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We encountered two human metapneumovirus (HMPV)-infected children who developed respiratory
distress due to bronchopneumonia during hospitalization. There was no evidence of abnormal findings
in the gastrointestinal or genitourinary tracts or the nervous or mucocutaneous systems. Their respi-
ratory conditions rapidly improved upon the initiation of steroid therapy. Increases and decreases in
serum concentrations of various inflammatory cytokines, including interferon-g, and interleukin-6/10,
were evaluated before and after steroid administration. General practitioners should be aware of the
possibility of high-inflammatory cytokinemia when examining and treating children with HMPV infec-
tion and respiratory distress due to bronchopneumonia.

Copyright � 2012, Taipei Medical University. Published by Elsevier Taiwan LLC. All rights reserved.
1. Introduction

Human metapneumovirus (HMPV), a newly discovered pneumo-
virus of the Paramyxoviridae family, was first isolated from young
childrenwith acute respiratory tract illness in the Netherlands.1 The
clinical syndromes induced by HMPV infection in children are
similar to those caused by respiratory syncytial virus (RSV) infec-
tion, ranging from mild respiratory problems to severe cough,
bronchiolitis, and pneumonia.1,2

Comprehensive detection of HMPV, RSV, and other respiratory
viruses can be performed using a real-time reverse transcription
(RT)-polymerase chain reaction (PCR) assay that analyzes clinical
nasopharyngeal swab specimens.3 We encountered two HMPV-
infected children who developed respiratory distress due to bron-
chopneumonia during hospitalization. Their respiratory conditions
rapidly improved upon the initiation of steroid therapy. Increases
and decreases in the serum concentrations of various inflammatory
cytokines were evaluated before and after steroid administration.
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Here, we report the characteristic immune response that was
induced by HMPV infection during respiratory distress along with
the clinical course.
2. Case reports

2.1. Patient 1

A previously healthy 3-year-old boy presented with a 3-day history
of high fever andproductive cough. Hewas referred to the pediatrics
department because of prolonged symptoms. The patient was
hospitalized on the fourth day after onset. Physical examination on
admission revealed a fever (38.4�C) and bilateral coarse inspiratory
rales upon auscultation. Respiratory distress was not evident from
the respiratory rate (RR; 30 breaths/minute) or percutaneously
measuredoxygen saturation (SpO2; 97%)whenbreathing roomair. A
chest roentgenogram performed on admission indicated increased
linear shadows in both hila without hyperaeration. Laboratory
findings included a reduced white blood cell count (WBC;
3200 cells/mL) and a slightly elevated serum concentrations of
C-reactive protein (CRP; 1.3 mg/dL; normal range: <0.3 mg/dL),
aspartate aminotransferase (AST; 68 IU/L), and lactate dehydroge-
nase (LDH; 361 IU/L). To determine the etiologic agent, a nasopha-
ryngeal swab sample was collected after the patient’s written
by Elsevier Taiwan LLC. All rights reserved.
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informedconsentwas signedbyhis respective guardian/parent. This
specimenwas sent to the Laboratory of Molecular Epidemiology for
Infectious Agents at Kitasato Institute for Life Sciences, and
a comprehensive rapid analyses using real-time RT-PCR was per-
formed to detect RSV subgroups A and B, influenza virus types A and
B, pandemic (H1N1) 2009 virus, parainfluenza virus types 1e3,
rhinovirus, enteroviruses, HMPV, human bocavirus, and adeno-
virus,4,5 as well as real-time PCR to identify Streptococcus pneumo-
niae, Haemophilus influenzae, Mycoplasma pneumoniae, Legionella
pneumophila, Chlamydophila pneumoniae, and S pyogenes.6,7 The
specific primers used to detect HMPV in the real-time RT-PCR
analysis included a sense primer (5’-AACCGTGTACTAAGTGA
Figure 1 Clinical courses of patient 1 (Figure 1A) and patient 2 (Figure 1B), including vital sig
kg/day) for 3 days was initiated on the sixth day after onset. Elevations in serum IFN-g, IL-6
concentration of IL-17A was demonstrated during the convalescent phase. RR, respiratory ra
measured oxygen saturation; IL, interleukin; TNF, tumor necrosis factor; IFN, interferon; W
lactate dehydrogenase; sIL-2R, soluble interleukin-2 receptor.
TGCACTC-3’) and a reverse primer (5’-CATTGTTTGACCGGCCCCATA
A-3’); a specific molecular beacon probe, 6-carboxyfluorescein-
GCTGCCCTTTGCCATACTCAATGAACAAACGGCAGC- black hole
quencher 1 (213 bp), was also used. The nucleocapsid gene of
HMPV (GenBank accession number: AF371337) was used as
the RT-PCR target. This test detected HMPV cDNA, but no
other respiratory bacterial or viral DNAs were present. Bacterial
culturing of the same specimen yielded no causative pathogens.

