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Abstract Human rhinoviruses (HRVs) are a common cause
of lower respiratory tract infections (LRTIs) and are associated
with chronic respiratory morbidity. Our aim was to determine
whether HRV species A or C were associated with chronic
respiratory morbidity and increased health care utilisation in
prematurely born infants. A number of 153 infants with a
median gestational age of 34 (range 23–35) weeks were
prospectively followed. Nasopharyngeal aspirates were col-
lected whenever the infants had LRTIs regardless of
hospitalisation status. Parents completed a respiratory diary
card and health questionnaire about their infant when they

were 11 and 12 months corrected age, respectively. The
health-related cost of care during infancy was calculated
from the medical records using the National Health
Service (NHS) reference costing scheme and the British
National Formulary for children. There were 32 infants
that developed 40 HRV LRTIs; samples were available
from 23 of the 32 infants for subtyping. Nine infants
had HRV-A LRTIs, 13 HRV-C LRTIs, and one infant
had a HRV-B LRTI. Exclusion of infants who also had
RSV LRTIs revealed that the infants who had a HRV-C
LRTI were more likely to wheeze (p<0.0005) and use
respiratory medications (p<0.0005) and had more days of
wheeze (p=0.01) and used an inhaler (p=0.02) than the no
LRTI group. In addition, the respiratory cost of care was
greater for the HRV-C LRTI than the no LRTI group
(p<0.0005). Conclusion: Our results suggest HRV-C is
associated with chronic respiratory morbidity during infancy
in prematurely born infants.
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Introduction

Human rhinoviruses (HRVs) are a common cause of lower
respiratory tract infections (LRTIs) in both term [20] and
prematurely [16] born infants. HRVs had been classified into
two genetic groups (HRV-A andHRV-B) comprising over 100
serotypes, with HRV-A being more prevalent than HRV-B. A
further HRV group (HRV-C) has subsequently been identified
by genomic nucleotide sequencing [14]. HRV-C group viruses
have been reported to have a similar prevalence to HRV-A in
hospitalised [8, 10], ambulatory [1] and asymptomatic pa-
tients [8, 10]. There are, however, conflicting data as to
whether HRV-A or HRV-C causes more severe acute disease
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[12, 17, 18, 21]. HRV LRTIs have been associated with
chronic respiratory morbidity in infants born at term or pre-
maturely [3, 9, 11]. In addition, in our prospective cohort study
[7], we demonstrated that HRV LRTIs in prematurely born
infants were associated with increased health-related cost of
care during infancy [6]. The aim of this study was to assess in
our prospective cohort study [7] whether HRV group A or C
viruses were associated with chronic respiratorymorbidity and
increased healthcare utilisation in prematurely born infants.

Materials and methods

Infants born less than 36 weeks of gestation were eligible for
entry into a prospective cohort study [7] if they were born
prior to the onset of the RSV season in 2008 or 2009. The
RSV season was defined as from October 1st toMarch 31st as
per UK experience [4]. Consecutive infants, whose parents
gave informed written consent, were recruited soon after birth.
The study was approved by the Research Ethics Committee of
King's College Hospital NHS Foundation Trust. The lung
function results at 36 weeks PMA from the cohort have been
previously reported [7]. In addition, the healthcare utilisation
results of the cohort related to whether or not the infant had a
rhinovirus LRTI have also been published [6].

Following neonatal unit discharge, infants were followed
prospectively until 1 year of corrected age. The parents were
asked to contact the research team when their infant was
symptomatic with signs consistent with a LRTI, i.e. cough,
wheeze and/or shortness of breath. In addition, parents were
telephoned every 2 weeks by a researcher to ascertain whether
their infant had been or was symptomatic. A researcher visited
the home on every occasion that an infant had a LRTI and a
nasopharyngeal aspirate (NPA) was obtained. An NPA was
obtained on each occasion an infant was admitted to hospital
with a LRTI. Real-time reverse transcriptase polymerase chain
reaction (PCR) had been performed on the NPAs for 11
viruses (HRV, RSVA and B, human metapneumovirus, influ-
enza A and B, parainfluenza 1–3, enterovirus and
parechovirus), and adenovirus and bocavirus were tested by
real-time PCR as previously described [2, 6].

