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The role of the novel respiratory viruses, human
metapneumovirus (hMPV), human coronavirus
NL63 (HCoVNL63) and human bocavirus (HBoV),
in wheezing illness in children has not been well
studied, especially in Africa. The aimof this study
was to investigate the prevalence of hMPV, HCoV
NL63 and HBoV in South African children with
acute wheezing. A prospective study of consec-
utive children presenting with acute wheezing to
a pediatric hospital from May 2004 to November
2005was undertaken. A nasal swabwas taken for
reverse transcription-polymerase chain reaction
(RT-PCR) and PCR for hMPV, HCoV NL63 and
HBoV;when positive, the geneswere sequenced.
Shell vial culture for RSV, influenza A and B
viruses, adenovirus and parainfluenza viruses 1,
2, 3 was performed on every 5th sample. Two
hundred and forty two nasal swabs were collect-
ed from238children (medianage12.4months).A
novel respiratory virus was found in 44/242
(18.2%). hMPV, HBoV, andHCoVNL63was found
in 20 (8.3%), 18 (7.4%), and 6 (2.4%) of samples,
respectively. Fifteen of 59 (25%) samples were
positive for other respiratory viruses. Viral co-
infections, occurred in 6/242 (2.5%). Phylogenetic
analysisshowedco-circulationofhMPVandHCoV
NL63 A and B lineages, although only HBoV
genotype st2was found.Viruses arean important
cause of wheezing in preschool children; hMPV,
HCoV NL63, and HBoV are less common than the
usual respiratory pathogens. J. Med. Virol.
80:906–912, 2008. � 2008 Wiley-Liss, Inc.
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INTRODUCTION

Viral infections are a common precipitant of acute
wheezing and asthma exacerbations in children. Many

respiratory viruses have been associated with acute
wheezing, including respiratory syncytial virus (RSV),
rhinovirus, influenza viruses, parainfluenza viruses,
and enteroviruses [Johnston et al., 1995; Taussig et al.,
2003; Wilson, 2003; Jartti et al., 2004; Tan, 2004; Kusel
et al., 2006]. Recently human metapneumovirus
(hMPV) [van den Hoogen et al., 2001], human corona-
virus NL63 (HCoVNL63) [Fouchier et al., 2004; van der
Hoek et al., 2004] and human bocavirus (HBoV)
[Allander et al., 2005] have been described. The
importance of these respiratory viruses as a trigger of
acute wheezing episodes has not been well studied in
African children.

Jartti et al. [2002] first showed that hMPVmay cause
acute wheezing in young children. Subsequently other
investigators have confirmed a significant association
between hMPV infection and wheezing in young
children, particularly in winter [Schildgen et al., 2005;
Williams et al., 2005; Chung et al., 2007]. There is
relatively little information on the importance of HCoV
NL63 and HBoV as a trigger of acute wheezing and no
information on the prevalence of these in African
children. Studies from developed countries have re-
ported that children infected with HCoV NL63 and
HBoV may present with symptoms of wheezing [Arden
et al., 2005; Esper et al., 2005; Moes et al., 2005;
Foulongne et al., 2006; Ma et al., 2006; Allander et al.,
2007].
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The aim of this study was to investigate the preva-
lence of these novel respiratory viruses in young South
African children with acute wheezing.

METHODS

A prospective study of children aged 2 months to
6 years sequentially presenting to the ambulatory
section of Red Cross Children’s Hospital, South Africa
from May 2004 to November 2005 (two winter seasons)
with acute wheezing was undertaken. Children were
eligible if they had a history of cough or difficulty
breathing within the prior 5 days and wheezing on
auscultation or hyperinflation of the chest. Clinical and
sociodemographic information were recorded.

Written, informed consentwas obtained fromaparent
or guardian. The study was approved by the Ethics
Committee of theFaculty ofHealthSciences,University
of Cape Town, South Africa.

A nasopharyngeal swab was obtained, placed in viral
transport medium and transported to the Virology
laboratory on the same day. After a clarification step
(2,000 rpm for 7 min) the medium was stored at �208C.

A general shell vial culture using a pool of monoclonal
antibodies detecting RSV, influenza A and B viruses,
adenovirus and parainfluenza viruses 1, 2, and 3
was performed on every 5th sample by an indirect
immunofluorescence assay (Light Diagnostics, Chem-
icon International, Temecula, CA). Further specific
virus identification on pool-positive samples was not
undertaken.

