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Human respiratory syncytial virus (HRSV) is the
major viral cause of acute lower respiratory tract
infections in children. Few data about the molec-
ular epidemiology of respiratory syncytial virus
in developing countries, such as Jordan, are
available. The frequency and severity of infec-
tions caused by HRSV were assessed in hospi-
talized Jordanian children <5 years of age
compared with other potential etiological agents.
Overall a potential pathogen was detected in 78%
(254/326) of the children. HRSV was detected in
43% (140/326) of the nasopharyngeal aspirates.
HRSV was found more frequently during the
winter (January/February), being less frequent or
negligible by spring (March/April). Analysis of
135 HRSV-positive strains using restriction frag-
ment length polymorphism showed that 94 (70%)
belonged to subgroup A, and 41 (30%) to
subgroup B. There were also two cases of mixed
genotypic infection. Only four of the six previ-
ously described N genotypes were detected with
NP4 predominating. There were no associations
between subgroup or N-genogroup and disease
severity. HRSV was significantly associated with
more severe acute respiratory infection and the
median age of children with HRSV was lowerthan
forthose without. Nextin order of frequency were
adenovirus (116/312: 37%), human bocavirus
(57/312: 18%), rhinovirus (36/325: 11%), Chlamydia
spp. (14/312: 4.5%), human metapneumovirus
(8/326: 2.5%), human coronavirus NL63 (4/325:
1.2%), and influenza A virus (2/323: 0.6%).
Influenza B; parainfluenza viruses 1-4, human
coronavirus HKU1and Mycoplasma pneumoniae
were not detected. J. Med. Virol. 80:168-174,
2008. © 2007 Wiley-Liss, Inc.
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INTRODUCTION

Acute respiratory infection is the major cause of death
in children <5 years of age, and occurs predominantly in
developing countries [Bryce et al., 2005]. Human
respiratory syncytial virus (HRSV) is the leading viral
cause of acute respiratory infection in infants and young
children in terms of prevalence and effect [Shay et al.,
2001]. HRSV causes substantial annual winter epidem-
ics in temperate climates, representing a major cause of
pediatric hospitalizations and a serious economic bur-
den [Viegas et al., 2004]. HRSV can cause reinfections
throughout the child’s life and it can infect infants in the
presence of maternal antibodies. This could be due to
either an inadequate immune response or to the
extensive genetic variability of the virus. Although
antigenic variation is not essential for reinfection,
growing evidence suggests that it may contribute to
reinfections by immune evasion [Viegas and Mis-
tchenko, 2005]. It has also been reported that HRSV-
specific T-cell responses do not provide protection
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against reinfection, and reinfection does not boost
HRSV-specific T-cell proliferation [Bont et al., 2002].

HRSYV is an enveloped RNA virus that is classified
within the Pneumovirus genus as a member of the
family Paramyxoviridae [Collins et al., 2001]. The virus
has a non-segmented, single-stranded, negative-sense
genome. Its genome encodes 10 proteins, including two
major surface glycoproteins (G and F), two matrix
proteins (M; and Mjy), a small hydrophobic protein
(SH), and three nucleocapsid associated proteins (N, P,
and L) [Collins et al., 1984]. The two antigenic glyco-
proteins G and F are responsible for host cell attachment
and viral entry by membrane fusion, respectively
[Palomo et al., 2000]. HRSV is divided into two major
antigenic subgroups, A and B, on the basis of reactivity
with monoclonal antibodies against the major structural
glycoproteins G and F [Mufson et al., 1985]. However,
these two subgroups can be further subdivided into
genotypes by restriction analysis and nucleotide
sequence variability [Sullender et al., 1993; Peret
et al., 1998]. The N (nucleoprotein) gene is relatively
well conserved between virus isolates, but the G gene
shows much greater variability. The variation in these
genes has been used to define HRSV typing schemes as
N gene differences resulting in the NP1-NP6 genotypes.

The purpose of the present study was to examine the
molecular epidemiology of HRSV in Jordan. We also
compared the disease severity of HRSV subgroups A and
B and their associated genotypes in hospitalized
Jordanian children set in the context of other potential
respiratory pathogens.

