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Introduction

Acute Otitis Media (AOM) is one of the most common 
diseases in young children and is the second most com-
mon reason for an family planning visit.1,2 Almost all 
children under the age of 3 have experienced at least 1 
episode of otitis media with effusion.2 In Taiwan, 12.5% 
of children had developed otitis media in the first 3 year 
of their life.3 Daycare attendance, poor maternal mental 
health, harsh parental discipline correlated with parent-
reported occurrence of otitis media.3 Wijayanti et  al4 
reported that household firewood use, poor nutritional 
status and family history of ear infection are factors 
associated with the occurrence of AOM among school 
children in Central Java, Indonesia. Regardless of the 
mode of treatment used, the quality of life of the chil-
dren with recurrent acute otitis media did not reach the 
same level as healthy children.5

AOM is predominantly a bacterial infection, espe-
cially Streptococcus pneumoniae followed by 
Haemophilus influenzae and Moraxella catarrhalis, 

meanwhile, viruses cause one-third of cases.1 The 
viruses most commonly associated with AOM symp-
toms were respiratory syncytial virus, rhinovirus, ade-
novirus, coronavirus, bocavirus, influenza virus, 
parainfluenza virus, enterovirus, and human metapneu-
movirus.2 It was recently reported that non-typeable 
Haemophilus influenzae and rhinovirus were common 
bacterial and virus pathogens within the upper respira-
tory tract of peri-urban/urban South-East Queensland 
Australian children with and without otitis media.6 
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Abstract
Acute otitis media (AOM) is one of the most common infectious diseases in pediatric clinical facilities and has a 
significant impact on health care. It is a polymicrobial disease and is usually preceded by a viral upper respiratory 
tract infection. Data on the spectrum of viruses that cause AOM in Indonesia are still limited. This study analyzed 
nasopharynx (NP) samples collected from 119 school children with AOM in Banyumas Regency, Central Java, 
Indonesia. Viral RNA was extracted for cDNA synthesis, followed by PCR and sequencing tools for detection of a 
panel of respiratory viruses using family-level primers for Coronaviridae, Enterovirus, Bocavirus, and Pneumovirinae 
for bocavirus. In total, 37 out of 119 NP samples (31.1%) tested positive for viruses. Human rhinovirus B was the 
predominant virus identified (32.4%) followed by rhinovirus C (29.7%), human rhinovirus A (27%), and human 
bocavirus (5.4%). Rhinovirus are predominant viral pathogens within school children with AOM in Central Java, 
Indonesia.
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Previously, we have reported that 73% and 69.7% of S. 
pneumoniae and H. influenzae were identified among 
school children with AOM in Banyumas Regency, 
Central Java, Indonesia respectively.7,8 Data on the spec-
trum of viruses that cause AOM in Indonesia are still 
limited. This study we continue to analyze nasopharynx 
(NP) samples collected from 119 school children with 
AOM in Banyumas Regency, Central Java, Indonesia. 
The results will provide insight into the epidemiology of 
respiratory viruses in school children with AOM in 
Central Java, Indonesia.

Materials and Methods

Specimen Collection

Specimen from the NP was collected from school chil-
dren (<12 years of age) with a diagnosis of acute otitis 
media (AOM) attending primary schools in the Banyumas 
Regency, Southwest of Central Java Province, Indonesia, 
between 2018 and 2019 as previously reported.4 NP swab 
specimens were collected using flocked nylon swabs 
(Cat. No. 503CS01) and placed into 2 ml of viral transport 
medium (VTM) prepared in-house, containing bovine 
brain heart infusion and antibiotics. Then, the specimens 
were transported to the laboratory, vortexed, and stored at 
−80°C within 4 hours after collection.7

Total RNA Extraction and Viral Detection

Viral nucleic acid was extracted using QIAamp Viral 
RNA Minikit (Qiagen, Hilden, Germany) according to 
the manufacturer`s instructions. Viral specific targets 
were identified by using reverse transcription–PCR 
(RT-PCR). In summary, 60 µl of viral DNA-RNA was 
obtained and 4 µl used as a template for complementary 
DNA (cDNA) synthesis using GoScript Reverse 
Transcription System (Promega, Madison, USA) and 
random hexamers.9,10

