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Introduction

In many low- and middle-income countries, acute 
respiratory tract infections (ARTIs) are the leading cause of 
morbidity and mortality among children less than 5 years 

of age (1,2). ARTIs commonly affect children between 2 

to 24 months old, with the highest incidence of infection 

afflicting babies age between 3 and 6 months (3). In 2000, 

an estimated 1.9 million children succumbed to ARTIs 
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globally, with 70% of the death occurred in Southeast Asian 
and African regions (1). This finding was supported by a 
systemic review in which approximately 1.6 million children 
worldwide perished due to ARTIs (4). 

ARTIs are commonly caused by viruses; such as 
respiratory syncytial virus (RSV), adenovirus, influenza 
virus, parainfluenza virus, human bocavirus, and human 
coronavirus (5-10). However, there is a scarcity on 
information regarding these respiratory infections especially 
in developing countries such as Malaysia. In these countries, 
majority of the paediatric patients who presented with 
ARTIs are often treated symptomatically in outpatient 
clinics. Due to the similarity in clinical symptoms at 
presentation, it is a challenge to identify the underlying 
viruses leading to the ARTIs. A retrospective study showed 
that 1–2% of US infants presenting with lower respiratory 
tract infection were hospitalized (11). 

There is limited epidemiological data available on viral 
ARTIs in Malaysia. Many of the published data were from 
more than 10 years ago (12-14). In a retrospective study, 
many of the common respiratory viruses such as human 
metapneumovirus, coronavirus HKU1, human bocavirus, 
and influenza A (H1N1) virus were not included due to 
the lack of virological testing methods (15). Viral culture is 
a promising method for the detection of respiratory viral 
pathogens. However, this method required up to 14 days to 
confirm the detection (16). Quick test can be reported on 
the same day using immunofluorescence staining. However, 
its sensitivity is low (16,17). The development of multiplex 
polymerase chain reaction (PCR) could detect multiple 
pathogens in a single sample. This allows for rapid and cost-
effective diagnosis of ARTIs. 

The study aims to determine the aetiologies of viral 
ARTIs among young children in Malaysia. A comprehensive 
and up-to-date epidemiological data on viral ARTIs would 
be vital for clinical management especially in preventing 
unnecessary antibiotic usage and hospitalization.

Methods 

Study design

This is a prospective surveillance study conducted between 
July 2014 and July 2015. All children aged 0–5 years  
old with ARTIs who were seen by pediatricians in 
Kuala Lumpur hospitals had their respiratory samples 
collected and sent for analysis (n=394). ARTIs included 
both upper or lower respiratory tract infections. Patients 

with symptom onset of more than 14 day were excluded. 
Patients who were found to have more than 1 positive 
specimens within the same week were excluded from the 
final analysis. All other samples obtained from the patients 
with ARTIs were included in the analysis. As the specimen 
might not have been taken at the point of admission, we 
were unable to fully exclude ARTIs of nosocomial origin. 
Using flocked swabs, nasopharyngeal swabs were taken 
from the patients. The swabs were then transported 
in 3.0 mL of viral transport medium (VTM) via cold 
chain to the virology laboratory. Upon receiving, the 
laboratory technicians would process and test the samples 
immediately.

Viral identification

In this study, the detection of RSV, influenza A (with 
additional subtyping of H1, H3, and H1N1), influenza 
B, parainfluenza virus types 1–4, adenovirus, human 
enterovirus/human rhinovirus, human bocavirus, human 
metapneumovirus, human coronavirus 229E, NL63, 
OC43, and HKU1 subtypes was made using the Luminex 
xTAG® Respiratory viral panel (RVP) Fast v2 assay. Using 
Qiagen MinElute Virus Spin Kit (Qiagen, Germany), the 
viral nucleic acids were extracted from VTM as per the 
instructions of the manufacturer. 

In order to confirm the proper functioning of nucleic 
acid extraction and reverse transcription steps, as much as 
18 µL xTAG bacteriophage MS2 needed to be injected into 
182 µL of sample. Following that, complementary DNA 
(cDNA) synthesis and PCR amplification were conducted 
according to instructions. The assay was performed in a 
Bio-Rad DNA Engine (MJ PTC 200) (Bio-Rad, USA) and 
the mixture was later incubated at 45 ℃ for 20 minutes in 
the same machine. Lastly, Luminex xMAP instrument was 
used for virus detection (Luminex, USA) (18).