MATERIALS AND METHODS
Study Design

This prospective cross-sectional study was conducted
over six consecutive months from December 2003 to May
2004. Children younger than 5 years of age with acute
respiratory infection admitted to the pediatric wards of
King Hussein Medical Centre and Queen Alia Hospital,
Amman, Jordan were enrolled in the study irrespective
of the severity of their illness. King Hussein Medical
Centre, a tertiary referral hospital, and Queen Alia
Hospital, a district general hospital, provide hospital
pediatric care for Amman, the capital city of Jordan, and
its surroundings. The study was approved by the
medical research ethical committee of the King Hussein
Medical Centre, Amman, Jordan and signed informed
consent was obtained from each of the children’s parents
or legal guardians for participation in the study.

The clinical diagnosis of acute respiratory infection
and assessment of its severity was made by using the
World Health Organization standard protocol for acute
respiratory infection based on the presence of cough,
tachypnoea, chest indrawing, and wheezing for <7 days
duration [Pio, 2003]. Severe disease was defined as
present in children with a respiratory rate >60/min and
chest indrawing. Oxygen saturation (pOs) was meas-
ured by using pulse oximetry (Nellcor Puritan Bennett
NPB-195, UK) and a pO, < 85% used as the cut-off for
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giving supplementary oxygen. A standardized question-
naire containing clinical, socio-demographic, therapeu-
tic, and outcome data was completed for each patient.

Nasopharyngeal aspirates were collected by instilling
1 ml sterile phosphate-buffered saline through a sterile
nasopharyngeal mucous extractor. The aspirates were
frozen at —80°C until analyzed in the Department of
Medical Microbiology, University of Liverpool, UK. The
genome of HRSV was detected in nasopharyngeal
aspirates by reverse transcription-polymerase chain
reaction (RT-PCR) [Greensill et al., 2003]. HRSV-
positive strains were classified into subgroup A and B
by restriction fragment length polymorphism analysis
[Cane and Pringle, 1992].

Nucleic Acids Extraction

Total RNA and DNA were extracted separately from
nasopharyngeal aspirates by using the commercial
RNeasy and QIAamp DNA Mini Kits (Qiagen, Crawley,
West Sussex, UK) according to manufacturer’s instruc-
tions.

Reverse Transcription-Polymerase
Chain Reaction for HRSV

The primers: N1 (5-GGA ACA AGT TGT TGA GGT
TTA TGA ATA TGC-3') and N2 (5'-CTT CTG CTG TCA
AGT CTA GTA CAC TGT AGT-3') were used to amplify
the nucleocapsid (N) gene between nucleotides 858 and
1,135 giving a 278-bp product [Cane and Pringle, 1991].

An aliquot of 10 pl of the extracted viral RNA serving
as a template for cDNA synthesis was added to 40 pul of
PCR mixture. The final 50 pl mastermix reaction
contained 1x PCR buffer, 3 mM MgCl,, 5 mM dithio-
threitol (dTT), 0.4 mM deoxyribonucleotide triphos-
phates (ANTPs), 0.4 uM of primers mixture containing
equal volumes of the two primers at a concentration of
20 pM each, 20 units (U) of RNase inhibitor (RNasin),
25 U of murine leukemia virus reverse-transcriptase,
and 2.5 U of Amplitaq gold DNA polymerase (Roche
Diagnostics Ltd., Burgess Hill, UK).

The RT-PCR was performed in a Perkin Elmer Gene-
Amp 2400 thermal cycler (Norwalk, CT) according to the
following program: 30 min reverse transcription cycle at
50°C, followed by 5 min reverse transcriptase inactiva-
tion and DNA polymerase activation cycle at 94°C, then
forty PCR cycles (1-min denaturation at 94°C, 1 min of
primer annealing at 55°C, and 1 min of primer extension
at 72°C), and a final extension cycle of 72°C for 10 min.

Ten microliter volumes of each amplified DNA PCR
product were separated by electrophoresis on a 2% (wt/
vol) agarose-Tris-Borate-ethylene diamine tetracetic
acid gel, stained with ethidium bromide, and visualized
under ultraviolet light (Syngene Gel Documentation
and Analysis System, Ingenius, Cambridge, UK).

Restriction Fragment Length Polymorphism
Analysis of HRSV

Aliquots of 2 pl from HRSV positive amplified DNA
were separately digested directly and without prior
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purification by a set of five restriction endonuclease
enzymes namely HindIIl, Pstl, Bglll, Rsal, Haelll
(Roche). The restriction patterns were analyzed by
electrophoresis on a 2% (wt/vol) agarose-tris-borate-
ethylene diamine tetracetic acid gel, stained with
ethidium bromide, and visualized under ultraviolet
light. HRSV amplicons were typed into six nucleopro-
tein (NP) genotypes on the basis of their restriction
endonuclease digestion profiles [Cane and Pringle,
1992]. HRSV subgroup A included NP2, NP4, and
NP5, while subgroup B included NP1, NP3, and NP6
genotypes.

