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Background Acute respiratory infections are an important cause of
morbidity and mortality worldwide, with a major burden of disease
in developing countries. The relative contribution of viruses in acute
lower respiratory infections (ALRI) is, however, poorly documented
in Lao PDR.

Objective The objective of this study is to investigate the etiology
of ALRI in patients of all ages in two hospitals of Laos.

Methods Multiplex PCR/RT-PCR methods were used to target 18
major common respiratory viruses. Between August 2009 and
October 2010, samples from 292 patients presenting with ALRI were
collected.

Results and conclusion Viruses were detected in 162 (55%)
samples. In 48% (140/292) of the total ALRI cases, a single virus
was detected while coinfections were observed in 8% (22/292) of the
samples. The most frequent viruses were rhinovirus/enterovirus

(35%), human respiratory syncytial virus (26%), and influenza
viruses (13%). Parainfluenza viruses were detected in 9%,
adenovirus in 6%, human metapneumovirus in 4%, coronaviruses
(229E, NL63, OC43, HKU1) in 4%, and bocavirus in 3% of ALRI
specimens. Most viral infections occurred in patients below 5 years
of age. The distribution of viruses varied according to age-groups.
No significant correlation was observed between the severity of the
disease and the age of patients or the virus species. This study
provides the description of viral etiology among patients presenting
with ALRI in Lao PDR. Additional investigations are required to
better understand the clinical role of the different viruses and their
seasonality in Laos.
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Introduction

Acute respiratory infections are a leading cause of mor-
bidity and mortality worldwide." They represent around 2
million deaths per year, especially in infants.”> The burden
of these infections is particularly important in developing
countries.’ During the last decade, South East Asia
received much attention from the international scientific
community due to the emergence of respiratory viruses
with pandemic potential (SARS-CoV, avian influenza A/
H5N1 virus).*

Respiratory infections can be caused by numerous viruses,
including influenza viruses, parainfluenza viruses, human
respiratory syncytial virus (HRSV), human metapneumo-
virus (HMPV), human coronaviruses (HCoV), adenoviruses,
human bocavirus, and human enteroviruses. Molecular

techniques have become more and more popular to detect
these viruses. Multiplex reverse transcription—polymerase
chain reaction (RT-PCR) has been shown to be a sensitive
tool and allows identification of a majority of respiratory
viruses, as well as coinfections.””

In Lao PDR, the etiology of respiratory infections is still
poorly documented. To improve the clinical management of
the patients, limit unnecessary antibiotic use, and prevent
opportunistic secondary infections, it appears important to
develop surveillance and tools to assess the etiology of acute
respiratory infections in this country.®’

The purpose of this study was to describe during a limited
period of time the viral etiology of acute lower respiratory
infections (ALRI) in patients hospitalized in two Lao
hospitals by using a set of five multiplex RT-PCR/PCR
targeting 18 common respiratory viruses.

[ 1070

© 2013 John Wiley & Sons Ltd



Materials and methods

Study design

This study was part of the Surveillance and Investigation of
Epidemic Situations in South-East Asia (SISEA) Project.
This project was implemented by the International Net-
work of Pasteur Institutes in Asia to improve the
surveillance and management of epidemic situations in
the region.

The study included children and adults hospitalized for
ALRI. For patients below 5 years of age, ALRI was defined as
cough or dyspnea on admission with a duration of symptoms
<14 days and polypnea at more than 50 breaths/min for
children aged below 1 year and more than 40 breaths/min for
children between 1 and 5 years old. In infants and young
children, fever is sometimes absent and was therefore not
considered as an inclusion criteria.

For the children between 5 and 15 years old, the inclusion
criteria in addition to the cough, was fever >38°C on
admission (or history of fever) with a history of symptoms of
<14 days. For the adults (>15-years-old), ALRI definition
consisted of cough and fever for <14 days and one of the
following symptoms of lower respiratory infection: dyspnea,
chest pain, and abnormal auscultatory findings.

Patients with known tuberculosis (TB), known acquired
immunodeficiency such as HIV/AIDS, and cancer were
excluded.

Severity was assessed according to the World Health
Organization criteria.'’

The surveillance of ALRI was conducted in two Laotian
hospitals: ~ Setthathirath Hospital in Vientiane capital
(between August 2009 and October 2010) and in the
Provincial Hospital of Luang Prabang province (between
January and June 2010).