Statistical analysis

The data were analyzed with SPSS Statistics 18 version 
18.0.0 (SPSS, Inc., 2001, USA). Distribution normality 
was checked for all variables including age and gender. 
Due to the unequal group sizes and the data variance, one-
way Analysis of variance (ANOVA) with Games-Howell 
post-hoc test was used to analyze the various age groups of 
children infected by different viruses. A P value of <0.05 
was taken as statistically significant level. The association 
between categorical data such as age, gender, and ethnic 
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groups with respiratory viruses were analyzed using 
Fisher’s exact test.

Results

A total of 394 samples were collected in this study. Table 1 
outlines the socio-demographic variables of all the sample 
population. The age distribution was as follows: less than 
12 months (212/394, 53.8%), 13–36 months (138/394, 
35.0%) and 37–60 months (44/394, 11.2%) (Table 1). The 
ratio of male:female patients was 1.3. The mean age of the 

study population was 1.89±1.71 years old, with majority of 
the patients (53.8%) being less than 1 year old. The viral 
detection rate was 79.9%, in which 315 out of the total 380 
samples were tested positive. As high as 380 viruses were 
found among 315 (79.9%) positive specimens, Among the 
viruses detected, there were 15 types of RNA viruses and a 
single type of DNA virus. 

The prevalence of different viruses detected was also 
presented in Table 1. The 5 predominant viruses were 
enterovirus/rhinovirus (n=112, 28.4%), RSV (n=85, 21.6%), 
adenovirus (n=64, 16.2%), human bocavirus (n=34, 8.6%), 

Table 1 Distribution of respiratory viruses in children according to age, gender and ethnicity groups

Variables

Age group, n (%)
Total,  
n (%)

Gender, n (%) Ethnicity, n (%)

≤12  
months

13–36  
months

37–60  
months

Male Female Chinese Indian Malay Others

Samples (% of total sample received)

Total sample received 212 (53.8) 138 (35.0) 44 (11.2) 394 (100.0) 225 (57.1) 169 (42.9) 66 (16.8) 4 (1.0) 298 (75.6) 26 (6.6)

Positive samples 169 (42.9) 115 (29.2) 31 (7.9) 315 (79.9) 180 (45.7) 135 (34.3) 48 (12.2) 4 (1.0) 241 (61.2) 22 (5.6)

Respiratory virus identified (% of total positive samples within age/gender/ethnic group)

Enterovirus/rhinovirus 71 (42.0) 35 (30.4) 6 (19.4) 112 (28.4) 67 (37.2) 45 (33.3) 13 (27.1) 1 (25.0) 91 (37.8) 7 (31.8)

RSV 53 (31.4) 30 (26.1) 2 (6.5) 85 (21.6) 42 (23.3) 43 (31.9) 16 (33.3) 0 62 (25.7) 7 (31.8)

Adenovirus 28 (16.6) 25 (21.7) 11 (35.5) 64 (16.2) 39 (21.7) 25 (18.5) 10 (20.8) 1 (25.0) 50 (20.7) 3 (13.6)

HMPV 18 (10.7) 10 (8.7) 1 (3.2) 29 (7.4) 18 (10.0) 11 (8.1) 4 (8.3) 0 23 (9.5) 2 (9.1)

HBoV 18 (10.7) 14 (12.2) 2 (6.5) 34 (8.6) 17 (9.4) 17 (12.6) 3 (6.3) 0 29 (12.0) 2 (9.1)

Influenza A 2 (1.2) 5 (4.3) 6 (19.4) 13 (3.3) 11 (6.1) 2 (1.5) 2 (4.2) 2 (50.0) 9 (3.7) 0

H1N1 subtype 2 (1.2) 3 (2.6) 6 (19.4) 11 (2.8) 9 (5.0) 2 (1.5) 1 (2.1) 2 (50.0) 8 (3.3) 0

H3 subtype 0 1 (0.9) 0 1 (0.25) 1 (0.6) 0 0 0 1 (0.4) 0

Non-specific 0 1 (0.9) 0 1 (0.25) 1 (0.6) 0 1 (2.1) 0 0 0

Influenza B 1 (0.6) 3 (2.6 4 (12.9) 8 (2.0) 5 (2.8) 3 (2.2) 1 (2.1) 0 6 (2.5) 1 (4.5)

