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HIV RepoRts

Background: Bacteria and respiratory viruses are implicated in the 
pathogenesis of acute otitis media (AOM); however, data from low–mid-
dle income countries are sparse. We investigated the etiology of AOM in 
HIV-infected (HIV+), HIV-uninfected (HIV−) and HIV-exposed clinically 
asymptomatic for HIV-infection (HEU) South African children.
Methods: Children ≥3 months to <5 years of age with AOM were enrolled 
between May 2009 and April 2010 (NCT01031082). Middle ear fluid sam-
ples were cultured for bacteria; antibacterial susceptibility was done and 
serotyping undertaken for Streptococcus pneumoniae and Haemophilus 
influenzae. Nasopharyngeal aspirates were analyzed for respiratory viruses 
using immunofluorescence assay and polymerase chain reaction.
Results: Of 260 AOM episodes (HIV+:15; HIV−:182; HEU:63), bacteria were 
found in 54.6%, including Haemophilus influenzae (30.8%), 98.8% of which 
were nontypeable, and Streptococcus pneumoniae (20.4%), Staphylococcus 
aureus (15.8%), Moraxella catarrhalis (5.0%) and Streptococcus pyogenes 
(1.5%). Nonsusceptibility of Streptococcus pneumoniae to penicillin was 
64.2%. Respiratory viruses were detected in 74.2% of cases. Human rhinovi-
rus was most frequently detected (37.7%), followed by adenovirus (14.2%) and 
human bocavirus (11.5%) overall and irrespective of HIV status. Respiratory 
viruses were identified concurrently with S. pneumoniae, H. influenzae, M. 
catarrhalis (76.9–78.8%) and Staphylococcus aureus (63.4%) cultured from 
middle ear fluid, as well as in 72.0% of episodes negative for any bacteria.
Conclusion: The study suggests that respiratory viruses and pathogenic 
bacteria play an important role in the development of AOM in children.  
A similar spectrum of pathogens was observed independently of HIV status. 
Vaccines targeting both nontypeable Haemophilus influenzae and S. pneu-
moniae may have a broad impact on AOM in South Africa.
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Acute otitis media (AOM) causes significant morbidity in children 
and is the most common reason for outpatient antibiotic ther-

apy.1,2 Although AOM is usually mild, if untreated or unresolved, it 
may lead to complications, such as chronic suppurative otitis media,3 
which is very prevalent in Africa.4 Pathogenesis of AOM typically 
begins with a viral respiratory tract infection, which may facilitate 
certain bacterial colonizers of the nasopharynx to enter the mid-
dle ear.5 Streptococcus pneumoniae and nontypeable Haemophilus 
influenzae (NTHi) are important etiological agents of AOM.6 Morax-
ella catarrhalis and Streptococcus pyogenes may also be found in a 
smaller proportion of AOM cases.6 Viruses that have been implicated 
in AOM include respiratory syncytial virus (RSV), human rhinovi-
rus (hRV), influenza viruses and parainfluenza viruses.7–10 Moreover, 
bacterial and viral co-infections, which have been observed in 28–
70% of AOM cases9 were associated with prolonged clinical illness.11

Children infected with HIV are known to be at greater risk 
for bacterial and viral infections, including AOM.12 There are lim-
ited data from developing countries on the etiology of uncompli-
cated-AOM and generally limited global data on the association of 
respiratory viral–bacterial co-infections in AOM. With both antibi-
otics and pneumocococcal conjugate vaccines (PCV) available for 
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treatment and prophylaxis,13 understanding the etiology of AOM in 
Africa is important to better inform clinical management.

This study investigated the bacterial and viral etiology of 
AOM and the antibacterial susceptibility in HIV-infected (HIV+), 
HIV-uninfected (HIV−) and HIV-exposed clinically presumed-
uninfected (HEU) South African children.

MATERIALS AND METHODS

Study Design and Population
Identification of potential study participants into this pro-

spective study between May 2009 and April 2010 (NCT01031082) 
was undertaken at a primary health care clinic (Lilian Ngoyi 
Clinic), with suspected AOM cases being referred to the Respira-
tory and Meningeal Pathogens Research Unit (RMPRU) based 
at the neighboring Chris Hani-Baragwanath Academic Hospital, 
Soweto, South Africa. The study adhered to Good Clinical Practice 
guidelines, including the Declaration of Helsinki and the country’s 
local rules and regulations. The local Independent Ethics Commit-
tee reviewed and approved all study-related documents. Parents/
guardians provided written informed consent before enrollment.

