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Abstract 

Background: Human metapneumovirus (hMPV) and respiratory syncytial virus (RSV) are the 

leading causes of acute respiratory illness in children. Clinical burden of each infection on the 

respiratory distress in asthmatic patients remains unclear. The purpose of the study is to clarify 

the effect of these infections on the severity of asthmatic children in the seasonal outbreaks. 

Methods: A total of 1,217 pediatric inpatients with hMPV (n=114) or RSV (n=1,103) infection in 

Yamaguchi prefecture, Japan between 2011 and 2014 were enrolled. Bronchial asthma was 

defined as having more than three episodes of wheezing illness over one year of age. Infection 

was determined by the positive antigen test for each virus in the nasal specimens. Results: The 

number of patients peaked at age 12-15 months in hMPV infection and at age 0-3 months in RSV 

infection. The proportion of hypoxic patients (40-50%) did not differ at any age between hMPV-

infected and RSV-infected children. In the analysis of date from >1 year old patients with 

hypoxia, hMPV-infection group was older (p=0.036), and more frequently had history of asthma 

(p=0.015) or abnormal chest roentgenogram (p<0.001) than RSV-infection group. Multivariate 

analysis indicated that the hypoxia-associated factors were history of asthma in both hMPV 

(Odds ratio [OR]: 15.8, p<0.001) and RSV infections (OR: 2.2, p=0.005), higher body 

temperature in hMPV infection (OR: 2.2, p=0.009), and younger age in RSV infection (OR: 1.4, 

p=0.004). Conclusions: Outbreaks of hMPV, rather than, RSV infection may have a greater 
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impact on the development of hypoxic respiratory illness in asthmatic children. 

(Word counts: 250 <250 words) 
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Introduction 

Human metapneumovirus (hMPV) is a member of the paramyxovirus family that was 

discovered in 2001.
1
 It is a non-segmented, negative-sense, and single-stranded enveloped RNA 

virus in the same Pneumovirinae family as respiratory syncytial virus (RSV). According to the 

genomic sequencing and phylogenetic analysis, there is a single hMPV serotype with two 

subgroups, A and B. Each genotype appears to have at least two distinct subgroups (A1 and A2, 

and B1 and B2).
2
 hMPV infection is associated with upper and lower respiratory illness in 

infants and children worldwide.
1-4

. A seroepidemiologic study reported that more than 90% of 

children experience hMPV infection by 5 years of age and most do not require inpatient care.
5
 

However, children hospitalized for severe hMPV infection often have underlying disorders 

including premature birth, chromosome aberration, congenital heart disease, bronchial asthma, or 

immunosuppressive conditions.
6-8

 

RSV is also a major pathogen of acute respiratory illness in infants presenting with 

bronchitis, bronchiolitis, and pneumonia. The clinical manifestations of hMPV-infected children 

are indistinguishable from those of RSV-infected ones
3,4

, although acute respiratory failure in 

infancy suggests RSV rather than hMPV infection.
9
 Previous studies suggested that both viruses 

trigger the exacerbation of bronchial asthma in children.
10,11

 However, the age-dependent 

severity of patients with hMPV and RSV infections has not been fully explained.  
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We hypothesized that there are differences in the clinical characteristics of asthmatic 

children infected with RSV or hMPV. The present study aimed to determine the clinical impact 

of hMPV and RSV infections on the severity of asthma in children during a period of seasonal 

outbreaks in an area with over one million population. 

Patients and Methods 

The present study included all patients who were hospitalized for the treatment of hMPV or 

RSV infection in the divisions of pediatrics of 13 hospitals in Yamaguchi prefecture, Japan, 

between April 2011 and June 2014. More than 85% of pediatric inpatients with each virus 

infection was estimated to be covered during the period, because only 14 institutions offer 

pediatric inpatient care in this prefecture, located at the western edge of the main island of Japan, 

covering 6110.9 km
2
, and with a population of 1,445,702. The diagnosis of each virus infection 

was determined using immunochromatographic assay (Check hMPV, Meiji Seika Pharma Co. 

