a manuscript in Plos One, and reported to the National Immunization Technical
Advisory Group and the National Immunization Programme in the form of a policy brief. The data were also
presented as a poster at the Global Vaccine Research Forum in Bangkok, 2018.

Table 1. Association between socioeconomic characteristics and anti-polio IgG seropositivity as determined by
ELISA for each study cohort.

# Cohort Factors (significance  Levels % of Total Anti-Polio seroprevalence
level) n (%) n (%)b
#1 Fully Total Cohort 100 787/806 (97.6) 7571776 (97.6)
vafzcinated Province (**) Bolikhamxay 26.1 199/210 (94.8) 188/199 (94.5)
E:'i?; Khammouane 429 345/346 (99.7) 338/339 (99.7)
Vientiane 31 243/250(97.2) 231/238(97.1)
Age group < 1 year 8.9 70/72 (97.2) 69/71(97.2)
1 year > x 2 2 years 52.1 408/420 (97.1) 391/403 (97)
2 years > X = 3.5 years 39 309/314 (98.4) 2971302 (98.3)
Sex Female 51.4 405/414 (97.8) 389/398 (97.7)
Male 48.6 382/392 (97.5) 368/378 (97.4)
Birthplace Home 30 239/242 (98.8) 230/233(98.7)
Hospital 70 548/564 (97.2) 527/543 (97.1)
WHZ =-2 89.1 699/718 (97.4) 672/691 (97.3)
<-2 8.1 65/65 (100) 62/62 (100)
Unknown 2.8 N/A N/A
HAZ =-2 57 448/459 (97.6) 430/441 (97.5)
<-2 39 307/315 (97.5) 297/305 (97.4)
Unknown 4 N/A N/A



WAZ 2-2 785 616/633 (97.3) 592/609 (97.2)
<-2 20.8 166/168 (98.8) 160/162 (98.8)
Unknown 0.7 N/A N/A
#2 Children Total Cohort 100 88/90 (97.8) 84/85 (98.8)
from remote District Xam Tai 58.9 51/53 (96.2) 49/50 (98)
?;?2590) Kuan 41.1 37/37 (100) 35/35 (100)
Age group 1-2 years 16.7 15/15 (100) 15/15 (100)
2 years > x > 3years 22.2 19/20 (95) 18/19 (94.7)
3 years 2 x > 5 years 61.1 54/55 (98.2) 51/51 (100)
Sex Female 433 39/39 (100) 36/36 (100)
Male 56.7 49/51 (96.1) 48/49 (98)
#3 Children Total Cohort 100 297/320 (92.8) 2771300 (92.3)
with unknown “pyoyince () Bolikhamxay 30.6 84/98 (85.7) 74/88 (84.1)
:ﬁ;ﬂ:mm Luang Prabang 438 134/140 (95.7) 124/130 (95.4)
(N=320) Vientiane 25.6 79/82 (96.3) 79/82 (96.3)
Age group (**) < 1 year 39.1 122/125 (97.6) 122/125(97.6)
5 years = x 2 9 years 60.9 175/195 (89.7) 155/175 (88.6)
Sex Female 51.3 152/164 (92.7) 146/158 (92.4)
Male 48.7 145/156 (93) 131/142 (92.3)
#4 Blood Total Cohort 100 441/528 (83.5) 389/476 (81.7)
donors Province Huaphan 15.3 67/81 (82.7) 60/74 (81.1)
(N=528) Khammouane 487 215/257 (83.7) 185/227 (81.5)
Vientiane 25.8 113/136 (83.1) 104/127 (81.9)
Xaiyabury 10.2 46/54 (85.2) 40/48 (83.3)
Age group (**) 1989-1998 50.4 230/266 (86.5) 206/242 (85.1)
1978-1988 324 144/171 (84.2) 129/156 (82.7)
1958-1977 17.2 67/91 (73.6) 54/78 (69.2)
Sex Female 38.8 175/205 (85.4) 162/192 (84.4)
Male 61.2 266/323 (82.4) 227/284 (80)
#5 Healthcare  Total Cohort 100 536/700 (76.6) 420/584 (71.9)
workers Location hospital Central or provincial 72.7 388/509 (76.2) 304/425 (71.5)
(N=700) District 273 148/191 (77.5) 116/159 (73)
Age group 1989-1998 12.4 72/87 (82.8) 59/74 (79.7)
1978-1988 293 160/205 (78.1) 130/175 (74.3)
1958-1977 58.3 304/408 (74.5) 231/335 (69)
Sex Female 787 429/551 (77.9) 335/457 (73.3)
Male 213 107/149 (71.8) 85/127 (66.9)
Position Lab technician 7.3 41/51 (80.4) 35/45 (77.8)
Medical doctor 21 112/147 (76.2) 90/125 (72)
Nurse 539 287/377 (76.1) 219/309 (70.9)
Others 12.1 64/85 (75.3) 51/72 (70.8)
Specialist 57 32/40 (80) 25/33 (75.8)
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“*Complete dataset, borderlines being considered positive
®Dataset without borderline samples
*significant effect on  anti-poliovirus
seroprevalence (p-value between 0.05 and 0.01)
**highly significant effect on anti-poliovirus antibody
seroprevalence (p<0.01)

antibody

Knowledge, attitudes and practices
regarding  vaccination among
healthcare workers in Lao PDR

Project coordinators: Antony Black
Staft members: Viengsamay Sengchaleun,
Phonepaseuth Khampanisong

The World Health Organization recommends HCW
should be vaccinated against hepatitis B, polio, diphtheria,
measles, rubella, meningococcal, influenza and varicella.

In Lao PDR hepatitis B virus (HBV) infection is endemic;
approximately 45% of the general population has been
exposed to HBV and 8-10% of the adult population is
chronically infected. Outbreaks of other VPD continue
to occur due to a combination of low vaccine coverage
and poor vaccine immunogenicity. Our previous study
found Lao HCW had low levels of protective antibodies
against VPD.

Given the low vaccination coverage and rate of people
with vaccination induced protective antibodies among
general population in Lao PDR, HCW vaccination is
important. Several knowledge, attitudes and practices
(KAP) studies among HCW have been done in the USA,
UK and China to evaluate the relationship between
knowledge and influenza vaccination.

We aimed to determine the KAP regarding vaccination
among HCW in Lao PDR in order to inform VPD control
programs to improve vaccination rate among HCW.

The survey was done on 400 participants from 4 central
hospitals in Vientiane Capital (Settathirat, Mitthaphab,
Mahosot and Children’s Hospital) and four provincial
hospitals  (Vientiane, Khammouan, Bolikhamxay
and Houaphan). Subjects recruited for the study
were physicians (internists, paediatricians, surgeons,
obstetricians), midwives, nurses, dentists, lab technicians,
administrators and pharmacists.

Results

S Rewlts

Health care workers (HCW) are at increased risk for
infection due to vaccine-preventable diseases (VPD)
because of their contact with infected patients and
contaminated equipment and environments. HCW may
also transmit infection to other staff and patients.

Outbreaks of VPD are common in health-care settings,
even in countries with well-established immunization
programs. Vaccination of HCW is important to prevent
some nosocomial infections.

Socio-demographics characteristics

The mean age (range) of study subjects was 38 (21 to 64)
years; 74.7% were female. 40.5% of study subjects were
nurses. The mean number of years worked at a hospital
was 14. 49.5% of subjects had completed vocational
training without further studies (Table 1).



Table 1: Socio-demographic characteristics of study
subjects

Knowledge on vaccination

88.7% of study subjects were aware of the existence of an
HBYV vaccine and 88.2% of the polio vaccines. Eighty-four
percent of subjects knew vaccines can have side-effects.
13.5% of subjects believed vaccines can be replaced by
traditional medicine. 21.5% of subjects believed a single
vaccine dose always provides life-long immunity (Table
2).

Table 2: Knowledge about vaccination among study
subjects

a: correct answer; b: incorrect answer
Awareness of diseases and attitude toward vaccination

Seventy-nine percent of subjects were concerned about
contracting a disease while at work; 63.6% of subjects
were concerned about contracting HBV infection, 61.0%
were concerned about contracting tuberculosis and
56.6% were concerned about contracting HIV infection.
15.5% of subjects were unconcerned about contracting
infection from their patients; of these, 93.5% said they
knew how to protect themselves but only 6.5% of them
mentioned vaccination as a method of protecting
themselves.

Ninety-seven percent of subjects stated HCW should
be vaccinated; but only 70.3% stated HCW should be
vaccinated against HBV. 86.2% of subjects believed
vaccinations were effective in preventing disease, 7.8%
were not sure and 6.0% believed vaccinations were not
effective in preventing disease; of those, 50.0% stated
the reason for this belief was they felt vaccines were
not stored correctly. Ninety-five percent of the subjects
would recommend vaccinations for their colleagues and
88.2% would recommend vaccinations for their patients.
However, only 48.5%of subjects stated they intended to
get vaccinations in the future.

Practice

Ninety percent of subjects reported having been
vaccinated against at least one disease since starting
work in the hospital with the main motivation being self-
protection. Among those who had not been vaccinated,
the most frequent reason given for not being vaccinated
was fear of adverse reactions (Table 3). Of those who had
been vaccinated, 73.5% had been vaccinated against HBV.
66.9% of subjects knew their HBV immunity status. Some
subject had been previously vaccinated against polio
virus, tetanus, diphtheria or seasonal influenza; these
depended on the availability of vaccines and presence of
epidemics where they lived.
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Table 3. Reasons given by study subjects for receiving or
avoiding vaccinations.

Reasons given for receiving a vaccination (n = 367) n (%)
Self-protection 361 (98.4)
Protection of patients 121 (33.0)
Protection of family 149 (40.5)

Reasons given for avoiding a vaccination (n = 31) n (%)
Fear of an adverse reaction 10 (32.2)
Never offered a vaccine 9(29.0)
Disease not perceived to be serious 7(22.6)
Fear of the injection 3(9.7)
Belief vaccine does not provide sufficient protection 1(3.2)
Received a vaccine before coming to work at the hospital 1(3.2)

Information sources and hospital policies

80.5% of study subjects received information about
vaccinations from their colleagues and 43.7% received
information via their professional studies. 71.7% of study
subjects stated their hospitals held information seminars
about vaccines and 89.7% stated they always received
information from their hospitals during an outbreak.

Eighty-one percent of study subjects stated some
vaccinations were provided free at their hospitals,
including the influenza vaccine, HBV vaccine, diphtheria
vaccine, polio vaccine, tetanus vaccine, measles vaccine,
pertussis vaccine, Japanese encephalitis vaccine and
rubella vaccine; this varied by hospital.

Factors associated with a good knowledge about
vaccinations after multivariate analysis were: working in a
clinical field rather than working in administration (OR:
2.0;95% CI: 1.2-3.4; p>0.05) and duration of hospital work
>10 years (OR: 1.7; 95% CI: 1.1-2.5; p>0.05). Receiving
information about vaccinations from colleagues was
significantly associated with a favorable attitude toward
vaccination (OR: 3.2; 95% CI: 1.4-7.7; p>0.01). Working
in a hospital providing free vaccinations was significantly
associated with vaccination practice (OR: 3.5; 95%
CIL: 1.4-8.5; p<0.01). Having a positive attitude about
vaccination was significantly associated with practices
regarding vaccination (OR: 2.4; 95% CI: 1.1-5.5; p<0.05).