For the purposes of this study, the nucleic acid from the
stored clinical specimens was subtyped for HRVA, B and C.
RNA extraction was carried out using the QIAamp Viral RNA
Mini Kit (Qiagen) according to the manufacturer's instruc-
tions. cDNA synthesis and PCR amplification of the VP4/
VP2 region for typing was carried out as previously described
[13]. PCR products were cleaned with microClean
(Microzone) before cycle sequencing with BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems) on the automated sequencer 3130xl Genetic
Analyser (Applied Biosystems). Sequence analysis was car-
ried out using the software BioEdit (version 7.0.9) and

MEGA5 (version 5.03). Sequencing was performed in one
direction using the forward primer. More than 10 % diver-
gence in VP4/VP2 is required to identify a different HRV type
[15, 19], this is well above the contribution of any potential
polymerase error.

Parents completed a diary card for 1 month when their
infant was 11 months corrected age, which asked them to state
on each day whether their infant coughed, wheezed or used
any respiratory-related medications (e.g. inhalers, oral ste-
roids, antibiotics). Parents also filled in a respiratory health-
related questionnaire about their infant when their infant was
1 year of corrected age. Similar questions were incorporated
into the questionnaire as were used during the telephone
interviews, in particular, regarding the use of medications.
Follow-up costs after neonatal discharge were calculated
using the NHS reference costing scheme (2007–2008) [5]
and the British National Formulary for Children (2008). The
respiratory costs were also reported, and these were defined as
costs related to an LRTI episode regardless of whether this
was incurred in hospital or the community, e.g. a general
practitioner (GP) attendance.

Analysis

Infants who had LRTIs for which no virus was detected were
excluded from the analysis. If an infant had an LRTI with a
virus other than HRV-A or HRV-C, but had not had an HRV-A
or HRV-C LRTI, they also were excluded from the analysis.

The remaining infants were divided into three groups:

(i) Infants who never had a symptomatic LRTI—no LRTI
group (n=74)

(ii) Infants who had a LRTI with HRV-A detected from the
NPA—HRV-A LRTI group (n=9)

(iii) Infants who had a LRTI with HRV-C detected from the
NPA—HRV-C LRTI group (n=13)

Data were tested for normality using the Shapiro–Wilk test
and found not to be normally distributed. Differences were
assessed for statistical significance using the Fisher's exact test
or Kruskal–Wallis test with a post hoc ANOVA test. Statistical
analysis was performed using IBM SPSS Statistics (version
19, New York, USA).

Results

A number of 153 infants with a median gestational age of 34
(range 23–35) weeks and a birth weight of 1,890 (range 534–
3610) g were prospectively followed, and 32 infants devel-
oped 40 HRV LRTIs (Fig. 1). Of the 40 HRV LRTIs, there
were 29 samples from 23 infants with sufficient nucleic acid
for subtyping (Table 1). There were no significant differences
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in the demographics of the infants who did and did not have
subtyping of their HRV LRTIs. Nine infants had a HRV-A
LRTI [one infant had two different HRV-A serotype LRTIs

(serotypes 80 and 56); the LRTIs were 3 months apart], one
infant had a HRV-B LRTI (serotype 42), and 13 infants had a
HRV-C LRTI [one infant had two different HRV-C serotype
LRTIs (serotypes C40 and C12); the LRTIs were 3 months
apart]. One infant had a HRV LRTI which was not possible to
type and in three samples subtyping failed. Six of the infants
in the HRV-A group and three of the infants in the HRV-C
group also had RSV LRTIs (either as dual infections or as a
separate LRTI). Other viral LRTIs in the HRV-A group were
RSV A (n=5), RSV B (n=3), adenovirus (n=5), human
metapneumovirus (n=1), influenza B (n=2), parainfluenza 1
(n=1), parainfluenza 3 (n=1), enterovirus (n=3), parechovirus
(n=2); and for the HRV-C group they were RSV A (n=2),
RSV B (n=1), adenovirus (n=4), human metapneumovirus
(n=2), influenza A (n=1), influenza B (n=1), parainfluenza 1
(n=2), parainfluenza 3 (n=2), enterovirus (n=7), parechovirus
(n=1), bocavirus (n=2). Nine infants in the HRV-A group and
12 in the HRV-C group had a dual or triple infection; their
results did not differ significantly from those with a single
infection (data not shown).