In Setthathirath Hospital, the patients enrolled in the
study were from all ages and were recruited from three
wards: pediatric, intensive care unit, and internal medicine.
In Luang Prabang Provincial Hospital, only children below
5 years of age hospitalized in the pediatric ward were
included.

Sample collection

For each patient who met the ALRI case definition,
nasopharyngeal and throat swabs were collected and imme-
diately placed into a sterile tube containing viral transport
medium (VIM)."! The samples were transported at 4°C to
the National Center for Laboratory and Epidemiology. They
were then aliquoted and stored at —80°C prior to testing.

RNA and DNA extraction

Nucleic acids were extracted using Qiagen Viral RNA Mini
Kit (Qiagen, CA, USA). For each sample, 140 pl of VIM was
processed according to the manufacturer’s instructions,
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eluted in 60 pl of Qiagen AVE buffer, and then stored at
—80°C until testing by multiplex PCR/RT-PCR.

Multiplex PCR/RT-PCR

Five multiplex PCR/RT-PCR were used to screen for eighteen
common respiratory viruses: influenza A (IA); influenza B
(IB); influenza C (IC); HMPV; HRSV; parainfluenza viruses
1-4 (PIV1-4); human rhinovirus (HRhV); enteroviruses;
severe acute respiratory syndrome-associated coronavirus
(SARS-CoV); HCoVs OC43, 229E, HKU1, and NL63; human
bocavirus, and adenoviruses. These tests were performed as
described by Buecher et al.>”'

Influenza A viruses subtyping

Influenza A strains were subtyped according to the method
developed by the two French National Influenza Centres
(Northern and Southern France) and described in the WHO
information for laboratory diagnosis of pandemic (HIN1)
2009 virus.'>'*

Clinical data
Hospital physicians filled out a standard case report form for
each participant, including information on patient’s medical
history, clinical features, treatment, laboratory and radiolog-
ical results, and status at the time of discharge.

Medical records and chest x-rays were retrospectively
reviewed by an expert pulmonologist.

Severity was assessed according to the World Health
Organization criteria.'’

Clinical data were anonymized and entered into a database
by two persons who did not have knowledge of virus
identities.

Ethical statement
The protocol was approved by the National Ethical Com-
mittee of Lao PDR and by the Clinical Research Committee
(CoRC) of Institut Pasteur in Paris.

Samples were collected after an informed written consent
was obtained from the patients or their guardians/parents (in
children below 15 years of age).

Statistical analysis

Proportions were compared using a chi-squared or contin-
gency table randomization test as appropriate. P-values < 0-05
were considered significant. The Mann—Whitney U-test was
applied to compare continuous or ordinal measures. Analyses
were performed using STATA/SE version 11.1 (StataCorp.,
College Station, TX, USA) and R statistical software (R 2.8.1, R
Foundation for Statistical Computing, Vienna, Austria).

For analysis purposes, the following pathogens were
grouped together: HCoV 0OC43, HCoV HKU1, HCoV
229E, and HCoV NL63 (HCoVs); influenza A, influenza B,
and influenza C viruses (influenza); parainfluenza viruses 1-4
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(PIVs); rhinoviruses and enteroviruses (rhinoviruses/entero-
viruses).

Results

Patient characteristics

Between August 2009 and October 2010, 292 nasopharyngeal
swabs were collected including 27 samples from Luang
Prabang Provincial Hospital and 265 samples from Settha-
thirath Hospital (Vientiane). Of the 292 patients, 71% were
hospitalized in pediatric ward, 24% in internal medicine
department, and 5% in intensive care unit. The median
duration of hospitalization was 4 days.

Of the study population, 145 (49-7%) were male. The
median age of the patients was 2-2 years (range: 12 days—
86 years) with 187 patients (64%) below 5 years of age. The
different age-groups are described in Figure 1.

To allow comparisons with statistical significance, the 5
age-groups were merged into two main groups: infants and
children aged <5 years (N = 187, 64%), and adults and
children above 5 years of age (N = 105, 36%).