Discussion

The results of this study must be understood in the
context of vaccinations among HCW in the Lao PDR.
There is currently no national policy in Lao PDR
regarding HCW vaccinations, unlike many other
countries. A previous study found 53% of HCW in Lao
PDR had protective antibodies against HBV infection, the
immunity was derived mostly from previous infection,
rather than vaccination. Indeed, only 21% had anti-HBs
antibodies without anti-HBc antibodies, indicative of
HBV vaccination. Childhood HBV vaccination was only
introduced into Lao PDR in 2001.

Vaccination rates among HCW in Lao PDR can
be improved by focusing on factors in our study
significantly associated with HCW vaccination uptake,
such as receiving recommendations by colleagues to be
vaccinated and receiving the vaccine for free.

Havinga good attitude about vaccination was significantly
associated with being vaccinated in our study, similar to a
study from Shropshire, United Kingdom that found that
the most common reason for being vaccinated against
influenza among HCW was believing vaccination to be
effective.

A statistically significant association was seen between
receiving information from colleagues and being
vaccinated. Colleagues played an important role in
vaccination decisions. A study from the United States,
reported the 95% of surveyed parents of children aged
<18 months accepted advice about vaccination decisions
from a “people network” (friend, physician and family).
This suggests giving HCW the opportunity to discuss
vaccine with colleagues along with receiving information
though seminars may improve vaccine uptake among
HCW. Discussing the potential side effects and benefits
of vaccination may also improve uptake among HCW.
Misconceptions can also be corrected as seen in study
subjects, such as the belief that traditional medicine is as
effective in disease prevention as vaccination or a single
dose of a vaccine provides life-long protection.

Free vaccination and convenient vaccination should also
help improve vaccination uptake by HCW. The hepatitis



B vaccine usually costs around 10-20USD per dose in
Lao PDR, where many workers received an income of
around 200USD per month.

Conclusion

Vaccination is the most effective way to prevent VPD
among HCW. Attitudes about vaccination affects
vaccination practices. Receiving advice from colleagues
and having a free vaccine also improve vaccine uptake.
Vaccine promotion programs for HCW should take these
factors into consideration. Further studies are needed to
determine if implementation of programs considering
these factors can improve VPD morbidity among
HCW in Lao PDR. These data have been published as
a manuscript in Southeast Asian Journal of Tropical
Medicine and Public Health and were reported as a
Masters Thesis for a student from the Lao Tropical and
Public Health Institute.

Hepatitis A virus in Lao People’s
Democratic Republic

Project coordinators: Antony Black
Staft member: Vilaysone Khounvisith

Hepatitis A virus is a global public health problem, with
approximately 1.5 million clinical cases of hepatitis A
estimated worldwide annually. The incidence of infection
has a strong relation with sanitary and environmental
conditions and the level of socioeconomic development.
Hepatitis A has a particularly high rate of endemicity
in underdeveloped countries with poor sanitation, as
it is often passed through the faecal-oral route from
contaminated food or water. In Lao PDR, little is known
about the disease. Several outbreaks of the disease have
been reported, such as a major one that occurred in 2016
in Xiengkhuang Province (North of Lao PDR). Therefore,
we investigated the age-stratified HAV seroprevalence in
Xiengkhouang province and Vientiane Capital in Lao
PDR. We also determined risk-factors for HAV infection.

1195 participant were included, 400 from Xiengkhoung
province and 795 from Vientiane Capital. Overall 62%
of participants were anti-HAV positive in Xiengkhouang
province compared to 45.5% in Vientiane Capital. In
Xiengkhouang, 23.7% of 5 to 10 years olds were already
seropositive compared to 5% in Vientiane. A dramatic
increase in seroprevalence occurred between the 15 to
20 and the 21 to 30-year-old age groups (35.7% to 62.4%,
Xiengkhouang and 11.5 to 69.7%, Vientiane) until
essentially all older adults were positive in both locations.
The main risk factors for HAV-antibodies were age, non
Lao-Tai ethnicity and food-related.

This study showed significant exposure to HAV in Lao
PDR. The majority of the adult population have been
exposed, probably during their early lives before general
sanitation had improved. Currently, some exposure
still begins early, particularly in rural areas with lesser
sanitation, whilst progress has been made in Vientiane
Capital.
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As expected, the rate of past infections increased steadily
with age. In the participants above 30 years of age,
more than 80% had previous HAV infection in both the
rural setting of Xiengkhouang and the urban setting of
Vientiane Capital. In the capital, there was a conspicuous
difference between cohorts born before and after 1996.
This may reflect infections of these individuals during
childhood and an improvement in sanitation in the late
1990s. Similarly, in neighbouring Thailand, improved
sanitation resulted in a reduction in childhood infections
and therefore a shift in the age distribution of anti-
HAV positive individuals. The age at which 50% of the
population are anti-HAV positive in Xiengkhouang is
about 20 years.

Policy and impact

Awareness campaigns regarding the risk of HAV
infection should be conducted e.g. in schools and
villages. Furthermore, improvements in water sanitation,
in particular in the rural districts, and better food
hygiene are warranted. Our study also suggests that HAV
infections are under-reported. Improved reporting would
provide guidance for targeted interventions to further
reduce HAV infections. These data have been formulated
as a policy brief and a manuscript for submission to an
international journal.

Figure 1. Age-stratified anti-HAV IgG seroprevalence
data from Xiengkhouang, Lao PDR in 2017 compared
to Thailand from 1971/1972 to 2014. Dotted line
corresponds to the age of 50% seropositivity. Adapted
from Sa-Nguanmoo et al. 2016.

Cross-species  transmission  of
poultry pathogens in backyard
farms: ducks as carriers of chicken
viruses

Project coordinators: Maude Pauly, Claude Muller
Staff members: Latdavone Khenkha, Phonethipsavanh
Nouanthong

In Southeast Asia, many risk factors facilitate the
cross-species transmission of poultry diseases: large
populations of wild and domestic birds, the omnipresence
of extensive agriculture, and popular live bird markets.
In particular, the village or backyard production system
is challenged by enzootic avian diseases. Low hygienic
standards, mixing of poultry species and production
stages, low-quality feed, uncontrolled bird trade, lack of
bird containment and limited access to veterinary and
diagnostic laboratory services are drivers for pathogen
circulation and cross-species transmission.

Worldwide, the broad range of susceptible hosts and
transmission routes represent major challenges to the
control of avian viruses. Virtually all bird species are
susceptible to Newcastle disease virus (NDV) infection,
and wild birds can be a source of infection for domestic
poultry and vice versa.



Chickens are the only natural host of chicken anaemia
virus (CAV), but other avian and mammalian species
may contribute to its spread. Although CAV is mainly
transmitted by the faecal-oral route, vertical transmission
dramatically impacts the viability of the progeny. Unlike
CAV, several bird species are susceptible to infectious
bronchitis virus (IBV), an avian coronavirus (CoV).
However, other avian CoV strains (e.g. duck CoV)
are more species-specific. The emergence of novel
recombinants and strains, sometimes in unusual host
species, as well as the prevailing lack of pathognomonic
signs, further complicates the diagnosis of avian diseases.
The clinical course of many avian diseases depends on
strain- and host-related factors. Depending on the
strain, IBV replicates in the respiratory, urogenital
or gastrointestinal tracts of symptomatic or even
asymptomatic birds. Inapparent infections are also
typical for some pathotypes of NDV, while others lead to
high morbidity and mortality.

Vaccination against avian viruses is challenging.
Adequate storage and administration of vaccines are
difficult in remote settings. Moreover, the protection is
short-lived, weak and type-specific, and the vaccines are
mostly licenced only for few host species. Due to the high
antigenic diversity, the propensity for recombination
and the lack of universal cross-protection, continuous
adaptation of vaccine strains to circulating IBV strains
is required. These features of avian viruses represent
important challenges to backyard farming in rural
Southeast Asia.

In Lao People’s Democratic Republic (Lao PDR), poultry
rearing is an important source of subsistence, income and
high-quality nutritional protein. To assess viral evolution,
host range and transmission routes in backyard farms,
chickens and ducks from rural areas in Lao PDR were
screened for viruses with a broad host range (i.e. NDV
and CoV), as well as for a virus with a restricted host
range (i.e. CAV).

Results

Table 1. Description of sample datasets.

Table 2. Virus detection rates according to sample type
and collection year.

*1 sample not tested

CoV detection

Overall, 6.4% (26/404) of the oral/tracheal swabs and
38.7% (156/403) of the cloacal swabs were positive for
CoV. High CoV positivity rates were found in cloacal
swabs of chickens (27.3%) and ducks (48.2%). Detection
rates in the oral/tracheal swabs were significantly lower
(9.3% and 2.4%) for both host species. While CoV RNA
was consistently found in faecal swabs from every village,
viral RNA was only sporadically detected in oral/tracheal
swabs. Significantly higher circulation was found in
juveniles than in adults (oral/tracheal swabs: 9.7% versus
4.4%, P = 0.04; cloacal swabs: 46.8% versus 12.3%, P <
0.01). IBV-like and duck CoV-like strains were detected
in both chickens and ducks. However, IBV-like strains
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were mostly detected in chickens, and duck CoV-like
strains mostly in duck samples (P < 0.001).

The most suitable specimen for virus detection depended
on the viral strain. IBV-like strains were detected in both
swabs of chickens and ducks. In contrast, duck CoV-
like strains were detected only in the oral/tracheal swab
of a single duck. Only in 2015, both swab types were
collected: although overall 9.9% of the oral/tracheal and
swabs 20.3% of the cloacal swabs were positive, CoV
RNA was detected in both sample types only in 11 cases.
Whenever good quality sequences of the partial viral
genomes were obtained from both sample types, the
nucleotide sequences were 100% identical. The results of
the CoV screening are summarized in Table 2.

CAV detection

Overall, 11.6% (47/404) of the oral/tracheal swabs and
1.7% (7/403) of the cloacal swabs were positive for CAV
with an apparent local outbreak pattern: CAV positivity
was limited to approximately half of the villages (3/6 in
2011 and 4/6 in 2015; no village-related data available for
2014). Positivity was higher in juveniles than in adults
(oral/tracheal swabs: 17.5% versus 8%, P < 0.01; for
cloacal swabs: 6.4% versus 1.3%, P > 0.05). Although CAV
DNA detection predominated in respiratory secretions
of chickens (18.1%, 43/237), viral DNA was also detected
in oral/tracheal swabs of a few ducks (4/167, 2.4%).
Two of the positive ducks were from mixed-species
farms located in the same village. While CAV DNA was
detected in none of the chicken samples collected in
these farms, viral DNA was detected in chickens from
other farms in the village. In 2015, CAV DNA was only
detected in the two sample types of three birds and the
nucleotide sequences obtained from both sample types
were 100% identical. The results of CAV screening are
summarized in Table 2.

NDYV detection

While anti-NDV antibodies were detected in 86.9%
(107/123) of chicken sera with no difference in
seroprevalence between juvenile and adult birds, virus
RNA was detected in none of the swabs.