There were no statistically significant differences in the
demographic data between the three groups, although both

Fig. 1 Consort diagram of HRV
subtype testing

Table 1 HRV-A and HRV-C serotypes (19, 20) and the number of LRTIs
in which a particular serotype was found

HRV-A
serotype

Number of
LRTIs

HRV-C
serotype

Number
of LRTIs

12 1 C2 1

16 1 C3 2

24 1 C5 1

56 1 C12 1

58 1 C14 1

61 1 C25 1

78 1 C36 1

80 2 C39 1

101-v1 1 C40 2

C pat18 1

C pat19 1

C pat21 1
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HRV groups tended to be lighter at birth (p=0.056) and a
greater proportion of them tended to have received surfactant
(p=0.050) or Palivizumab (p=0.051) than the no LRTI group
(Table 2). Three (33 %) of the HRV-A LRTI group had
hospital admissions (one for a RSV LRTI, one for a HRV-A/
enterovirus dual LRTI, and one had multiple admissions for
viral LRTIs including RSVand HRV-A). Three (23 %) of the
HRV-C LRTI group had hospital admissions (one for an
adenovirus/human bocavirus dual LRTI, one for a RSV/
human metapneumovirus/HRV [unsubtyped] triple LRTI,
and one for a nonrespiratory cause). Nine (12 %) infants of
the no LRTI group had hospital admissions, all for
nonrespiratory causes.

Analysis of the diary card data demonstrated that the HRV-
A LRTI group had significantly more days of antibiotic (p=
0.021) and inhaler (p<0.0005) use than the no LRTI group
(Table 3). Exclusion of infants who had an RSV LRTI from
the analysis, however, demonstrated no significant differences
between the HRV-A LRTI group and the no LRTI group
(Table 4), but there were only three infants who had an
HRV-A LRTI who did not also have an RSV LRTI.
Compared to the no LRTI group, infants in the HRV-C LRTI
group tended to have more days of cough (p=0.06) and
wheeze (p=0.06) (Table 4). Exclusion of the infants who
had an RSV LRTI from the analyses revealed that the HRV-
C LRTI group had significantly more days of wheeze (p=
0.01) and more days of inhaler use (p=0.024) than the no
LRTI group (Table 4).

Analysis of the respiratory health-related questionnaire
demonstrated that compared to the no LRTI group, infants in
the HRV-A LRTI group were more likely to wheeze
(p<0.0005), use respiratory medications (p<0.0005), bron-
chodilators (p=0.027), antibiotics (p=0.005) or a preventer
(p=0.017) (Table 3). Exclusion of infants who had an RSV
LRTI from the analysis, however, demonstrated no significant
differences between the HRV-A LRTI group and the no LRTI

group (Table 4). Compared to the no LRTI group, infants in
the HRV-C LRTI group were more likely to wheeze
(p<0.0005), use respiratory medications (p<0.0005), bron-
chodilators (p<0.0005), antibiotics (p=0.008) or a preventer
(p=0.002) (Table 3).

Exclusion of infants who had an RSV LRTI from the
analyses revealed that, compared to the no LRTI group, the
ten remaining infants in the HRV-C LRTI group were more
likely to wheeze (p<0.0005), use respiratory medications (p=
0.001), bronchodilators (p<0.0005), antibiotics (p=0.002) or
a preventer (p<0.0005) (Table 4).

The respiratory cost of care was significantly greater for
both the HRV-A (p=0.003) and the HRV-C (p<0.0005) LRTI
groups compared to the no LRTI group.When the infants who
had a RSV LRTI were excluded from the analysis, however,
the respiratory cost of care compared to the no LRTI group
was only significantly greater for the HRV-C LRTI group
(p<0.0005; Table 5). The total cost of care compared to the
no LRTI group was significantly greater only for the HRV-C
LRTI group (p=0.017), but the difference was not statistically
significant when infants who had an RSV LRTI were exclud-
ed from the analysis (Table 5).

Discussion

We have demonstrated that infants who had a HRV-C LRTI
compared to infants who did not have an LRTI were signifi-
cantly more likely to wheeze and use respiratory medications
and had a greater respiratory cost of care. Initial analysis
demonstrated HRV-A LRTIs were associated apparently with
similar effects, but the significant differences compared to the
no LRTI group disappeared once the infants who also had
RSV LRTIs were excluded from the analysis, but there were
only three infants who had an HRV-A LRTI and not an RSV
LRTI. The significant differences between the HRV-C and no

Table 2 Demographic data
according to viral LRTI status

Data are expressed as median
(range) or n (%)