Detection of Other Respiratory Pathogens

Detection of other respiratory pathogens was per-
formed according to previously published protocols. RT-
PCR was used for the detection of human metapneumo-
virus (HMPV) [Greensill et al., 2003], influenza A and B,
and parainfluenza virus 1-4 [Templeton et al., 2004],
human rhinovirus (HRV) and human coronaviruses
NL63 and HKU1 [Choi et al., 2006; Sloots et al., 2006].
PCR was used to detect human bocavirus (HBoV)
[Allander et al., 2005], adenoviruses, Chlamydia spp.,
and Mycoplasma pneumoniae [Couroucli et al., 2000].

Statistical Analysis

Epi Info Version 3.3.2 (Centers for Disease Control,
Atlanta, GA) was used for statistical analysis by
applying Chi-Square and Student’s ¢-tests. P values
<0.05 were considered statistically significant.

RESULTS

A total of 326 children (188, 58% male) with a median
age of 5 months were recruited, and 326 nasopharyngeal
aspirates were collected and analyzed, however the
volume of some nasopharyngeal aspirates was inad-
equate for both DNA and RNA extractions. Of the
326 children studied 15 (5%) had some underlying
condition which might have contributed to disease
severity. Of these 13 had cardiopulmonary disease,
predominantly congenital heart disease (but none had
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bronchopulmonary dysplasia), one was premature and
one had immunodeficiency. In all 8 (53%) of those with
an underlying condition had severe disease. A total of
72/326 (22%) patients had no pathogens detected by
PCR (Table I), but 254 (78%) had at least one potential
respiratory pathogen detected which consisted of 140/
326 (43%) HRSV, 116/312 (37%) adenoviruses, 57/312
(18%) HBoV, 36/325 (11%) rhinovirus, 14/312 (4.5%)
Chlamydia spp., 8/326 (2.5%) HMPV, 4/325 (1.2%)
human coronavirus NL63, and 2/323 (0.6%) influenza
A virus. Overall 106/326 (33%) infants had mixed
infections (Table II) and of these 83 were infected with
2 potential pathogens, 22 with 3, and 1 with 4 potential
pathogens. A total of 67 HRSV co-infections (48% of all
HRSYV infections) were detected; 30 with adenoviruses,
10 with HBoV, 10 with adenovirus and HBoV, 8 with
rhinoviruses, 3 with Chlamydia spp., 1 with rhinovirus
and HBoV, 1 with Chlamydia spp. and adenovirus,
1 with Chlamydia spp. and HBoV, 1 with Chlamydia
spp. and rhinovirus, 1 with adenovirus and rhinovirus,
and 1 with Chlamydia spp., rhinovirus and HBoV. No
HRSV/HMPYV co-infections were detected. Influenza B,
parainfluenza viruses 1—-4, human coronavirus HKU1
and M. pneumoniae were not detected in this study.

Restriction fragment length polymorphism analysis
was performed for 98% (137/140) of HRSV-positive
strains; three weakly positive strains were not subjected
to further subgrouping analysis. HRSV subgroup A was
detected in 70% (94/135) and subgroup B in 30% (41/135)
of the samples. There were two cases of mixed genotypic
infections, one NP2/NP4 (A/A) and one NP4/NP3 (A/B).
Genotyping analysis of HRSV strains showed that
63 (47%) were NP4, 31 (23%) NP2, 26 (19%) NP1, and
15 (11%) NP3. Each of the four genotypes co-circulated
during the January—March period of the study
(Table III).