RNA was extracted from 200 ml of the respiratory
sample using the Talent Seek Viral RNA kit (Talent
Sri, Trieste, Italy) according to the manufacturer’s
instructions. The purified RNA sample was converted
into cDNA using random primers (Roche Diagnostics,
Penzberg, Germany) and the iScript cDNA synthesis kit
(Bio-Rad, Hercules, CA). A nested PCR reaction was
performed targeting the fusion (F) and nucleocapsid (N)

genes of hMPV and the 1b (protease) and 1a (RNA
polymerase) genes of HCoV NL63 (Table I).

In the extraction procedure described aboveDNAwas
also co-incidentally isolated and could be used in the
detection of the DNA virus, HBoV. A semi-nested PCR
reaction was performed targeting the NP-1 (non-
structural) and VP1/2 (capsid) genes of HBoV (Table I).

The PCR products of the hMPV N gene, HCoV NL63
1a gene and the VP1/2 gene of HBoV were purified with
a QIAquick PCR purification kit (Qiagen, Hilden,
Germany) and sequenced on a ABI 310 sequencer with
a fluorescent dye terminator kit (Applied Biosystem,
Foster City, CA).

The nucleotide sequences were aligned using CLUS-
TALG software (version 1.4) [Thompson et al., 1997]. A
neighbor-joining phylogenetic tree was constructed
using the Treecon software program (version 1.3b) with
500 bootstrap resamplings (van de Peer, University of
Konstanz 1994–2001).

For statistical analysis continuous variables were
expressed as median and inter quartile ranges and
compared usingKruskal–Wallis Test. Categorical char-
acteristics were analyzed using Fisher’s Exact test.

RESULTS

Two hundred and thirty eight children were enrol-
led and 242 nasal swab samples were taken. The
median (25th–75th percentile) age of children was
12.4 (6–25) months; 124 (52%) were under 12 months,
while 174 (73%) were <24 months.

A novel respiratory virus was found in 44/242 (18.2%)
nasal samples of which 36 (14.9%)were single infections
(Table II). hMPV,HBoV, andHCoVNL63were detected
in 20 (8.2%), 18 (7.4%), and 6 (2.5%) samples respec-
tively. Of 59 samples tested for other common respira-
tory viruses, 15 (25.4%) were positive; 4 of these were
dual infections with one of the novel viruses. Dual viral
infection was uncommon, occurring in 6/242 (2.5%)

J. Med. Virol. DOI 10.1002/jmv

TABLE I. PCR Primers Used for Amplification

Gene Forward Reverse References

hMPV
F outer 50 CTT TGG ACT TAA TGA CAG ATG 50 GTC TTC CTG TGC CTA ACT TTG Peret et al. [2002]
F inner 50 CTG AAC TAG CCA GAG CTG T 50 CAT TGA TTC CTG CTG CTG TGT C Smuts et al. [2004]
N outer 50 GAG AAG AGC TGG GTA GAA G 50 CAA ACA AAC TTT CTG CT Peret et al. [2002]
N inner 50 CAG AGG CC (CT) TCA GCA CCA 50 CTG CCT GTA GAG GAT GAG C This study

HCoV NL63
1b outer 50 GTG ATG CAT ATG CTA ATT TG 50 CTC TTG CAG GTA TAA TCC TA van der Hoek et al.

[2004]
1b inner 50 TTG GTA AAC AAA AGA TAA CT 50 TCA ATG CTA TAA ACA GTC AT Arden et al. [2005]
1a outer 50 CTT TTG ATA ACG GTC ACT ATG 50 CTCATTACATAAAACATCAAACGG Arden et al. [2005]
1a inner 50 GGT CAC TAT GTA GTT TAT GAT G 50 GGA TTT TTC ATA ACC ACT TAC Arden et al. [2005]

HBoV
NP-1 outer 50 TAA CTG CTC CAG CAA GTC CTC CA 50 GGA AGC TCT GTG TTG ACT GAA T Smuts and Hardie

[2006]
NP-1 inner 50 CTC ACC TGCGAGCTC TGT AAG TA 50 GGA AGC TCT GTG TTG ACT GAA T Smuts and Hardie

[2006]
VP1/2 outer 50 GCA CTT CTG TAT CAG ATG CCT T 50 CGT GGT ATG TAG GCG TGT AG Smuts and Hardie

[2006]
VP1/2 inner 50 CTT AGA ACT GGT GAG AGC ACT G 50 CGT GGT ATG TAG GCG TGT AG Smuts and Hardie

[2006]
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cases. However, 5/6 HBoV cases had associated viral co-
infection, 3 with other respiratory viruses and 2 with
hMPV. The novel respiratory viruses occurred predom-
inantly in children under 2 years of age (38/44; 86.4%)
(Fig. 1), as did other respiratory viruses (14/15; 93.3%).
Moreover, infections with hMPV or HBoV were found
predominantly in infants in whom 16/18 (88.8%) hMPV
and 9/13 (69.2%) HBoV cases occurred. HCoV NL63
occurred in children of all ages.