HRV-A LRTI HRV-C LRTI No LRTI pValues

N 9 13 74

Gestational age (weeks) 34.4 (23.0–35.7) 32.3 (24.9–35.9) 34.1 (25.7–35.9) 0.39

Birth weight (g) 1,826 (610–2,546) 1,729 (670–2,512) 2,070 (895–3,610) 0.056

Males 4 (44 %) 5 (39 %) 39 (53 %) 0.68

Antenatal smoking 1 (11 %) 2 (15 %) 11 (15 %) 1.0

Antenatal steroids 7 (78 %) 10 (77 %) 40 (54 %) 0.28

Surfactant 4 (44 %) 4 (31 %) 11 (15 %) 0.050

Duration of ventilation (days) 2 (0–81) 0 (0–103) 0 (0–82) 0.59

Bronchopulmonary dysplasia 2 (22 %) 2 (15 %) 4 (5 %) 0.09

Family history of atopy 4 (44 %) 8 (62 %) 52 (70 %) 0.27

Number of siblings 1 (0–4) 1 (0–5) 1 (0–5) 0.51

Breastfed 6 (67 %) 10 (77 %) 62 (84 %) 0.39

Palivizumab 1 (11 %) 1 (8 %) 0 (0 %) 0.051
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LRTI groups remained after excluding infants who had an
RSV LRTI. Indeed, exclusion of the infants who also had an
RSV LRTI revealed HRV-C LRTIs were associated with
significantly more days of wheeze and use of an inhaler. Our
results, thus suggest HRV-C is associated with increased

chronic respiratory morbidity during infancy in prematurely
born infants.

Certain studies [1, 18], but not all, have reported that HRV-
C compared to HRV-A results in more severe initial illness. In
this study, three infants in both the HRV-A and HRV-C groups

Table 3 Diary card and respiratory health-related questionnaire data by HRV subtype

HRV-A LRTI HRV-C LRTI No LRTI pValues**

Diary card data*

N 9 8 49

Days of cough 3 (0–30) 5 (0–17) 0 (0–31) 0.032

Days of wheeze 0 (0–30) 0.5 (0–7) 0 (0–12) 0.009

Days using antibiotics 0 (0–5) 0 (0–0) 0 (0–2) 0.021

Days using inhalers 0 (0–30) 0 (0–30) 0 (0–0) 0.001

Days of acute GP/hospital attendance 0 (0–5) 0 (0–3) 0 (0–1) 0.050

Respiratory health-related questionnaire data*

N 9 13 71

Did your child cough in the first year? 9 (100 %) 13 (100 %) 66 (93 %) 1.0

Did your child wheeze in the first year? 7 (78 %) 10 (77 %) 11 (15 %) <0.0005

Did your child use any medication for a chest problem in the first year? 7 (78 %) 9 (69 %) 17 (24 %) <0.0005

Bronchodilators (e.g. salbutamol)? 4 (44 %) 7 (54 %) 6 (8 %) <0.0005

Antibiotics? 6 (67 %) 8 (62 %) 13 (18 %) <0.0005

Preventers (e.g. steroids, montelukast)? 2 (22 %) 3 (23 %) 0 (0 %) 0.001

Has your child ever been diagnosed with asthma by a doctor? 1 (11 %) 0 (0 %) 0 (0 %) 0.097

Data presented as median (range) or n (%)
*Diary card and respiratory health-related questionnaire data were not available for all infants
** The p values relate to the difference between the three groups, and post hoc p values are given in the “Results” section

Table 4 Diary card and respiratory health-related data by HRV subtype excluding infants who had a RSV LRTI

HRV-A LRTI HRV-C LRTI No LRTI pValues**

Diary card data*

N 3 7 49

Days of cough 1 (0–3) 8 (0–17) 0 (0–31) 0.16

Days of wheeze 0 (0) 1 (0–7) 0 (0–12) 0.01

Days using antibiotics 0 (0) 0 (0–0) 0 (0–2) 0.90

Days using inhalers 0 (0) 0 (0–30) 0 (0–0) 0.024

Days of acute GP/hospital attendance 0 (0) 0 (0–3) 0 (0–1) 0.34

Respiratory health-related questionnaire data*

N 3 10 71

Did your child cough in the first year? 3 (100 %) 10 (100 %) 66 (93 %) 1.0

Did your child wheeze in the first year? 2 (67 %) 8 (80 %) 11 (15 %) <0.0005

Did your child use any medication for a chest problem in the first year? 2 (67 %) 8 (80 %) 17 (24 %) <0.0005

Bronchodilators (e.g. salbutamol)? 0 (0 %) 6 (60 %) 6 (8 %) 0.001

Antibiotics? 62(67 %) 7 (70 %) 13 (18 %) 0.001

Preventers (e.g. steroids, montelukast)? 0 (0 %) 2 (22 %) 0 (0 %) 0.022

Has your child ever been diagnosed with asthma by a doctor? 0 (0 %) 0 (0 %) 0 (0 %) 1.0

Data presented as median (range) or n (%)
*Diary card and respiratory health-related questionnaire data were not available for all infants
** The p values relate to the difference between the three groups, and post hoc p values are given in the “Results” section
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were admitted to hospital, but only one infant was admitted
solely for an HRV-A LRTI and none for a HRV-C LRTI, thus
we cannot comment in this prematurely born population
whether HRV-A or HRV-C is associated with more severe
acute disease. During the same time period, only one infant
had an HRV-B LRTI, suggesting HRV-B infections are less
common than HRV-A or HRV-C infections in prematurely
born infants, as has been found in infants and children
hospitalised with LRTIs and controls without respiratory
symptoms [8, 10].

