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Abstract

Background: Acute Respiratory Infection (ARI) is a leading cause of morbidity and mortality worldwide. During a
study describing the circulation and the prevalence of respiratory viruses and bacteria in Cambodia, an ancillary
analysis focussed on influenza viruses.

Method: Between July 2015 and December 2016, 18 to 50-year-old patients presenting with ARI (cough+sore
throat+fever ≥ 37.5°C) and attending four referral hospitals were included. In each site, out-patients, in-patients and
non-ARI controls (outpatients with non-infectious diseases) were recruited. Clinical information and nasal washes
were collected. Influenza and other respiratory pathogens were screened by multiplex real-time PCR. Each influenza
virus detected was subsequently typed, subtyped, cultured, tested for Neuraminidase Inhibitors susceptibility and
sequenced by direct whole genome sequencing.

Results: Amongst the 1006 included patients, 48 were positive for influenza (5.4%), including 36 Influenza A (19
A(H1N1)pdm09 and 17 A(H3N2)), 11 Influenza B (9 Yamagata and 2 Victoria) and one A(H1N1)pdm09+B Victoria
co-infection. Overall, 11 in-patients (6 H1N1pdm09, 2 H3N2, 2 B and 1 H1N1pdm09+B co-infection), 36 out-patients
(12 A(H1N1)pdm09, 15 A(H3N2) and 9 B) and 1 control (1 H1N1pdm09) were positive. These viruses circulated
year-round with 2 peaks during the rainy season (August 2015 and June 2016), and a switch from A(H3N2) to B-
Yamagata and to A(H1N1)pdm09 with almost no overlap was observed. All viruses were similar to the vaccine
strains, and susceptible to NAI.

Conclusion: We report a low prevalence of influenza in this adult population (5.4%). Most cases were due to
influenza A (77.1%) with a balanced distribution between A(H1N1)pdm09 and A(H3N2) (20 vs. 17), and a higher
proportion of A(H1N1)pdm09 in in-patients. No molecular difference was observed between viruses of in- and out-
patients, and no resistance was detected. The year-round circulation and virus switch is similar to this reported in
other sub-tropical areas.
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Introduction
Acute Respiratory Infection (ARI) is a leading cause of morbidity

and mortality worldwide. Influenza viruses are a frequent aetiology for
ARI [1,2]. Each year, an estimated 5%–10% of adults and 20%–
30% of children are infected with influenza, resulting in 3–5 million
cases of severe disease and approximately 1 million deaths worldwide
[3]. Despite the availability of vaccines and specific therapeutic
agents, the influenza burden remains very high worldwide [4,5].

Southeast Asia is a region of interest for influenza epidemiology
and ecology, with a high burden of disease, complex transmission
patterns, and a potential risk for infection with avian viruses [6]. Since
2003 and the emergence of A(H5N1) in the wild birds as well as in the
domestic poultry, the zoonotic risk for transmission of avian influenza
viruses to humans has been scrutinized, and enhanced surveillance and
mitigation measures have been implemented in this region to reduce

the risk for cross-barrier transmission of an avian influenza virus. In
the context of endemic zoonotic influenza, robust influenza
surveillance in this region is important to detect rapidly human cases
with avian virus, and to assess the risk for pandemic, either through
direct adaptation [7] of via genetic reassortment [8,9].

For some years now, conventional culture methods and recent
molecular techniques have been implemented and subsequently used
for accurate diagnosis and surveillance of influenza in south-east Asia
[10]. However, there is a remaining need for the dissemination of
more accessible diagnostic tools for influenza surveillance, disease
management, reduce unnecessary lab testing or treatments and allow
rapid implementation of NAI treatment in severe cases [11]. Molecular
testing has proved to be cost-effective for all these purposes [12,13].

The proactive surveillance for seasonal influenza can provide
pattern of virus circulation and characteristics of seasonal epidemics
based on comprehensive surveillance in the general population. It
helps for the description of influenza circulation and burden at a
national and regional level, it provides insights into the genetic and
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phenotypic evolution of influenza viruses and allows optimization of
prevention and control strategies [13-15].

Here, we describe the circulation of influenza in the 18-50 age-
groups during an 18 month period between 2016-2017. The viruses
detected from in- and out-patients were characterized through
conventional NIC techniques (HAI, RT-PCR), analysed for their
susceptibility to antivirals (NAI), and compared through direct full
genome sequencing to viruses reported at the same period of time in
South-East Asia.

