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1 | INTRODUCTION

In Lao People’s Democratic Republic (PDR), a lower-middle income
country in Southeast Asia, acute respiratory infections are a leading

cause of morbidity and mortality in the general population® and

In Lao People’s Democratic Republic (PDR), acute respiratory infections overburden
the health care system, but viral etiology, genetic diversity, and seasonality, especially
in light of the introduction of influenza vaccination in the country, are poorly
understood. From August 2010 to April 2011, 309 outpatients were recruited at the
Luang Prabang Provincial Hospital covering highland Lao communities. Nasophar-
yngeal swabs were screened for the presence of 13 respiratory viruses. At least one
virus was detected in 69.6% and dual/triple viral infections in 12.9%/1.9% of the
patients. Influenza A and B viruses combined were the most frequently detected
pathogens, followed by human adenovirus and respiratory syncytial virus (RSV). The
other viruses were detected in less than 10% of the patients. Phylogenetic analyses
on a representative set of RSV strains revealed that, while otherwise very rare, the
RSV-B CB1/THB genotype cocirculated with other common genotypes. A single wave
of influenza virus and RSV activity was observed during the rainy season, providing
further support to influenza vaccination before the onset of the rains. This study
provides recommendations for influenza vaccination that still needs optimization and
highlights the need for revised guidelines for treatment and prevention of respiratory

infections in Lao PDR, as well as for increased surveillance efforts.
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pneumonia is a leading cause of death in children under 5 years old.
As in other countries, respiratory infections represent a considerable
burden to the health care system, for instance, up to 10% of
outpatients or emergency admissions in Vientiane hospitals meet the

influenza-like illness (ILI) case definition.?
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The etiology of respiratory diseases is complex. Influenza A and B
viruses (family Orthomyxoviridae, genus Influenzavirus A and B) are
frequently detected at all ages, but a variety of pathogens, including
viruses and bacteria, cause similar symptoms that cannot be
differentiated without laboratory confirmation. In Lao PDR, the
influenza sentinel network was initiated only in 20072 and other
respiratory viruses are normally not diagnosed.®>* In particular,
respiratory syncytial virus (RSV; order Mononegavirales, family
Pneumoviridae, genus Orthopneumovirus, and species human orthop-
neumovirus) is a leading cause of lower respiratory tract infections in
infants and young children worldwide.®> A proper understanding of
the etiology, seasonal patterns, and genetic diversity of respiratory
viruses in Lao PDR is warranted. Notably, the success of the influenza
vaccination recently introduced in the country relies on recommen-
dations for optimal timing with respect to the season with highest
influenza transmission. This is still poorly understood in subtropical
countries. Nasopharyngeal swabs from patients with acute respira-
tory infections at the Luang Prabang Provincial Hospital in Northern
Laos, catering to highland communities in Northern Laos, were

screened for 13 viruses.

2 | MATERIALS AND METHODS

2.1 | Patients and specimen collection

Samples were collected at the Provincial Hospital in Luang Prabang, a
town with a population of 56 000 located at an altitude of 700 m. The
hospital provides primary care without particular specialization to
the local population of the town and is a major referral center for the
highland communities living throughout this mountainous province.
Nasopharyngeal swabs were collected from 309 outpatients (51.1%
male) presenting with acute respiratory illness with common cold
symptoms with (287 of 309) or without fever. On average, 34
samples per month (range, 16 to 68) were conveniently collected
between August 2010 and April 2011. The age of the participants
ranged from 1 month to 63 years with 68.0% of the patients younger
than 5 years old (median age, 2; mean age, 8). The study was
approved by the Laos National Ethics Committee (336-NECHR), and
informed consent was obtained from all patients, their parents, or
legal guardian prior to sample collection.