Ltd., Tokyo, Japan) or polymerase chain reaction (performed at Yamaguchi Prefectural Institute 

of Public Health and Environment) using nasal epithelial cells obtained with cotton swabs. These 

tests were performed to determine the pathogens in hospitalized patients with respiratory 

infection for the official report to infection surveillance in the prefecture. The decision for 

hospitalization was determined by each pediatrician based on the children’s conditions. Clinical 

data of these patients were retrospectively collected from the medical records including age, sex, 
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previous and family histories, clinical and laboratory findings at diagnosis and during the 

treatment course, and outcomes. The laboratory and chest radiographic findings on admission 

were included in the analyses, in addition to the highest body temperature and lowest 

percutaneous oxygen saturation during hospitalization. These variables were compared between 

hMPV and RSV infections, with a focus on asthmatic patients. The history of bronchial asthma 

was defined as having more than three episodes of wheezing illness according to Japanese 

Pediatric Guidelines for the Treatment and Management of Asthma 2012.
12

 This guideline 

recommends that patients with moderate asthma attack (92-95% of percutaneous oxygen 

saturation: SpO2) are hospitalized to receive oxygen therapy. Hypoxia was then defined as <95% 

SpO2 in the present study. To assess the effect of each infection on hypoxia (<95%) in asthmatic 

patients, patients less than one year of age were excluded from the sub-analysis because the 

diagnosis of bronchial asthma might not be definitive in infants. To evaluate the impact of 

bronchial asthma on hypoxia, patients with underlying diseases except for bronchial asthma; who 

were premature births; or who had congenital heart disease, neurologic disorder, chromosomal 

abnormalities, and others were excluded. We defined hypoxia as the lowest SpO2 under 95% 

during hospitalization. Abnormal chest radiographic findings were defined as pulmonary 

consolidation encompassing all kind of infiltrates in the lung fields, based on the interpretation 

by pediatricians and/or radiologists. 
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This observational study was approved by the Institutional Review Board of Yamaguchi 

University Hospital (H24-11).  

Statistical analysis 

Differences between groups were analyzed using chi-square and Mann-Whitney U tests. 

Factors associated with the occurrence of hypoxia were evaluated using multiple logistic 

regression analysis. The factors examined as explanatory variables included age, body 

temperature, history of asthma, and abnormal chest radiographic findings. P values less than 0.05 

were considered significant. The analyses and calculations were performed using JMP Pro 

version 11.2.0 (SAS Institute Inc., Tokyo, Japan). 

Results 

Epidemiology of hMPV and RSV infections  

Data were obtained from 1,934 hospitalized patients infected with hMPV or RSV in 

Yamaguchi prefecture, Japan between April 2011 and June 2014 (Fig., Supplemental Digital 

Content 1, http://links.lww.com/INF/D163). After excluding 717 patients (over 20 years of age, 

duplicate cases, and lack of analyzable data), 114 and 1,103 hospitalized children with hMPV 

and RSV infection were included, respectively.  

The seasonal changes in the numbers of hMPV and RSV-infected children were as follows 

(Fig., Supplemental Digital Content 2, http://links.lww.com/INF/D164). The number of 
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pediatric inpatients with hMPV infection started to increase in February, peaked in April, and 

then rapidly decreased in June. In contrast, the number of those with RSV infections increased in 

July, peaked in September and December, and then gradually decreased. The age distributions of 

the patients with hMPV (n = 114) and RSV infections (n = 1,103) are shown in Figure 1. The 

number of pediatric inpatients with hMPV-infection peaked at 12-15 months of age and was 

widely distributed among those over 24 months of age. In contrast, 919 of the 1,103 pediatric 

inpatients with RSV-infections (83.3%) were under 24 months of age. 

Clinical profiles of pediatric inpatients with hMPV or RSV infections  

The demographics and clinical findings were compared between the hMPV and RSV 

groups (Table 1). Pediatric inpatients with hMPV infections were older than those with RSV 

infections (median age, 22 months vs. 9 months; p <0.001). The body temperature of children in 

the hMPV group was higher than that in the RSV group (median, 39.0°C vs. 38.4°C; p <0.001). 

