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The contribution of viruses to lower respiratory
tract disease in sub-Saharan Africa where
human immunodeficiency virus may exacer-
bate respiratory infections is not well defined.
No data exist on some of these viruses for
Southern Africa. Comprehensive molecular
screening may define the role of these viruses
as single and co-infections in a population with
a high HIV-AIDS burden. To address this, chil-
dren less than 5 years of age with respiratory
infections from 3 public sector hospitals, Preto-
ria South Africa were screened for 14 respirato-
ry viruses, by PCR over 2 years. Healthy control
children from the same region were included.
Rhinovirus was identified in 33% of patients,
RSV (30.1%), PIV-3 (7.8%), hBoV (6.1%), adeno-
virus (5.7%), hMPV (4.8%), influenza A (3.4%),
coronavirus NL63 (2.1%), and OC43 (1.8%). PIV-
1, PIV-2, CoV-229E, -HKU1, and influenza B
occurred in <1.5% of patients. Most cases with
adenovirus, influenza A, hMPV, hBoV, coronavi-
ruses, and WU virus occurred as co-infections
while RSV, PIV-3, and rhinovirus were identified
most frequently as the only respiratory
pathogen. Rhinovirus but not RSV or PIV-3 was
also frequently identified in healthy controls.
A higher HIV sero-prevalence was noticed
in patients with co-infections although co-
infections were not associated with more
severe disease. RSV, hPMV, PIV-3, and
influenza viruses had defined seasons while
rhinovirus, adenovirus, and coronavirus
infections occurred year round in this temporal
region of sub-Saharan Africa. J. Med. Virol.
83:1458–1468, 2011. � 2011 Wiley-Liss, Inc.
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INTRODUCTION

Acute lower respiratory tract infections are major
causes of pediatric morbidity and mortality world-
wide, annually accounting for �1.9 million deaths in
children <5 years of age, of which up to 90% occur in
the developing world [Williams et al., 2002; Black
et al., 2003]. In the past respiratory syncytial virus
(RSV; Paramyxoviridae), influenza viruses A and B
(Orthomyxoviridae), parainfluenza viruses (PIV) 1–3
(Paramyxoviridae), and adenoviruses (Adenoviridae)
were viewed to be the leading viral causes of acute
lower respiratory tract infections [Law et al., 2002;
Crowe and Williams, 2003]. Since 2001, several novel
respiratory viruses have been described including hu-
man metapneumovirus (hMPV) [van den Hoogen
et al., 2001] (Paramyxoviridae), human coronaviruses
(hCoV) NL63 [van der Hoek et al., 2004] and HKU1
[Woo et al., 2005] (Coronaviridae), human bocavirus
(hBoV) [Allander et al., 2005] (Parvoviridae), and two
new polyomaviruses (WU virus (WUV) and KI virus
(KIV)) [Allander et al., 2007; Bialasiewicz et al., 2007;
Gaynor et al., 2007] (Polyomaviridae). Furthermore,
improved sensitivity of diagnostic tests has lead to the
increased detection of viruses previously only consid-
ered as upper respiratory tract infections in cases
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of acute lower respiratory tract disease, including
hCoV-OC43, hCoV-229E, and rhinovirus (family
Picornaviridae) [Pene et al., 2003; Vabret et al., 2003;
Jartti et al., 2004; Hayden, 2006; Briese et al., 2008].

Respiratory viruses are important causes of morbid-
ity and mortality in immunocompromised individuals,
including patients with acquired immunodeficiency
syndrome (www.unaids.org) [UNAIDS]. Increased dis-
ease burden due to RSV [Madhi et al., 2000, 2001]
and hMPV [Madhi et al., 2003] infection have been
demonstrated in children infected with HIV. As yet
comparisons of a comprehensive range of newly impli-
cated viruses as well as other well defined respiratory
viruses by sensitive molecular techniques are lacking
in sub-Saharan African countries where >65% of indi-
viduals infected with HIV reside [UNAIDS, 2007]. A
recent study in Kenya indicated that RSV accounts
for the majority of respiratory infections in young chil-
dren [Berkley et al., 2010]. No data are yet available
on the role of rhinovirus or most of the other new
viruses in hospitalized patients from the African con-
tinent or on the seasonal distribution of the individual
viruses in temperate regions in South Africa. The con-
tribution of these viruses to hospitalizations as single
and co-infections and disease severity in hospitalized
children in populations with a high HIV disease bur-
den is also not yet defined.