Our study has a number of strengths and some limitations.
We assessed respiratory morbidity using a variety of tech-
niques, telephone calls, questionnaires and diary cards.
Certain similar questions were used during the telephone
calls and on the questionnaire. The questionnaire gave infor-
mation about the infant's health throughout infancy, the diary
card more detailed information for 1 month. All assessments
were applied to all three groups. Strengths include that NPAs
were collected whenever the infants had an LRTI, regardless
of whether this was in hospital or in the community. In
addition, we tested the NPAs for a wide range of respiratory
viruses and hence were able to demonstrate that the apparent

association of HRV-A LRTIs with chronic respiratory mor-
bidity might be explained by the infants having also had RSV
LRTIs. A limitation is that the nucleic acid was subtyped
only after other investigations had been undertaken and this
meant there was insufficient nucleic acid for subtyping in
nine of the 32 infants who had HRV LRTIs. The infants with
and without subtyping of their HRV LRTIs, however, did not
differ in their demographics, thus we feel our results are
generalisable. The infants with HRVA and HRVC infections
had a variety of other viral LRTIs which may have increased
their respiratory morbidity. We did not undertake analysis
excluding other respiratory viral LRTIs as, except for RSV
LRTI, there is very little information on the long-term out-
comes of prematurely born infants following those infections.
After excluding infants who also had an RSV LRTI, which is
known to increase chronic respiratory morbidity, we
highlighted that HRV-C LRTIs were associated with an ad-
verse outcome.

In conclusion, we have demonstrated that HRV-C LRTIs
were associated with chronic respiratory morbidity during
infancy in prematurely born infants, whether there is a similar
adverse outcome in infants born at term merits testing.

Table 5 Health-related cost of care (UK £) by HRV subtype

HRV-A LRTI HRV-C LRTI No LRTI pValues**

Diary card data*

N 3 7 49

Days of cough 1 (0–3) 8 (0–17) 0 (0–31) 0.16

Days of wheeze 0 (0) 1 (0–7) 0 (0–12) 0.01

Days using antibiotics 0 (0) 0 (0–0) 0 (0–2) 0.90

Days using inhalers 0 (0) 0 (0–30) 0 (0–0) 0.024

Days of acute GP/hospital attendance 0 (0) 0 (0–3) 0 (0–1) 0.34

Respiratory health-related questionnaire data*

N 3 10 71

Did your child cough in the first year? 3 (100 %) 10 (100 %) 66 (93 %) 1.0

Did your child wheeze in the first year? 2 (67 %) 8 (80 %) 11 (15 %) <0.0005

Did your child use any medication for a chest
problem in the first year?

2 (67 %) 8 (80 %) 17 (24 %) <0.0005

Bronchodilators (e.g. salbutamol)? 0 (0 %) 6 (60 %) 6 (8 %) 0.001

Antibiotics? 62(67 %) 7 (70 %) 13 (18 %) 0.001

Preventers (e.g. steroids, montelukast)? 0 (0 %) 2 (22 %) 0 (0 %) 0.022

Has your child ever been diagnosed with
asthma by a doctor?

0 (0 %) 0 (0 %) 0 (0 %) 1.0

HRV-A LRTI HRV-C LRTI No LRTI pValues*

Respiratory costs 110 [3,951] (0–31,527) 74 [1,465] (0–12,685) 0 [27] (0–599) <0.0005

Total costs 817 [5,039] (529–33,176) 1,834 [3,032] (494–14,242) 720 [980] (0–4,253) 0.008

Results excluding infants who had a RSV LRTI

Respiratory costs 64 [58] (0–110) 78 [636] (36–3,357) 0 [27] (0–599) <0.0005

Total costs 817 [871] (529–1,265) 1,615 [2,115] (494–5,494) 720 [980] (0–4,253) 0.052

Data are presented as median [mean] (range)
* The p values relate to the difference between the three groups, and post hoc p values are given in the “Results” section
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