Prevalence of respiratory viruses

A total of 186 viruses were detected in 162 [55-5%; CI
95 = (50-61%)] of the 292 samples tested. The most
common viruses were rhinoviruses/enteroviruses [35%; CI
95 = (28-42%)], HRSV [26%; CI 95 = (20-33%)], influenza
viruses [12%; CI 95 = (8-17%)], PIVs [9%; CI 95 = (5—
13%)], and adenoviruses [6%; CI 95 = (3-9%)]. Human
metapneumovirus and HCoV were identified in 4% [CI

95 = (1-6%)] and bocavirus in 3% [CI 95 = (1-6%)] of the
samples. Severe acute respiratory syndrome-associated cor-
onavirus was never detected (Figure 2).

Influenza A viruses were detected in 9-1% of the samples
(17 cases, all 2009 pandemic HIN1 virus), influenza B in
2-7% (five cases), and influenza C in only one case. PIV-1
and PIV-3 represented the majority of the PIVs detected
(35-3% each). Multiple viral infections were observed in 22
[7-5%; CI 95 = (5-11%)] patients including 20 dual infec-
tions and two infections with three different viruses (Table
S1). Among these multiple viral infections, the most
frequent pathogens were rhinoviruses, HRSV, and adeno-
viruses.

Relation of viral etiology with age

A majority of ALRI were observed among children aged
<5 years (187/292). The positivity rate was also the highest
(i.e., 70%) in children aged <5 (Figure 1).

Human respiratory syncytial virus was found in patients
aged from 15 days to 31 years but was more frequent in
young children aged <5 years (P = 0-0097) (Figure 3).
Influenza viruses were detected in all age-groups (median
age = 12-3 years; range: 3-6 months—66 years), but were
more frequent in the age-group >5 years (P < 10 E-6).
Rhinoviruses were mainly detected in young patients and in
few occasions in elderly (median age = 1-2 years; range:
12 days — 86 years). Bocavirus was exclusively detected in
children below 5 years of age
3-5 years). For the other viruses, there was no difference
statistically significant between both the age-groups.
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Figure 3. Incidence of respiratory virus
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Seasonal distribution

The monthly distribution of the viral respiratory infections
as well as of the rhinoviruses/enteroviruses and HRSV is
shown in Figure 4. The average number of samples collected
monthly was 19-5 (range: 8-32). We did not observe a clear
seasonality for the ALRI associated with a respiratory virus.
Rhinovirus was detected all year round. Human respiratory
syncytial virus circulation seemed more important during
the rainy season, between July and October. The prevalence
of the other viruses was low during the study period,

ranging from 0 to 5 positive samples per month for each
virus. These numbers appeared too low to allow the
description of seasonal patterns. However, PIVs were
detected only between March and August 2010 with a peak
in May.

Coinfections were observed all year long, but with only
one or two cases per month. As for PIVs, there was a peak in
May 2010, which was most probably only a bias correspond-
ing to a higher number of samples collected during that
month.
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Figure 4. Climate in Lao PDR (A), seasonal occurrences of viral respiratory infections (B), seasonality of rhinovirus/enteroviruses (C), and HRSV (D)

between August 2009 and October 2010.52

Clinical characteristics

The clinical classification of the 162 patients who tested
positive is summarized in the Table 1. Bronchitis and
exacerbation of asthma were the most frequent clinical
presentations recorded in patients who tested positive for
respiratory viruses (59/162, 36%). Bronchiolitis and pneu-
monia with or without pleurisy were identified in respec-

tively 20% and 19% of the patients with viral infections. The
expert pulmonologist could not review 39 clinical records,
which were excluded from the clinical analysis and labeled as
unspecified ALRIL. There was no significant difference in
clinical presentation between patients with single infections
and those with multiple viral infections. A total of 64 viruses
were detected in the 59 patients presenting with bronchitis,
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Total

(n = 6)

(n=7)

(n =8)

(n=11)

(n=17)

(n=23)

(n = 49)

(n = 65)

Clinical diagnosis

2 (29)
1(14)
1(14)

3 (43)

2 (25)
1(12)
1(12)

4 (50)

4 (36)
1(9)

3(27)
3(27)

4 (24)
2(12)
3(18)
8 (47)

10 (43)

19 (39)
16 (33)

23 (35)
15 (23)
11 .(17)

16 (25)

Bronchitis or asthma (n = 59)

Bronchiolitis (n = 33)

3 (50)
2 (33)

1(17)

0

9 (39)
4(17)

7 (14)
7 (14)

Pneumonia =+ Pleurisy (n = 31)
Unspecified ALRI (n = 39)

HRSV, human respiratory syncytial virus; HMPV, human metapneumovirus; ALRI, acute lower respiratory infections.