Children 3 months to <5 years of age with AOM, as con-
firmed by an ear–nose–throat specialist were enrolled in the study. 
AOM was diagnosed based on the onset of at least one of the fol-
lowing symptoms within 3 days: otalgia/irritability, conjunctivitis, 
fever and either Paradise’s criteria (bulging, diffused or localized 
inflamed tympanic membranes) or spontaneous otorrhea (ie, per-
forations occurring within 24 hours of the hospital visit). A case 
was considered a new episode if there was a 30-day symptom-free 
interval since the resolution of the preceding episode.

Children were excluded from the study in the event of: hos-
pitalization either during AOM diagnosis or during treatment; otitis 
externa or otitis media with effusion; pressure equalization tube; 
treatment with oral or intravenous antibiotics for other conditions 
within 72 hours before study entry; or the administration of pro-
phylactic antibiotics for recurrent AOM (defined as ≥3 episodes in 
the previous 6 months, or ≥4 episodes in the previous 12 months).

HIV Testing
HIV testing was mainly undertaken at the discretion of the 

attending physicians; children <18 months of age were evaluated 
using HIV-polymerase chain reaction (PCR) and HIV-infection sta-
tus of children >18 months was based on enzyme linked immuno-
sorbent assay positivity. Children were categorized as: confirmed 
HIV-infected (HIV+) when they tested HIV positive either previously 
through the preventing mother to child HIV transmission programs in 
place or when during the AOM episode they presented with clinical 
stigmata of HIV and the attending-physician requested an HIV test; 
confirmed HIV-uninfected (HIV−) when they were not tested because 
they were born to HIV-uninfected mothers and had no clinical symp-
toms of HIV, or when independently of the HIV status of the mother at 
the time of the AOM episode they presented with clinical stigmata of 
HIV and the attending-physician requested an HIV test that was nega-
tive; and HIV-exposed clinically presumed-uninfected (HEU) if they 
were born to HIV-infected mothers, but who were asymptomatic and 
who did not undergo HIV testing by the attending physician.

Bacterial and Respiratory Virus Identification
Middle ear fluid (MEF) samples were collected either by 

tympanocentesis or by careful sampling of spontaneous otorrhea 
by needle insertion into the perforated tympanic membrane. The 
selection of spontaneous otorrhea cases was limited to 20%. The 
samples were inoculated onto Amies transport medium14 and pro-
cessed at RMPRU within 16 hours of collection. Samples were 

inoculated onto chocolate agar (otorrhea samples were inoculated 
onto chocolate agar with bacitracin) and blood agar with genta-
mycin. S. pneumoniae, Haemophilus influenzae, M. catarrhalis, S. 
pyogenes and Staphylococcus aureus were identified by standard 
microbiological procedures.15 S. pneumoniae serotypes were identi-
fied by Quellung method and H. influenzae serotypes by real-time 
PCR16 and confirmed with monovalent antisera. The isolates were 
further tested for antibacterial susceptibility. Minimal inhibitory 
concentrations were obtained with E-tests (bioMérieux, Craponne, 
France) and interpreted using the criteria published by the Clinical 
and Laboratory Standard Institute in 2009.17

At the same visit, nasopharyngeal aspirates (NPA) were col-
lected in viral transport media as previously described18 and ana-
lyzed for RSV, influenza A and B, parainfluenza viruses 1–3, and 
adenovirus by immunofluorescence assay and real-time reverse 
transcriptase-PCR (rRT-PCR). If the NPA were rRT-PCR-positive 
for influenza A, a subsequent H1N1-2009 pandemic (A[H1N1]
pdm09) subtyping rRT-PCR was performed. rRT-PCR was also 
undertaken for human metapneumovirus (hMPV), human bocavi-
rus (hBoV), 2 polyomaviruses (PyV-KI and PyV-WU) and hRV. 
Extraction of total nucleic acids from NPAs and rRT-PCR was 
undertaken as previously described.19 The primers and probes used 
are listed in Table, Supplemental Digital Content 1, http://links.
lww.com/INF/C125. Internal controls were included to check the 
extraction step and the presence of assay inhibitors; positive and 
negative controls were included in each experiment.