2.2 | Viral nucleic acid detection

All samples (n=309) were tested by two independent laboratories
(Lab1 and Lab2). Nucleic acids were purified using Qiagen Viral RNA
Mini Kits (Qiagen, Venlo, The Netherlands; Lab1) or NucliSENS
easyMAG system (bioMérieux, Bruxelles, Belgium; Lab2). In Lab1,
after reverse transcription with SuperScript Il Reverse Transcrip-
tase (Life Technologies, Merelbeke, Belgium), sample screening was
performed using in-house polymerase chain reactions (PCRs) for
influenza A virus,®” RSV,2 parainfluenzaviruses 1-4 (PIV1-4),9'11
human metapneumovirus (hMPV),*2 human coronaviruses 229E
(hCoV-229E) and OC43 (hCoV-OC43).*® The same pathogens as

well as influenza B virus, human adenovirus (hAdV), human
bocavirus (hBoV), human rhinovirus (hRV), and human coronavirus
HKU1 (hCoV-HKU1) were detected by Lab2 using the FTD
respiratory pathogens 21 kit (Fast-track Diagnostics, Esch-sur-
Alzette, Luxembourg). All samples were tested by the two
laboratories to compare detection rates of the in-house PCRs
against commercial tests and to broaden the range of pathogens
detected. Results of conventional PCRs were visualized on an
agarose gel, and positivity was confirmed by sequencing on
an ABI 3130 Avant Capillary Sequencer (Applied Biosystems,
Nieuwerkerk, The Netherlands) using the PCR primers also as
sequencing primers. The ectodomain of the G-gene of RSV was also
amplified as described before'* and sequenced (GenBank accession
numbers MG773863-MG773881).

2.3 | Data analyses

Genetic distances and phylogenetic trees were calculated using
maximum composite likelihood model with 500 bootstrap values in
MEGAG.%> Onset and offset of the monsoon season in Luang Prabang
were retrieved from Annual Mekong Flood Reports.*¢” Descriptive
statistical analyses were performed using SigmaPlot 12.5, using
#* test and z test for low proportions, Mann-Whitney rank-sum test
for virological status according to age, Fisher exact test for
seasonality of virus-positive detections according to age groups,
and McNemar test for assessing differences between laboratories.
Comparison of detection rates between this study and a previous

study carried out in Vientiane Capital® was performed using z test.

3 | RESULTS

3.1 | Prevalence of respiratory pathogens

At least one virus was detected in 69.6% (215 of 309) of the patients
by at least one of the two laboratories. Influenza A and B viruses
(combined) were the most frequently detected pathogens (79 of 309,
25.6%; Table 1), with influenza B viruses (37 of 79, 46.8%)
dominating, followed by A(HIN1)pdmO9 (21 of 79, 26.6%) and
A(H3N2) viruses (12 of 79, 15.2%; nine of 42 influenza A strains not
characterized; Figure 1A). hAdV (40 of 309, 12.9%) and RSV (31 of
309, 10.0%) were also frequently detected, while the other viruses
were detected in less than 10% of the patients, and PIV4 was not
detected at all (Table 1).

When comparing the results obtained by the two laboratories,
more samples were positive for RSV and PIV1-3 in Lab1 compared
to Lab2, while more samples were positive for influenza A, hMPV,
hCoV-0OC43, and hCoV-229E in Lab2 (Table 1). Discrepant results
were observed only in weak positive samples. A statistical
difference between the results obtained by the two laboratories
was only found for hCoV-OC43 (P=0.041; Table 1), suggesting
that most in-house PCRs were performing well and can be more
sustainably used in resource-limited countries compared to

commercial PCRs.
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TABLE 1 Virus detections by laboratory, patient age group, and number of viral mixed infections