To investigate the contribution of new and common
respiratory viruses to hospitalizations in children <5
years of age in South Africa PCR assays for 14 differ-
ent respiratory viruses were used to screen specimens
from patients seeking medical attention or requiring
hospitalization at public sector hospitals serving the
Pretoria area in South Africa over a period of 2 years
and compared to a healthy control group of the same
age in the same region. Seasonal trends, age distribu-
tion, co-infection rate, and association of single and
mixed infections in disease severity were assessed in
HIV sero-positive and negative children from this
region.

MATERIALS AND METHODS

Patients and Specimens

During 2006 and 2007, a total of 737 and 965 respi-
ratory specimens were, respectively, submitted and
tested by routine virus diagnosis in the department
Medical Virology, University of Pretoria/NHLS
Tshwane Academic Division, which serves three pub-
lic sector hospitals in the Pretoria region, viz. Steve
Biko Academic Hospital, Kalafong Secondary Hospi-
tal, and 1-Military Hospital. Nasopharyngeal aspi-
rates were collected on the day of admission. Of the
total specimen group, 525/737 (71.2%) patients in
2006 and 561/965 (58.1%) patients in 2007 required
hospitalization (Table I). Of all specimens received,
93.1% and 97.3% were from children less than 5 year
of age. For this reason only specimens from children
<5 was included in this study. Throughout each year,
244 (2006) and 240 (2007) specimens that previously

tested negative, together with 75 (2006) and 66 (2007)
specimens that tested positive by routine antigen
detection assays, were randomly selected for retro-
spective screening with RT-PCR assays representing
approximately one-third of the total specimens
received during each year. Table I lists the demo-
graphics of the study group. Clinical diseases severity
was retrospectively recorded from patients’ hospital
files and broadly categorized as outpatients on the
basis of patients presenting to the emergency room
but not requiring admission; hospitalized patients
that were ill enough to be admitted to the pediatric
wards and patients needing ICU treatment. Control
specimens were nasopharyngeal aspirates collected,
following written informed consent, from 46 healthy
children <2 years of age with a similar epidemiologi-
cal background, attending a vaccine clinic in the same
region. Prior to specimen collection, parents at the
vaccine clinic were asked to complete a questionnaire
regarding the occurrence of any symptoms associated
with respiratory disease within the previous month.
Only healthy children without recent respiratory
disease were included in the healthy control group.

Viral Diagnosis

Antigen detection assays. Routine diagnosis was
performed with direct immunofluorescence assays
using the Light DiagnosticsTM Respiratory Panel 1
Viral Screening and Identification Kit (Millipore,
Billerica, MA) for detection of RSV A and B, PIV-1, -2,
and -3, influenza A and B, and adenovirus, and
the Light DiagnosticsTM Cytomegalovirus (CMV)
Immunofluorescence Assay (Millipore, Billerica, MA).
Rapid RSV antigen detection ELISA with the BD
DirectigenTM RSV test (BD, Franklin Lakes, NJ) was
performed on request by the attending clinician.

TABLE I. Demographic Characteristics of Patients
Suffering From Acute Respiratory Tract Infections (ARI)
Diagnosed at the NHLS Laboratory in 2006 and 2007

All ARI patientsa
Patients screened
by multiplex PCRb

Total n ¼ 1,702 n ¼ 627 (36.8%)
Hospitalized 1,086 (63.8%) 399 (63.6%)
Outpatients 616 (36.2%) 228 (36.4%)
Age
Mean 1 year 7 months 1 year 2 months
Median 4 months 3 months
Range 0 days to 77 years 0–77 years

<5 years old (%) 93.1% 97.3%
Sex (% males) 53.0% 52.8%
HIV Status
HIV negative 145 (8.5%) 80 (12.8%)
HIV sero-positivec 548 (32.2%) 383 (61.1%)
Unknown 1,009 (59.3%) 164 (26.2%)

aInclude all patients suffering from acute respiratory tract infections
of which respiratory samples were submitted for routine diagnosis of
respiratory viruses by antigen detection methods.
bInclude patients suffering from acute respiratory tract infections of
which respiratory samples were randomly selected throughout each
year to screen with the multiplex real-time RT-PCR assay.
cBoth HIV sero-positive (exposed) and DNA PCR positive patients
(infected) are included.
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Nucleic acid extraction. Nucleic acids were
extracted with the MagNA Pure LC Total Nucleic
Acid Isolation Kit (Roche Diagnostics, Mannheim,
Germany).

cDNA synthesis. cDNA was synthesized using
random hexamer primers and Expand Reverse Tran-
scriptase (Roche Diagnostics), according to the manu-
facturer’s instructions.