Statistical Analysis
Children meeting all eligibility criteria, complying with 

protocol-defined procedures and for whom laboratory results were 
available were included in the analyses. The frequency of detection 
of the different etiological agents was calculated, including co-detec-
tions. Antibacterial susceptibility of S. pneumoniae, H. influenzae,  
M. catarrhalis and Staphylococcus aureus was determined and his-
tory of previous vaccination with PCV was recorded. Seven-valent 
PCV vaccine-serotypes included serotypes 4, 6B, 9V, 14, 18C, 19F 
and 23F. All statistical analyses were performed using SAS version 
9.2 (SAS Institute Inc., Cary, NC) and Microsoft Excel.

RESULTS
A total of 260 AOM episodes (HIV+: 15; HIV−: 182 and 

HEU: 63) corresponding to 248 children (236 reported 1 episode 
and 12 reported 2 episodes) were included in the analyses. Children 
were excluded for: violating the protocol (n = 2), using antibiotics 
before sample collection (n = 1) and for unsuccessful MEF sample 
collection (n = 2). The overall median age was 14 months (range: 
4–58 months) and 53.6% were male. Demographic characteristics 
were similar among HIV+, HIV− and HEU children.

Overall, there were 100 unilateral episodes (for which a sam-
ple was collected from 1 ear) and 160 bilateral episodes including: 
10 versus 5, respectively in HIV+, 69 versus 113 in HIV− and 21 
versus 42 in HEU children. The majority of samples were collected 
by tympanocentesis (245/260; 94.2%). The greatest proportion of 
AOM episodes was recorded among children aged 3–11 months  
(n = 108; 41.5%) followed by children aged 12–23 months old  
(n = 85; 32.7%), 24–35 months old (n = 43; 16.5%), 36–47 months 
old (n = 17; 6.5%) and 48–59 months old (n = 7; 2.7%).

Bacterial Etiology, Serotype Distribution and 
Antibacterial Susceptibility

At least 1 bacterial pathogen was found in 54.6% (142/260) 
of AOM episodes. Overall, H. influenzae [30.8% (95% confi-
dence interval {CI}: 25.2–36.8)] and S. pneumoniae [20.4% 
(95% CI: 15.7–25.8)] were the most commonly isolated bacteria. 

http://links.lww.com/INF/C125
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Bacterial etiology was similar among HIV+, HIV− and HEU chil-
dren (Table 1). Fifteen episodes were positive for both S. pneumo-
niae and H. influenzae (HIV+: 1; HIV−: 14). H. influenzae and S. 
pneumoniae were similarly distributed across age groups (Fig. 1A). 
Staphylococcus aureus was identified in 15.8% (95% CI: 11.6–
20.8) of cases and in 48.8% (n = 20) of which was the only bacterial 
pathogen identified; 88% of all Staphylococcus aureus detections 
were cultured from tympanocentesis samples.

The majority of H. influenzae episodes were NTHi (79/80; 
98.8%). The most frequently isolated S. pneumoniae serotypes 
were 19F (12/53; 22.6%) followed by 19A and 15B (each account-
ing for 6/53; 11.3%; Table, Supplemental Digital Content 2, http://
links.lww.com/INF/C126).

The prevalence of S. pneumoniae nonsusceptibility to peni-
cillin was 64.2% (34/53) and was noted for vaccine-serotypes, as 
well as nonvaccine serotypes 15B, 15C and 16 (Fig., Supplemen-
tal Digital Content 3, http://links.lww.com/INF/C127). For other 
antibiotics, 45.3% (24/53) were resistant to azithromycin, 28.3% 
(15/53) to trimethoprim/sulfamethoxazole, 18.9% (10/53) to eryth-
romycin, 15.1% (8/53) to tetracycline, 9.4% (5/53) to cefuroxime 
and 1.9% (each accounting for 1/53) to amoxicillin/clavulanate and 
levofloxacin, no resistance to cefotaxime was detected.