All the children in the study had lower respiratory
tract infections mainly bronchiolitis and bronchopneu-
monia and routine cultures of their blood and
respiratory secretions had detected no potential bacte-
rial or fungal pathogens. Although there were no deaths,
three children were admitted to the Intensive Care Unit,
one infected only with HRSV subgroup B (NP1), one

TABLE 1. Respiratory Pathogens Detected in the Nasopharyngeal Aspirates

No. NPAs No. positive

Pathogen tested (no. mixed infections) % Positive
HRSV 326 140 (67) 43
Adenovirus 312 116 (75) 37
HBoV 312 57 (51) 18
HRV 325 36 (26) 11
Chlamydia spp. 312 14 (13) 4.5
HMPV 326 8 (4) 2.5
HCoV NL63 325 4 (D) 1.2
Influenza A 323 2 (0) 0.6
Influenza B 326 0 0
Parainfluenza 1-4 326 0 0
HCoV HKU1 325 0 0
M. pneumoniae 312 0 0
None 326 72 22

J. Med. Virol. DOI 10.1002/jmv



Respiratory Syncytial Virus in Jordanian Children 171

TABLE II. Respiratory Pathogen Co-Infections

HRSV Adenovirus HBoV HRV Chlamydia spp. HMPV H6VNL63

HRSV —

Adenovirus 30 —

HBoV 10 15 —

HRV 8 7 5 —

Chlamydia spp. 3 1 1 1 —

HMPV 0 1 0 0 0 —

HCoV NL63 0 1 0 0 0 0 —

Twenty-two children had three potential co-pathogens.
One child had four potential co-pathogens.

infected only with HBoV, and one who had congenital difference (P> 0.5) in the prevalence of severe disease
heart disease with no pathogens detected. A total of 139  between those where HRSV was the sole pathogen (53/
(43%) children had severe, and 187 (57%) had mild- 73:73%) and those with HRSV and another potential
moderate acute respiratory infection. Significantly pathogen (47/67:70%). The median age of children with
(P <0.0005) more HRSV-infected children had severe severe acute respiratory infection was 4 months for
disease (100/140; 71%) compared to those uninfected those infected only with HRSV, and 6 months for those
with HRSV (39/186; 21%). The median age of HRSV- co-infected with HRSV and other potential respiratory
infected patients was 4.8 months (range 1-48 months) pathogens (P < 0.05). In the 40 patients with mild-
and 82 (59%) were male, compared with a median age of moderate acute respiratory infection in whom HRSV
6 months and 104 (56%) male patients in the HRSV- was detected, it was the only pathogen in 20 (50%)
negative patients (P < 0.05). Severe HRSV infections patients, however in the remaining 20 cases, it was
occurred in all age groups, however it was significantly found as a mixed infection with adenovirus (10 patients),
more likely to occur in those under 6 months of age rhinovirus (6 patients), HBoV (2 patients), adenovirus
(P <0.01). Thus 62 (62%) in the 0—6 months age group, and HBoV (1 patient), and Chlamydia spp. and
30 (30%) in the 7—12 months group, and 8 (8%) in those rhinovirus (1 patient). The median age of children with
older than 1 year had severe disease. HRSV subgroup A mild-moderate acute respiratory infection was 4 months
and B were associated with 66 and 33 cases of severe for those infected only with HRSV, and 9.5 months for
disease, respectively (P =0.2). There was no significant those co-infected with HRSV and other potential
difference between the individual HRSV genotypes as respiratory pathogens (P =0.05).
potential causes of severe disease. Of the 36 children infected with rhinovirus 24 (67%)
In the 100 patients with severe acute respiratory had mild/moderate and 12 (33%) severe disease. The
infection in whom HRSV was detected, it was the sole median age of those infected with rhinovirus was
pathogen detected in 53 (53%) patients, however in the 4.5 months not significantly different from that of those
remaining 47 cases, it was found as a mixed infection infected with HRSV. Although 12 of the children
with adenovirus (20 patients), HBoV and adenovirus (9 infected with rhinovirus had severe disease, only one
patients), HBoV (8 patients), Chlamydia spp. (3 of these severe infections occurred in the absence of co-
patients), rhinovirus (2 patients), HBoV and rhinovirus infection with any of the other eleven potential respira-
(1 patient), Chlamydia spp. and HBoV (1 patient), tory pathogens. Of the 24 children with mild/moderate
Chlamydia spp. and adenovirus (1 patient), adenovirus disease 17 (71%) were co-infected with other pathogens.
and rhinovirus (1 patient), and Chlamydia spp., HBoV  There was a similar prevalence of rhinovirus infection in
and rhinovirus (1 patient). There was no significant January—April.