No. of positive samples per

Total no. of No. of

diagnostic laboratory No. of positive patients per age group, n (%) positive viral mixed
Virus Lab1 Lab2 P? 0-4 5-15 15-50 >50 p® detections (%) infections
N 309 309 - 210 35 58 6 - 309
Influenza A 39 42 0.450 18 (8.6) 6 (17.1) 16 (27.6) 2 (33.3) <0.001 42 (13.6) 6
Influenza B nd°® 37 - 12 (5.7) 10 (28.6) 15 (25.9) 0 <0.001 37 (12.0) 4
RSV 29 26 0.450 26 (124) 4 (11.4) 1(1.7) 0 0.152 31 (10.0) 7
PIV1 9 7 0.617 8 (3.8) 0 (0. 2 (3.4) 0 0.323 10 (3.2) 6
PIV2 3 1 0.617 3(1.4) 1 0 0 0.428 4 (1.3) 2
PIV3 11 10 1.000 11 (5.2) 1( 0 0 0.273 12 (3.9) 7
PIV4 0 0 - 0 0 0 0 - 0 0
hMPV 16 19 0.248 14 (6.7) 5(14.3) 0 0 0.173 19 (6.1) 6
hCOV-0OC43 5 11 0.041 10 (4.8) 1(2. 0 0 0.558 11 (3.6) 6
hCoV-229E 0 2 - 1(0.5) 1(2. 0 0 0.546 2 (0.6) 2
hCoV-HKU1 nd 15 - 11 (5.2) 2 (5. 2 (3.4) 0 0.929 15 (4.9) 6
hRV nd 22 - 19 (9.0 1(2. 2 (3.4) 0 0.050 22 (7.1) 9
hAdV nd 40 - 37 (17.6) 3 (8. 0 (0.0) 0 0.008 40 (12.9) 22
hBoV nd 22 - 22 (10.5) 0 0 (0.0) 0 0.002 22 (7.1) 15
Total - - - 150 (71.4) 27 (77.1) 36 (62.1) 2 (33.3) 0.878 215 (69.6) 46

*McNemar test.

PMann-Whitney rank-sum test.

“Not done.

4Total number of patients per age group category positive for 21 virus.

hAdV, human adenovirus; hBoV, human bocavirus; hCoV, human coronaviruses; hMPV, human metapneumovirus; hRV, human rhinovirus;

PIV, parainfluenzaviruses; RSV, respiratory syncytial virus.

3.2 | Mixed infections

Dual and triple infections were detected in 12.9% (40 of 309) and
1.9% (6 of 309) of the patients (Table 1). All viruses were involved in
at least one mixed infection, but hAdV and hBoV were implicated in
47.8% (22 of 46) and 32.6% (15 of 46) of the mixed infections. The
combinations of viruses varied greatly between patients, with 60.9%
(28 of 46) of mixed infections being due to a unique virus
Mixed hAdV-hBoV

combination. infections were observed in

nine patients.

3.3 | Age-specific distribution

All viruses combined, the virological status (ie, positivity for 21 virus)
of the patients was not significantly associated with age. However,
patients with viral mixed infections were significantly younger than
those with a single infection (median age, 19.5 vs 28.0 months;
P=0.015). PIV2, PIV3, hMPV, hCoV-OC43, hCoV-229E, hAdV, and
hBoV were also exclusively found in children under 15 years old
(Table 1), whereas influenza viruses were detected in all age groups
and RSV (n=1), PIV1 (n=2), hCoV-HKU1 (n=2), and hRV (n=2)
were only sporadically found in the 15- to 50-year age group
(Table 1). Influenza A (median age, 8.5 vs 2.0 years; P<0.001) or
influenza B (median age, 7.0 vs 2.0 years; P < 0.001) positive patients

were significantly older than those who tested negative, whereas
hAdV (median age, 15.5 vs 24.0 months; P = 0.008) and hBoV (median
age, 125 vs 24.0 months; P=0.002) positive patients were
significantly younger than negative patients.