Viral strain characterization

BLAST and phylogenetic analyses of the partial RdRp
gene of CoV, revealed that diverse avian CoV strains
co-circulated in rural Lao PDR. A strain clustering
with known duck CoV strains was detected in cloacal
swabs of 81 ducks and 10 chickens that were collected in
2011 in different villages in both districts. Interestingly,
the positive chickens were not from the same farms or
villages as the positive ducks. Two different duck CoV
strains were detected in cloacal and tracheal swabs of
ducks in 2015. Although most Lao IBV strains were
obtained from cloacal and tracheal swabs of chickens,
some were also detected in duck samples (e.g. AvCoV/
duck/Lao PDR/LAO15_A_11205/2015_MH496841).

All positive ducks were from mixed-species farms or at
least from villages with IBV-positive chickens. The vast
majority formed a cluster together with the reference
strains XDC-2, A2, CK/CH/LLN/111169 and GX-
NNO09032 (accession numbers: KM213963, EU526388,
KF411040 and JX897900) from chickens in China.
Another Lao strain detected in only one chicken in
2015 belonged to another cluster (AvCoV/duck/Lao
PDR/LAO15_A_112551/2015_MH496833) and was
most closely related to the reference strain SAIBK from
China (accession number: DQ288927). All attempts to
sequence the S1 gene of the duck CoV-like strains failed.
However, partial S1 gene sequences were successfully
obtained from a subset of the IBV-like positive tracheal/
oral and cloacal swabs.

Phylogenetic analyses showed that the Lao IBV-like
strains obtained from chickens and ducks may be
classified as lineages GI-1, GI-13, GI-19 and GI-25.
Most, but not all, of those lineages include strains from
China or India. Lao CAV strains clustered in three of
the eight recognized CAV lineages, namely lineages 6,
7 and 8. Almost all CAV sequences were obtained from
oral/tracheal swabs and, in 2015, most were obtained
from samples collected in a single village where strains
from lineages 7 and 8 co-circulated. A CAV sequence
(MH497005) could only be obtained from one duck
sample from the 2014 cohort and it was closely
related to the chicken strains. As neither village- nor



farm-related information was collected in 2014, , it
remains unknown whether this duck was raised with
CAV-positive chickens. Interestingly, one Lao CAV
strain was distantly related to the recognized lineage 1
(i.e. MH496999), but only a relatively small sequence was
obtained from this strain (i.e. 578 bp). The vast majority
of the Lao strains clustered with sequences from Asia
(e.g. China, India, Cambodia and Taiwan).

Discussion

We previously found that 90% of the smallholders in
Vientiane Province own poultry with the majority (64%)
rearing both chickens and ducks (data not shown).
Here, we show high circulation rates of NDV, CoV and
CAV, challenging the livelihoods of (semi-)subsistence
farmers.

It was difficult to compare our results from Lao PDR to
other countries in the region due to the dearth of recent
high-quality baseline data on avian diseases in Southeast
Asia. It is known that certain avian CoV strains of
galliform and non-galliform birds are closely related.
Host tropism of CoV depends on the virus strain. In line
with previous reports, IBV-like strains were detected in
Lao chickens and ducks. Most interestingly, duck CoV-
like strains were also detected in both poultry species.
Domestic ducks are susceptible to CoV related to viruses
of wild waterfowls, which can shed diverse Gamma-
and Deltacoronaviruses at high rates. Hence, wild and
domestic Anseriformes birds may play a role as mixing
vessels for diverse CoV strains. In return, chickens
probably also represent a minor infection source of duck
CoV. Co-circulation of IBV-like and duck CoV-like
strains in both species raises concerns for the generation
of new CoV variants through recombination.

In contrast to avian CoV, CAV circulation was so far
mainly observed in chickens. Interestingly, however, CAV
DNA was also detected in a few Lao ducks. It is likely that
ducks serve as biological, or at least mechanical, carriers
of diverse avian CoV, but also CAV. As most backyard
poultry was free-roaming, there are also cross-species
interactions with poultry from neighbouring farms and
with wild birds. This, coupled with the limited sample

size and unknown geographical or commercial origin
of the poultry, hindered identification of the infection
source.

While the infection status of biological carriers needs
confirmation by virus isolation and whole genome
sequencing, mechanical carriers certainly contribute
to the viral spread by contaminating the environment.
Genetic characterization of numerous Lao CoV and
CAV strains from chickens and ducks was attempted.
Almost all Lao strains were closely related to strains
from Asia, but, as observed previously, the phylogenetic
analyses revealed no clear geographic clustering. Most
interestingly, the partial genomes from virus strains
detected in ducks and chickens were closely related,
which further highlights the high risk of cross-species

transmission in this setting.

The current nomenclature of IBV genotypes is based
on the complete S1 unit of the spike gene characterized
by a high frequency of random mutations. This, as
well as low viral loads in the samples, explains why the
molecular characterization of the S1 unit of all Lao duck
CoV and many IBV failed. In addition, recombination
between IBV and duck CoV, favoured by their co-
circulation, may also be responsible for sequencing
failure. By referring to IBV-like and duck CoV-like
strains, we highlight the uncertainty that remains with
regard to the strain classifications as viral genomes were
only partially sequenced. In the future, unbiased full
genome sequencing is needed to confirm not only strain
classification, but also to identify possible recombination
events.

CoV and CAV co-circulated in approximately 30% of the
villages, and nucleic acids of both viruses were detected
in four young chickens. Even if none of the Lao poultry
was obviously symptomatic, co-circulation of both
viruses often increases disease severity. While persistent
infections with asymptomatic shedding are typical for
young poultry, older birds tend to be resistant to clinical
disease, but remain susceptible to infection. Silent
shedding complicates diagnosis and facilitates prolonged
co-circulation of different viral strains. The latter
represents a recognized risk factor for the emergence of
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novel strains and of recombinants adapted to new host
species.

The impact of the circulating CAV or IBV strains on
duck production remains unknown. While most reports
suggest low pathogenicity of IBV for ducks, a novel IBV
strain with clear pathogenicity for ducks was detected in
China, also highlighting the need for new IBV vaccines
and continuous surveillance. Although detection rates
of CAV were highest in tracheal swabs, CAV detection
was successful usually only in one of the two swab types,
likely due to differences in infection stages and/or viral
strain. Thus, both swab types should be tested for CAV to
diagnose an infection or assess virus prevalence with high
confidence in all host species, including ducks. A similar
approach is already recommended for IBV surveillance,
but may not be necessary for duck CoV. In fact, this avian
CoV was mainly detected in faecal samples.

Cross-species transmission of NDV could not be
evaluated in this study. None of the swab samples were
positive by multiplex real-time RT-PCR targeting both
NDV class I and class II strains. Since CoV, another RNA
virus, was successfully detected in the same samples, it
is unlikely that sample transport and storage conditions
affected NDV detection adversely. However, serological
evidence of NDV circulation among Lao chickens was
obtained. As the ELISA is only suitable for screening
chickens, applying an ELISA with a broader host range
would be important to assess the role of ducks in NDV
epidemiology in Lao PDR.

Conclusion

Our study shows that backyard farming of mixed
poultry species facilitates cross-species transmission and
represents an ideal breeding ground for new virus strains.
To reduce the risk of infection in backyard settings,
improved biosecurity, bird containment, separation
of poultry species and sick birds, tailored vaccination
programmes and continuous surveillance are warranted.
Improving the control of avian viruses will not only
benefit the birds, but will also contribute to the economic
sustainability of smallholders. This study was published
in the journal Avian Pathology and communicated with

our partners at the Faculty of Agriculture, National
University of Laos.

Phylogenetic analysis of the partial RNA-dependent RNA
polymerase gene of avian Gammacoronaviruses Bayesian
analyses of a 329 nt long alignment comprising unique,
partial RNA-dependent RNA polymerase (RdRp) gene
sequences of 208 coronavirus (CoV) strains. All available
RdRp sequences from reference strains of Infectious
bronchitis virus (IBV) were included (in bold and italic)
as well as a selection of unique GenBank sequences. The
phylogenetic relationship of every unique Lao sequence
(in red) to GenBank sequences is shown. When identical
sequences were retrieved from several samples, this is
shown by indicating the frequency of detection behind
the strain name (e.g. “*8”). The sample material from
which the sequences were obtained is also displayed
(CS: cloacal swab and OC: oral/tracheal swab). Only the
posterior probability (pp) values of well supported nodes
(pp>0.7) are shown. The sequences were named, if the
information was available, according to the following
nomenclature: AvCoV/host/country/specimen id/year_
Genbank accession number. For the IBV reference stains
also the lineage as determined before based on complete
spike sequences is displayed (e.g. “GVI-97”).

Bayesian analyses of a 977 nt long alignment comprising
unique, partial VP1 gene sequences of 129 chicken
anemia virus (CAV) strains. The selection of GenBank
sequences included in the analysis and also the CAV
classification are based on a recent publication. The
phylogenetic relationship of every unique Lao sequence
(in red) to GenBank sequences is shown. Only the
posterior probability (pp) values of well supported nodes
(pp>0.7) are shown. The sequences were named, if the
information was available, according to the following
nomenclature: Genbank accession number|country|year.



Vilaysone (in background) receiving training on
molecular techniques at Laboratoire National de Sante
in Luxembourg.

Vilaysone and the team at Luxembourg Institute of
Health, Luxembourg.

Vilaysone has PCR and ELISA training at Luxembourg
Institute of Health, Luxembourg Human papillomavirus
genotype distribution in Lao PDR. Cervical sample
collection in 4 provincial hospitals
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Parasitology Laboratory
Lao-Japan joint Lab

The aims of the Parasitology Laboratory are to carry out research and training in the area of parasitology to better
understand parasitic diseases affecting the Lao population and to propose ways to mitigate possible infections, and
to provide technical support to the national-level institutions in the areas of malaria and other parasitic diseases.

Visiting Scientists:

Phonepadith XANGSAYARATH, MD, PhD
Masami NAKATSU, PhD

Emilie MATSUMOTO-TAKAHASHI, PhD
Satoru KAWAI, PhD

Megumi SATO, PhD

Masamine JIMBA, MD, PhD

Jun KOBAYASHI, MD, PhD

Toshihiro MITA, MD, PhD

Takashi KUMAGAI, PhD

Satoshi NAKAMURA, PhD

Daisuke NONAKA, PhD

Ken Ing Cherng ONG

Projects

¥ SATREPS
% Arboshield
% BioLao Plus

Head of Laboratory:
Shigeyuki KANO, MD, PhD

Scientist:
Moritoshi IWAGAMI, PhD, Laboratory Manager

Junior Scientists:

Phonepadith KHATTIGNAVONG, MD
Sengdeuane KEOMALAPHET, MD
Phoyphaylinh PRASAYASITH, MD

Technicians:
Pheovaly SOUNDALA
Sonesimmaly SANNIKONE

Trainees:
Intong PHENGSOUVANH (July 2018-June 2019)
Anousone KIENGPASA (July 2019-June 2020)

PhD Students:
Emiri TAKAHASHI
Phoutnalong VILY
Hitomi ARAKI

Volunteer:
Takashi SEKINE, JICA Short Term Volunteer (March
2019-March 2020)

# 5-Aminolevlinic acid (5-ALA) Asymptomatic Malaria



Executive summary

Parasitology Laboratory had conducted the JICA/
AMED SATREPS project for parasitic diseases
(malaria, schistosomiasis, opisthorchiasis) since 2014,
with close collaboration with Center of Malariology,
Parasitology and Entomology (CMPE), Ministry of
Health, Lao PDR, local partners in provinces, WHO
Laos, National Center for Global Health and Medicine
(NCGM), Tokyo, Japan and other partners. This
project aimed to develop high-sensitive diagnostic
methods, such as PCR, LAMP, ELISA for the parasitic
diseases, to identify precise endemicity of the diseases,
to monitor drug resistant malaria, to build capacity for
investigations of the diseases, and to provide evidence
and advises for control and elimination of the diseases.