Parainfluenza 13 (7.7) 12 (10.4) 2 (6.5) 27 (6.9) 16 (8.9) 11 (8.1) 3 (6.3) 0 21 (8.7) 3 (13.6)

Parainfluenza 1 0 2 (1.7) 0 2 (0.5) 1 (0.6) 1 (0.7) 1 (2.1) 0 1 (0.4) 0

Parainfluenza 2 0 1 (0.9) 0 1 (0.3) 1 (0.6) 0 0 0 1 (0.4) 0

Parainfluenza 3 9 (5.3) 7 (6.1) 1 (3.2) 17 (4.3) 8 (4.4) 9 (6.7) 1 (2.1) 0 13 (5.4) 3 (13.6)

Parainfluenza 4 4 (2.4) 2 (1.7) 1 (3.2) 7 (1.8) 6 (3.3) 1 (0.7) 1 (2.1) 0 6 (2.5) 0

Coronavirus 6 (3.6) 2 (1.7) 0 9 (2.3) 4 (2.2) 4 (3.0) 2 (4.2) 0 6 (2.5) 1 (4.5)

NL63 1 (0.6) 1 (0.9) 0 2 (0.5) 0 2 (1.5) 0 0 2 (0.8) 0

OC43 5 (3.0) 0 0 6 (1.5) 4 (2.2) 1 (0.7) 1 (2.1) 0 4 (1.7) 1 (4.5)

HKU1 0 1 (0.9) 0 1 (0.3) 0 1 (0.7) 1 (2.1) 0 0 0

RSV, respiratory syncytial virus; HMPV, human metapneumovirus; HBoV, human bocavirus.
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and human metapneumovirus (n=29, 7.4%). Among the 
influenza cases, 13 (3.3%) were influenza A and 8 (2.0%) 
were influenza B. The 27 typeable parainfluenza viruses can 
be categorized into 2 cases (0.5%) of parainfluenza 1 virus,  
1 case (0.3%) of parainfluenza 2 virus, 17 cases (4.3%) of 
parainfluenza 3 virus, and 7 cases (1.8%) of parainfluenza 4 virus.  
A total of 8 coronavirus cases were detected, including 
coronavirus OC43 (n=5, 1.3%), coronavirus NL63 (n=2, 
0.5%), and coronavirus HKU1 (n=1, 0.3%). No coronavirus 
229E was detected in the study.

Children aged below 1 year old constituted 42.9% of 
all the samples received in this study. In this age group, 
enterovirus/rhinovirus (P<0.05) and RSV (P<0.01) were 
significantly more common in this age group, accounting 
for 42.0% and 31.4% of the total cases respectively. With 
advancing age, the prevalence of enterovirus/rhinovirus 
and RSV decreased to 19.4% and 6.5% among children 
aged 4–5 years old. In contrast, influenza viruses increased 
significantly reduced with age from 3.0% in the age 
group below 1 year old to 51.7% among the 3–5 years 
old age groups (P<0.01). Coronavirus was not detected in 
any children between 3 and 5 years old. The mean ages 
of infected children ranged from 1.30 to 3.13 years and 
were significantly different from one-way ANOVA analysis 
(F=5.401, df=7, P<0.001). Post-hoc test showed that children 
tested positive for influenza virus were significantly older 
than children infected with enterovirus/rhinovirus (mean 
difference =1.44, SE =0.29, P<0.001), RSV (mean difference = 
1.67, SE =0.29, P<0.001), adenovirus (mean difference = 
1.15, SE =0.30, P<0.01), human metapneumovirus (mean 
difference =1.82, SE =0.30, P<0.001), and coronavirus (mean 
difference =1.97, SE =0.37, P<0.01).

From all the positive samples, 45.7% were male and 
34.3% were female patients. Boys were significantly more 
susceptible to influenza A than female children (P<0.05). 
However, differences between gender were not statistically 
significant for the remaining viruses. The predominant 
ethnicity was Malay (75.6%), followed by Chinese (16.8%), 
others (6.6%), and Indians (1.0%). There was a significant 
difference between ethnic groups in all respiratory viruses 
(P<0.001). Malay population was more likely to be positive 
for all respiratory viruses. 