Methods

Study design
The acute respiratory illness (ARI) study was conducted in four

hospitals: (1) Serei Saophoan Referral Hospital at Banteay Mean Chey
at north-west 359 Km from Phnom Penh, (2) Kampong Chhnang
Provincial Hospital at Kampong Chhnang province situate at north-
west 91 km from Phnom Penh, (3) Bati Referral Hospital at Takeo
Province situate 78 Km from south of Phnom Penh and Kep Referral
Hospital at Kep province situate 174 Km from south of Phnom Penh
as described in (Figure 1). In- and out-patients aged between 18 and
50 presenting with ARI symptoms (cough/sore throat) plus fever (≥
37.5°C) were recruited. Patients visiting the same hospitals as
outpatient for non-ARI illness were also recruited as controls.

Clinical data collection, sample collection and shipment
For each patient, the objectives of the study were explained and an

informed consent was obtained. Clinicians filled out a study case
report form (CRF) for each participant including demographic and
clinical data (age, gender, residence, occupation, onset of symptoms,
date and site of submission, clinical diagnosis, smoking, illness
information, history of contacts with animals, antibiotic treatment),
and a nasal wash was collected by a trained healthcare worker.
Samples were collected in universal transport medium (UTM) and
stored at +4°C until shipment to the University of Health Sciences
(UHS) laboratory based in Phnom Penh. Upon arrival, all specimens
were checked for sample integrity and subsequently aliquoted and
stored at -80°C for further analysis.

Ethical Statement
This study protocol was approved by the National Ethic Committee

Health Research of Cambodia (Ref: 219NECHR date 29 June 2015).
Samples were collected after an informed written consent obtained
from each patient.

Molecular assays
Total nucleic acids were extracted from the specimen using Exgene

™ Viral DNA/RNA kit (AITbiotech, Singapore). Influenza virus and
other respiratory pathogens were detected by multiplex real-time PCR
(abTESTM ARIS panel, AITbiotech, Singapore) on Bio-Rad CFX96,
according to the manufacturer. The positive samples for influenza
virus were subsequently typed and subtyped using abTES™ Flu4
qPCR I kit (AITbiotech, Singapore) on Bio-Rad CFX96.

Influenza virus isolation and antigenic characterization
All of the specimens tested positive for Influenza by PCR were sent

to the Centre National de Référence des Virus des Infections
Respiratoires, Lyon for further analysis. Each specimen was
inoculated on MDCK cells in the presence of trypsin (SIGMA Life
Science, Darmstadt, Germany). The isolates were characterized by a
Hemagglutination Inhibition Assay (HIA) using reference antigens
and anti-sera provided either by the WHO cc (Crick Institute, London,
UK) or prepared on site (NIC, Lyon).

Neuraminidase inhibitors susceptibility assays
Oseltamivir carboxylate was provided by Hoffmann-La Roche

(Roche Diagnostics GmbH, Mannheim, Germany) and zanamivir by
GlaxoSmithKline (GSK, Brentford, UK). The fluorometric inhibition
assays were performed using a MFX fluorometer (Dynex
technologies, Chantilly, VA, USA) as previously described [16]. The
concentrations of drug required to inhibit 50% of the NA activity
(IC50) were calculated using Sigma Plot software v 8.0 (Systat
software, SanJose, CA, USA).

RNA extraction, viral load determination, and full-genome
amplification

RNA was directly extracted from primary specimen using an
EMAG® automated extraction platform (bioMérieux, Marcy-
l’Etoile, France). In order to lower human and bacterial DNA
content of the extract, nucleic acids were incubated with 1 µL of
Turbo DNAse, 2 µL of Turbo DNAse buffer (Life Technologies,
Carlsbad, CA, USA), and 0.5 µL of RNasin plus RNase Inhibitor
(Promega Corporation, Madison, WI, USA) for 90 min at 37°C before
stopping the enzymatic reaction through immediate purification by
magnetic beads (0.5x; NucleoMag® NGS Clean-up and Size Select,
Macherey–Nagel, Düren, Germany). Each segment was retro-
transcribed and amplified using a multi-segment reverse transcription
protocol, optimized by adding 0.5 µl of RNasin plus RNase Inhibitor
[17].