3.4 | Seasonal distribution

Influenza A and B viruses were almost exclusively detected during a
single wave of activity between August and December 2010 (weeks
33 to 49; peak in week 38). A(HIN1)pdm09, A(H3N2), and B viruses
cocirculated during the peak of the epidemic, but A(H3N2) was no
longer found after week 41 (Figure 1A). Influenza A and B viruses
were significantly more often detected during the rainy season
(1 May 2010 to 15 December 2010 in Luang Prabang),!” similarly to
RSV (Figure 1B). In contrast, PIV3, hMPV, hCoV-0OC43, hCoV-HKU1,
hAdV, and hBoV prevalences were significantly higher during the dry
season (16 December 2010 to 27 April 2011;*¢ Figure 1B). No

difference in seasonality depending on the age group was observed.

3.5 | Phylogenetic analysis of RSV

Partial G protein sequences were obtained for 24 of 31 RSV-positive
samples and characterized as RSV-A (1 of 24, 4.2%; genotype NA1,;
Figure S1) and RSV-B (23 of 24, 95.8%; Figure 2). The majority (20 of
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FIGURE 1 Seasonal occurrence of influenza A and B viruses in
Lao People’s Democratic Republic (color-coded bars) and numbers of
samples tested (line) by calendar weeks (A); virus occurence by dry
and rainy season (B). *P values by 42 tests or z tests. D, significantly
more frequent during dry season; hAdV, human adenovirus;

hBoV, human bocavirus; hCoV, human coronaviruses; hMPV,
human metapneumovirus; hRV, human rhinovirus; PIV,
parainfluenzaviruses; R, significantly more frequent during

rainy season; RSV, respiratory syncytial virus

23, 87.0%) of RSV-B strains grouped within genotype BA9 and were
highly similar to each other (genetic distance of 0% to 1.6%). The
remaining RSV-B strains (3 of 23, 13.0%; genetic distance 0%)
clustered together with sequences from China, Thailand, and India,
previously attributed to a new CB1® or THB!? genotype, here
named CB1/THB. Sequences from this genotype were detected as
early as 2000-2004 in China (exact date unknown?) but mainly after
2009. The genetic distances between sequences of the CB1/THB
genotype ranged from 0% to 4.3%. Three strains from China
(BJ/20265, BJ/23183, and BJ/23484) had a three-amino-acid
insertion that was not found in any other sequence of the
CB1/THB genotype.

4 | DISCUSSION

In this provincial hospital catering to the needs of the town of Luang
Prabang and to the highland communities in northern Lao PDR,
essentially 70% of all outpatients presenting with respiratory
symptoms recruited were below the age of 5 and 70% of the
participating patients suffered from a viral infection. Despite the low
prevalence of hRV, the incidence of viral infections was significantly
higher than in ILI patients in Vientiane capital® (2007-2008; 321 of
543, 59.1%; P=0.003). Detection rates are influenced by various

factors, such as inclusion criteria, case definitions, age of participants

i BA9
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FIGURE 2 Phylogenetic analyses of RSV-B strains. Strain name
is as follows: GenBank accession number followed by three-letter
country isocode/strain/collection year. Sequences from this study
in boldface. Only bootstrap values greater than 70% are shown.
*Strains isolated between 2000 and 2004 in China (no exact date
available)

as well as cultural and ecological differences. When only children
under 5 years were compared in both locations, the incidence of viral
infections was similar (150 of 210, 71.4% in the current study; 118 of
169, 69.8%;° P =0.820), suggesting higher variabilities among older
age groups.

Seasonality of virus circulation may also contribute to differences
in disease incidence between studies. In Luang Prabang in 2010,
the incidence of influenza A and B viruses was significantly
associated with the rainy season; in 2010, the influenza season
presented as a single wave with a peak in September and declined in
October-November, similar to other regions in Lao PDR during the
same year.2?%22 Also RSV was mostly found during the rainy season

in Luang Prabang in 2010, similarly to Thailand,?® Vietnam,?*
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Cambodia®® and to Vientiane in 2009-2010% and 2014.2° In contrast,
other respiratory viruses (hAdV, hBoV, hMPV, hCoV-HKU1,
hCoV-OC43, and PIV3) occurred more often during the dry season,
causing respiratory disease mainly when influenza and RSV were less
present, while PIV1-2, hRV, and hCoV-229E were detected through-
out the year, contributing to the background incidence of respiratory
infections.? The time covered by the current study may have
somewhat biased seasonality patterns and will require confirmation
over longer time periods.