The patient’s vital signs, treatments, and laboratory data during
the clinical course are shown in Figure 1A. The patient received oral
clarithromycin (10 mg/kg/day) to prevent a secondary bacterial
infection, according to the 2007 guidelines adopted for the
ns, treatments, and laboratory data. Intravenous administration of prednisolone (2 mg/
, and IL-10 concentrations resolved after the initiation of steroid therapy. A high serum
te; BT, body temperature; CLR, clarithromycin; PSL, prednisolone; SpO2, percutaneously
BC, white blood cells; CRP, C-reactive protein; AST, aspartate aminotransferase; LDH,



Figure 1 (continued).
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management of children with respiratory infectious diseases in
Japan.8 On the sixth day after onset, respiratory distress due to
bronchopneumonia became evident with tachypnea (RR:
45 breaths/minute), supraclavicular and intercostal inspiratory
retraction, and decreased SpO2 (93%) when breathing room air.
Vesicular sounds were also insufficient over both hemithoraces.
There was no evidence of abnormal findings in the gastrointestinal
or genitourinary tracts or the nervous or mucocutaneous systems.
The patient required oxygen supplementation (2 L/min). Testing of
the immediately obtained blood specimen indicated increases in
AST, LDH, ferritin, and soluble interleukin-2 receptor (sIL-2R) levels.
There were no data indicative of bacterial coinfection because the
WBC count and CRP level were not significantly elevated. Based on
these findings, HMPV infection appeared to induce respiratory
distress by eliciting an excessive immune response. Intravenous
administration of prednisolone (PSL; 2 mg/kg/day) for 3 days was
initiated to inhibit the excessive immune response. The patient’s
respiratory condition rapidly improved after steroid therapy was
initiated without any steroid-related adverse events. On the 11th
day, the boy was discharged. No recurrence of respiratory distress
was evident at the follow-up assessment performed on the 19th
day after onset.
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2.2. Patient 2

A previously healthy 4-year-old boy presented to our department
with a 4-day history of high fever and productive cough. He was
hospitalized on the fifth day after onset. Coarse inspiratory rales
were bilaterally audible, but respiratory distress was not evident.
A chest roentgenogram performed on admission indicated
increased lin’ear shadows in both hila without hyperaeration.
A nasopharyngeal swab sample was obtained and sent to the same
laboratory as patient 1. The RT-PCR assay detected HMPV cDNA, but
no other respiratory viral DNAs were detected. Two bacterial DNAs
(S pneumoniae and H influenzae) were positive, and culturing of the
same specimen resulted in the growth of the same organisms.
However, these bacterial contributions were considered to be
insignificant becauseWBC and CRP levels were not elevated during
hospitalization.

The clinical course and related information are shown in
Figure 1B. On the sixth day after onset, respiratory distress due to
bronchopneumonia became evident with tachypnea (RR:
52 breaths/minute), supraclavicular and intercostal inspiratory
retraction, and decreased SpO2 (90%) when breathing room air.
Vesicular sounds were also insufficient over both hemithoraces.
The patient required oxygen supplementation (3 L/minute).
Immediate blood testing revealed elevation in his AST, LDH, ferritin,
and sIL-2R levels. These findings suggested that the respiratory
distress might be induced by an excessive immune response caused
by HMPV infection. Intravenous administration of PSL (2 mg/kg/
day) for 3 days was initiated to inhibit the excessive immune
response. The patient’s respiratory condition rapidly improved
after steroid therapy was initiated without any steroid-related
adverse events. On the 9th day, the boy was discharged, and no
recurrence of the distress was evident at a follow-up assessment
performed on the 13th day after onset.