Among 79 NTHi-positive episodes, 60.8% (n = 48) were 
resistant to trimethoprim/sulfamethoxazole, 13.9% (n = 11) to ampi-
cillin and 2.5% (n = 2 each) to amoxicillin/clavulanate, cefuroxime 
and tetracycline (Fig., Supplemental Digital Content 4, http://links.
lww.com/INF/C128). M. catarrhalis was resistant to penicillin 
(12/13; 92.3%), cefotaxime (6/13; 46.2%), trimethoprim/sulfameth-
oxazole (5/13; 38.5%) and with lower resistance to azithromycin, 
cefuroxime, levofloxacin and tetracycline (each accounting for 7.7%; 
1/13). The prevalence of Staphylococcus aureus resistant to penicil-
lin was 97.6% (40/41), to gentamycin 24.4% (10/41) and showed low 
prevalence of resistance to tetracycline (3/41; 7.3%) and levofloxacin 
(1/41; 2.4%). No methicillin resistance was detected. Antibacterial 
susceptibility was similar among HIV+, HIV− and HEU children.

Pneumococcal Conjugate Vaccination History
Overall, 16.1% (40/248) of children received at least 1 dose 

of PCV, of which 27.5% (11/40) received 3 doses and 2.5% (1/40) 
received 4 doses. Vaccination status was similar irrespective of 
HIV status. Of 102 children in the age group 3–11 months, 37.3%  
(n = 38) had a history of at least 1 dose of PCV: 21.1% (n = 8) 
of which received 1 dose, 52.6% (n = 20) received 2 doses, 23.7% 
(n = 9) received 3 doses and 2.6% (n = 1) received 4 doses. No 
significant differences were seen in the prevalence of S. pneumo-
niae between PCV-vaccinated (10.0%; 95% CI: 2.8–23.7) and 
unvaccinated children [22.3% (95% CI: 17.0–28.4); P = 0.08] or 
in the prevalence of H. influenzae [35.0% (95% CI: 20.6−51.7) vs. 
30.0% (95% CI: 24.0−36.5), respectively; P = 0.53]. S. pneumoniae 

serotypes observed in vaccinated children were 14, 18C, 21 and 6A 
(each accounting for one episode). Serotypes 1, 6B, 14, 15B, 15C, 
16, 19A, 19F, 21, 23F, 3, 4, 5, 6A, 6B, 9N and 9V (each account-
ing for at least 1 episode) were detected in unvaccinated children. 
No statistically significant difference was detected in the preva-
lence of PCV7-serotypes between PCV-vaccinated [5.0% (95% CI:  
0.6–16.9)] and unvaccinated children [12.7% (95% CI: 8.6–17.9); 
P = 0.28). Of 80 H. influenzae-positive episodes, 65 in the PCV-
unvaccinated group and 14 in the PCV-vaccinated group were NTHi.

Viral Pathogens and Viral–bacterial Co-detection
NPA were collected from all 260 AOM episodes. At least 

1 respiratory virus was identified in 74.2% (193/260) of episodes 
when analyzed by combined immunofluorescence assay and rRT-
PCR, including 66.7% (10/15) in HIV+, 75.8% (138/182) in 
HIV− and 71.4% (45/63) in HEU children. The most commonly 
identified virus was hRV (n = 98; 37.7%) followed by adenovirus 
(n = 37; 14.2%), hBoV (n = 30; 11.5%), influenza viruses (A + B; 
n = 44; 16.9%), RSV (n = 19; 7.3%) and hMPV (n = 18; 6.9%; 
Table 2). hRV was also the most frequent virus irrespective of HIV 
status (HIV+: 33.3%, HIV−: 38.5% and HEU children: 36.5%) 
and was frequently isolated from AOM episodes in children aged 
3–11 (43.5%), 12–23 (34.1%), 24–35 (32.6%) and 36–47 (41.2%) 
months (Fig. 1B). In 28.1% (n = 73) of AOM episodes, more than 
1 virus was detected; the percentage of episodes with concomitant 
detection of more than 1 virus is shown in Table, Supplemental 
Digital Content 5, http://links.lww.com/INF/C129.