TABLE III. Results of HRSV, Its Subgroups and NP Genotypes by Month of the Study

NPAs® HRSV Subgroup Genotype Genotype Subgroup Genotype  Genotype

tested positive A NP2 NP4 B NP1 NP3
December 2003 11 2 1 0 1 1 0 1
January 2004 103 43¢ 29 6 23 10 5 5
February 2004 118 714 48 18 30 22 16 6
March 2004 63 21 14 7 7 7 5 2
April 2004 27 3 2 0 2 1 0 1
May 2004 4 0 0 0 0 0 0 0
Total (%) 326 140 (43%)  94/135 (70%) 31 (23%) 63 (47%) 41/135 (30%) 26 (19%) 15 (11%)

“Nasopharyngeal aspirates.

"Three HRSV-weakly positive strains were not subjected to subgroup analysis by Restriction fragment length polymorphism.
°One HRSV-positive strain showed simultaneous mixed infection by subgroups A (NP4) and B (NP3).

40ne HRSV-positive strain showed simultaneous mixed infection by genotypes NP2 and NP4 of subgroup A.
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DISCUSSION

This study has confirmed that HRSV is the most
frequent cause of severe acute respiratory infection in
young children in Jordan. The fact that a large
proportion of HRSV infections (71%) were associated
with more severe disease is not unexpected because only
hospitalized patients were involved in this study.
However significantly more hospitalized infants with
severe respiratory disease than mild/moderate disease
due to HRSV were detected compared to infection with
the other potential pathogens.

Worldwide, two subgroups of HRSV circulate inde-
pendently within human populations, with group A
being the more prevalent [Peret et al., 2000]. In a 3-year
study conducted in the USA [Walsh et al., 1997], group B
viruses predominated for 2 years, while group A
predominated in the third year. Information on the
relative frequencies of subgroups A and B in the Middle
East and Africa is scarce. In the present study, subgroup
A was predominant (70% vs. 30%), as previously shown
in Jordan [Bdour, 2001], and Yemen [Al-Sonboli et al.,
2005]. This predominance of subgroup A HRSV is the
most common pattern worldwide [Cane, 2001].

Only four of the six previously described N genotypes
[Fletcher et al., 1997] were found among the HRSV
strains. All four genotypes were identified during the
January—March period of the study, with genotype NP4
predominating (Table II). However all four genotypes
co-circulated at the same time. Some authors have
concluded that infection with group A HRSV is asso-
ciated with more severe disease [Peret et al., 2000] but
others have found no such association [Fletcher et al.,
1997; Walsh et al., 1997]. In the present study HRSV
subgroup A infection was not associated with more
severe disease than infection with subgroup B
(Table III). The medical staffs were unaware of group
and genotype results and thus potential bias leadingto a
differential misclassification of the disease severity is
unlikely.

Although the study extended through only 6 months
of the year, there was a demonstrable peak of acute
respiratory infection due to HRSV during January and
February, as shown in a previous study in Jordan [Al-
Toum et al., 2006]. HRSV was less frequent or almost
absent in March—May.

HRSV-infected children were significantly younger
than HRSV-negative children, and severe HRSV infec-
tions most frequently (90%) affected children younger
than 12 months of age in agreement with a previous
report from Jordan [Meqdam and Nasrallah, 2000].
Although it has been shown previously that children
infected with group A HRSV were significantly older
than were those infected with group B HRSV [Hall et al.,
1990], there was no significant difference in the ages of
these groups (P =0.2) in the present study.

There were no significant differences between the
different HRSV genotypes as potential causes of severe
disease, so it was difficult to establish a relationship
between genotypes and disease severity.

J. Med. Virol. DOI 10.1002/jmv
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Overall 102 (31.2%) of the children had more than one
potential pathogen detected in their nasopharyngeal
aspirates. This is perhaps not surprising as the
respiratory viral seasons often co-incide [Choi et al.,
2006], and increasing the range of potential pathogens
sought (in this study 10 viral and 2 bacterial pathogens)
will reveal more co-infections. In 68 children the co-
pathogens were HRSV with one or more other pathogen.
However in no case was a co-infection with HRSV and
HMPYV encountered. Such co-infection has previously
been linked with more severe acute respiratory infection
in some [Greensill et al., 2003; Semple et al., 2005;
Foulongne et al., 2006] but not all studies [Maggi et al.,
2003; Wilkesmann et al.,, 2006]. HMPV was less
frequently detected (2.5% of cases) than in some other
hospital based studies [Al-Sonboli et al., 2005; Semple
et al., 2005]. However the peak prevalence of HMPV
infections does seem to vary year by year and the HRSV
and HMPYV seasons are not always concurrent [Serafino
et al., 2004; Choi et al., 2006].