Multiplex real time RT-PCR. A two-step multi-
plex real-time reverse-transcriptase (RT) PCR for the
detection and quantitation of 13 respiratory viruses
was performed as previously described [Lassauniere
et al., 2010]. In brief, four multiplex PCR assays
targeting RSV, hMPV, and hBoV in multiplex 1; PIV-
1, -2, -3, and hCoV-NL63 in multiplex 2; influenza A,
B, and adenovirus in multiplex 3; and hCoV-OC43,
hCoV-HKU1, and hCoV-229E in multiplex 4 was run
on a Roche light cycler 2 (Roche Diagnostics).

Rhinovirus RT-PCR. Rhinovirus was detected by
conventional nested RT-PCR. First round RT-PCR
was performed with the Titan One-Tube RT-PCR Sys-
tem (Roche Diagnostics), using primers 1-EV/RV and
2-EV/RV [Coiras et al., 2004]. In brief, 10 ml of RNA
was added to 10 ml of 5� reaction buffer, 5 mM DTT
solution, 40 pmol of each primer, 10 mM of each
dNTP, 1 ml of TitanTM enzyme mix, 10 U of Protector
RNase Inhibitor (Roche Diagnostics), and 5 ml of 5� Q
Solution (Qiagen, Hilden, Germany) to a final volume
of 50 ml. Reactions were performed according to the
following program: 508C for 30 min, 948C for 2 min,
(948C for 30 sec, 568C for 1 min, 688C for 45 sec) for
35 cycles, and 688C for 7 min. Nested PCR was per-
formed with the Expand High FidelityPLUS PCR sys-
tem (Roche Diagnostics), using primers hRV 01.3
[Arden et al., 2006] and RV2n (kindly provided by
Drs. Thomas Briese and W. Ian Lipkin, Columbia
University, New York). The nested PCR was con-
ducted in a 50 ml reaction using 2 ml of the RT-PCR
product, mixed with 10 ml of 5� reaction buffer,
10 mM of each dNTP, 20 pmol of each primer, and
2.5 U of Expand High FidelityPLUS enzyme mix,
according to the following program: 948C for 2 min
(948C for 30 sec, 578C for 30 sec, 728C for 45 sec) for
35 cycles, and 728C for 7 min. Cycling was performed
on the Palm-CyclerTM version 2.2 (Corbett Research,
Sydney, Australia). PCR products were assessed by
agarose gel electrophoreses.

Data analysis. To determine if viruses described
recently accounted for undiagnosed respiratory cases,
the majority of specimens in the sample group for ret-
rospective screening by PCR assays were selected
from IFA negative specimens. In order to determine
the accurate prevalence rates for the viruses already
included in the IFA assay the prevalence as
determined by both IFA and PCR assays and
extrapolated as follows: Conventional respiratory
viruses ¼ ((respective virus percentage identified by
RT-PCR in IFA-negative sample group � total IFA-
negative samples) þ number of virus present in IFA-
positive group) � total number of specimens in the

study group. This calculation gave similar results as
adding the % positive in the total specimen group to
the % PCR positive in the negative sample group.

The Fisher’s exact test was used to compare categori-
cal data including demographic data, co-infection rates,
and quantitative data associated with the different
respiratory viruses. The confidence level of mean quanti-
tative data analyzed was determined with the Student’s
t-test with two-tailed distribution. Statistical analyses
were performed using GraphPad InStat software,
version 3.10 (GraphPad Software, San Diego, CA).