In 2012, Lao PDR started to offer seasonal influenza vaccination
in April-May to pregnant women, the elderly, patients with
comorbidities, and health care personnel.?” Based on retrospective
surveillance data from 2008-201128 and 2010-20142° with increased
transmission in August-December or September-November, respec-
tively, the optimal timing for vaccination was recommended in April-

June.282?

In our 2010-2011 study, increased transmission of
influenza viruses was observed between August and December,
indicating that, if already implemented, vaccination during the
recommended period would likely have had a beneficial effect on
the 2010 influenza season. As surveillance efforts increase world-
wide, it becomes apparent that influenza seasonality in the (sub)
tropics are country or even region-specific’® and may also differ
between years. For instance, two waves of increased influenza
transmission were observed in Lao PDR in 2014 and 2015 (www.
who.int/flunet), complicating the current vaccination timing. Offering
vaccination twice a year (eg, April-May and October-November) to
the general or even a selected population would be challenging in
practice, as already attempted in 2012 in Peru,?’ a country that has
influenza seasons varying by climate zones.*! Thus, continuing
surveillance efforts in Lao PDR are warranted to characterize
potential regional and annual variations of influenza seasons, and
to estimate the influenza disease burden due to waning of vaccine-
induced antibodies at the time of a secondary influenza transmission
period to optimize vaccination recommendations. In the meantime,
the target population such as pregnant women enrolled in antenatal
care programs could be readily vaccinated at any time of the year,
provided that the most recent vaccine formulation is available.

In this study, RSV strains circulating in Lao PDR were
characterized for the first time, with the detection of the common
genotypes of RSV-A NA1, RSV-B BA9, and the rare CB1/THB
genotype. Cocirculation of different genotypes in a country during
RSV season is not uncommon.®23% Most RSV genotypes are often
shared between various regions of the world. For instance, after its
first characterization in Canada in 2010,** the RSV-A ON1
genotype rapidly spread throughout the world, with at least 21
countries reporting it by 2014.%% Luang Prabang attracts a lot of
foreign tourists; therefore, the presence of the global genotypes
RSV-A NA1 and RSV-B BA9®2° is not surprising. In contrast,
genotype RSV-B CB1/THB has only very rarely been detected in
Asia (China, Thailand, India, and Lao PDR; see Figure 2), as early as
2000-2004 but mainly between 2009 and 2012.*82° This may be
indicative of differences in virulence or cross-protective immuno-

genicity with other genotypes. Further genotyping of RSV strains,
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especially from the Greater Mekong subregion, is required to
better understand the particular epidemiology of the CB1/THB
genotype.

5 | CONCLUSIONS

In conclusion, 70% of acute respiratory infections in outpatients in
Provincial Hospital in Northern Laos had a viral etiology. While
some viruses contributed to the background incidence throughout
the year, others were mainly detected during the dry season (PIV3,
hMPV, hCoV-0C43, hCoV-HKU1, hAdV, and hBoV). Influenza and
RSV infections presented as a single wave during the wet season,
providing further support to a single vaccination against influenza
before the onset of the rains. While otherwise very rare, the RSV-
B CB1/THB genotype cocirculated with other common genotypes.
Antibiotics should be prescribed with care in the case of
uncomplicated respiratory infections®® and the timing of vaccina-
tion against influenza may be further optimized. Revised guidelines
for the treatment and prevention of respiratory infections in Lao
PDR, as well as increased surveillance efforts, are therefore
needed.
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