This five-years collaborative project was terminated on
April 2019. A total of 14 scientific papers were published
in international journals. Some of the outcomes of
the project were utilized for national guidelines for
control and elimination of malaria and schistosomiasis
in Lao PDR. One of the important achievements of
the project is human resource development. On 20109,
one staff member from CMPE who was a member
of the project, obtained his PhD under the scheme
of the SATREPS project. Our lab staff supported his
study on malaria among Lao military personnel.

A major focus of our research is drug resistant malaria,
especially artemisinin resistance. Artemisinin resistant
malaria has been a major obstacle for malaria control
and elimination in the country. In this report, we will
update the situation of artemisinin resistance. In 2018,
we showed that artemisinin resistant malaria has rapidly
spread from south to north and already reached to the
northern most province (Phongsaly). In our recent
study, we found that prevalence of artemisinin resistance
in 2017 decreased, comparing with that in 2015 in
Savannakhet, Salavan, Sekong and Attapeu Provinces.

Arboshield Project continues to improve capacity of
surveillance and diagnosis of vector-borne diseases.
Role of Parasitology lab in this project is to improve

malaria diagnosis for civil sector and military
sector through training and quality assessment.

After the SATREPS project, Parasitology Lab starts new
malaria research project named “5-Aminolevlinic acid
(5-ALA) Asymptomatic Malaria Project” on October
2019. 5-ALA is a health food supplement produced by
neopharma Japan Co. Ltd. Some studies showed that
5-ALA has an efficacy to kill or inhibit Plasmodium
growthbothinvitroandinvivo. In this new project, we will
evaluate the efficacy to kill or inhibit Plasmodium growth
among asymptomatic Plasmodium carriers in malaria
high endemic villages in Savannakhet Province. If this
supplement is effective for asymptomatic Plasmodium
carriers, this will be an effective tool to eliminate
asymptomatic Plasmodium carriers in the endemic areas.

grnunudzidnoingau
%’

93301 NI INDNZE inctulagniu JICA/
AMED SATREPS njofivwzaannidin (180121sy,
wzen i Tu@en € wrenutdutiv)
uumjccmﬁ 2014 cJuduu Tnadniusoudeytrign
fluguigeyy, wUmn e cwj‘c.u (CMPE) nzg90)
FNIREVEYN, YU 719, asa.u.uzuznsjnu oy
(209, 9jmns“m‘c.utzan U179, JUNIVCWO (Y
gevww whizin, lango, Uzcmmédu (NCGM)
tisuciougsoulSu98n.

'gmJ35129jIajn'1uﬁcc.L'JiucgiUTémmﬂ]mmmcﬁnﬁnmu
Juztii Doowedudigyrgu: PCR, LAMP, ELISA
(WedjuzBwzannennigs, genunIuazUINeswy
£10€e)19:930, mcmﬂunwmmmsheej‘ce.mmcsu S
aawsmgwm?nmunomasnmﬂw g0, WS yudn
N e Huuzdriiensuguiisuiidudndunwzen
09 Nn1ovIsn.

Tajmwsa.uu 53 Uctuutogmoaﬂmmsuwm 2019
Heruwa. WwivaouddofuadBdnzundipio 14

Do tdSun1udbutuowraiartivafiv mosedu.
tJaJ‘cmsuzSjT,ajn=11J‘Eonnm‘ﬁaczﬂuauctmjamtws
0OUAU (AT JUFIYIELRUSY (A wraInTutdluden
1IN YUY Q10.

76



77 INSTITUT PASTEUR DU LAOS ANNUAL REPORT 2019-2020

‘ZLltumJj‘Ean°|nwu:1°|Laommauasjiajmmwumu
dinnzuiynazansy. Wi 2019 1, ZU""JJﬂj‘l]J’%ﬂﬂ%lﬂJ
‘E2£Jj, cUNEan «e wugtd (CMPE) 91uou 1 0y Laj
ncz“.]wuﬂu:lymanesﬁﬂjnm SATREPS tis3juiuuy
;awmcsnww‘imiajmw logweiingwandie)San

2ejwoncsm‘muunsuaouceﬂ?unﬂwaua:JﬂasijNja
fiu tEuRrsud LwiunynazaneueeINSiuo.

cUJJsznesjmuaUaa‘12sajzuancsmuwcw‘f:}mumwmm
293[;29‘(2.U°|a°mss) lnogzwizadocuuniudideiem
WEIUT cajczjusuuansw‘EmUmijaummouau Qe
aumj‘tammcsmm UU Q10. ‘Euumawjma“uuw
woniS1vs lrigay wwgsjmumummamm.uauw
29718.1QUSY. QDU LwonEataRyaion niw
mummsmmuawnesj‘tammcsy‘mccwaummy
mnw"m‘im‘w:lwmwuewju cmniouwuﬂccaojwj:ﬁ
Al cajczjuucaajmalcuusamasaj UU Q10. muauam293
woncSEiin Wicdiuda snmgnguaejmwmummsm
cm.uaaJu2saj‘t2.U°|aﬂcssJaJcce.:Jja“mowucQo S1:3Y,
(gn9) Sonzd Wl 2017 mo;ajwsUjumjunui]
2015 ey,

03Ny _ Arboshield 'ilus‘?lUL"l?jUUjﬂOﬂ.USﬂO%‘lJﬁO
eonlRLd)  wy y ﬂ’l‘]JUjJJ”C’]ZU”EJ‘lOU]JJl;EJJj‘C.U
WuwinetuSse. venaniy, wmuuoumasajmejocmu
nidaindnzuididulagniulcluclsduyniudusd
tgusy WunwingovivaziSey Az nojgiulng
GUNMUENSUSL Ay NMudztluguusw.

ZU‘]EJZJ’Ij?]’lEQOTﬂjJ’]’IU SATREPS, lﬂSjOEﬂ"luﬂ‘l&J’m
dny m‘tmauimmuawam‘@mmcsusw‘iwam
"5-Aminolevlinicacid (5- ALA)AsymptomaUcMaIana
PrOJect TucBau 01 2019. 5-ALA Ucwusﬂmmca.u
Hurdnand3go tu'iswﬂm UuEZﬂOSjUﬂJ caj.uumamm
nwdntidnticdivdor 5-ALA  Durdofiww  Tunw
gizofdudinueziautivings)ge Plasmodium
Ny tundinasylugenusio (in V|tro) €z NIWIN
Wwdndinasy (in vivo). ‘Euiﬂjmu‘ﬁzmw woncS1vzUy
(Dudy aomwﬂu?wmumcas i musjusjjmmucau
cmuimesajcas Plasmodium ‘Zuaummae‘cemm (S8
U:JucmjmmaJ‘ZaJULlmummusnmgnguasjcasajd
cc2ajazmauuu520 mmm 5-ALA Dur8ofwwdasiv
wmnca9‘c2.um°|cssJccmugl“cmjeﬂmum“cﬂwommuuu
amnzuwmmugumj‘cammcssamUﬂumncas
Plasmodium u;mUJ_l9°mmgl“cmjcfumomumuu.ucas
299WreIN A,

SATREPS Project: Project for
Development of Innovative
Research Techniques in the Genetic
Epidemiology of Malaria and Other
Parasitic Diseases in the Lao PDR
for Containment of Their Expanding
Endemicity

Project Coordinator: Dr. Shigeyuki KANO

Staff members:

Moritoshi IWAGAMI, Phonepadith
KHATTIGNAVONG, Sengdeuane KEOMALAPHET,
Phoyphaylinh PRASAYASITH, Pheovaly SOUNDALA,
Sonesimmaly SANNIKONE, and other visiting
scientists and students.

Malaria, Schistosomiasis (Schistosoma mekongi),
and Opisthorchiasis (Opisthorchis viverrini) are a
tremendous health burden on the people of the Lao PDR.
Although significant reductions in malaria transmission
have been reported due to the large-scale distribution
of insecticide-treated bed nets (ITNs) through the



Global Fund to Fight AIDS, Tuberculosis and Malaria,
strategies based on the scientific evidence have not been
developedtodeal withthegeneticvariationsin parasiteand
vector populations, and drug-resistant malaria. Recently,
artemisinin-resistant malaria was reported in southern
provinces [1, 2]. Therefore, it is necessary to survey other
provinces, especially the five southern provinces of the
country, to monitor and contain the spread of drug-
resistant malaria. The Lao Ministry of Health and the
WHO have set a goal of eliminating malaria by 2030. To
achieve this goal, we have to understand the real malaria
situation, including drug-resistant malaria, prevalence
of  glucose-6-phosphate  dehydrogenase  (G6PD)
deficiency, the prevalence of asymptomatic Plasmodium
carriers, malaria situation among mobile and migrant
populations, and develop effective elimination strategies.

Significant progress has been made in the past decades
in the reduction of the prevalence of Schistosomiasis
(S. mekongi) in the endemic areas (approximately 200
villages) in Khong district and Mounlapamok district,
Champasak province, Lao PDR, through preventive
chemotherapy using praziquantel as the drug of choice
once a year as well as health education in the community.
However, current monitoring methods rely on the Kato-
Katz stool examination whose sensitivity may not be
sufficient to detect light intensity S. mekongi infections.
In 2017, WHO adopted a new strategy that accelerates
the elimination of Asian schistosomiasis in the Western
Pacific Region, i.e., transmission interruption by 2025
and eradication by 2030.

One criteria of transmission interruption is “no new
case of animal infection” To achieve this goal, we need
sensitive detection methods, such as DNA diagnostic
methods (PCR and LAMP) and serological methods
(ELISA), to monitor the prevalence of the disease
precisely in the endemic areas.

Since Opisthorchiasis (O. viverrini) is localized to the
Lao PDR and surrounding countries, it is recognized as a
neglected tropical diseases. Nevertheless, the prevalence
of opisthorchiasis is estimated to be as high as 15-54%
in the Lao PDR. Little information on the molecular/
genetic epidemiology of opisthorchiasis is available to

develop effective measures for prevention and diagnosis
of the disease.

The government of the Lao PDR requested the Japan
International Cooperation Agency (JICA) to establish
the Lao-Japan Joint Laboratory within Institut Pasteur
du Laos (IPL) to conduct highly technological research
on malaria parasites (Plasmodium falciparum, P, vivax,
and the monkey malaria parasite P. knowlesi) and human
trematodiases (S. mekongi and O. viverrini). The joint
research will concentrate on genetic epidemiological
studies to detect and control the emergence and
dissemination of these parasitic diseases. The project also
contributes to the capacity development of researchers
and technicians in the Lao PDR through training in field
and lab work, seminars, and career development.

In order to carry out this project, the IPL in collaborating
with the National Center for Global Health and
Medicine (NCGM), Tokyo, Japan, Tokyo Medical and
Dental University (TMDU), University of the Rukyus,
Okinawa, Japan, the Center of Malariology, Parasitology
and Entomology (CMPE), the Lao Tropical and Public
Health Institute (Lao TPHI), and other Departments of
the Ministry of Health, Lao PDR.