Co-infections with at least 1 virus and bacteria were 
observed frequently (range: 76.9–78.8%) among episodes posi-
tive for S. pneumoniae, H. influenzae and M. catarrhalis and in 
63.4% of Staphylococcus aureus-positive episodes and in 25.0% 
of S. pyogenes-positive episodes (Table 3). At least 2 viruses were 
found in 22.6% of S. pneumoniae-positive episodes, 22.5% of H. 
influenzae-positive episodes, 53.8% of M. catarrhalis-positive epi-
sodes and 24.4% of Staphylococcus aureus-positive episodes. At 
least 1 virus was identified in 72.0% (85/118) of episodes negative 
for pathogenic bacteria, mainly hRV and hBoV.

Seasonality
The pattern of AOM episodes due to bacterial and viral path-

ogens, and the monthly detection of individual respiratory viruses 
are illustrated in Figure 2. Adenovirus was observed throughout 
the year peaking in March, hBoV peaked in April, whereas hRV 
occurred perennially with peak activity in September and April. 
RSV peaked in March and April and hMPV occurred from June to 
September peaking in July and August. Influenza A was detected 
from May to August with 2 peaks in June and August. Influenza-
A(H1N1)pdm09, parainfluenza viruses 1–3, and the 2 polyomavi-
ruses had reduced activity compared with the other viruses.

TABLE 1. Bacterial Etiology for AOM by HIV Status (N = 260)

HIV+ (N = 15) HIV− (N = 182) HEU (N = 63) Total (N = 260)

n (%) (95% CI) n (%) (95% CI) n (%) (95% CI) n (%) (95% CI)

Pathogenic bacteria isolated 9 (60.0) (32.3, 83.7) 96 (52.7) (45.2, 60.2) 37 (58.7) (45.6, 71.0) 142 (54.6) (48.3, 60.8)
Haemophilus influenzae 7 (46.7) (21.3, 73.4) 53 (29.1) (22.6, 36.3) 20 (31.7) (20.6, 44.7) 80 (30.8) (25.2, 36.8)
Streptococcus pneumoniae 2 (13.3) (1.7, 40.5) 37 (20.3) (14.7, 26.9) 14 (22.2) (12.7, 34.5) 53 (20.4) (15.7, 25.8)
Staphylococcus aureus 2 (13.3) (1.7, 40.5) 28 (15.4) (10.5, 21.5) 11 (17.5) (9.1, 29.1) 41 (15.8) (11.6, 20.8)
Moraxella catarrhalis 2 (13.3) (1.7, 40.5) 7 (3.8) (1.6, 7.8) 4 (6.3) (1.8, 15.5) 13 (5.0) (2.7, 8.4)
Streptococcus pyogenes 1 (6.7) (0.2, 31.9) 3 (1.6) (0.3, 4.7) 0 (0.0) (0.0, 5.7) 4 (1.5) (0.4, 3.9)

N = total number of episodes in each category; n (%) = number (percentage) of episodes in each category positive for each bacterium.
AOM indicates acute otitis media; HIV+, children confirmed to be HIV-infected; HIV−, children confirmed to be HIV-uninfected; HEU, children born to HIV-infected mothers and 

clinically presumed-uninfected; 95% CI, exact 95% confidence interval.

http://links.lww.com/INF/C126
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Both S. pneumoniae and H. influenzae were observed 
throughout the year with peak activity between July and October. 
H. influenzae peaked for the second time in April.

DISCUSSION
To the best of our knowledge, this is the first study in Africa 

to provide the characterization of the bacterial and viral patho-
gens associated with uncomplicated-AOM in HIV-infected and 
HEU children. We found that a high percentage of AOM episodes 
(54.6%) cultured-positive for at least 1 bacterial otopathogen under 

examination. Overall, H. influenzae (30.8%) and S. pneumoniae 
(20.4%) were the most common bacterial agents, which is in accord-
ance with the etiology of AOM in Costa Rica, Mexico, Colombia, 
Venezuela, Germany, France and Israel.20–27 A previous South Afri-
can study conducted over a decade ago, also implicated H. influen-
zae and S. pneumoniae as the leading causes of complicated-AOM 
in South African children.28 We also detected a broad spectrum of 
respiratory viruses in 74.2% of the NPA collected at the time of 
AOM episodes. The similarity of our results across HIV+, HIV− 
and HEU children suggests that there was no meaningful difference 
in the etiology of AOM by HIV status. Notably, we identified a high 

FIGURE 1. A, Bacterial etiology 
of acute otitis media episodes 
by age groups. B, Viral etiology 
of acute otitis media episodes 
by age groups.
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prevalence of bacteria-respiratory virus co-infections, suggesting a 
possible synergistic role between bacteria and viruses in the patho-
genesis of AOM in these setting.

