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a b s t r a c t

We present a case of severe pneumonia, associated with a prolonged infection by a species C rhi-
novirus (HRV) in a 3-week old neonate. HRV RNA was identified in nasal and nasopharyngeal secretions,
bronchoalveolar lavage and bronchial specimens, stool and urine, collected from the patient during a
one-month period. No other viral or bacterial agents were detected. Sequence analysis of two regions of
ccepted 20 January 2011
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the viral genome, amplified directly from the clinical specimens revealed a novel HRV-C variant. These
observations highlight the occurrence of severe neonatal infections caused by HRVs and the need of rapid
viral diagnostics for their detection.

© 2011 Elsevier B.V. All rights reserved.
neumonia
eonatal

. Why this case is important

Human rhinoviruses (HRVs) are the most common cause of both
pper and lower acute respiratory tract illnesses. Although HRVs
re often associated with acute otitis media, sinusitis, bronchiolitis,
sthma and pneumonia in children, they are mostly regarded as
he cause of common colds with their economic significance at the
ommunity level in mind.1

On the basis of their genomic sequences, HRV types have been
lassified into three species: 74 types belong to HRV A, 25 types
o HRV B, and newly discovered, phylogenetically related types
re classified in HRV C species.2 HRV C infections may be more
evere than those caused by the other HRVs and often require
ospitalization.3,4 However, neonatal HRV infections may be under
iagnosed and regarded as an unlikely cause of severe manifesta-
ions.

We report here a case of a life-threatening HRV C pneumonia in

n otherwise healthy infant.

Abbreviations: HRV, human rhinovirus; RT, reverse transcription; PCR, poly-
erase chain reaction; qPCR, quantitative PCR; 5′NCR, 5′noncoding region.
∗ Corresponding author. Tel.: +358 2 3337461; fax: +358 2 2523303.

E-mail address: matti.waris@utu.fi (M. Waris).
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odavägen 11A, SE-17183 Stockholm, Sweden.
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2. Case report

2.1. Case description

In March 2009, a 3-week-old male infant was admitted to
the Department of Pediatrics of Turku University Hospital with
dyspnea and toxic appearance. During the past 24 h, he had devel-
oped symptoms including nasal discharge, fever, and cough. He
had been otherwise healthy except, at the age of two days, he
had conjunctivitis caused by Streptococcus agalactiae and was
treated with intravenous penicillin G for 5 days with full recov-
ery. On admission to the hospital, the infant was cyanotic and
irritable. Tachycardia (182/min) was recorded, the extremities
were cold and his temperature was 37.9 ◦C. He had tachypnea
(59/min), severe dyspnea, and arterial oxygen saturation was
low (59% by pulse oxymetry). Bilateral crackles were heard on
chest auscultation. Chest radiographs revealed non-symmetric
atelectasis and diffuse apical alveolar pneumonic infiltrates sug-
gesting pneumonia. Intravenous ampicillin and gentamicin were
administered.

Laboratory tests revealed a white blood cell count of 11.3 × 109/l
and a serum C-reactive protein level of 108 mg/l. Cerebrospinal
fluid was normal. Point-of-care tests for human influenza A and B
viruses, respiratory syncytial virus and adenovirus were negative.

The infant was intubated and connected to a respirator

due to hypercapnia (CO2 14.9 kPa) and acidosis (pH 7.13). As
he was hypotensive (non-invasive blood pressure 33 mmHg)
a noradrenalin-infusion was commenced, and due to hypona-
tremia (133 mmol/l), hydrocortisone substitution was initiated
(5 mg/m2/day). In addition, total parenteral nutrition was initiated.

dx.doi.org/10.1016/j.jcv.2011.01.018
http://www.sciencedirect.com/science/journal/13866532
http://www.elsevier.com/locate/jcv
mailto:matti.waris@utu.fi
dx.doi.org/10.1016/j.jcv.2011.01.018
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Table 1
Human rhinovirus (HRV) detection in a neonate with severe pneumonia.

Day of samplea Sample type Diagnostic result HRV RNA (log10 of copies/ml)

0 Cerobrospinal fluid HRV− –
2 Nasopharyngeal secretion HRV+ 8.0
3 Nasal secretion HRV+ 8.3
3 Bronchoalveolar lavage HRV+ 8.6
4 Feces HRV+ 7.4
4 Blood HRV− –
5 Bronchial secretion HRV+ 9.4
7 Feces HRV+ 6.2
7 Blood HRV− –
7 Nasal secretion HRV+ 7.7
7 Urine HRV+ <3
9 Nasopharyngeal secretion HRV+ 6.1

10 Nasal secretion HRV+ No quantitation
11 Feces HRV+ 4.3
13 Mucosal secretion HRV− –
21b Feces HRV− –
21b Nasopharyngeal swab HRV+ 4.4
31b Feces HRV+ <3
51b Nasal swab HRV+c 3.3
51b Feces HRV+c 3.9
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(range 61–67%) nucleotide identity with HRV A types, 63.9% (range
62–66%) with HRV B types and 80.5% (range 70–96%) with the pre-
viously identified HRV C variants. The patient virus, designated
UTU-09RD301, showed a rarely identified genotype, clustering
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a At day 0, when the child was admitted to the hospital, his age was 23 days.
b Follow-up samples at asymptomatic stage.
c Not the same type as in previous samples.

ardiac ultrasound examination exhibited normal heart structure
nd function.