In Table 2, the different types of viruses detected were 

Table 2 Number of cases in which two or more respiratory viruses 
were detected simultaneously from respiratory specimens

Viral etiology
Total, n (% of total 
sample received)

Dual infection

Enterovirus/rhinovirus + RSV 6 (1.5)

Enterovirus/rhinovirus + adenovirus 12 (3.0)

Enterovirus/rhinovirus + human bocavirus 6 (1.5)

Enterovirus/rhinovirus +  
human metapneumovirus

3 (0.8)

Enterovirus/rhinovirus + coronavirus OC43 2 (0.5)

Enterovirus/rhinovirus + parainfluenza 3 2 (0.5)

Enterovirus/rhinovirus + parainfluenza 4 2 (0.5)

RSV + adenovirus 3 (0.8)

RSV + human metapneumovirus 2 (0.5)

RSV + human bocavirus 1 (0.3)

RSV + influenza B 1 (0.3)

RSV + coronavirus NL63 1 (0.3)

Adenovirus + human bocavirus 2 (0.5)

Adenovirus + parainfluenza 3 1 (0.3)

HMPV + human bocavirus 2 (0.5)

HMPV + adenovirus 1 (0.3)

HMPV + parainfluenza 3 2 (0.5)

Coronavirus HKU1 + parainfluenza 1 1 (0.3)

HBoV + parainfluenza 4 1 (0.3)

More than 2 viral agents

Enterovirus/rhinovirus + RSV + human 
bocavirus

2 (0.5)

Enterovirus/rhinovirus + human 
metapneumovirus + human bocavirus

1 (0.3)

Enterovirus/rhinovirus + coronavirus NL63 + 
HBoV

1 (0.3)

Enterovirus/rhinovirus + adenovirus +  
human bocavirus

2 (0.5)

Adenovirus + human bocavirus + 
parainfluenza 2 

1 (0.3)

RSV, respiratory syncytial virus; HMPV, human metapneumovirus; 
HBoV, human bocavirus.
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shown. About 1 in 5 patients was found to be having multiple 
viral infections (n=58, 14.7%). In 51 cases, 2 viruses were 
detected simultaneously. Another 6 patients with enterovirus/
rhinovirus were identified to have 2 other viruses, namely 
RSV, human bocavirus, human metapneumovirus, adenovirus, 
and coronavirus NL63 (Table 2). Enterovirus/rhinovirus 
(n=13, 22.4%) was the most frequently detected virus in 
concurrent with adenovirus. Multiple viral infections were 
predominantly detected in children less than 1 year old 
(n=31, 53.4%). No co-infection was detected in young 
children. One caveat of this study was the lack of clarity 
as to which viral agent was the causative agent in patients 
with co-infection. Moreover, the clinical presentation of 
patients was not assessed and compared to respiratory viral 
pathogens identified.

The seasonal distribution of the respiratory viruses from 
July 2014 to July 2015 is shown in Figure 1. Viral respiratory 
infections were present throughout the year, with monthly 
peaks of activity. Enterovirus/rhinovirus, adenovirus, and 
human bocavirus demonstrated pronounced seasonality, 
with peak infection rate occurred in mid-year (from April 
2015 to July 2015), and lowest activity in early of 2015 
(January–March). RSV infections gradually decreased from 
August 2014 to year-end but subsequently increased from 
early 2015 to the peak in June–July 2015. The number of 
other viruses was too small to detect any seasonality.

Discussion

There is limited evidence on epidemiological burden of 
respiratory viruses in Malaysia in the published literature. 
This could be attributed to a lack of diagnostic capacity 
for viral detection (19-21). From the literature, previous 
studies focused on narrower virus spectrum, including only 
RSV, adenovirus, influenza virus, and/or parainfluenza virus  
(13-15). Different geographical areas and detection methods 
could significantly affect the observed burden of each 
respiratory virus in different studies. 

With modern technology, molecular detection of viruses 
is becoming more robust and reliable, with better sensitivity 
and specificity (7,22). The conventional methods such 
as viral isolation and immunofluorescence staining often 
underestimated the actual burden of respiratory viruses (15). 
The use of Luminex xTAG RVP Fast v2 assay in the study 
allowed the detection of a broader range of respiratory 
viruses (23). This study revealed that the assay was more 
sensitive as it has a higher detection rate (78.4%), compared 
to the viral isolation (7.5%) and direct immunofluorescence 
staining (22.6%) methods (24).