Interestingly, we observed a higher number of bilateral ver-
sus unilateral episodes, a previous study suggested that bilateral 
AOM normally presents with more severe clinical characteristics 
compared with unilateral AOM.29 In our study, however, HIV+ chil-
dren were more likely to have unilateral than bilateral AOM com-
pared with HIV− and HEU children, an observation that requires 
further confirmation.

NTHi was responsible for the majority (98.8%) of H. influ-
enzae-positive episodes, as previously seen in other countries.20–26 

The most prevalent pneumococcal serotypes were 19F, 19A, 23F, 
4, 6A and 6B, which is in agreement with the most common sero-
types observed globally.30 Indeed, 19F was previously documented 
as the most frequent serotype in AOM episodes in South Africa.28 
The presence of vaccine serotypes in vaccinated and unvaccinated 
children reflects the low coverage of PCV in this population due to 
the early period of 7-valent PCV (Prevnar/Prevenar, Pfizer/Wyeth, 
New York, NY; PCV7) introduction. In South Africa, PCV7 has 
been available since April 2009 through the public national immu-
nization program to an estimated birth cohort of 1.2 million chil-
dren, where 3 doses of PCV7 are administered to children at 6, 14 
weeks and 9 months.31 Other PCVs available in the private market 
are 10-valent PCV (Synflorix, GlaxoSmithKline, Belgium; PHiD-
CV) and 13-valent PCV (Prevnar 13/Prevenar 13, Pfizer/Wyeth, 
USA; PCV13) licensed in 2008 and 2009, respectively.32

In our study, Staphylococcus aureus was isolated from 16% 
of all AOM episodes. The prevalence of Staphylococcus aureus 
has been reported is several studies on AOM and varied from very 
infrequent in uncomplicated AOM in the United States, to 10.4–
27% in Italian and Taiwanese children with otorrhea, as well as 
17% in a study involving recurrent AOM in the Netherlands.33–36 
The majority (88%) of the Staphylococcus aureus episodes in our 
study were identified from tympanocentesis samples. However, as 
we did not systematically evaluate for response to empiric treatment 
which would not necessarily have optimally covered for Staphylo-
coccus aureus,37 we were unable to determine whether identifica-
tion of Staphylococcus aureus in this setting was truly causative 
or reflected contamination from the auditory canal. Further studies 
are warranted to clarify the role of Staphylococcus aureus in AOM 
in African children which may shed light on whether this could be 
contributing to the high burden of suppurative AOM in Africa.

While high resistance levels to antibiotics is expected in 
South Africa given the overuse of antibiotics in the public and pri-
vate sectors,38 we observed a moderate level of antibiotic resist-
ance overall and by HIV status. The resistance of S. pneumoniae 
serotype 19A to penicillin was mainly intermediate, thereby high-
lighting the lack of resistance from this usually penicillin-resist-
ant serotype.39 These findings are consistent with recent reports 
from other countries,23,24 and underscore the observed change in 

TABLE 2. Viral Pathogens Identified in AOM Episodes 
by IFA and rRT-PCR (N = 260)

Viruses

IFA PCR
Combined IFA  

and rRT-PCR

n (%) n (%) n (%)

Human rhinovirus - 98 (37.7) 98 (37.7)
Adenovirus 9 (3.5) 31 (11.9) 37 (14.2)
Human bocavirus - 30 (11.5) 30 (11.5)
Influenza A [excluding 

A(H1N1pdm)2009 
strain]

10 (3.8) 20 (7.7) 21 (8.1)

Influenza A (H1N1)
pdm2009

- 6 (2.3) 6 (2.3)

Influenza B 14 (5.4) 3 (1.2) 17 (6.5)
Human metapneumovirus - 18 (6.9) 18 (6.9)
Respiratory syncytial 

virus
9 (3.5) 15 (5.8) 19 (7.3)

Polyomavirus WU - 14 (5.4) 14 (5.4)
Polyomavirus KI - 9 (3.5) 9 (3.5)
Parainfluenza 1 2 (0.8) 4 (1.5) 6 (2.3)
Parainfluenza 2 8 (3.1) 4 (1.5) 12 (4.6)
Parainfluenza 3 6 (2.3) 9 (3.5) 13 (5.0)
At least 1 virus 44 (16.9) 184 (70.8) 193 (74.2)
Two or more viruses 10 (3.8) 57 (21.9) 73 (28.1)

n (%): number (percentage) of episodes positive for respective virus.
AOM indicates acute otitis media; IFA, immunofluorescence assay; rRT-PCR, real-

time reverse transcriptase-polymerase chain reaction.