*The percentage corresponds, for each virus, to the proportion of positive detected in each clinical group. The sum for a column is 100%.
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39 viruses in the 33 patients who experienced a bronchiolitis,
and 37 viruses in the 31 patients with pneumonia. In
bronchiolitis, the most common viruses detected were HRSV
(16 patients) and rhinovirus (15 patients). In patients
presenting with bronchitis and pneumonia, all the respira-
tory viruses tested were detected with an approximately
similar frequency. The proportion of patients from whom no
virus was detected was higher in patient hospitalized for
pneumonia (46%) than in those presenting with bronchitis
or asthma (37%) or bronchiolitis (23%). Bronchiolitis was
diagnosed almost exclusively in patients aged <2 years (31 of
33), whereas pneumonia was more frequent in patients aged
>5 years.

Severity

Three deaths occurred during the study period. For two of
them, no virus was identified, and for one patient, a
rhinovirus was detected. These patients were respectively 5,
18 and 60 years old.

Of the 162 patients for which respiratory viruses were
detected, 39 (24%) presented symptoms of severity. Among
these, 45 viruses were identified. The most common virus
observed was the rhinovirus (21), followed by HRSV (7),
influenza viruses (6), and bocavirus (4).

Discussion

In this study, we report for the first time in Lao PDR the viral
etiologies in patients hospitalized for ALRIs. We identified
186 respiratory viruses in 162 (55%) patients of all ages using
5 multiplex PCR/RT-PCR. Rhinovirus and HRSV were the
viruses the most frequently detected, representing 35% and
26% of the total number of viruses observed, respectively.
These results are consistent with other studies conducted in
the region previously.”'>'® The majority of the patients
included in the study were aged <5 years (64%), and 48%
were <2 years old.

Human respiratory syncytial virus is frequently defined as
the predominant virus associated with hospitalizations for
ALRI in children aged <5 years.'”"'” However, in our study,
we detected more rhinoviruses (HRhVs) and enteroviruses
(35%) than HRSV (26%) among the 292 patients included.
Even if HRhVs are typically associated with the common
cold,* recent studies suggest that these viruses may also be
associated with more severe illness, including lower respira-
tory disease and asthma exacerbations.”"** In this study,
HRhV was detected in respiratory specimens from 33% of
patients with bronchitis or asthma, in 25% of patients with
bronchiolitis, and in 16% of those presenting with pneumo-
nia. Rhinoviruses/enteroviruses were often implicated in
coinfections (73% of all the coinfections detected). However,
the clinical significance of the detection of a HRhV by a
highly sensitive RT-PCR method has been questioned as
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these viruses can also be detected in asymptomatic chil-
dren.”»** Rhinoviruses and enteroviruses seem to circulate
all year round, without clear seasonality.

Human respiratory syncytial virus was the second most
common virus detected in this study with a total of 49 cases
(26% of patients with a positive RT-PCR result). This virus is
recognized as the leading cause of hospitalizations in children
aged <5 years for respiratory illness in industrialized coun-
tries.”” >’ Similarly to other countries, we demonstrated a
substantial burden of HRSV-associated ALRI in Lao PDR.
The infants and children aged <5 years were significantly
more frequently infected, and then the incidence of HRSV
infections decreased with age, probably because of the
development of anti-HRSV immunity which is boosted
during each subsequent reinfection.”®* *® During the study
period, the peak of HRSV activity occurred from June to
October, which corresponds to the rainy season (Figure 4).
Similar observations were also reported in neighboring
countries.'”*>?!

The overall incidence of influenza viruses infection was
relatively low (12%), and the majority of the cases detected
(69-6%) were among patients older than 5 years with a
median age of 123 years. These results are in line with those
of a preliminary study on influenza-like illness in Lao PDR in
which the incidence of influenza was 10-4%.>* The influenza
A virus strains detected during the study period were
exclusively 2009 pandemic HIN1 viruses.