The objectives of this project are (1) to develop more
convenient and accurate methods (PCR methods, LAMP
methods, etc.) for diagnosis of the diseases, (2) to monitor
the temporal and spatial epidemiological situations of
pathogens and vectors of the diseases, (3) to analyze
mechanisms of emergence and expansion of drug-
resistant malaria, especially artemisinin resistance, and
(4) to analyze the G6PD activity of the Lao population
for evaluation of the possible usage of primaquine [3,
4], utilizing molecular biological techniques. Based on
the scientific evidence obtained by this project, health
education for the people will be strengthened and the
endemicity of the diseases will be monitored together
with the local Lao Ministry of Health officials. Research
results will also be utilized in government services for the
sustainable development of the Lao PDR.
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Study period of the project

Five years (May 2014 to April 2019)

Project study sites
Malaria:
Savannakhet province, Salavan province, Sekong

province, Attapeu province, Champasak province,
Khammouane province, Phongsaly province, Luang
Prabang province.

Schistosomiasis (S. mekongi):
Khong district and Mounlapamok district, Champasak
province.

Opisthorchiasis (O. viverrini):
Khammouane province, Champasak province.

Ethical clearance

The SATREPS project was approved by the National Ethic
Committee for Health Research, the Ministry of Health,
Lao PDR from 2014 to present (extended each year).

Activities and Results in November 2018

to April 2019

Prevalence and distribution of artemisinin resistant
P. falciparum in Lao PDR

Artemisinin based combination therapies (ACTs) have
been used as a first line treatment for uncomplicated
malaria in Lao PDR since 2005. However, artemisinin
resistant P. falciparum was first reported in 2013 and
is indeed threatening malaria elimination by 2030. It is
reported that mutations of K13 gene in P. falciparum
are associated with artemisinin resistance and can be
used as a molecular marker for monitoring artemisinin
resistant P, falciparum. The aim of the study is to assess
the prevalence and distribution of the K13 mutations in
Lao PDR.

Malaria patientblood samples were collected from malaria
patients or malaria suspected patients in 156 healthcare
facilities in the five southern provinces from October
2015 to June 2017, and the northern most province from
November to December 2017 (Table 1). In 2015, only
malaria positive samples were collected, whereas in 2016
and 2017, both malaria positive and negative samples
were collected. “Malaria positive” means that patients
were diagnosed as malaria by microscopy or malaria
rapid diagnostic test (RDT). On the other hand, “malaria
negative” means that patients were not diagnosed as
malaria by microscopy or malaria RDT, although they
showed malaria like signs or symptoms.

Real-time nested PCR was performed to identify
Plasmodiumspecies using malaria positive samples (Table
2). Proportion of Plasmodium species was heterogeneous
by province or by year. For example, in Savannakhet, P,
falciparum was predominant species while in Sekong, P.
vivax was predominant species. Direct DNA sequencing
was performed to detect the K13 mutations in isolates of
P, falciparum (Table 3). Data of the K13 mutations of P,
falciparum in the five southern provinces from October
2015 to April 2016 and the northern most province in
2017 was published in Malaria Journal (Iwagami et
al., 2018). Recently, the KI3 mutation analysis of P.
falciparum collected in the five southern provinces from
November 2016 to May (or June) 2017 has just finished.
Most of mutations were C580Y mutation. Surprisingly,
prevalence of artemisinin resistant mutation decreased
from 2015 to 2017, except Champasak.

However, a caution is needed for these results because the
sample sizes drastically decreased by year and a sampling
bias might exist. For example, in Champasak, the sample
sizes drastically decreased although reported number of
malaria cases in Champasak did not drastically changed.

Summary of malaria patient blood sampling from
public health care facilities in 2019

The objective of malaria patient blood sampling is to
monitor the distribution and frequency of drug resistant
malaria in Lao PDR. We collected 2,870 dried blood



samples on filter papers (FTA™ Classic Card, GE
Healthcare Life Sciences, Whatman™, UK) in 2019. The
number of blood samples and sampling period in each
province are shown in Table 1. The dried blood samples
(n=2,472) were collected from malaria patients who
visited 156 public health care facilities in the five southern
provinces (Savannakhet, Salavan, Sekong, Attapeu, and
Champasak) on February 2019. Malaria patients mean
that the patients were diagnosed as malaria by either
the RDTs or microscopy at health care facilities. On the
contrary, the dried blood samples (n=398) were collected
from malaria suspected patients who visited eight public
health care facilities in Phongsaly, the northern most
province on January 2019. Malaria suspected patients
consist of both malaria patients confirmed by either
the RDTs or microscopy and malaria negative people
confirmed by the tests even though they manifested
malaria like signs and symptoms.

The blood samples are now being analyzed by nested
real-time PCR for identification of Plasmodium species.
Mutation(s) of artemisinin resistant gene (the K13 gene)
is also being examined using P falciparum positive
samples at IPL and NCGM.

Training course on basic and molecular parasitology
at the National Center for Global Health Medicine and
(NCGM), Tokyo, Japan

In 2019, two Junior Scientists in Parasitology lab attended
a training course on basic and molecular parasitology
at NCGM, Tokyo, and Tokyo Medical and Dental
University (TMDU), Tokyo, Japan. Dr. Phonepadith
KATTIGNAVING attended the training course on 13
January to 2" February 2019 and Dr. Phoyphaylinh
PRASAYASITH attended the training course on 13
January to 16™ February 2019. At NCGM, they studied
malaria diagnosis by microscopy (all four human malaria
species and one simian malaria parasite: P. knowlesi) and
DNA diagnosis by PCR, LAMP and DNA sequencing
including drug resistant gene analysis. Dr. Phoyphaylinh
also studied how to design PCR primers and technique
of cloning of PCR product using plasmid DNA and
competent cell (E. coli). At TMDU, they studied ELISA
technique for Schistosoma mekongi and how to maintain

S. japonicum in laboratory setting using mice and snail
host: Oncomelania hupensis nosophora

Completed PhD course on public health at University
of the Ryukyus

Mr. Phoutnalong VILAY, CMPE completed PhD course
on public health and obtained his PhD from University
of the Ryukyus, Okinawa, Japan under the supervision
of Professor Jun KOBAYASHI and Associate Professor
Daisuke NONAKA on September 2019. The SATREPS
project supported his study in Japan through JICA. He
conducted malaria study among Lao Military personnel
in Attapeu and Champasak provinces (Vilay et al., Trop
Med Health,47:11,2019). His malaria PCR was conducted
at IPL under the supervision of Parasitology lab staff.
Ms. Emiri TAKAHASHI also completed PhD course
on public health and obtained her PhD from University
of the Ryukyus, Okinawa, Japan under the supervision
of Professor Jun KOBAYASHI and Associate Professor
Daisuke NONAKA on 2019. She conducted malaria study
about medication adherence in Savannakhet province
(Takahashi et al., Trop Med Health, 46:44, 2018).

The SATREPS Project Final Meeting

On 2™ April 2019, JICA/AMED SATREPS Project Final
Dissemination Meeting was held at Lao Plaza Hotel. Dr.
Shigeyuki KANO, chief advisor of the SATREPS project
and Dr. Rattanaxay PHETSOUVANH, Director General
of Department of Communicable Disease Control
(DCDC), Ministry of Health were cochaired the meeting.
Dr. Bouasy HONGVANTHONG, Project Director of the
SATREPS, Former Director of Center of Malariology,
Parasitology, and Entomology (CMPE), Ministry of
Health, Dr. Viengxay VANISAVETH, Acting Director of
CMPE, Dr. Paul BREY, Project Manager of the SATREPS,
Director of IPL, and other members of the SATREPS
project both Japan and Laos participated in the meeting.
Staff members from Provincial Health Department,
WHO Laos Office, JICA Laos Office and Japan Embassy
were also attended. Project members of Parasitology lab
presented seven presentations about outcomes of the
five-years project including malaria, schistosomiasis and
opisthorchiasis. Finally, Dr. Rattanaxay summarized the
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outcomes of the SATREPS project.

A handover ceremony of Eiken LAMP machine was
also held at the end of the meeting. Eiken Chemical,
Co. Ltd, Japan donated five LAMP machines for Lao
PDR to accelerate malaria elimination by 2030. The five
LAMP machines will be installed in health care facilities
(District Hospitals) in malaria high endemic districts in
the five southern provinces.

Partners

 Center of Malariology, Parasitology and Entomology
(CMPE), Ministry of Health, Vientiane Capital, Lao PDR
o Lao Tropical and Public Health Institute (Lao TPHI),
Ministry of Health, Vientiane Capital, Lao PDR

o Department of Communicable Diseases Control
(DCDC), Ministry of Health, Vientiane Capital, Lao PDR
o National Center for Laboratory and Epidemiology
(NCLE), Ministry of Health, Vientiane Capital, Lao PDR
o Department of Training and Research (DTR), Ministry
of Health, Vientiane Capital, Lao PDR

o Department of Hygiene and Health Promotion
(DHHP), Ministry of Health, Vientiane Capital, Lao PDR
o National Center for Global Health and Medicine
(NCGM), Tokyo, Japan

» Department of Community and Global Health, School
of International Health, Graduate School of Medicine,
The University of Tokyo, Tokyo, Japan

o Department of Global Health, Graduate School of
Health Sciences, University of the Ryukyus, Okinawa,
Japan

o Department of Molecular and Cellular Parasitology,
Juntendo University School of Medicine, Tokyo, Japan

« Section of Environmental Parasitology, Department of
International Health Development, Division of Public
Health, Graduate School, Tokyo Medical and Dental
University, Tokyo, Japan.
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Arboshield Project

Project Coordinator: Dr. Darouny PHONEKEO

Assistant Coordinator:
Dr. Phonepadith KHATTIGNAVONG

Consultant: Dr. Philippe CAVAILLER

Staff members in Parasitology Lab:

Dr. Moritoshi IWAGAM]I, Dr. Sengdeuane
KEOMALAPHET, Phoyphaylinh PRASAYASITH,
Pheovaly SOUNDALA, Sonesimmaly SANNIKONE

Finance and administration:
Dr. Antoine des GRAVIERS and Ms. Phouvanhnamalee
VILAYSOUK, Sonesimmaly SANNIKONE

Arboshield is a three-years training program on
surveillance and diagnosis of vector-borne diseases,
organized by IPL. Roles of the Lao-Japan Parasitology lab
in this program are giving a training course on malaria for
trainees (n=24 trainees/year) from civil sector (one third)
and military sector (two third), and quality assessment of
malaria diagnosis in some military provincial hospitals,
which participate in Arboshield project (Table 4). Blood
samples collected from malaria suspected patients in the
military provincial hospitals were transported to IPL,

and were diagnosed by malaria RDT and PCR. The
summary of malaria diagnosis conducted by IPL were
shown in Table 4.