2.3. Analysis of the serum cytokine profiles

In these two cases, serum samples were obtained during the acute
phase and convalescent phase after the patients’ written informed
consent was signed by his respective guardian/parent. Circulating
levels of seven inflammatory cytokines were measured using the
BD CBA kit (Becton-Dickinson Biosciences, San Diego, CA, USA) and
the BDTM cytometric bead array system (Becton-Dickinson).9 We
confirmed increases and decreases in the serum concentrations of
various inflammatory cytokines, including interferon (IFN)-g, IL-6,
and IL-10, both before and after steroid administration. There
were different ratios of IFN-g to IL-4 in the sera, which were
determined to assess T helper (Th) balance in the immune
responses (i.e., Th1/Th2) of these two cases. Th2 polarization
(IFN-g/IL-4: 27.0/5.5) was observed in patient 1, while there was
a potential Th1 shift (IFN-g/IL-4: 29.4/0) in patient 2.

3. Discussion

The high serum concentrations of ferritin and sIL-2R, as well as the
elevated AST and LDH levels, suggested that excessive immune
responses contributed to our patients’ respiratory disturbances.
Therefore, we determined the circulating concentrations of various
inflammatory cytokines (IFN-g, IL-6, IL-10, etc.) in the acute phase,
although we were unable to investigate the cytokine values in the
respiratory secretions. A previous retrospective study on circulating
cytokines in five HMPV-infected infants reported increases in
serum IFN-g and IL-6 levels.10 The concentration of the proin-
flammatory IL-8 cytokine has also been reported as elevated in
nasal secretions obtained from 10 HMPV-infected children who
presented with the sudden onset of wheezing.11 In a mouse model,
IL-6 and IL-10 levels in bronchoalveolar lavage fluid were signifi-
cantly higher in HMPV-infected mice than in RSV-infected mice.12

Accordingly, our findings regarding inflammatory cytokine
concentrations are compatible with previous investigations on
HMPV infection-induced immune responses.

Thecytokine profiles of the nasal secretions were prospectively
determined during primary infection with HMPV (n ¼ 22), RSV
(n¼ 46), and influenza virus (n¼ 19) in infantswhowere brought to
emergency departments or outpatient clinics.13 Influenza induced
higher concentrations of IFN-g, IL-4, and IL-2 than the other
infections.13 Interestingly, infants infected with HMPV demon-
strated a lower IFN-g/IL-4 ratio (approximately half the ratio
reported for RSV infection or influenza), suggesting greater Th2
tendencies than infants with other viruses.13 These observations
are also in agreement with the Th2 tendencies reported in a murine
model of HMPV or a model infected with an inactivated form of the
virus,14e16 suggesting that HMPV plays a role in exacerbating
asthma.15 Respiratory infections with HMPV or RSV have recently
been reported to induce different host responses in mice.17 Further
analysis of the serum cytokine profiles will need to be performed
on HMPV-infected children with respiratory failure.

Steroid challenges have been administered to childrenwith RSV
infection in several clinical situations. However, the effectiveness of
steroid therapy has not been documented in clinical studies.18,19 In
the acute phase of RSV infection in infants, an increase in the
plasma cortisol level coincided with decreases in IL-12 and IFN-g
production.20 The increase in plasma cortisol was also greater in
infants with more severe illness and associated with lower levels of
IL-12 and IFN-g production.20 In another report,21 the systemic
administration of dexamethasone did not have a consistent effect
on the concentrations of proinflammatory cytokines in tracheal
aspirates from children with severe RSV disease. Inhaled steroids
did not demonstrate significant effects to ciliary beat frequency or
the ultrastructure of the ciliated respiratory epithelium of infants
following viral bronchiolitis.22 No specific guidelines exist for the
treatment of children with HMPV infection caused by respiratory
distress. Definitive proof of both the efficacy and safety of systemic
steroid administration in HMPV-infected infants being treated for
respiratory distress requires a randomized trial.

The interaction between IL-6 and CRP is well documented in
cardiovascular diseases.23 Whereas increases in serum IL-6
concentrations have been observed in the acute phase before the
initiation of PSL therapy, markedly elevated CRP levels in the sera
were not confirmed at the same time. Therefore, a relationship
between IL-6 and CRP was less likely to have occurred in the two
cases of respiratory stress and high-inflammatory cytokinemia.

In conclusion, general practitioners should be aware of the
possibility of high-inflammatory cytokinemia when examining and
treating children with HMPV infection and respiratory distress due
to bronchopneumonia.
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