TABLE 3. Co-infection Between Bacteria and Viruses: Combined IFA and rRT-PCR

Streptococcus  
pneumoniae  

(N = 53)  
n (%)

Haemophilus 
influenza  
(N = 80) 

n (%)

Moraxella 
catarrhalis  

(N = 13)  
n (%)

Staphylococcus 
aureus  

(N = 41)  
n (%)

Culture Negative  
Episodes  

(N = 118)*  
n (%)

At least 1 virus 41 (77.4) 63 (78.8) 10 (76.9) 26 (63.4) 85 (72.0)
Adenovirus 8 (15.1) 12 (15.0) 2 (15.4) 6 (14.6) 16 (13.6)
Influenza A 5 (9.4) 3 (3.8) 0 (0.0) 1 (2.4) 13 (11.0)
Influenza B 3 (5.7) 4 (5.0) 2 (15.4) 3 (7.3) 10 (8.5)
Influenza 

A(H1N1pdm)2009
1 (1.9) 2 (2.5) 0 (0.0) 1 (2.4) 3 (2.5)

Human bocavirus 4 (7.5) 6 (7.5) 2 (15.4) 4 (9.8) 16 (13.6)
Human metapneumo-

virus
3 (5.7) 6 (7.5) 0 (0.0) 4 (9.8) 7 (5.9)

Human rhinovirus 20 (37.7) 40 (50.0) 8 (61.5) 11 (26.8) 37 (31.4)
Parainfluenza 1 1 (1.9) 1 (1.3) 0 (0.0) 0 (0.0) 4 (3.4)
Parainfluenza 2 2 (3.8) 2 (2.5) 0 (0.0) 2 (4.9) 7 (5.9)
Parainfluenza 3 4 (7.5) 4 (5.0) 1 (7.7) 1 (2.4) 5 (4.2)
Polyomavirus KI 1 (1.9) 2 (2.5) 1 (7.7) 1 (2.4) 5 (4.2)
Polyomavirus WU 2 (3.8) 2 (2.5) 1 (7.7) 1 (2.4) 9 (7.6)
Respiratory syncytial 

virus
3 (5.7) 5 (6.3) 2 (15.4) 4 (9.8) 10 (8.5)

No virus 12 (22.6) 17 (21.3) 3 (23.1) 15 (36.6) 33 (28.0)

N: number of episodes positive for respective bacteria; n (%): number (percentage) of episodes positive/negative for bacterium and virus in a given category.
*118 episodes were negative for pathogenic bacteria, in 86 of which only contaminant bacteria were cultured.
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antibiotic resistance to penicillin over the past decade, particularly 
because a high percentage of samples were resistant to penicillin in 
the previous South African study.28 Similarly, most other vaccine 
serotypes were also intermediate in their resistant to penicillin. Our 
study also indicated that NTHi-positive episodes were resistant to 
trimethoprim/sulfamethoxazole (60.8%) and ampicillin (13.9%), 
consistent with previous reports from South Africa.24,28 Further-
more, the low resistance for S. pneumoniae and NTHi to amoxi-
cillin/clavulanate supports its continued use in the treatment of 
AOM as recommended in South Africa.37 In addition to antibiotic 
treatment for AOM, vaccination indicated against AOM may help 
control the associated disease burden.40,41 Because more than 50% 
of the isolated serotypes in our study were PCV7-serotypes and the 
non-PCV7-serotypes among unvaccinated children were 3, 5, 6A 
and 19A in conjunction to the burden of NTHi, it may be useful 
to consider the potential value of PCVs in their protection against 
AOM in South Africa.