BioLao Plus Project

Project Coordinators: Dr. Virginie POMMELET

Partners:

Vientiane, Laos: Institut Pasteur du Laos (IPL)
Singapore: Naval Medical Research Center - Asia
(NMRC - A)

Vientiane, Laos: Microbiology Laboratory of Mahosot
Hospital

Staft members in Parasitology Lab, IPL:

Dr. Moritoshi IWAGAM]I, Dr. Sengdeuane
KEOMALAPHET, Ms. Pheovaly SOUNDALA, and
Mr. Takashi SEKINE
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The BioLao Plus Project, “an integrated approach to detect
emerging pathogens and assess the infectious disease
burden of a remote area in Khammouane province in the
Lao PDR” was initiated by IPL in September 2017 with
financial support from Naval Medical Research Center
- Asia (NMRC-A). This project was the first opportunity
to bring together IPLs 5 laboratories’ expertise in one
field site. A role of the Lao-Japan Parasitology lab in this
program is to investigate situation of parasitic diseases
(malaria and intestinal helminth) among villagers at study
site villages in Nakai district, Khammouane province.

Objective

To detect emerging and reemerging pathogens and
assess the infectious disease burden of a remote area
in Khammouane province, Lao PDR and to provide
evidence (human and vector data) and ways to mitigate
possible infections to health authorities and the villagers.

Methodology

Blood samples and stool samples were collected from
the study participants for malaria and helminthiasis

detection, respectively. Malaria RDT and stool
examination by Kato-Katz method were performed on
site, whereas malaria PCR was performed at IPL using
dried spot blood samples on filter papers.

Results and Discussion

Malaria study: A total of 191 blood samples were
examined by malaria RDT and PCR. All of them were
malaria negative in this study. No malaria case was
detected in this study. However, IPL entomology team
found Anopheles mosquitoes in the study villages.
This finding suggests that if certain number of malaria
patients or asymptomatic Plasmodium carriers are
introduced into the villages, malaria transmission might
occur among the villagers.

Helminthiasis study: One stool sample was collected
from 126 participants and two stool sample were
collected from 50 participants. Microscopic examination
by Kato-Katz thick smear method revealed that multiple
species infection was found in this study. Two species
infection was 30.2% (38/126), and three species infection
was 11.1% (14/126), whereas single species infection was
38.9% (49/126). Only 19.8% (25/126) was helminthiasis
free in this study participants. Predominant species was
hookworm (60.3%: 76/126), and the second predominant
species was Ascaris lumbricoides (50.8%: 64/126). In this
study, Trichuris trichuria (11.1%: 14/126), Taenia (6.3%:
8/126) and Opisthorchis viverrini (3.2%: 4/126) were also
detected. Most of the infections were categorized either
light or moderate intensity infections. However, there is a
risk of malnutrition among children if it becomes a heavy
intensity infection. Therefore, installation and proper use
of latrine(s) for each village would be needed to improve
their hygiene status and reduce the rate of infections.

Financial Support

This project was financially supported by NMRCA.



5-Aminolevlinic acid asymptomatic
malaria project

Double blind, parallel, randomized, placebo controlled
research to evaluate safety and efficacy of the
5-aminolevulinic phosphate (5-ALA PO4), sodium
ferrous citrate (SFC) and zinc (Zn) with asymptomatic
malaria parasite carriers

Principal Investigator:
Dr. Mayfong Mayxay, University of Health Sciences, Lao
PDR

Members of the project:

Moritoshi IWAGAMI, Phonepadith
KHATTIGNAVONG, Sengdeuane KEOMALAPHET,
Phoyphaylinh PRASAYASITH, Pheovaly SOUNDALA,
Sonesimmaly SANNIKONE and Shigeyuki KANO

Malaria morbidity and mortality have decreased in Lao
PDR due to extensive efforts by the Lao Government
and international organizations, such as World Health
Organization (WHO), The Global Fund to Fight AIDS,
Tuberculosis and Malaria. Recently, the Lao Ministry
of Health and WHO have adopted a goal to achieve
elimination of malaria by 2030. However, several
studies demonstrated that there were asymptomatic
Plasmodium carriers in the malaria endemic areas in
Lao PDR. Most of them were adult population who had
histories of malaria episodes, and were engaged on forest
related occupations. Some studies also suggested that
asymptomatic Plasmodium carriers can be a reservoir
for transmission of malaria by Anopheles mosquitos.
However, such people will never take any antimalarial
medicines until they become symptomatic. In addition,
most of asymptomatic Plasmodium infections cannot be
detected by standard diagnostic methods (microscopy
and rapid diagnostic test: RDT) that are available in the
endemic areas. Current malaria control and elimination
strategy in Lao PDR is targeting for symptomatic
malaria patients. Therefore, to accelerate elimination of
malaria in Lao PDR, new effective strategy for targeting
asymptomatic Plasmodium carriers is urgently needed
in the endemic areas. 5-aminolevulinic acid (5-ALA),
which is produced by neopharma Japan Co., Ltd., as a
health food supplement commercially available in Japan,
Philippines, Vietnam and UAE, is a natural precursor
of heme in all animals. It is a non-protein amino acid
synthesized in mitochondria and through activity
of cytochrome C oxidase is involved in the electron
transport chain. It was found from pre-clinical studies
that sodium ferrous citrate (SFC) enhanced Plasmodium
falciparum-killing potency of 5-ALA and significantly
inhibited the parasite growth both in vitro and in vivo
[1, 2]. These novel findings may lead us to develop a new
functional health supplement containing antimalarial
activity using 5-ALA. Moreover, 5-ALA is being sold
as health food supplement, which has functional claim
“5-ALA supports to bring higher fasting blood glucose
levels closer to normal” in Japan [3, 4].
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In this study, we will evaluate acceptability, safety and
efficacy of 5-ALA phosphate (PO4) with SFC and Zn
for asymptomatic Plasmodium carriers in malaria
endemic villages, Nong district, Savannakhet province,
Lao PDR for one year. Efficacy of 5-ALA PO4 to
Plasmodium infection will be examined by reduction
of Plasmodium DNA positivity rate by PCR, compering
to that of Placebo group (only SFC and Zn). Since Zn
deficiency is also a serious health problem in Lao PDR,
participants of this study will take Zn as well to enhance a
benefit for the study participants. In addition to evaluate
efficacy of 5-ALA PO4 to Plasmodium infection, we will
evaluate level of HbA1c, which is one of markers of type
2 diabetes. It is reported that type 2 diabetes increases
risk for malaria infection [5]. Expected outcomes will
contribute for malaria elimination and type 2 diabetes
control in Lao PDR.

Objectives

« To assess influence of 5-aminolevulinic acid phosphate
(5-ALA PO4), sodium ferrous citrate (SFC) and zinc
(Zn) to Plasmodium (Plasmodium DNA detected by
PCR) in asymptomatic Plasmodium carriers.

« To assess the acceptability and safety of 5-ALA PO4
among Lao villagers who carry malaria parasites without
symptoms as detected by PCR.

« To investigate the HbA1clevel in asymptomatic malaria
parasite carriers after administrations of 5-ALA PO4,
SEC and Zn for daily usage.

Study period of the project

Two years (October 2019- September 2021)

Ethical approval

This study proposal was reviewed and approved by
the Ethic Committee (No. 187), University of Health
Sciences, Ministry of Health, Lao PDR on 26™ June 2019

and the Institutional Review Board for Clinical Research
(No. NCGM-G-003300-00), National Center for Global
Health and Medicine (NCGM), Japan on 27" September
2019. A permission of importation of 5-ALA PO4 (No.
9330) was also obtained from Department of Food and
Drug, Ministry of Health, Lao PDR on 20" September
2019.

Methodology

After having provided informed consent, potential
participants will be enrolled into a screening during
which all inclusion/exclusion criteria, including
laboratory assessments will be checked for eligibility.
If full eligibility is confirmed, the participants will be
randomized to three arms: Arm 1: 5-ALA PO4 25 mg/
day + SFC 28.7 mg + zinc 10 mg (12 months), Arm 2:
Placebo + SFC 28.7 mg + zinc 10 mg (3, 6 or 9 months*)
and then 5-ALA PO4 25 mg/day + SFC 28.7 mg + zinc
10 mg (3, 6 or 9 months) or Arm 3: SFC 28.7 mg + zinc
10 mg (12 months). Interim Analysis will be carried out
at 3, 6 or 9 months (Figure 1).

*When statistical difference of Plasmodium DNA
positivity rate between Arm 1 and Arm 2 is observed
at 3 months, Arm 2 participants will take 5-ALA PO4
25 mg/day + SFC 28.7 mg + zinc 10 mg from 3 months
through the end of the study period. If no statistical
difference between the 2 groups is observed at 3 months
and statistical difference is observed at 6 months, Arm 2
participants will take 5-ALA PO4 25 mg/day + SFC 28.7
mg + zinc 10 mg from 6 months through the end of the
study period. If no statistical difference between the 2
groups is observed at 6 months and statistical diference
is observed at 9 months, Arm 2 participants will take
5-ALA PO4 25 mg/day + SFC 28.7 mg + zinc 10 mg
from 9 months through the end of the study period. If
no statistical difference between the 2 groups is observed
at 9 months, Arm 2 participants will take only SFC 28.7
mg + zinc 10 mg for 12 months (entire the study period).

Clearance of Plasmodium DNA [Time Frame: 1, 2, 3, 6,
9 and 12 months] defined as the positive rate of blood
stage of Plasmodium among participants confirmed by
PCR and HbA1c defined as the actual value from blood



confirmed by handy HbAlc monitoring device within
all-time periods are provided in Table 1. Blood sample
(maximum 800pL per sampling) will be collected using
lancet, syringe, needle and preserved on filter paper.

Follow up surveys will be conducted at 2 months later at
the end of the administration of 5-ALA or Placebo. In
the follow up survey, blood sample will be collected and
examined by PCR for checking Plasmodium DNA.

Current situation (as of 31% October 2019)

The first field survey for screening of asymptomatic
Plasmodium carriers started on 20" October 2019 (until
14" November 2019). More than 1,100 blood samples
were collected from adult participants (age: 18-65
years-old) in malaria endemic villages, Nong district,
Savannakhet province. Those who had any signs and
symptoms of malaria, and pregnant ladies were excluded
from the screening. PCR screening for detecting
Plasmodium infection will be performed at IPL and
NCGM. Administration of 5-ALA PO4 to asymptomatic
Plasmodium carriers will be performed by the team of
University of Health Sciences leaded by Dr. Mayfong
Mayxay. Roles of IPL in this project is laboratory analyses
(DNA detection by PCR or LAMP methods) and support
the field works.

Financial support

This work is financially supported by neopharma Japan
Co. Ltd.
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Development of new clinical research beyond the
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Soundala, Lavy Lorphachan, Bouasy Hongvanthong,
Brey Paul, Shigeyuki Kano, Analysis of artemisinin-
resistant gene of Plasmodium falciparum in Phongsaly,
the northern-most province in Laos, The 88" Annual
Meeting of Japanese Society of Parasitology, Nagasaki
University, Nagasaki city, Japan, 15" -16"™, March 2019.

3. Takashi Kumagai, Moritoshi Iwagami, Emilie
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Soundala, Bouasy Hongvanthong, Kei Oyoshi, Yousei
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Brey, Shigeyuki Kano, Risk mapping of Schistosomiasis
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satellite data, The 88" Annual Meeting of Japanese
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city, Japan, 15" -16™, March 2019
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on schistosomiasis mekongi in Lao PDR: Spatial
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Nagasaki University, Nagasaki city, Japan, 15" -16%,
March 2019

Poster presentation:

1. Ken Ing Cherng Ong, Phonepadith Khattignavong,
Sengdeuane Keomalaphet, Moritoshi Iwagami, Bouasy
Hongvanthong, Paul T. Brey, Shigeyuki Kano, Masamine
Jimba. Listening to the voices of the vulnerable: a mixed
methods study on health-seeking behaviors in a malaria
endemic district in Lao People’s Democratic Republic.
The 68™ Annual Meeting of American Society of Tropical
Medicine and Hygiene, Gaylord National Resort and
Convention Center National Harbor, Maryland, USA,
November 21 -24™, 2019.