RESULTS

Patients and Specimens

Over the 2-year period, 1,702 specimens were
submitted for respiratory virus investigation to the
routine diagnostic laboratory. Of these 1,637(93%)
were from children <5 years of age. For the purpose
of this study 627 (36.8%) were selected randomly out
of every month for real-time PCR screening of which
610 (97.3%) were from children <5 years of age and
used in further investigations (Table I). Within each
year, the patients in the selected study group did not
differ significantly from the complete patient group
with respect to percentage hospitalized patients, age,
and sex. The HIV sero-prevalence of the patient group
(32%) is comparable to the HIV sero-prevalence in the
Gauteng province of South Africa (�29.3% among an-
tenatal clinic attendees by 2008) (www.doh.gov.za/
docs/nasspsf.html, 2009) although 58.5% of patients
were of unknown status. The sampled patient group
had a higher HIV sero-prevalence (61.45%) but a
greater number of patients were of known status due
to subsequent blind testing of unknown samples as
part of another study for which the data were made
available for this study [Kresfelder et al., unpublished
data; Venter et al., 2009a] (Table I).

Virus Detection

Over the 2-year period (2006–2007), in children less
than 5 years of age rhinovirus accounted for 33.0% of
respiratory infections, followed by RSV (30.1%); PIV-3
(7.8%); hBoV (6.1%); adenovirus (5.7%); hMPV (4.8%);
influenza A (3.4%); hCoV-NL63 (2.1%); hCoV-OC43
(1.8%); influenza B (1.6%); PIV-2 (1.2%) and PIV-1
(1.0%); hCoV-229E (0.3%) while hCoV-HKU1 was only
detected once in 2006 (0.2%) (Table II). WUV was
detected in 6.8% and KIV in 1.0% of cases, as
described previously [Venter et al., 2009b].

Compared to IFA, PCR assays identified distinctly
higher co-infection rates for RSV (5.3% vs. 51.5%),
influenza A (12.2% vs. 61.1%), PIV-1 (18.2% vs.
66.6%), PIV-3 (16.7% vs. 37.5%), and adenovirus
(24.4% vs. 74.1%) (Table II). With the exception of
influenza A and adenovirus, the recently described
viruses had a greater number of co-infections with
68.9% for hMPV; 74.3% for hBoV; 92.3% for hCoV-
NL63; 75% for hCoV-OC43 (Table II). A lower
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co-infection rate was observed for rhinovirus (46.6%)
relative to many of the recently described and some
conventional respiratory viruses and was significant
relative to hMPV, hBoV, hCoV-NL63, and adenovirus
(P < 0.030 for each comparison).

In the healthy control patients, rhinovirus was
detected most frequently 9/46 (18.8%), followed by
RSV and hBoV (2/46 (4.2%), each), and adenovirus 1/
46 (2.1%). In this patient group, rhinovirus was
detected as a single infection in 8/46 healthy children
while RSV, adenovirus and hBoV was each only
detected once as a single infection. One patient was
co-infected with RSV, hBoV, and rhinovirus.

Age Distribution

The age distribution of the different respiratory
viruses in children attending public sector hospitals
in Pretoria is shown in Figure 1a,b. The majority of
respiratory viruses were identified in children <1-
year of age. RSV was predominant in all age groups
younger than 1 year, but equivalent to rhinovirus in
children 12–24 months. Most RSV and rhinovirus
diseases were detected in children <1–3 months of
age while most PIV-3, hBoV, and adenovirus infec-
tions were in children of 6–12 months. HPMV infec-
tions were distributed almost equally in the 1–12
months age groups. Most influenza A infections were
identified in the 1–3 and 6–12 months age groups.
hCoV-HKU1 was detected in one 4-month old patient
and hCoV-229E in two patients of 1.5 and 2 months
old.

Seasonal Distribution

The monthly detection of the individual viruses is
indicated in Figure 2. The climatic seasons in this
region of South Africa are distinguished as follows:
Summer (November to February); autumn (March to
May); winter (June to August); spring (September–
October) with the rainy season being between October
and March. RSV peaked in autumn (April–May),
while PIV-3 was detected more frequently in spring
(August to October). Influenza A peaked from April to
September with the majority of cases in June and
July in 2006 but had two peaks in 2007 (April–May
and August–September). This may be sampling error
due to low numbers detected in hospitalized children
in this year. Adenovirus was distributed throughout
the year. Rhinovirus occurred throughout the year,
with peak activity observed in February–May 2006
and April–August 2007. hMPV occurred year-round
with peak activity in April 2006 and May–
August 2007. hBoV cases were detected throughout
2006 whereas in 2007 peak activity occurred from
July to October. hCoV-OC43 was predominantly
detected during winter (June–July) and spring
(September–October), whereas 91% of hCoV-NL63
cases were detected from mid-summer (January) to
mid-autumn (May).