Singleplex PCR assays were used for detection of a 
panel of respiratory viruses using family-level primers 
for Coronaviridae, Enterovirus, Bocavirus, and 
Pneumovirinae. All of the primers and positive con-
trols that were used in the amplification reaction were 
based on previous reports.9,10 Singleplex PCR reaction 
was performed in thermal cycler ProFlexTM PCR 
System with appropriate run controls. A recombinant 
plasmid representing sequence fragments of all family 
viruses was constructed and used as the positive con-
trol. For amplification, 2 µl of cDNA template was 
added to 23 µl of Promega Go Taq Green Polymerase 
Master Mix (Promega, Madison, USA). All PCR prod-
ucts were analyzed using electrophoresis in 1.5% aga-
rose gel. Visualization of positive band was performed 
using Gel Imaging BioRad Gel Doc XR System and 
Quantity 1 1-D Analysis Software (Bio-Rad, 
California, USA).9,10

All samples with a positive band were followed up 
for further characterization by fragment sequencing 
based on Sanger method using BigDye® Terminator 
v3.1 and Applied Biosystem (ABI) sequencing machine. 
Sequencing results were analyzed using Geneious 
Software R8 version 8.1 (BiAOMtters Ltd, Auckland, 
New Zealand) and compared with GenBank database by 
BLAST for sequence homology.

Results

Viral infections were detected in 37 (31.1%) of 119 chil-
dren between ages of 6 and 12 with higher prevalence in 
male (36.2%) than female (26.2%; Table 1). We also 
observed that children aged 8 to 9 (34%) had the highest 
number of AOM cases than those aged of 6 to 7 (31.3%) 
and older than 8 years old (27.5%). Most of these cases 
were single infection and predominantly caused by 
Enterovirus in 33 (89.2%) samples, followed by 
Bocavirus in 2 (5.4%) samples. Dual infection was 
observed in 2 (5.4%) samples as a result of Coronavirus 
and Enterovirus co-infection. However, no pneumoviri-
nae was found in this study.

Genetic characterization by sequencing was able to 
identify 6 virus species as described in Table 2. Thirty-
five out of 37 AOM cases were caused by single viral 
infection with Human Rhinovirus B (HRV-B) as the 
leading cause and responsible for 12 (32.4%) cases, fol-
lowed by Rhinovirus C in 11 (29.7%) cases. In addition, 
10 (27%) cases of AOM were due to Human Rhinovirus 
A (HRV-A) infection, while only 2 (5.4%) cases were 
attributable to Bocavirus PgBoV-2 infection. Moreover, 
dual viral infection was also discovered in 2 (5.4%) 
cases, each caused by an OC43-Rhinovirus and a HKU1- 
HRV-B co-infection.

Table 1.  Demography Information and Number of Positive 
for Viruses.

Variable
Number 
tested (n)

Number of positive 
for viruses

Prevalence 
(%)

Overall 119 37 31.1
Age (years)
  6-7 32 10 31.3
  8-9 47 16 34
  10-12 40 11 27.5
Sex
  Male 58 21 36.2
  Female 61 16 26.2
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Further analysis of the sequencing results revealed 5 
different serotypes of HRV-A and 1 serotype of HRV-B. 
Among 12 of HRV-B infections, 6 AOM cases were 
caused by HRV-B52 while the other 6 cases were 
untypeable HRV-B. On the contrary, more diverse sero-
types were observed in HRV-A infections. Although, 
there was only a single case of infection for each sero-
type. The HRV-A serotypes were consisted of HRV-A38, 
HRV-A49, HRV-A60, HRV-A68, and HRV-A81, 
whereas the rest of HRV-A infections were untypeable.