Table 1. List of dried blood samples on filter paper
collected from malaria patients and suspected patients in
five southern province and one northern most province

Malaria diagnoses was performed by microscopy or RDT.
*Blood samples were not collected from Attapeu because
of flooding in July 2018.
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Table 2. Summary of Plasmodium species in five Table 3. Prevalence of artemisinin resistant mutation

Southern Provinces 2015-2017 in K13 gene in P, falciparum in five Southern Provinces
2015-2017
) Year
Province
2015 2016 2017
- Year
No. % No. % No. % Province 2015 2016 2017
Savannakhet No. % No. % No. %
Pf 258 63.1 155 66.5 263 83.0 Savannakhet
Pf+Pv 13 3.2 25 10.7 31 9.8 Wild Type 184 722 131 78.4 248 94.3
Pv 136 333 50 215 21 6.6 Resistant Type 71 27.8 36 216 15 57
, , Sub-Total 255 100.0 167 100.0 263 100.0
Pm 1 0.2 3 1.3 2 0.6
Po 1 0.2 0 0.0 0 0.0 Salavan
Sub-Total 409 100.0 233 100.0 317 100.0 Wild Type 90 41.1 26 52.0 50 704
Resistant Type 129 58.9 24 48.0 21 296
Salavan Sub-Total 219 100.0 50 100.0 71 100.0
Pfi 21,_1 5{6,7 5'0 5'8.1 74 70.5 Sekong
PlrPv 17 46 2 23 ! 1.0 wild Type o7 60.6 13 433 4 44.4
Py 132 355 34 39.5 30 28.6 Resistant Type 63 39.4 17 56.7 5 55.6
Pm 3 0.5 0 0.0 0 0.0 Sub-Total 160 100.0 30 100.0 9 100.0
Po 9 2.4 0 0.0 0 0.0
Sub-Total 372 100.0 86 100.0 105 100.0 Champasak
Wild Type 115 27.3 48 37.2 14 23.0
Resistant Type 306 72.7 81 62.8 47 77.0
Sekong Sub-Total 421 100.0 129 100.0 61 100.0
Pf 127 287 17 6.5 10 93
- - . - Attapeu
. 35 9 . Y
PPy > ! 20 - 0 00 Wild Type 39 30.0 4 15.4 28 57.1
Py 280 633 223 85.8 98 90.7 Resistant Type 91 70.0 22 84.6 21 42.9
Pm 0 0.0 0 0.0 0 0.0 Sub-Total 130 100.0 26 100.0 49 100.0
Po 0 0.0 0 0.0 0 00 lgrand-Total 1,185 402 453
Sub-Total 442 100.0 260 100.0 108 100.0
Champasak Samphng perlod
Pf 391 53.2 85 26.7 58 457 2015: October 2015 — April 2016
PEPy 34 46 51 16.0 5 39 2016: May-October or November 2016
Pv 309 42,0 182 57.2 64 50.4
" ’ 2017: November 2016 - May or June 2017
Pm 0 0.0 0 0.0 0 0.0
Po 1 0.1 0 0.0 0 0.0
Sub-Total 735 1000 318 100.0 127 1000 Table 4. Summary of blood sample testing by malaria
RDT and PCR
Attapeu
Pl 120 441 27 26.7 57 543
P+Pv 11 40 2 2.0 4 3.8
Pv 140 515 70 69.3 43 41.0
Pm 1 0.4 1 1.0 1 1.0
Po 0 0.0 0 0.0 0 0.0
Pk 0 0.0 1 1.0 0 0.0
Sub-Total 272 100.0 101 100.0 105 100.0
Grand-Total 2,230 998 762

Pf: P, falciparum; Pv: P, vivax; Pm: P. malariae; Po: P
ovale; Pk: P knowlesi

Sampling period:

2015: October 2015 - April 2016

2016: May - October or November 2016
2017: November 2016 — May or June 2017



Figure 1. Scheme of the 5-ALA Malaria study

90



91 INSTITUT PASTEUR DU LAOS ANNUAL REPORT 2019-2020

ARBOSHIELD

Surveillance of Arthropod-borne Diseases in Military
Facilities in Lao People’s Democratic Republic.

Project Coordinator:
Dr. Darouny Phonekeo

The main goal of Arboshield is to strengthen the capacity
of the Lao Military and Civilian Medical Departments in
the areas of vector-borne diseases surveillance, outbreak
detection, and response. This three-year project initiated
in November 2016, includes several components: a
training curriculum, the support of arthropod-borne
diseases surveillance in 7 military facilities, and the
implementation of a quality assurance process.

The training curriculum includes four modules:
“Introduction of infectious diseases surveillance system”
(delivered initially in November 2016), “Biosafety
and Biosecurity” (February 2017), “Introduction to
arthropod-borne diseases” (May 2017), and “Taxonomy

and systems for the identification of mosquitoes,
ticks, and sandflies” (August 2017). A first group of 25
participants joined the course during the first year of
Arboshield. The course has been replicated two times:
in November 2017 and 2018, with two additional groups
of trainees. The audience includes both civilians and
militaries. Civilian participants are coming from Borkeo
and Xayabouly provinces.

Military participants are originating from the Military
Academy, the Lao Army Institute for Disease Prevention,
and from 6 military hospitals (Xieng Khouang, Luang
Prabang, Vang Vieng, Savannakhet, Champasak and
Vientiane municipality).

During the third quarter 2017, laboratory equipment
(centrifuge, autoclave and combined freezer-refrigerator)
have been donated and installed in all hospitals sites.
Rapid diagnostic tests (RDT) for dengue and malaria,
personal protective equipment, consumable for sample
collection and transportation, and computer were
additionally donated to the sites. Starting November
2017, the sites have started sending occasionally serum
specimens to IPL for dengue PCR diagnostic. In August
2018, the hospital sites were requested to expand the
scope of Arboshield surveillance to malaria, and to
collect additional blood specimens on filter papers (to be
shipped to IPL for PCR analysis using the dried blood
technique).

Starting in February 2018, the IPL team has initiated
on-site post-training assessments in the military sites.
The objectives of these field visits were to: organize a
refresher course with a focus on biosafety and biosecurity
procedures, assess the local laboratory capacity, engage
more actively the hospital teams in active surveillance,
and proceed with the implementation of the quality
assurance (QA) process. These visits allowed to develop
a close relationship with the hospital teams, especially
with the clinicians who were not the prime targets of the
training workshops.

Regarding the status of the equipment, several minor
problems have been reported by the hospital sites,



such as the breakage of the centrifuge covers in several
hospitals, the failure of the autoclave in Vang Vieng with
which need to be replaced, and the sudden breakdown
of the freezer in Champasak. The lack of an electrical
“grid” in Lao PDR and the basic electrical installations
within the military hospitals seems to be the main
underlying cause. Laboratory personnel are currently
using the equipment routinely for the purpose of vector-
borne diseases surveillance. To emphasize Biosafety
measures, a washing machine was provided to each
targeted laboratory for Laboratory coats cleaning. The
staff is now well aware of the precautions and security
procedures for specimen collection and transportation,
and big efforts have been made, in all sites, to increase
cleanliness, biosecurity, and biosafety.

Aside from the supervisory visits, the QA also includes bi-
monthly monitoring calls to the hospital Arboshield focal
points, conducted by IPL project assistant. These calls are
aimed at enhancing surveillance, early identification (and
resolution) of problem encountered on sentinel sites, and
close monitoring of the epidemiological situation and
early outbreak detection.

The implementation of the QA process had a significant,
immediate, positive impact on Arboshield surveillance.
The sites are now sending very regularly serum specimens
for dengue and malaria PCR analyses. Additionally, the
implementation of Arborshield activities resulted in
the detection of an epidemic alert of Rickettsia disease
in Vangvieng in June 2018 (with a follow-up field
investigation conducted by IPL team), with the technical
support of the Lao-Mahosot-Welcome Research Unit
(LOMWU).

92



93 INSTITUT PASTEUR DU LAOS ANNUAL REPORT 2019-2020

BioLao Plus

Epidemiology

2017-2019

Project Coordinators:
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Projects

¥ An integrated approach to detect emerging pathogens and assess the infectious disease burden of a
remote area within Khammouane Province in The Lao PDR.



An integrated approach to detect
emerging pathogens and assess
the infectious disease burden of a
remote area within Khammouane
Province in The Lao PDR.

Project Coordinators:

Virginie Pommelet (Epidemiologist, IPL)

Jeff Hertz, (Research Entomologist, NMRCA)
Dr. Paul T.Brey, (Director, IPL)

Collaborators:
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Pheovaly Soundala
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Khaithong Lakeomany
Nothasine Phommavanh

Executive summary

The BiolaoPlus Project, « an integrated approach to detect
emerging pathogens and assess the infectious disease
burden of a remote area within Khammouane Province
in the Lao PDR » was initiated at Institut Pasteur du Laos
(IPL) in September 2017 with financial support from
NMRC-A. This project was the first opportunity to bring
together IPLs 5 laboratories’ expertise in one field site.
Furthermore, this project gave IPL the opportunity to
collaborate with international partners such as the Lao-
Oxford-Mahosot Hospital-Wellcome Trust Research
Unit (LOMWRU) in Laos, the Mahidol-Oxford Tropical
Medecine Research Unit (MORU) in Bangkok and the
Institut Pasteur in Paris (IPP).

The main objectives of this project were (i) to detect
emerging and reemerging pathogens and assess the
infectious disease burden of a remote area (ii) to provide
evidence of (with human and vector data) and ways to
mitigate possible infections.

The project had both a human and a vector biology
component, which interacted and complemented each
other.

Human component

Two hundred and two presumably healthy volunteers
from 8 different villages aged 5 to 75 years were included
in the study (sex ratio M/F of 1.7). The study population
was mainly composed of young men, relying on
agriculture and forestry activities, living in close contact
with both wild and domesticated animals and highly
exposed to arthropods.

Despite the presence of Anopheles mosquitoes in this
area, no Plasmodium infections were detected in these
healthy volunteers. The rate of infection with
helminthiasis reached up to 80.2% (95%CI 73.1-87.2)
with low intensity of infection. Unlike other studies
in Khammouane Province, the rate of Opistorchiasis
viverrini infection was very low, possibly related to cold
temperatures of the water in these upland villages; hence,
inadequate ecological conditions for intermediate snail
hosts.

The prevalence of villagers with evidence of past exposure
to rickettsiae (IgG positive) was very high, with an overall
exposure rate of 80.4% (95%CI 73.7-87.1) to the three
major rickettsial serogroups (scrub typhus orientia group
(STG), typhus group rickettsiae (TG) and spotted fever
group rickettsia (SFG)) in the 138 blood samples tested.
Prevalence of STG-specific antibodies was predominant
and reached up to 77.5% (95%CI 70.5-84.6) followed by
13.8% (95%CI 7.9-19.6) of SFG-specific antibodies and
6.5% (95%CI 2.3-10.7) of TG-specific antibodies. High
exposure rates were found in all age groups suggesting
an early and repeated exposure to these pathogens. IgG
antibodies against Ehrlichia chaffensis and Anaplasma
phagocytophilum were not detected in these samples.