After adenovirus the second most common HRSV co-
pathogen was the newly described HBoV. The finding of
HBoV in Jordanian children has already been reported
[Kaplan et al., 2006]. It was infrequently found as sole
pathogen which suggested that further studies were
needed to assess its role as a respiratory pathogen.
However recent report from Edinburgh, UK has dem-
onstrated thatitis animportant respiratory pathogen in
children and not found in children without acute
respiratory infection [Manning et al., 2006].

Adenoviruses were detected in 116 of the 312 children
(37%), a prevalence that is significantly higher than
those reported recently from Germany (12.9%), Brazil
(6%), and India (1.5%) [Grondahl et al., 1999; Maitreyi
et al., 2000; Straliotto et al., 2002]. However only the
German study used RT-PCR. The latter two employed
immunofluoresence and viral culture, respectively. In
75 (65%) of the cases of adenovirus infection it was found
together with another potential pathogen. The German
study showed that in 5% of the cases when an agent was
detected there was more than one potential pathogen
and in most cases this was adenovirus with another
pathogen [Grondahl et al., 1999]. It is unclear why we
had such a high detection rate of adenovirus infection
and it warrants further study.

Rhinoviruses were the fourth commonest respiratory
pathogen detected (36:11%). This prevalence is double
that (5.8%) described for lower respiratory tract infec-
tions in Korean children [Choi et al., 2006] but some-
what lower than that (44%) found recently in Australia
[Arden et al., 2006]. Rhinovirus was present as a co-
pathogen in 24 (67%) of Jordanian children whereas in
Australia in almost one-third of the rhinovirus infec-
tions a co-pathogen was detected [Arden et al., 2006].
HRVs are well-recognized causes of upper respiratory
tract infection. However in the Australian study it was
detected in almost half the samples from patients with
lower respiratory tract infection [Arden et al., 2006],
again somewhere higher than the 11% prevalence
in Jordanian children, Hayden [2004] has recently
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reviewed the role of rhinoviruses in lower respiratory
tract infection and found that they were responsible for
between 12% and 24% of such infections in children. In
one study it was present as a co-pathogen in almost 50%
of infections [Papadopoulos et al., 2002].

Better therapies and prevention strategies are needed
to decrease the burden of acute respiratory infection
particularly that due to HRSV. Thus further molecular
epidemiological studies over longer periods of time are
warranted to better determine the role of the different
HRSYV genotypes in the epidemiology and the severity of
disease and their inter-relationship with other respira-
tory pathogens. This could inform better therapeutic
approaches and vaccine development.

REFERENCES

Allander T, Tammi MT, Eriksson M, Bjerkner A, Tiveljung-Lindell A,
Andersson B. 2005. Cloning of a human parvovirus by molecular
screening of respiratory tract samples. Proc Natl Acad Sci USA
102:12891-12896.

Al-Sonboli N, Hart CA, Al-Aeryani A, Banajeh SM, Al-Aghbari N, Dove
W, Cuevas LE. 2005. Respiratory syncytial virus and human
metapneumovirus in children with acute respiratory infections in
Yemen. Pediatr Infect Dis J 24:734—736.

Al-Toum R, Bdour S, Ayyash H. 2006. Epidemiology and clinical
characteristics of respiratory syncytial virus infections in Jordan.
J Trop Pediatr 52:282—287.

Arden KE, McErlean P, Nissen MD, Sloots TP, Mackay IM. 2006.
Frequent detection of human rhinoviruses, paramyxoviruses,
coronaviruses and bocavirus during acute respiratory tract infec-
tions. J Med Virol 78:1232—1240.

Bdour S. 2001. Respiratory syncytial virus subgroup A in hospitalized
children in Zarqa, Jordan. Ann Trop Paediatr 21:253—261.

Bont L, Versteegh J, Swelsen WT, Heijnen CJ, Kavelaars A, Brus F,
Draaisma JM, Pekelharing-Berghuis M, van Diemen-Steenvoorde
RA, Kimpen JL. 2002. Natural reinfection with respiratory
syncytial virus does not boost virus-specific T-cell immunity.
Pediatr Res 52:363—-367.

Bryce J, Boschi-Pinto C, Shibuya K, Black RE, WHO Child Health
Epidemiology Reference Group. 2005. WHO estimates of the causes
of death in children. Lancet 365:1147—-1152.