Novel respiratory viruses were detectedmainly in the
autumn or winter seasons (28/44, 63.6%) when 9/20
(45%) hMPV, 3/6 (50%) HCoV NL63, and 16/18 (88.8%)
HBoV isolates were identified (Fig. 2A–D).

Most children presented with cough (83%), wheezing
(83%), or rhinorrhea (68%). Fever (39%) and gastro-
intestinal symptoms (23%) were less common (Table II).
Symptoms were similar in children with and without
viral infection.

Most children had mild illness; only 11 children
required hospitalization, none to intensive care unit.
In 17/44 (38.6%) children this was the first wheezing

episode; 15 (34.1%) had a history of 2 or more prior
wheezing episodes.

Phylogenetic analysis showed that children were
infected with hMPV from group A and B lineages and
both sublineages, A1, A2, B1, and B2 (Fig. 3A). Further,
two samples, ZA169-05 and ZA185-05, formed a new
subgrouping within lineage A, A3, with high bootstrap
values. No apparent lineage was more prevalent during
the winter or summer months. During 2004 only hMPV
lineageBwas detected,while in 2005 isolates from theA
lineage were more frequently detected (7/11). Limited
sequence data is available forHCoVNL63with ZA85-05
most closely related to the prototype strains, HCoV
NL63 and HCoV NL, of lineage A and ZA08-04 grouped
with lineage B (Fig. 3B). All HBoV positive samples
clustered with HBoV strain st2 (Fig. 3C).

DISCUSSION

Anovel respiratory viruswasdetected in18%of young
children with acute wheezing. hMPV was the most

J. Med. Virol. DOI 10.1002/jmv

Fig. 1. Age distribution of wheezing children infectedwith hMPV,HBoV, HCoVNL63, or other common
respiratory viruses.

Fig. 2. Seasonal distribution of (A) hMPV, (B) HCoVNL63, (C) HBoV, (D) other viruses in childrenwith
acute wheezing over a 19-month period, including two winter seasons.

Novel Viruses in Wheezing Children 909



common novel virus followed byHBoV andHCoVNL63.
For comparison, in the subset of samples that were also
tested for the other common respiratory viruses, 25%
were positive. The viral detection rate was lower than
reported in other studies where viruses have been found
in up to 90% of cases [Jartti et al., 2004; Williams et al.,
2005;Allander et al., 2007;Chung et al., 2007;Ong et al.,
2007]. A number of factors may account for this
including patient selection, methodology of viral detec-
tion, storage of samples, use of a subset for detection of
common viruses and lack of testing for additional
respiratory viruses such as rhinoviruses, CMV, other
coronaviruses or picornaviruses. Due to resource limi-
tations, only a subset of specimens could be tested for a
limited number of respiratory viruses. Further children
with relativelymild illnesswere studied,whichmayalso
account for lower rates of viral identification as infection
rates have been reported to be higher in wheezing

children requiring hospitalization compared to an
ambulatory population [Rakes et al., 1999; Thumerelle
et al., 2003; Heymann et al., 2005]. Nevertheless, our
study indicates that respiratory viruses, including the
novel viruses, are an important trigger of acute wheez-
ing in young children. Furthermore, this is the first
report of the incidence of novel viruses in African
children with wheezing.