Previous epidemiological data showed that RSV was 
the most predominant respiratory virus detected in young 
children worldwide (5,12,15,25-28). However, our data 
found that enterovirus/rhinovirus was the commonest virus 
in our paediatric population, especially among infants (less 

Figure 1 Monthly activity pattern of respiratory viruses between 2014 and 2015. RSV, respiratory syncytial virus.
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than 12 months old). This finding was in contrast with 
studies conducted in other Asian countries whereby RSV 
was the predominant respiratory virus (5,12,15,25,26). It 
could be due to more sensitive molecular detection methods 
being used or the seasonal variations nature of virus 
distributions. Rhinovirus was neither detected nor included 
in most of the local studies (15). Our results aligned with 
a Vietnamese study in which enterovirus/rhinovirus was 
found to be the most predominant viral agent among young 
children, followed by RSV (29). 

Several emerging respiratory viruses including human 
bocavirus (8.6%), human metapneumovirus (7.4%), 
and influenza A virus H1N1 (2.8%) were detected in 
this study. These affected children may require extra 
medical care because these 3 viruses had been linked with 
substantial morbidity in previous studies (30-33). Human 
coronaviruses, i.e., 229E, HKU1, NL63, and OC43 strains 
are associated with a range of respiratory infections (34). 
We detected a total of 8 coronavirus-positive specimens but 
no coronavirus 229E in this study. Coronavirus 229E differs 
clinically from other respiratory viruses (34) and it is often 
associated with immunocompromised individuals (35,36). 

This study included young children between age below 
5 years old. The burden of viral respiratory infections is 
higher in infants (less than 12 months) as a result of an 
immature immune system and waning maternal antibodies 
after 6 months of life to prevent viral infections. With age, 
children would acquire immunity from repeated infections, 
thus making them less susceptible to viral infections.

Similar to a previous study, the coronavirus-positive 
specimens were detected in children below the age of 3 (37). 
This could be attributed to the fact that maternal antibodies 
provide protection against coronavirus NL63 and 229E 
only during the first 3 months of life (38). Subsequently, 
children are susceptible to coronavirus NL63 and 229E 
infections until they are able to develop antibodies between 
the age of 2.5 to 3.5 years old (38). In concordance with a 
previous study (15), we also observed that boys were more 
vulnerable (45.7%) to ARTIs than girls. 

Geographically, Malaysia is located in the central region 
of South East Asia. It borders Singapore on the South, 
Thailand on the north, and Indonesia to the South and 
West. High temperatures and humidity are usually recorded 
throughout the year. Based on our findings, the highest 
burden of viral infection (18.0%) was recorded in June. As 
for different viruses, the enterovirus/rhinovirus and RSV 
caused endemic infections as they were detected throughout 
the study period. Previous local studies showed that RSV 

peaked during August 2014, June 2015, and July 2015 in 
Kuala Lumpur (12,15). Studies from Thailand and Lombok, 
Indonesia revealed a peak in RSV infection from March to 
August (39,40). Some studies linked RSV infections with the 
rainy season (15,41) but the association with humidity was 
less clear (15,41,42). In contrast to previous studies (12,43), 
we observed no seasonality for influenza and parainfluenza 
viruses, probably due to the small number of infections by 
these 2 viruses in our study. 

There are 2 main limitations in this study. The first 
caveat was the lack of clarity as to which viral agent was the 
causative agent in patients with co-infection. Moreover, 
the clinical presentation of patients was not assessed and 
compared to respiratory viral pathogens identified. One 
of the limitations includes the unclear viruses that cause 
the clinical manifestations of the ARTIs owe to a lack of 
patients’ clinical history. 

Conclusions

In summary, this study provided important molecular 
surveillance of ARTIs burden and seasonality between 
2014 and 2015 among young children in Malaysia. The 
variety of respiratory viral pathogens detected in this study 
highlighted the need for a monitoring database of ARTIs 
and its aetiological pathogen among young children. 
This data would provide useful guidance for healthcare 
professionals to implement the necessary prevention and 
management strategies for young children with ARTIs in 
Malaysia.
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