Phylogenetic analysis
Evolutionary analyses of HA and NA gene sequences were carried

out with all Cambodian influenza viruses and other related viruses
collected worldwide. Reference strain sequences as well as sequences
from viruses collected within the study period in various other South-
East Asian countries (Vietnam, Laos, Thailand, Myanmar and
Philippines) were obtained from EpiFlu Database available via the
Global Initiative on Sharing all Influenza Data (GISAID) website
(www.gisaid.org) and from NCBI Influenza Resource
(www.ncbi.nlm.nih.gov/genomes/flu/) and included in the analysis.
Sequences were aligned using MUSCLE program implemented in
Seaview version 4. Best models were determined from alignments in
www.iqtree.org. Maximum likelihood (ML) phylogenetic trees were
generated using PhyML as implemented in Seaview version 4.
Approximate likelihood ratio test (aLRT) values >95% were shown on
the branch. ML phylogenies were annotated using FigTree version
1.4.3. Aligned sequences were exported to Molecular Evolutionary
Genetics Analysis (MEGA) version 7.0.26 in order to determine the
mutations responsible for changes in the topologies.
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Results

Demographic and clinical characteristic of participants at
enrolment

Between July 2015 and December 2016, a total of 1006 participants
were prospectively enrolled in the surveillance study, in which 890
patients presented ARI symptoms, including 775 out-patients, 115
hospitalized in-patients, and 116 healthy controls. Of the total study
population, 262 (26.04%), 300 (29.82%), 214 (21.27%) and 230
(22.86%) were enrolled in Bati referral hospital, Kep referral hospital,
Kampong Chhnang referral hospital and Serei Saophoan referral
hospital, respectively (Figure 1).

Figure 1: Number of patients included by sites and study groups
among 1006 participants collected between July 2015 and
December 2016, 890 cases vs. 116 controls. IPD: Hospitalized
patients with ARI symptoms, OPD: Outpatients with ARI
symptoms, Control: Outpatients without ARI symptoms. The map
represents the locations of the study sites.

Pathogen identified by molecular-based sub-typing
For influenza virus detection, 48/890 patients (5.4%) were positive,

including 36 Influenza A, 11 Influenza B and 1 Influenza A and B co-
infection. Of the 36 Influenza A positive, 19 had H1N1pdm09 and 17
H3N2. The 11 Influenza B positive were 9 Yamagata lineage and 2
Victoria lineage viruses. Overall, 11/48 were in-patients (2 A(H3N2)
(18.2%), 6 A(H1N1)pdm09 (54.5%) and 2 B Yamagata (18.2%)),
while 37/48 were out-patients (15 A(H3N2) (40.5%), 13
A(H1N1)pdm09 (35.1%), 7 B Yamagata (18.9%) and 2 B Victoria
(5.4%)). The single co-infection observed was a A(H1N1)pdm09 and
B-Victoria co-infection from an in-patient. In the control group, only
one influenza A(H1N1)pdm09 virus was detected.

Influenza virus circulation
The influenza viruses circulated sequentially, starting with A

(H3N2) between July to September 2015, followed by the B-Yam
lineage (Oct 15 to Feb 16) and then A(H1N)pdm09 (Dec 15 to Sept
16). Influenza viruses have been detected throughout the 15 months of
the study (Figure 2).

Figure 2: Temporal distribution of the collection of specimens
(sample number) and the influenza positive cases (virus number)
between July 2015 and September 2016. The blue bars represents
the periods of the rainy season in Cambodia.

Influenza virus isolation and antigenic characterization
Among the 48 positive samples, 44 viruses were isolated on MDCK

cell culture and characterized by HIA, including 17 A(H1N1)pdm09,
15 A(H3N2), 9 B-Yam and 3 B-Vic strains. A (H1N1)pdm09 viruses
were either related to A/California/7/2009 (1/17) or to A/Michigan/
45/2015 (16/17) strains. All 15 A (H3N2) strains were
undistinguishable from A/Hong Kong/4801/2014, all 3 B-Vic viruses
were identical to B/Brisbane/60/2008, and amongst the 9 B-Yam
viruses, 8 were identical to B/Massachusetts/2/2012 and 1 to B/
Phuket/3073/2013.

Neuraminidase Inhibition (NI) assay result
All 44 isolated viruses were tested for susceptibility to oseltamivir

and zanamivir. The IC50 values of the 17 A (H1N1) pdm09 were
between 0.15 – 0.55 nM for oseltamivir and between 0.04-1.35 nM
for zanamivir. The fifteen Influenza A (H3N2) had IC50 values
between 0.12–1.42 nM for oseltamivir and between 0.49-2.40 nM for
zanamivir. The IC50 values of the 12 Influenza B were between
5.45-14.10 nM for oseltamivir and between 1.25-3.43 nM for
zanamivir. All the tested strains were susceptible to oseltamivir.

Phylogenetic analysis of the HA and NA genes
HA and NA genes were directly sequenced from the clinical

specimen, to avoid irrelevant substitutions related to MDCK passages.
Overall, 10 A(H1N1)pdm09, 12 A(H3N2), 3 B-Vic and 9 B-Yam
could be sequenced and analyzed. The designation of the clades for
HA and NA phylogenetic trees of influenza viruses is based on WHO
reports (Crick Institute, WHO Collaborative Centre).