Cane PA. 2001. Molecular epidemiology of respiratory syncytial virus.
Rev Med Virol 11:103-116.

Cane PA, Pringle CR. 1991. Respiratory syncytial virus heterogeneity
during an epidemic: Analysis by limited nucleotide sequencing
(SH gene) and restriction mapping (N gene). J Gen Virol 72:349—
357.

Cane PA, Pringle CR. 1992. Molecular epidemiology of respiratory
syncytial virus: Rapid identification of subgroup A lineages. J Virol
Methods 40:297—-306.

Choi EH, Lee HJ, Kim SJ, Eun BW, Kim NH, Lee JA, Lee JH, Song EK,
Kim SH, Park JY, Sung JY. 2006. The association of newly
identified respiratory viruses with lower respiratory tract infec-
tions in Korean children, 2000-2005. Clin Infect Dis 43:
585—-592.

Collins PL, Huang YT, Wertz GW. 1984. Identification of a tenth mRNA
of respiratory syncytial virus and assignment of polypeptides to the
10 viral genes. J Virol 49:572—578.

Collins PL, Chanock RM, Murphy BR. 2001. Respiratory syncytial
virus. In: Knipe DM, Howley PM, editors. Fields virology, 4th
edition. Philadelphia: Lippincot, Williams & Wilkins. pp 1443—
1485.

Couroucli XI, Welty SE, Ramsay PL, Wearden ME, Fuentes-Garcia FJ,
Ni J, Jacobs TN, Towbin JA, Bowles NE. 2000. Detection of
microorganisms in the tracheal aspirates of preterm infants by
polymerase chain reaction: Association of adenovirus with bronch-
opulmonary dysplasia. Pediatr Res 47:225-232.

Fletcher JN, Smyth RL, Thomas HM, Ashby D, Hart CA. 1997.
Respiratory syncytial virus genotypes and disease severity among
children in hospital. Arch Dis Child 77:508—-511.

173

Foulongne V, Guyon G, Rodiere M, Segondy M. 2006. Human
metapneumovirus infection in young children hospitalized with
respiratory tract disease. Pediatr Infect Dis J 25:354—359.

Greensill J, McNamara PS, Dove W, Flanagan B, Smyth RL, Hart CA.
2003. Human metapneumovirus in severe respiratory syncytial
virus bronchiolitis. Emerg Infect Dis 9:372—375.

Grondahl B, Puppe W, Hoppe A, Kuhne I, Weigl JAI, Schmitt H-J. 1999.
Rapid identification of nine microorganisms causing acute respira-
tory tract infections by single tube multiplex reverse transcrip-
tion—PCR: Feasibility study. J Clin Microbiol 37:1-7.

Hall CB, Walsh EE, Schnabel KC, Long CE, McConnochie KM,
Hildreth SW, Anderson LdJ. 1990. Occurrence of groups A and B of
respiratory syncytial virus over 15 years: Associated epidemiologic
and clinical characteristics in hospitalized and ambulatory chil-
dren. J Infect Dis 162:1283—-1290.

Hayden FG. 2004. Rhinovirus and the lower respiratory tract. Rev Med
Virol 14:17-31.

Kaplan NM, Dove W, Abu-Zeid AF, Shamoon HE, Abd-Eldayem SA,
Hart CA. 2006. Human bocavirus infection among children, Jordan.
Emerg Infect Dis 12:1418—-1420.

Maggi F, Pifferi M, Vatteroni M, Fornai C, Tempestini E, Anzilotti S,
Lanini L, Andreoli E, Ragazzo V, Pistello M, Specter S, Rendinelli
M. 2003. Human metapneumovirus associated with respiratory

tract infections in a 3-year study of nasal swabs from infants in
Italy. J Clin Microbiol 41:2987—-2991.

Maitreyi RS, Broor S, Kabra SK, Ghosh M, Seth P, Dar L, Prasad AK.
2000. Rapid detection of respiratory viruses by centrifugation
enhanced cultures from children with acute lower respiratory tract
infections. J Clin Virol 16:41-47.

Manning A, Russell V, Eastick K, Leadbetter N, Templeton K,
Simmonds P. 2006. Epidemiological profile and clinical associations
of human bocavirus and other human parvoviruses. J Infect Dis
194:1283-1290.

Megdam MM, Nasrallah GK. 2000. Enhanced detection of respiratory
syncytial virus by shell vial in children hospitalized with respira-
tory illnesses in Northern Jordan. J Med Virol 62:518—523.