Disease Severity in Single Infections

When assessing conventional viruses, of the
patients with single infections, 45/60 (75.0%) RSV, 17/

TABLE II. Respiratory Virus Frequencies Over a 2-year Period as Identified by Routine Antigen Detection Assays and PCR
in Patients < 5 years of Age

Viruses detected
by IFA assays

(patients <5 years)
(total: 1,637)

Viruses detected
by PCR assays

(patients <5 years)
(total: 610)

Frequencies
(patients <5 years)

IFA
co-infection
frequency

PCR
co-infection
frequency

Healthy
patient group

(n ¼ 46)

RSV 353 57 30.1%a 5.3% 51.1% 2 (4.2%)
PIV-1 11 2 1.0%a 18.2% 66.6% 0
PIV-2 8 5 1.2%a 25.0% 16.7% 0
PIV-3 88 16 7.8%a 16.7% 37.5% 0
Influenza A 38 7 3.4%a 12.2% 61.1% 0
Influenza B 6 8 1.6%a 33.3% 30.0% 0
Adv 39 22 5.7%a 24.4% 74.1% 1 (2.1%)
CMV 5 Not tested 0.3%a 0.0% Not tested Not tested
Total tested
hMPV N/A 29 4.8% N/A 68.9% 0
hBoV N/A 37 6.1% N/A 74.3% 2 (4.2%)
hCoV-NL63 N/A 13 2.1% N/A 92.3% 0
hCoV-OC43 N/A 11 1.8% N/A 75.0% 0
hCoV-229E N/A 2 0.3% N/A 50.0% 0
hCoV-HKU1 N/A 1 0.2% N/A 100.0% 0
Rhinovirus N/A 201 33.0% N/A 46.6% 9 (18.8%)
WUb N/A 21 6.8% N/A 68.2% 0
KIb N/A 3 1.0% N/A 100.0% 0

aThe prevalence of each of the conventional viruses in the complete specimen group was adjusted to take into account the reduced sensitivity
of the IFA relative to the complete specimen group since RT-PCR was used to screen mainly specimens that already tested negative by IFA:
(% IFA positive in total group) þ (% RT-PCR positive in negative specimen group). This was equivalent to extrapolation values calculated as
follow: Conventional respiratory viruses ¼ ((Respective virus percentage identified by RT-PCR in IFA-negative sample group � total IFA-
negative samples) þ number of virus present in IFA-positive group) � total number of specimens in the study group.
bData from Venter et al., 2009.
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25 (68.0%) PIV-3, 4/7 (57.1%) influenza A, and 5/7
(71.4%) adenovirus required hospitalization
(Table III). Of the patients with recently described
viruses, 5/9 (55.6%) of single hMPV, 5/9 (55.6%)
hBoV, 88/100 (80.7%) rhinovirus, 1/1 hCoV-NL63, 3/3
hCoV-OC43, and 1/1 hCoV-229E infections required
hospitalization (Table III). Rhinovirus and RSV
accounted for most single infections resulting in hos-
pitalization. The association of RSV infections (single-
and co-infections) with acute lower respiratory tract
infections and hospitalization was highly significant
compared to the healthy control group (P < 0.001).
While the hospitalization rate of RSV and rhinovirus

infected patients was comparable, significantly more
RSV single infected patients required intensive care
treatment than patients infected rhinovirus
(P < 0.020). As a single infection, rhinovirus preva-
lence was neither significantly higher in all patients
with acute respiratory infection (109/624 (17.6%)) nor
in hospitalized patients (88/399 (22.1%)) compared to
single infections in the healthy control group (8/46
(17.4%)) (P ¼ 1.000 and 0.572, respectively)
(Table III). However collectively, the frequency of
detection for all rhinovirus infections (single- and co-
infections) was notably higher in all patients with
acute respiratory infection (204/627 (32.5%),

Fig. 1. a: Age distribution associated with well-defined viruses (RSV, influenza A and B, PIV-1–3,
adenovirus, and rhinovirus). b: Age distribution associated with recently described viruses (hMPV,
hBoV, and coronaviruses).
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Fig. 2. Seasonal distribution of viruses detected in respiratory specimens from public sector hospi-
tals in Pretoria submitted for viral diagnosis from January 2006 to December 2007. The top graph
shows the total number of specimens received in each month, specimens positive by routine diagnostic
assays and the sample group that was screened with the multiplex. The number of positive specimens
for each virus is shown in the graphs below indicating the traditional viruses detected by the antigen
detection tests, and the new viruses detected in the screened sample group and do therefore not reflect
the extrapolated frequencies but rather the actual positives in the sample group which was selected
randomly out of each month.
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P ¼ 0.072) and significantly higher in hospitalized
patients (143/399 (35.8%), P ¼ 0.047) compared to the
healthy control group (9/46 (18.8%)) (Tables I and III).
Patients with RSV and rhinovirus had similar HIV
sero-prevalence.