A study in Finland between 2006 and 2009 found respira-
tory viruses in 87% of nasopharyngeal samples from children aged 
6–36 months with AOM.42 The prevalence of respiratory viruses 
was, however, lower in studies from Turkey and Japan.43,44 The 
Turkish study included children 6 months–12 years old and identi-
fied respiratory viruses in 32.5% of MEF samples43 and the Japa-
nese study in children <10 years old detected respiratory viruses 
in 33% of nasopharyngeal secretions.44 Possible reasons for the 
higher detection in our study may be related to differences on site 
of sample collection (middle ear or nasopharynx), our experimen-
tal approach as rRT-PCR is more sensitive than conventional viral 
diagnostics and detects viral nucleic acids even in the absence of 
acute illness11 or that our study included children <5 years who are 
at greater risk of developing AOM. Another plausible reason for 
our higher viral detection may be due to the testing of more recently 
discovered respiratory viruses.45–48

hRV was the most common virus (37.7%), which is cor-
roborated by previous reports;42 in addition, hRV was frequently 
detected irrespective of HIV status. A retrospective study in the 
USA between 2002 and 2010 demonstrated temporal associations 

among RSV, hMPV and influenza in individuals aged <18 years, 
but showed no association between AOM and hRV or adenovirus.49 
This calls into question the causal role of hRV and adenovirus 
which tend to recur in their circulation having no seasonal pattern 
contrary to RSV, hMPV and influenza which are likely to be more 
seasonal as illustrated by us. Moreover, the uncertainty of specific 
viruses as etiological agents for recurrent AOM has been suggested 
in a study that found similar frequency of respiratory viruses in 
both children with recurrent AOM and healthy children.50

Viral–bacterial interactions among AOM episodes tend 
to be associated with more severe AOM.51 Animal models, tissue 
culture experiments and population-wide epidemiological studies 
have suggested interactions between S. pneumoniae and respira-
tory viruses in the pathogenesis of AOM,52 the most well-known 
synergistic effect being that of influenza and S. pneumoniae.53 We 
detected influenza viruses (A + B) in combination with S. pneu-
moniae in 8 episodes and RSV and S. pneumoniae in 3 episodes.  
A high viral RSV load in combination with S. pneumoniae has been 
associated with an increased risk of AOM, and the same study also 
showed an increased risk of AOM during co-infections with hBoV 
and H. influenzae,54 combination found in 6 episodes in our study. 
Further studies to better understand the mechanisms of viral–bacte-
rial co-detection in the nasopharynx and the development of AOM 
in this region are required.

The role of the identified respiratory viruses in the pathogen-
esis of AOM must be interpreted with caution given certain limita-
tions. MEF samples in this study were not analyzed for respiratory 
viruses due to the insufficient sample volume. The lack of a con-
trol group of healthy children restricts this study from addressing 
whether viral identification was co-incidental or causally related to 
AOM. Other limitations of our study are that the number of HIV+ 
children enrolled was lower than the number of HIV− and HEU 
children; besides HEU were presumed to be HIV-uninfected with-
out a confirmatory HIV test, and the HIV− group included children 
born to HIV-infected and HIV-uninfected mothers. The presence 
of some viruses was only accessed by PCR while for others PCR 
and immunofluorescence assay were used, so comparisons were 

FIGURE 2. Seasonal 
distribution of acute otitis 
media episodes (N = 260). IFA 
indicates immunofluorescence 
assay; PCR, polymerase chain 
reaction.
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limited. Results from a single center should also be interpreted 
cautiously when considering potential national implications. In 
addition, our study did not examine the association of NTHi with 
recurrent AOM cases, which has been recognized previously.55 
Furthermore, the lack of a difference in bacterial etiology between 
vaccinated and unvaccinated children was possibly due to the low 
vaccination coverage at the time of the study, whereas such differ-
ences have been noted elsewhere following introduction of PCV7.56 
A follow-up etiology study in the context of high vaccination cover-
age should be performed.

The results of our study suggest that bacteria and respiratory 
viruses may play an important role in the development of AOM 
in children. We also confirmed that the HIV status had no impact 
on the etiology of AOM in the country which may be useful in the 
clinical management of AOM in the region. Furthermore, vaccines 
targeting both NTHi and S. pneumoniae may be an important tool 
in reducing the burden of AOM in South Africa.
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