As expected and as reported in other studies, the serotypes
1 and 3 were the most frequent PIVs detected in Laos.'>'”
However, PIV-4 was also identified only in four cases and
accounted for 24-5% of all the PIVs detected. PIV-4 is usually
uncommon,'”***> but has been identified in severe respira-
tory illnesses,”® and its role is probably more important
than originally thought.*”®

The overall prevalence of HMPV was 4%, which is
comparable to the results reported in Greece,” the USA,*°
or Thailand.*! The detection rate of the human bocavirus,
another recently discovered respiratory virus, was 3%. This
prevalence appears to vary largely between countries: 0-4% in
Cambodia® where a similar study was conducted, 3-9% in
Thailand,”” 16% in Vietnam," and 24:5% in China.'®
Bocavirus is often implicated in coinfections.'*'*** In this
study, 66% of the bocavirus strains detected were observed
during multiple infections.

Human coronaviruses were detected in 4% of the ALRI
patients in Lao PDR, which is comparable to other countries
(China: 5%; Vietnam: 8%, Cambodia: 8%).5'%'” HCoV-
0OC43, HCoV-NL63, and HCoV-229E were identified only in
patients aged <4 years while the only case of HCoV-HKU1
infection was observed in a 75 years old patient hospitalized
for pneumonia.

Of the 162 patients infected by a respiratory virus, we
detected 13-6% of coinfections. The majority of these

multiple infections were identified in patients <5 years of
age (90%) and associated a rhinovirus (15/22). As rhinovi-
ruses were detected all year round, coinfection cases were also
observed regularly each month. Respiratory virus coinfec-
tions being frequent,”'®** it demonstrates the usefulness of
the multiplex RT-PCR approach, which allows the detection
of the most important viruses in only few reactions while
multiple infections are often undetected in viral culture or by
direct immunofluorescence. Nevertheless, the difficult ques-
tion of the clinical significance of these multiple infections
remains unanswered.

In our study, we did not see any association between
coinfection and severity of the disease, which is in line with
other reports,”'****> but this has been subjected to much
con‘[roversy.‘“”48

We also did not find any significant association between
any virus and disease severity.

In this study, bronchitis and pneumonia were the most
frequent clinical presentations observed among all the age-
groups of patients hospitalized for ALRI. Bronchiolitis was
observed almost exclusively in patients <2 years of age (40/43
cases). The viruses that were most frequently detected in
patients <2 years of age with bronchiolitis were HRSV (15)
and HRhVs (14), which is consistent with previous obser-
vations.*”" Fifty-seven percent of pneumonia occurred in
children below 5 years of age. A better understanding of the
roles of the different viruses is of great importance as
pneumonia is responsible for approximately 19% of all
deaths in children aged <5 years, of which more than 70%
take place in sub-Saharan Africa and South-East Asia." The
two main viruses observed in pneumonia in Lao PDR were
HRhVs and influenza A viruses.

Even if Lao PDR is significantly less populated than
neighboring Thailand, Vietnam, and China, the viral etiol-
ogies observed in Laotian patients hospitalized with ALRI
demonstrate some similarities to those of other South-East
Asian countries. However, this study has several limitations.
Indeed, it was conducted in only two sites (Vientiane Capital
and Luang Prabang), and the second site was included only
during the last 6 months of the study. Moreover, our sample
size is limited, especially when we stratify by age and viral
etiology. Finally, it was difficult to collect sputum, particu-
larly in young children. Thus, identification of bacteria was
not possible.

This study aimed at determining the main viral etiologies
of patients hospitalized in Lao PDR with ALRI. Rhinoviruses,
HRSV, and influenza virus were the more common viruses
detected in the patients. Bronchitis and pneumonia
accounted for the majority of the hospitalizations for ALRI.
These data are consistent with those of the literature. This
study demonstrated also the usefulness of multiplex PCR/
RT-PCR to detect viral infections and to expand our
knowledge of respiratory infections in such country where
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the data are still sparse. Although the low numbers of some
viruses do not allow drawing clear conclusions and consid-
ering that bacterial infections cannot be dismissed, this study
provides some important preliminary data that can be used
for other more focused surveys in a larger population, for
instance to better describe the seasonality of the respiratory
viruses. The frequency of viral infection should be taken into
account by pediatricians to avoid unnecessary use of
antibiotics.
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