The prevalence of hMPV is similar to that reported in
other studies. In a Finnish study 8% of children with
wheezing exacerbations had detectable hMPV [Jartti
et al., 2002]. A second study reported hMPV in 9% of
wheezing children compared to 1% in a control group
without wheezing [Williams et al., 2005]. Recurrent
wheezing was a common diagnosis in almost half of
hMPV-infected children compared to 24% in RSV-
infected children [Garcia-Garcia et al., 2006a,b]. A
recent study from Korea found 8% of children under

J. Med. Virol. DOI 10.1002/jmv

Fig. 3. Phylogenetic analysis of the (A) N gene sequences of hMPV; (B) 1a gene sequences ofHCoVNL63
and (C) VP1/2 gene sequences of HBoV obtained from South African children with acute wheezing.
A neighbor-joining phylogenetic tree was constructed with 500 bootstrap resamplings. The trees were
rootedwith sequences obtained fromGenBank: N gene of avian pneumovirus subgroup C (APVC accession
number AY579780); 1a gene of coronavirus HCoV 229E (HCoV 229E accession number AF304460) and
VP1/2 gene of canine minute virus (CnMV accession number AB158475). Lineage and sublineages are
indicated. The nucleotide sequences from this study have been deposited in GenBank (EU189107-
EU189131).
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6 years hospitalized with acute wheezing had evidence
of hMPV infection [Chung et al., 2007].

There is accumulating evidence that HBoV can
trigger wheezing. Recent studies report HBoV infec-
tions in 5–6% of children hospitalized with acute
wheezing, similar to the prevalence in our study
[Allander et al., 2007; Chung et al., 2007]. Wheezing
has been reported as a clinical feature of HBoV infection
in 14–72% children [Kesebir et al., 2006;Ma et al., 2006;
Weissbrich et al., 2006;Qu et al., 2007]. In addition, dual
viral infection, as occurred in 5 of 6 HBoV-infected
children in our study, has previously been reported as a
common feature of HBoV infection with co-infection
rates ranging from 33% to 80% [Choi et al., 2006; Smuts
and Hardie, 2006; Weissbrich et al., 2006; Sloots et al.,
2006a; Allander et al., 2007].

There are few studies on the role of the newly
described coronaviruses in children with acute wheez-
ing although other coronaviruses, HCoV 229E and
HCoV OC43, may play a minor role in asthma ex-
acerbations [Thumerelle et al., 2003; Jartti et al., 2004].
In our study HCoV NL63 was infrequently detected
(2%), a similar rate to that reported from Korea where
1% of young children hospitalized with acute wheezing
were HCoV NL63 infected [Chung et al., 2007]. HCoV
NL63 infection has beenmore strongly associatedwith a
clinical presentation of croup [Moes et al., 2005; van der
Hoek et al., 2005; Choi et al., 2006; Han et al., 2007].

The winter predominance of common respiratory and
novel viruses is consistent with other studies [Jartti
et al., 2002; Arnold et al., 2006; Kesebir et al., 2006;
Weissbrich et al., 2006; Sloots et al., 2006b]. hMPVhas a
winter circulation pattern similar to RSV but there are
reports of year round detection as found in this study
[Esper et al., 2004; Williams et al., 2004]. HBoV
infections were predominately (72%) found in the
winter months, a finding confirmed by other studies
[Smuts andHardie, 2006;Weissbrich et al., 2006; Sloots
et al., 2006a]. The lack of seasonality for HCoV NL63
may be due to the small number of isolates or may
indicate true lack of a seasonal trend.

Phylogenetic analysis showed co-circulation of both A
and B lineages of hMPV and HCoV NL63. Neither
lineage was associated with a different spectrum of
symptomsorageprevalence.Therewasa cyclical nature
to the appearance of the various hMPV lineages. In 2004
only B1 and B2 sublineages were detected while from
early 2005 lineage A became more prevalent. In Cape
Town the hMPV lineages circulating in young children
have been monitored over a 5-year period. In 2001 only
A1 was detected; in 2002 and 2003 A1 and B2 were
found; 2004 the predominant sublineagewasB1and to a
lesser extent B2 while in 2005 sublineage A1, A2, A3,
and B1 were detected [Smuts et al., 2004 and unpub-
lished data]. A study undertaken in Johannesburg,
South Africa from 2000 to 2002 showed similar but
slightly different circulation patterns [Ludewick et al.,
2005]. This complex pattern of co-circulation may be
related to pre-existing immunity in the general popula-
tion to one or more sublineages allowing the emergence

of a different sublineage with a changed antigenic
profile. These changes in the dominant virus lineage
have also been reported in respiratory viruses like RSV
[Peret et al., 2000;Venter et al., 2001]. The identification
of a novel sublineage of lineage A in this study, has also
been observed by Huck et al. [2006] who reported an
increased divergence of lineage A. HBoV is a highly
conserved virus and thus sequence analysis of the more
variable capsid gene allowed for the phylogenetic dif-
ferentiation of strains. In this study all HBoV isolates
were closely related to st2.
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