A(H1N1)pdm09: As shown in Figure 3, all A (H1N1) pdm09
viruses fell into genetic group 6B, mainly in subgroup 6B.1 (except
for A/Cambodia/2105/2016). As compared to the A/California/
07/2009, A (H1N1)pdm09 reference strain, the Cambodian strains
displayed the 6B clade-specific amino acid substitutions (P83S, D97N,
S185T, S203T, K163Q, A256T, K283E, I321V) in HA1 and in HA2
(E47K, S124N, E172K), along with S84N, S162N, I216T 6B.1
specific substitutions. Overall, 6 deduced amino acid changes (V47I,
S69T, K171R, A187T and E235D in HA1 and N71S in HA2) were
found in the HA of the Cambodian A(H1N1)pdm09 viruses. The
phylogenetic tree of NA genes showed a close proximity with A/
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Michigan/45/2015 except for A/Cambodia/2105/2016 (data not
shown).

Figure 3: Maximum-likelihood phylogenetic tree of the HA gene
of A (H1N1) pdm09 influenza viruses circulated in Cambodia. HA
sequences from 10 A(H1N1) pdm09 strains circulated in Cambodia
between 2015 and 2016 were compared to the reference strains of
known clades reported by WHO Influenza Center London in red,
the southern hemisphere vaccine strains recommended by WHO in
green and the viruses collected from various South-East Asia
countries circulated at the same period. The tree was rooted to the
vaccine strain, A/Califonia/07/2009. aLRT values >95% are shown
at the branch nodes. Scale bar indicates number of nucleotide
substitution per site. 6B is the recent clade. This clade is divided in
two sub-clades (6B.1 and 6B.2). The 6B.1 subclade is the dominant
one, and includes the A/Michigan/45/2015 reference strains.

Figure 4: Maximum-likelihood phylogenetic tree of the HA gene
of A (H3N2) influenza viruses circulated in Cambodia. HA
sequences from 12 A(H3N2) strains circulated in Cambodia
between 2015 and 2016 were compared to the reference strains of
known clades reported by WHO Influenza Center London in red,
the southern hemisphere vaccine strains recommended by WHO in
green and the viruses collected from various South-East Asia
countries circulated at the same period. The tree was rooted to the
2014-2015 vaccine strain, A/Texas/50/2012. aLRT values >95% are
shown at the branch nodes. Scale bar indicates number of
nucleotide substitution per site. All viruses after 2012 belong to the
3C clade. This clade is divided in at least three sub-clades (3C.1,
3C.2 and 3C.3) according to the nucleotide changes. The 3C.2 sub-
clades have evolved in sub-clade 3C.2a that includes the majority
of the viruses collected during this study.

Influenza B: All B-Vic Cambodian viruses belonged to clade 1A,
as the B/Brisbane/60/2008 reference strain (Figure 4 and 5), and all 9 B/
Yamagata lineage viruses belonged to clade 3, as the B/Phuket/
3073/2013 reference strain (Figure 6).

A(H3N2):The HA of the 12 A(H3N2) Cambodia viruses were in
subclade 3C.2a, close to the A/HongKong 4801/2014 reference strain
(Figure 4). As compared to the previous vaccine strain (A/Texas/
50/2012, 3C.1 clade), Cambodian strains had amino acid substitutions
observed in the subclade 3C.2a, along with Q197R, M168V, N63K
and K189R in HA1 and K39R, A101T, D155A, D46N and V200A in
HA2. The phylogenetic tree for NA genes confirmed their link to the
3C.2a clade (data not shown).

Figure 5: Maximum-likelihood phylogenetic tree of the HA gene
of influenza B/Victoria lineage circulated in Cambodia. HA
sequences from 3 influenza B/Victoria lineage strains circulated in
Cambodia between 2015 and 2016 were compared to the reference
strains of known clades reported by WHO Influenza Center
London in red, the southern hemisphere vaccine strains
recommended by WHO in green and the viruses collected from
various South-East Asia countries circulated at the same period.
The tree was rooted to the reference strain, B/Malaysia/2506/200.
aLRT values >95% are shown at the branch nodes. Scale bar
indicates number of nucleotide substitution per site. The majority
of the viruses belong to the A1 clade.
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Figure 6: Maximum-likelihood phylogenetic tree of the HA gene
of influenza B/Yamagata lineage circulated in Cambodia. HA
sequences from 9 influenza B/Yamagata lineage strains circulated
in Cambodia between 2015 and 2016 were compared to the
reference strains of known clades reported by WHO Influenza
Center London in red, the southern hemisphere vaccine strains
recommended by WHO in green and the viruses collected from
various South-East Asia countries circulated at the same period.
The tree was rooted to the reference strain, B/Florida/4/2006. aLRT
values >95% are shown at the branch nodes. Scale bar indicates
number of nucleotide substitution per site. All viruses of this study
belong to the Clade 3.