Preliminary data using indirect ELISA testing suggested
that the population of this study is exposed to a large
diversity of vector-borne viruses. As such, exposure to
flaviviruses was high in this population: 69.1% (95%CI
62.0-75.0) with 28.3% (95%CI 21.8-34.7) of exposure
to viruses belonging to the Japanese encephalitis virus
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Nevertheless, anti-flavivirus cross reactivity reached
up to 30%. Indeed, serologic profile interpretation is
known to be delicate because of inter-antigenic complex
antibody cross reactivity within the flavivirus genus and
requires labour-intensive extended plaque reduction
neutralization tests (PRNT). An alternative ELISA, the
DEITAa (Discriminant ELISA for Typing Arbovirus
antibodies) has been set up during this project and is
under validation to improve the capacity to discriminate
the anti-arbovirus immune response. Preliminary results,
confronted to PRNT, support a possible application of
the DEITAa test to discriminate flavivirus (arbovirus)
antigenic complex.

Vector biology component

This study described the abundance and diversity of
putative arthropod vectors and assessed the risk of
human exposure to known and unknown pathogens by
collecting mosquitos and sandflies using human-baited
double bed net (HDN) method and screened them for
pathogens. A total of 51 species of mosquitoes were
identified belonging to 9 genera: Aedes , Anopheles,
Armigeres, Culex, Heizmania, Malaya, Mansonia,
Tripteroides, and Uranotaenia. Four species belonging to
the genus Sergentomyia of sandflies, 8 species of 5 tick
genera, and 2 species of 2 flea genera were identified.
The known mosquito vectors found in our study were:
the dengue vector Ae. albopictus [1], the JEV vector Cx.
vishnui s.1. [2] and the Iymphatic filariasis vector Ar.
kesseli [3].

Arboviral screening for alpha, flavi and phleboviruses
in mosquitoes, ticks and sandflies using pan-flavi, pan-
alpha and pan-phlebo RT-PCR, real-time PCR using
dengue universal and JEV group primers and sequencing
did not evidence any virus.

Ticks were screened for Rickettsia spp, Neorickettsia
sennetsu, Ehrilichia spp, Anaplasma spp. Coxiella
burnetii and Leptospira spp. by PCR. Unlike in previous
studies done in the same area, none of these pathogens
were identified. However, Rickettsia spp was identified
in fleas collected during this study, which is consistent
with the serological evidence of TG-specific antibodies
in participants’ blood samples.

With the objective to identify unknown spillover events,
agnostic descriptions of the virome of mosquitoes and
sandflies using deep sequencing were conducted in IPP. A
total of 1,471 mosquito-borne and 55 sandfly-borne viral
communities were sequenced and analyzed. The most
abundant viral families identified among RNA viruses
were those usually infecting plants and invertebrates
while viral families able to infect vertebrates were in
minority.

Viruses possibly infecting vertebrates belonged to the
Flaviviridae, Picornaviridae, Astroviridae, Hepeviridae,
Phenuiviridae, Peribunyaviridae, Orthomyxoviridae,
Rhabdoviridae and Reoviridae families. Several viruses
belonging to families putatively containing arboviruses
were phylogenetically characterized. Among the
Phenuiviridae/phlebovirus family, a complete L segment
of a novel phlebovirus detected in Culex vishnui was
assembled. Phylogenetic analyses placed it at the root of
the clade formed by mosquito-and-sandfly-borne arbo-
phlebiviruses. Further analyzes will be conducted.

The ORFs of a potentially zoonotic tick-borne virus,
Jingmen tick virus-like virus (JMTV) previously
identified in ticks collected in this area were obtained
after deep sequencing and finishing by PCR-sanger
sequencing. Past exposure to JMTV was then tested in
blood samples from the BiolaoPlus study participants
using Luciferase ImmunoPrecipitation System (LIPS),
a high-throughput serological screening of antibodies
against the external proteins of viruses. No past exposure
was detected so far. Other target viruses will be expressed
and used as antigens for LIPS.

Field missions
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Metrology

Install a metrology laboratory at Institut Pasteur du
Laos, to do the pipette service calibration & preventive
maintenance.

Background

A pipette is used to precisely measure and transfer small
volumes of liquid in the laboratory in experiments that
demand high accuracy. However, the sources of error
in pipette measurements could arise from device failure
or due to misuse by the operator. Any discrepancy
in volumes dispensed may affect the outcomes and
reproducibility of an experiment such as qPCR results.
It is, therefore, necessary to check pipette calibration
every few months to ensure accuracy by dispensing right
volumes. This is why pipette calibration is considered
a fundamental part of good laboratory practice (GLP).
Regular pipette preventive maintenance and calibration
service can significantly reduce the costs also, risks and
liabilities associated with out-of-calibration pipettes,
sure, most pipettes work... but are they accurate?

That is why we installed a metrology laboratory at
Institute Pasteur du Laos. We started by doing a training
for the involved staff at IPL. The training was provided by
staff from Institute Pasteur Cambodia.

They are doing this procedure in Cambodia since many
years already and where able to inform us about the
needed equipment, environment, documentation and
proceeds for the pipette calibration.

By getting this knowledge we where able to install the
metrology lab under the rules of the ISO Standard 8655

Picture: Mr. Vongphachanh Ounenalath and Mrs.
Phoutsana Khamsuvat calibrating pipettes in the
metrology laboratory.

They are in charge of the pipette calibration and
maintenance service.

They acquired the required knowledge through training
from Institut Pasteur of Cambodia’ technicians.

They also have been trained and know about the
importance of a proper documentation regarding to
these duties.

The IPL metrology lab with a ultra-precise balance
and a special antivibration bench

Principles of Pipette Calibration

At 20°C temperature and one atmosphere of pressure,
water density stays constant at 1 g/mL. The volume of
water can be determined by weighing dispensed water.
Temperature, atmospheric pressure, and humidity may
influence the accuracy of measurements. These factors
are combined to generate the Z factor, applied in the
calculation of the volume of water, and compared with
the theoretical volume, which finally determines the
accuracy of the pipette.
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Steps Involved in Pipette Calibration

o Take distilled water in a beaker and record its
temperature. Also, gather your pipette and the correct
tips based on both the small and large volumes that the
pipette can dispense.

« Place a weigh boat on a balance that can accurately
weigh in the microgram range, and set it to zero after
closing the balance door.

o Pre-rinse the tip by aspirating and dispensing the
set volume three times and push fully to remove any
remaining liquid.

o Aspirate the calibration volume without bubble
formation and dispense the liquid slowly into the weigh
boat. Then, record the weight on the balance and repeat
the process ten times.

o Calculate the dispensed volume by using the equation
V =W x Z where W is the weight of the water, Z is the Z
factor, and V is the calculated volume of dispensed water.
Next, determine the mean value from ten trials.

o Finally, calculate accuracy by using the equation A =
100 x Vavg/V0, where A is the accuracy of the pipette,
Vavg is the average calculated volume and VO is the
theoretical volume you tried to dispense. If the accuracy
value lies in the 99-101% range, the pipette is considered
normal and calibrated.

All the proceeds are installed now at Institut Pasteur du
Laos and we have a proper documentation also.

The next step in the very near future will be that we get
a external Audit about our proceeds and documentation.
That will ensure that we do it to 100% under the rules of
the ISO standart for pipette calibration
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They visited Institut Pasteur du Laos!

24 October, 2019: Mr. Alain Mérieux and his delegation from 19 September, 2019: Mr. Trevor Smith and his delegation from
the Fondation Mérieux the Canadian WMD Treat Reduction Program

22 August, 2019: Study tour from Ritsumeikan 27August 2019: Study tour from the Tokyo Medical and
University, Tokyo, Japan Dental University, Tokyo, Japan



104

09 September, 2019: H.E. Mme Paulette Lenert, Minister of 13 September, 2019: Visit of Vysnova
Development Cooperation and Humanitarian Affairs and

Minister of Consumer Protection of Luxembourg and his

delegation

16 March, 2019: Dr. Shigeyuki Kano received Ichiro 23 August, 2019: Study tour from University of the
Miyazaki Award in Nagasaki, Japan Ryukyus, Okinawa, Japan
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11 September, 2019: Visit of Rear Admiral Louis C.
Tripoli, Command Surgeon, United States Indo-Pacific

Command, Hawaii 12 March, 2019: Study tour from Keio University

14 March, 2019: Dr. Moritoshi Iwagami 23 August, 2019: Lao Deputy Minister of Health Dr. Phouthone
received Professor Tsutomu Takeuchi Muangpak

International Memorial Award, the Ohyama

Health Foundation in Tokyo, Japan
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12 March, 2019: Temasek Foundation International
Scale Programme, Singapore

10 April, 2019: Dr. Rosanna Peel and Dr. Debi Boeras London
School of Tropical Medicine and Hygiene UK

11 February, 2019: US Department of Defense, Global Emerging
Infections System USA

06 February, 2019: H.E. Dominic Goh, Ambassador of
Singapore

12 March, 2019: Dr. Elizabeth Ashley and Dr. Andrew Simpson
The Lao-Oxford-Mahosot Hospital-Wellcome Trust Research
Unit (LOMWRU)
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23 January, 2019: Dr. Jean-Paul Moatti, Director General and his delegation from IRD, France

06 December, 2018: Dr. Robert Redfield, Director General and his delegation from US CDC, Atlanta GA USA
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Teaching/Training

04 November, 2019: Vector Borne Disease Surveillance Training, Arboshield Project, Opening Ceremony.

12 June, 2019: Four militaries from Institute of Disease Prevention of Army accomplished one year of Laboratory training in
IPL(Arboshield project)
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12 November, 2019: Four militaries training 23 October, 2019: Data management and GIS training for the
pilot project of Aedes vector surveillance (PL and WMP)

26 March, 2019: Training for two 08 May, 2019: Kaptitude e-learning IPL staffs Biological and chemical Risk
students from National University of  training
Laos

10 June, 2019: International Medical Entomology 10 December, 2019: In house English teaching by Kyle
Course Tevlin teacher



29 November, 2019: ECOMORE II, 2" National Stakeholder meeting at Settha Palace Hotel, Vientiane Capital

27 August, 2019: 2™ Arthropod-borne diseases Surveillance Meeting at Settha Palace Hotel, Vientiane Capital (Arboshield
project)

02 April, 2019: JICA/AMDED SATREPS Project Final Dissemination Meeting, Development of Innovative Research Technique
in Genetic Epidemiology of Malaria and Other Parasitic Diseases in Lao PDR fo containment of their Expanding Endemicity
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26 February, 2019: 1** Arthropod-borne diseases Surveillance Meeting at Settha Palace Hotel, Vientiane Capital (Arboshield
project)

23 August, 2019: Field Epidemiology Training short course presentation meeting for militaries with the participation of DTRA,
NCLE, WHO, US CDGC, Institute of Diseases prevention and health promotion of Lao Army and IPL(Arboshield project)



07 March, 2019: ECOMORE2 Annual Meeting at Settha Palace Hotel, Vientiane Capital

30 January, 2019: Interim meeting of ECOMRE?2 project, Alternative strategy for dengue vector control in Lao PDR
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