Mufson MA, Orvell C, Rafnar B, Norrby E. 1985. Two distinct subtypes
of human respiratory syncytial virus. J Gen Virol 66:2111-2124.

Palomo C, Cane PA, Melero JA. 2000. Evaluation of the antibody
specificities of human convalescent-phase sera against the attach-
ment (G) protein of human respiratory syncytial virus: Influence of
strain variation and carbohydrate side chains. J Med Virol 60:468—
474.

Papadopoulos NG, Moustaki M, Tsolia M, Bossios A, Astra E,
Prezerakou A, Gourgiotis D, Kafetzis D. 2002. Association of
rhinovirus infection with increased disease severity in acute
bronchiolitis. Am J Respir Crit Care Med 165:1285—1289.

Peret TC, Hall CB, Schnabel KC, Golub JA, Anderson LJ. 1998.
Circulation patterns of genetically distinct group A and B strains of
human respiratory syncytial virus in a community. J Gen Virol
79:2221-2229.

Peret TC, Hall CB, Hammond GW, Piedra PA, Storch GA, Sullender
WM, Tsou C, Anderson LdJ. 2000. Circulation patterns of group A
and B human respiratory syncytial virus genotypes in 5 commu-
nities in North America. J Infect Dis 181:1891—-1896.

Pio A. 2003. Standard case management of pneumonia in children in
developing countries: The cornerstone of the acute respiratory
infection programme. Bull World Health Organ 81:298—300.

Semple MG, Cowell A, Dove W, Greensill J, McNamara PS, Halfhide C,
Shears P, Smyth RL, Hart CA. 2005. Dual infection in infants by
human metapneumovirus and human respiratory syncytial virus is
associated with severe bronchiolitis. J Infect Dis 191:382—386.

Serafino RL, Gurgel RQ, Dove W, Hart CA, Cuevas LE. 2004.
Respiratory syncytial virus and metapneumovirus in children over
two seasons with a high incidence of respiratory infections in Brazil.
Ann Trop Paediatr 24:213—-217.

Shay DK, Holman RC, Roosevelt GE, Clarke MdJ, Anderson LdJ. 2001.
Bronchiolitis-associated mortality and estimates of respiratory
syncytial virus-associated deaths among US children, 1979-1997.
J Infect Dis 183:16-22.

Sloots TP, McErlean P, Speicher DJ, Arden KE, Nissen MD, Mackay
IM. 2006. Evidence of human coronavirus HKU1 and human
bocavirus in Australian children. J Clin Virol 35:99-102.

Straliotto SM, Siqueira MM, Muller RL, Fischer GB, Cunha ML,
Nestor SM. 2002. Viral etiology of acute respiratory infections
among children in Porto Alegre, RS, Brazil. Rev Soc Bras Med Trop
35:283-291.

J. Med. Virol. DOI 10.1002/jmv



174

Sullender WM, Sun L, Anderson LdJ. 1993. Analysis of respiratory
syncytial virus genetic variability with amplified cDNAs. J Clin
Microbiol 31:1224-1231.

Templeton KE, Scheltinga SA, Beersma MF, Kroes AC, Claas EC. 2004.
Rapid and sensitive method using multiplex real-time PCR for
diagnosis of infections by influenza A and influenza B viruses,
respiratory syncytial virus, and parainfluenza viruses 1, 2,3 and 4.
J Clin Microbiol 42:1564—1569.

Viegas M, Mistchenko AS. 2005. Molecular epidemiology of human
respiratory syncytial virus subgroup A over a six-year period
(1999-2004) in Argentina. J Med Virol 77:302—310.

J. Med. Virol. DOI 10.1002/jmv

Kaplan et al.

Viegas M, Barrero PR, Maffey AF, Mistchenko AS. 2004. Respiratory
viruses seasonality in children under five years of age in Buenos
Aires, Argentina: A five-year analysis. J Infect 49:222-228.

Walsh EE, McConnochie KM, Long CE, Hall CB. 1997. Severity of
respiratory syncytial virus infection is related to virus strain.
J Infect Dis 175:814—820.

Wilkesmann A, Schildgen O, Eis-Hubinger AM, Geikowski T, Glatzel
T, Lentze MJ, Bode U, Simon A. 2006. Human metapneumo-
virus infections cause similar symptoms and clinical severity

as respiratory syncytial virus infections. Eur J Pediatr 165:
467-475.