Disease Severity in Co-infections

For patients with co-infections, a greater percentage
of patients had to be hospitalized relative to those
with single infections for PIV-3 (11/15), influenza A
(7/11), adenovirus (15/20), hMPV (15/20), and hBoV
(19/26) although not statistically significant due to the
low number of single infected cases (Table IIIb). For
RSV and rhinovirus, a significantly higher percentage
of patients with single infections (Table IIIa) had to
be hospitalized than with co-infections (Table IIIb)
(RSV (45/60) single vs. (39/70) co-infections; rhinovi-
rus (88/100) single vs. 55/95 co-infections) (P ¼ 0.027
and <0.001, respectively) and needed ICU treatment
(P ¼ 0.026 and <0.001, respectively). A greater
percentage of patients with co-infections were HIV
sero-positive relative to single infected patients with
PIV-3, influenza A, adenovirus, rhinovirus, hMPV,
and hBoV although not statistically significant due to
low numbers.

Clinical Characteristics of the New Viruses

Although most of the new viruses were detected at
too low numbers to draw significant conclusion re-
garding the disease presentation clinical data were in-
vestigated for all single infections of RSV and hRV
cases that had data available and compared to the
single PIV3, influenza A, hPMV, hBoV, hCoV-NL63,
and hCoV-OC43 and -229E patients (Table IV). The
following observations were made: Single infections
of hBoV and hMPV were detected in association with
respiratory distress, crepitations, wheezing, and gas-
trointestinal symptoms in several cases. Lower respi-
ratory tract infections were diagnosed in 9/9 (100.0%)
hMPV and 7/9 (77.9%) hBoV patients with single
infections, with many of these patients receiving a
diagnosis of bronchiolitis, bronchopneumonia, or
pneumonia. hBoV was also detected in two patients
with upper respiratory tract infections. Single
infections of rhinovirus were associated with a wide
variety of diagnoses, ranging from moderate upper
respiratory tract infections to severe pneumonia and
bronchiolitis. hCoV-NL63 was associated with severe
pneumonia and croup in a premature, patient exposed
to HIV admitted to ICU, while hCoV-OC43 was
detected in patients suffering from apnea attacks and
lower respiratory tract infections (2/3 patients) and
bronchiolitis (1/3). hCoV-229E was only detected once
as the single infection in a patient admitted to ICU
due to lower respiratory tract infection and apnea
attacks. hCoV-HKU1 was detected once as a co-
infection with PIV-3 in a patient suffering from
bronchopneumonia.

DISCUSSION

The contribution of 14 respiratory viruses to emer-
gency room visits and hospitalizations in children
under 5 was investigated over a 2-year period, in the
Pretoria region, Gauteng, South Africa. Data are lack-
ing on the role of a comprehensive range of respirato-
ry viruses in acute lower respiratory tract infections
in Southern Africa as well as their role in HIV
infected patients, in particular the new viruses that
are not routinely included in routine diagnostic tests.
A significant increase in sensitivity of real-time RT-
PCR relative to routine antigenic detection assays
was demonstrated through increased detection rate of
conventional viruses, new viruses not included in rou-
tine tests as well as co-infections in the current study.

In the sampled patient group rhinovirus was the
most frequently detected virus followed by RSV, hBoV
and PIV3, hMPV, adenovirus, hCoV-NL63, and influ-
enza A while the other viruses were all detected in
<3% of cases (Table II). WUV was also detected in 8%
of cases in 2006 and warrants further investigation
[Venter et al., 2009b]. The overall prevalence of
hMPV (4.8%) and hBoV (6.1%) were comparable to
influenza A (3.5%) in this pre-pandemic season as
well as adenovirus (5.7%). Co-infection frequencies
were particularly high in patients infected with the
recently described respiratory viruses (68.9% to
92.3%), although high co-infection rates were also ob-
served for influenza A and adenovirus (61.1% and
74.1%, respectively). Collectively most patients that
tested positive were <1-year of age and were HIV pos-
itive, reflecting the demographics of the patient group
for who respiratory specimens are submitted to the
routine diagnostic laboratory. hBoV was infrequently
detected in patients less than 6 months of age sug-
gesting a possible protective role for maternal
antibodies.