Previously, we have reported that 73% and 69.7% of 
S. pneumoniae and H. influenzae were identified from 
the same set of nasopharyngeal specimens respectively.7,8 
We analysis further regarding the co-infection of viruses 
and bacteria of S. pneumoniae and H. influenzae. We 
found that 62.2% (23/37) of nasopharyngeal swab 

samples that detected positive for viruses were also 
detected positive for both S. pneumoniae and H. influen-
zae bacteria. Meanwhile, nasopharyngeal swab samples 
were positive for viruses and only positive for S. pneu-
moniae as many as 24.3% (9/37) and only 8.1% (3/37) of 
the samples positive for viruses only positive for H. 
influenzae. In addition, 5.4% (2/37) only positive for 
viruses remained negative for S. pneumoniae and H. 
influenzae (Table 3).

Discussion

Common respiratory viruses including HRV, HCV, and 
HBV were detected in 31.1% of NP swabs of school 
children with AOM in Banyumas Regency, Central 
Java, Indonesia. Human Rhinovirus (59.4%) has the 
highest prevalence in this study. In addition, Rhinovirus 
was also responsible for 29.7% of AOM cases. This 
result consistent with previous studies that reported 
Human Rhinovirus and Rhinovirus among the more 
common virus group found in children nasopharynx and 
middle ear fluid (MEF) and have been strongly associ-
ated with AOM.11-13

Furthermore, we were able to detect Human 
Bocavirus from 2 samples (5.4%) in this study. This 
virus has been detected in children with respiratory tract 
infections.14,15 The presence of this virus alone or in 
combination with other viruses may worsen the clinical 
symptoms of AOM.15 Although several studies have 
also detected Human Bocavirus in respiratory tract of 
children without respiratory symptoms.16-18

In 2 cases, dual viral infections both involving 
Coronavirus and Enterovirus were observed. The pres-
ence of more than 1 viral agent might aggravate the 
symptoms and prolong the clinical outcomes of AOM. A 
study by Chonmaitree, et al,19 revealed that higher num-
ber of viral load in Upper respiratory infection (URI) 
patients resulted in higher degree of inflammation which 
increased the disease severity and the risk of AOM com-
plication. Therefore, the quantification of the viral load 
would give us a better understanding of the important 
role of specific viruses in the disease pathogenesis.

AOM itself has been known to be a polymicrobial 
disease that induced by either bacteria or viruses infec-
tion alone or a complication of both. The presence of 
viruses in upper respiratory tract increases the risk of 
AOM by facilitating the bacteria invasion from naso-
pharynx to middle ear canal. URI can occur before or 
concurrently with AOM. The viral infection leads to 
inflammation in nasopharynx and eustachian tube and 
alter the bacteria adherence and colonization ability. 
Both interact with each other in the disease pathogenesis 
and is suggested to worsen the clinical symptoms of 
AOM.13 In

Table 2.  Viral Detection From 119 School Children With 
AOM in Central Jawa, Indonesia.

Viruses detected n %

Single virus (specimen) 35 94.6
Co-infection viruses (specimen) 2 5.4
Dual infection
  Corona Watanabe; Enterovirus 2 5.4
Coronaviridae 2 5.4
  Human coronavirus OC43 1 2.7
  Human coronavirus HKU1 1 2.7
Enterovirus 33 89.2
  Rhinovirus C 11 29.7
  Human rhinovirus A 5 13.5
  Human rhinovirus A38 1 2.7
  Human rhinovirus A49 1 2.7
  Human rhinovirus A60 1 2.7
  Human rhinovirus A68 1 2.7
  Human rhinovirus A81 1 2.7
  Human rhinovirus B 6 16.2
  Human rhinovirus B52 6 16.2
Bocavirus 2 5.4
Human bocavirus 2 5.4
Pneumovirinae 0 0

Table 3.  Viruses and Bacterial Identified in the 
Nasopharynx School Children With AOM in Central Jawa, 
Indonesia.

Viruses and bacterial detected n %

Positive for viruses + S. pneumoniae# + H. 
influenzae#

23 62.2

Positive for viruses + S. pneumoniae 3 8.1
Positive for viruses + H. influenzae 9 24.3
Positive for only viruses 2 5.4

#Data on S. pneumoniae and H. influenzae were obtained from 
previous studies.7,8
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Conclusion

Rhinovirus are predominant viral pathogens within 
school children with AOM in Central Java, Indonesia.
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