Discussion
During the study, influenza viruses were detected in all sites, all

through the network, with a year round circulation as previously
described [18,19]. As expected, most cases were detected during the
rainy season with a peak in August 2015 and in June 2016
corresponding at the beginning of the rainy season (Figure 2). The
reported prevalence of influenza in the study was low (5.4%). This
may be due to the age-group analyzed in this study (18-50 years of
age) where the influenza incidence is usually reported to be low, as
compared to children [2,20].

Most of Influenza cases were due to Influenza A viruses (77.1%),
with an almost equal distribution between A(H1N1)pdm09 and
A(H3N2) (20 (54%) vs. 17 (46%), respectively). The A(H3N2)
viruses circulated in 2015, from July to September, then were
displaced first by the B viruses that emerged from October till
February 2016, and eventually by A(H1N1)pdm09 at the end of the
study between December 2015 and September 2016. This sequential
circulation of the virus types/subtypes (influenza waves) has already
been described in previous studies conducted in the neighboring areas
of Western Cambodia [2].

In our study, A(H3N2) was more frequently detected in the out-
patient population (40.5% vs. 18.2%), whereas A(H1N1)pdm09 was
more frequent in in-patients (54.5% vs. 35.1%). This predominance of
more severe cases (i.e. requiring hospitalization) related to
A(H1N1)pdm09 in the 18-50 age-group has also been reported in
Europe and America [21,22].

The incidence of the B viruses was very low. This was not
surprising as the majority of influenza B virus infection is reported in
children and adolescent between 5–19 years [23]. However, as
reported in Thailand, the influenza B-Yam strains were more frequent

in 2015 than in 2016, and the B-Vic strains were detected in 2016 at
the end of the surveillance [24].

During this study, the influenza virus detection by RT-PCR was
carried out in Phnom Penh, in the Rodolphe Merieux lab, and the
isolation and sequencing were obtained in the NIC in Lyon. Among
the 48 positive samples by real-time RT-PCR, 44 have been isolated
on MDCK cell culture. All these viruses were subsequently
characterized by HAI, and 34 could be processed for HA and NA
genetic analysis by NGS. There was no evidence of introduction of
avian viruses in the patients included in the study.

Phylogenetic analysis of the HA gene showed that all influenza
A(H3N2) strains in Cambodia belonged to genetic clade 3C.2a,
similar to the A/Hong Kong/4801/2014 reference strain which was the
2016 vaccine strain for southern hemisphere (Figure 4). The
phylogenetic analysis showed viruses similar to these reported in
Thailand in 2015 [18]. Similarly, the A(H1N1)pdm09 viruses detected
were similar to those detected in the neighboring countries, confirming
the circulation of similar strains in this large region of south East Asia
[2,14].

Last, all viruses detected and tested for Neuraminidase Inhibitor
(NAI) susceptibility did not show any reduced or highly-reduced
susceptibility to Oseltamivir. The limited number of viruses tested (44)
makes difficult to ascertain for the absence of circulation of any
resistant virus, as reported in Thailand Australia and Singapore, where
A(H1N1)pdm09 viruses with reduced susceptibility related to the
S247N substitution in NA have been described between 2009 and
2010 [25,26] Again, Influenza B viruses with reduced susceptibility
related to a D197N substitution have been described in Cambodia in
the past [27], but not in our study.

Conclusion
The collection, handling and processing of the clinical specimens in

Cambodia confirmed the capacity building and the transfer of
technology from the Lyon NIC to the Rodolphe Merieux laboratory in
Phnom Penh, Cambodia. Virus isolation remains to be implemented to
achieve a complete transfer of technology. The data collected from
these 2015-2016 specimens provided detailed information on the
circulating viruses, including about the genetic content of these
viruses, the comparison of viruses from hospitalized and non-
hospitalized patient, their antigenic and genetic characterization, and
their susceptibility to antiviral drugs (NAI). This additional capacity
will strengthen the influenza surveillance capacity in Cambodia, and
will be of help to provide a better picture about the circulation of
seasonal influenza in this country, and will be useful for the rapid
detection and characterization of sporadic human cases with zoonotic
viruses with a pandemic potential.
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