Ampicillin and gentamicin were discontinued at day 3 due to
oor clinical response and intravenous cefuroxime was admin-

stered for additional 8 days. Oral azithromycin was added for
he treatment of pneumonia. Blood, cerebrospinal fluid and urine
amples for bacterial cultures, collected before antibiotic therapy,
emained negative.

After 5 days of treatment, the infant became afebrile, the breath-
ng difficulties resolved, and he was extubated. Serum C-reactive
rotein concentration decreased from 117 to 15 mg/l (days 2–5;
espectively) and the patient recovered completely. An analy-
is of his immunological status revealed no detectable defects
n immunoglobulin levels, IgG subclasses, total hemolytic com-
lement activity, or classical, alternative and lectin-dependent
omplement activation pathways. No virus could be cultured when
everal of the samples were tested in various cell lines at various
emperatures. In addition, Mycoplasma pneumoniae and Chlamydia
neumoniae antibodies remained negative on day 39. During sub-
equent follow-up, at the age of one year, he had one common cold
ut no other clinical illnesses.

.2. Nucleic acid testing and analyses

Various specimens were obtained during a 7-week time period
rom the patient (Table 1). Nucleic acids were extracted using
he NucliSens EasyMag automated extractor (bioMèrieux, Boxtel,
he Netherlands). The extracts were analyzed and quantified with
everse transcription polymerase chain reaction (RT-qPCR) specific
or the 5′noncoding region (5′NCR) of rhino- and enteroviruses5

sing dilutions of plasmid DNAs with the genome of HRV-85 as
he standard. They were also tested for human bocavirus by qPCR
nd respiratory syncytial virus by RT-qPCR methods as well as
or adenovirus, coronaviruses 229E/NL63 and OC43/HKU1, parain-
uenza virus types 1–3, influenza A and B viruses, respiratory
yncytial group A and B viruses, and HRV A/B with Seeplex RV12
CE (Seegene, Seoul, South Korea) and ScreenTape system (Lab901,

oanhead, UK). PCR detection was also performed for Bordetella per-
ussis and M. pneumoniae in bronchoscopic aspiration fluid and for
hlamydia trachomatis in ocular secretions. We detected HRV RNA

n nasal secretion and nasopharyngeal aspirate, bronchial secretion
nd bronchoalveolar lavage, urine, and feces (Table 1, Fig. 1). The
cereprospinal fluid and blood samples remained negative. None of
the tests for other viral or bacterial pathogens was positive.

A 397-bp long amplicon of the 5′NCR region was amplified
from the HRV-positive cDNA samples as described earlier.5 An
additional 541-bp long amplicon from the VP4/2 gene region was
amplified with nested-PCR using primers described by Wisdom
et al.6 The PCR products were purified using Nucleo-Spin Extract
II (Macherey-Nagel, Düren, Germany) and sequenced in the DNA
Sequencing Service Laboratory of the Turku Center for Biotechnol-
ogy. The sequences were analyzed by BLAST for closest nucleotide
identity. The BLAST matches were selected for the phylogenetic
analysis with programs of the MEGA software version 4.7

The alignments of the partial sequences of the 5′NCR (Gen-
Bank accession number HQ714957) and VP4/2 (HQ714958) showed
that all the samples collected during days 2–31 contained a dis-
tinct HRV variant, not fully matching with any published sequence.
The last two samples from day 51 were of another HRV type,
showing closest 5′NCR alignment with HRV-33 (species A). In
the VP4/2 region, samples of the first HRV infection had 63.2%
0 5 10 15 20 25 30
Day of sample

Fig. 1. Copy number measurements in different respiratory specimens (triangles)
and feces (squares) from the patient after a severe infection with human rhinovirus
species C. Details of the respiratory specimens are indicated in Table 1.
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Fig. 2. Phylogenetic analysis of the VP4/2 coding region of the patient case (UTU-09RD301, GenBank accession number HQ714958) and selected published HRV sequences.
For the HRV C cluster, the GenBank numbers of the partial sequences are shown. The evolutionary history was inferred using the neighbor-joining method. The bootstrap
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onsensus tree inferred from 1000 replicates is taken to represent the evolutionary
nits as those of the evolutionary distances used to infer the phylogenetic tree. The e
nd are in the units of the number of base substitutions per site. Branches correspon
equences with >98% nucleotide identities were considered same. Coxsackievirus A

losely with strains EU752403 (95% nucleotide identity) found
n the USA,8 and EU081805 (96%) and EU081801 (91%) found in
ermany3 (Fig. 2). This cluster may represent a HRV C type.2