Worldwide, pediatric acute lower respiratory tract
infections associated hospitalization is most frequent-
ly associated with RSV, followed by PIV-3 and influ-
enza A [Forster et al., 2004; Iwane et al., 2004]
although some studies have suggested that hMPV as-
sociated hospitalization rates may exceed those of the
latter two viruses [Vicente et al., 2007]. The most
cases of hospitalization associated with single infec-
tions in children in this study was associated with rhi-
novirus, RSV, and PIV-3 (80.7%, 75%, and 68%, of
cases respectively), while 56% of hMPV and hBoV sin-
gle and 43% for influenza A and adenovirus cases
were hospitalized. Single infections that resulted in
death were the highest for RSV (10%), followed by
Rhinovirus (7.3%) while 1 death was identified for
PIV-3, hPMV, and hBoV each. Further investigations
with larger patients groups will clarify the associated
hospitalization rates of the newly described viruses in
a population with a high HIV burden. Co-infections
with these viruses were not associated with an
increased death rate in this study (Table III). Rhinovi-
rus was the virus detected most frequently detected
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virus in healthy individuals (18.8%) which may signi-
fy prolonged shedding in healthy patients. However,
in concordance with recent findings [Trento et al.,
2010], rhinovirus had a significantly higher detection
rate in children with respiratory disease requiring
medical attention compared to healthy individuals
(31.3% vs. 18.8%, P ¼ 0.006). If 18.8% of these cases
are due to shedding it would suggest that rhinovirus
may still be associated with hospitalization in 12.5%
of cases. Rhinovirus was also associated with severe
disease with 48.5% of single infections requiring oxy-
gen supplementation (Table IV) but appear to be less
severe than RSV-associated acute lower respiratory
tract infections (as reported by similar studies) [Lin-
suwanon et al., 2009] with only 17.3% of rhinovirus
infected patients required intensive care treatment
compared to 35% for RSV patients. Prolonged shed-
ding periods and asymptomatic infections may ac-
count for the high detection rate in healthy children
and warrants further investigation especially in
patients with HIV co-infections [Kaiser et al., 2006;
Peltola et al., 2008].

One of the limitations of this study is that not all
patients had consented to be tested for HIV and asso-
ciations with disease severity could therefore not be
drawn although the present study does indicate that
these viruses are associated frequently with hospitali-
zation in HIV sero-positive patients and that co-infec-
tions are observed frequently in this group. Further
case–control studies in a HIV cohort may determine
the impact of these viruses on hospitalization rates in
HIV sero-positive patients compared to HIV-uninfect-
ed patients.

This study also demonstrates the contribution of a
wide range of respiratory viruses to acute respiratory
infections over the different seasons in Southern
Africa, a region for which these data were lacking for
many of these viruses. The majority of cases in
autumn and early winter (March to July) were attrib-
uted to RSV, while influenza A occurred mostly in
winter and PIV-3 in spring. hBoV (peaking in summer
and spring) and hMPV (in autumn and winter)
showed variability over the 2 years, while the ob-
served seasonal distribution of hCoV-NL63 appeared
to occur mostly in late summer and autumn. Contrary
to other temperate regions where hCoV-NL63 is most-
ly observed during winter [Arden et al., 2005; Bastien
et al., 2005; van der Hoek et al., 2005], the present
study appears to resemble that of subtropical regions
[Lau et al., 2006], despite the small numbers detected.
Rhinovirus was found year round.

In conclusion, several respiratory viruses contribute
to acute lower respiratory tract infections and hospi-
talizations over different seasons in children in South
Africa and were comparable to those of countries with
a significantly lower HIV-AIDS burden. Using molec-
ular screening techniques co-infections were identified
much more frequently although this was not associat-
ed with more severe disease. RSV was demonstrated
to contribute significantly more to severe acute lower

respiratory infections than previously appreciated and
remains the most important viral cause of acute lower
respiratory tract infections in hospitalized children in
South Africa.
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