We further confirmed the identity of the UTU-09RD301 as an
RV C strain by locating the cis-acting replication element (cre)
ithin VP2 of the translated sequence.9 The UTU-09RD301 cre

orresponding the amino acid sequence C-G-F-S-D-R-L-K-Q-I-T-
-G-N-S-T showed 100% identity with the HRV C type cre motifs
ublished by others.10

In 2009, specimens from 63 children <3 months of age, who pre-

umably had a community acquired respiratory infection requiring
ospitalization, were tested for HRV RNA in our laboratory. The
pecimens were obtained from 3 tertiary care hospitals with a pop-
lation base of 1 million people and 13,000 live births in 2009. The
ate of HRV detections in <1 month, 1–2 months, and 2–3 months
ry of the taxa analyzed. The tree is drawn to scale, with branch lengths in the same
ionary distances were computed using the maximum composite likelihood method
o partitions reproduced in less than 50% bootstrap replicates were collapsed. Virus
d HRV-68 sequences were used as outgroups.

old children was 6/23 (26%), 11/24 (46%), and 7/16 (44%), respec-
tively. Thus, even without clinical data, except for the current case,
these numbers emphasize the importance of HRV in neonatal res-
piratory infections.

2.3. Other similar cases in the literature

In hospitalized children with pneumonia, the detection rates of
HRV in nasopharyngeal samples by nucleic acid detection meth-
ods have ranged from 20% to 45%.11,12 A recent study by Louie

and colleagues demonstrated that HRV was present in almost half
of children with lower respiratory tract infection and admitted to
intensive care unit.13 In another recent study, severe HRV infection
was detected in 9 preterm and 2 full-term infants with respira-
tory distress requiring mechanical ventilation.14 A careful review of
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he literature, covering 4279 episodes of community acquired viral
neumonia, revealed no studies addressing HRV-induced pneumo-
ia in neonates.15

. Discussion

Our case represents a neonate with obvious life-threatening
RV pneumonia. Our observations provide support for the rou-

ine inclusion of HRV detection in etiologic studies of pneumonia
n infants and young children.

The investigation revealed that our patient was infected with
virus belonging to the HRV C species. Since HRV C strains

ave not been cultivable thus far in current cell culture systems,
hey were only recently identified and have boosted the gen-
ral interest in HRV.1,3 In our hands, utilization of the 5′NCR
rimer sites (“3+” and “4−”) in RT-PCR allow the most sensi-
ive primary detection of rhino- and enteroviruses, including HRV
pecies C-like strains.16–18 Albeit HRV C viruses can cause merely
ild common cold symptoms, like other HRVs, they have been

uggested to be more frequently associated with severe compli-
ations including pneumonia, bronchiolitis, and exacerbations of
sthma.3,4,7,19

The significance of the detection of HRV in nasopharynx has
een questioned as HRVs are frequently detected in nasal sam-
les in asymptomatic children. In our patient, however, viral RNA
as found in several body sites including nasal and nasopharyn-

eal secretions, bronchoalveolar lavage and bronchial specimens,
eces and urine, indicating direct association between HRV and
he severe symptomatic infection, even though no viremia was
etected. In our patient, the RNA load in the feces on day 4 was only
ne log lower than in the bronchoalveolar lavage, unlikely a result
f spillover from the respiratory tract. Fecal secretion of HRV sug-
esting enteric infection has been demonstrated before.19,20 This
ould possibly be a result of temporarily low stomach acid.

Interestingly, the child was infected with the same virus for at
east a month, but the last two follow-up samples on day 51, con-
aining another type of HRV, were collected when the child was,
nd remained, asymptomatic. Thus, our case also demonstrates
hat persistence of a strain, to exclude re-infection with another,

ust be confirmed with specific measures. In older children and
n adults, HRV shedding lasts usually 1–2 weeks.4,21 Immunologi-
al immaturity of a neonate may have contributed to the lengthy
hedding. Earlier, persistent HRV shedding has been recorded in
mmunocompromised lung transplant patients and in hypogam-

aglobulinemic patients.22,23

In conclusion, our observations support the view that specific
aboratory diagnosis of HRV infections should be used in children

ith severe pneumonia. On the basis of VP4/2 sequence analysis,
he fulminant and long lasting infection in our immunocompetent
eonate was caused by a type of HRV C species. The role of HRVs

n severe infections in children, either alone or in co-infections
ith other viruses or bacteria, may be much more important than
urrently appreciated.
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