The serum levels of C-reactive protein in the hMPV group was higher than that in the RSV group 

(median, 1.5 mg/dL vs. 0.69 mg/dL; p <0.001). In contrast, the median SpO2 and leukocyte 

counts did not differ between the hMPV and RSV groups. Approximately half of the patients 

with either infection developed hypoxia, regardless of age group (Figure 1). The proportion of 

hypoxic patients tended to be higher at one year and over 5 years of age in hMPV-infected 

patients compared to the RSV-infected patients; however, the difference was not statistically 
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significant (Figure 2). 

The frequency of hMPV-infected patients with abnormal chest radiographic findings was 

higher than that of RSV-infected patients (85.0% vs. 46.4%; p <0.001). The frequency of hMPV-

infected patients having a history of bronchial asthma was higher than that of RSV-infected 

patients (18.4% vs. 6.0%; p <0.001). There were no differences in the prevalence of other 

underlying diseases affecting respiratory conditions between hMPV-infected and RSV-infected 

infants and children. 

Patients 1 year and older with hypoxia and hMPV or RSV infections  

To assess the clinical burden in asthmatic patients with these infections, we performed 

subgroup analysis of the demographics and clinical features of children 1 ≥ year of age who 

developed hypoxia during the treatment course for hMPV or RSV infection (Table 2). The 

hMPV-hypoxic children were older than the RSV-hypoxic children (median age, 23 months vs. 

20 months; p = 0.036). The frequency of hMPV-hypoxic children with abnormal chest 

radiographic findings was higher than that of RSV-hypoxic children (91.1% vs. 62.1%; p 

<0.001). The frequency of hMPV-hypoxic children with a history of bronchial asthma was 

higher than that of RSV-hypoxic children (35.6% vs. 17.7%; p =0.015). The prevalence of other 

underlying diseases did not differ between hMPV-hypoxic and RSV-hypoxic children. When the 

clinical findings of hypoxic infants were compared between hMPV and RSV infection, the 
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frequency of abnormal radiographs was higher in hMPV-infected patients (Table, Supplemental 

Digital Content 3, http://links.lww.com/INF/D165).  

To confirm the impact of hMPV and RSV infection on the severity of asthmatic children 

alone, multiple logistic regression analyses were performed for the factors associated with 

hypoxia separately in 84 hMPV-infected patients and 425 RSV-infected patients (SDC 1, 

http://links.lww.com/INF/D163 Table 3). In the analysis of hMPV infection, body temperature 

(odds ratio [OR] 2.23 for each °C increase, p =0.009) and history of bronchial asthma (OR 15.8, 

p <0.001) were selected as the contributory parameters for hypoxia. In the analysis of RSV 

infection, increasing age reduced the risk of hypoxia (OR 0.735 for each one-year increase in 

age, p =0.004) and history of bronchial asthma (OR 2.22, p =0.005) was selected as the 

contributory parameter for hypoxia. In asthmatic children with either virus infection, asthma 

controller therapy was not a contributory factor for the occurrence of hypoxia (Table, 

Supplemental Digital Content 4, http://links.lww.com/INF/D166). 

Discussion  

The notable finding in the present study was that hMPV-infected children who required 

inpatient care more frequently had a history of asthma and chest x-ray infiltrations than RSV-

infected ones, while nearly half had hypoxia regardless of the causative virus. A history of 

asthma was identified as a hypoxia-associated factor in children with hMPV or RSV infections, 
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particularly in the former with an OR of >15. These results suggested that hMPV could induce 

more severe inflammation in the lungs of asthmatic children compared to those with RSV. Thus, 

outbreaks of hMPV rather than RSV infection might place a greater burden of hypoxia on 

patients with bronchial asthma. 

In this epidemiological study, hospitalized children with hMPV infection had a higher age 

at onset, body temperature, C-reactive protein levels, and proportions of abnormal chest x-ray 

findings and bronchial asthma history than seen in those with RSV infection. The disease 

severity did not differ between the two infections based on the equivocal rate of desaturation and 

duration of hospitalization. hMPV often causes severe respiratory illness in young infants, which 

is indistinguishable from RSV bronchiolitis.
3,4

 In this setting, the different impact of each virus 

on the disease course in pediatric patients has not been clarified. Several studies reported the 

effect of hMPV infection on the progression to bronchial asthma, as well as the opposite effect of 

bronchial asthma on the exacerbation of hMPV disease.
10,13,14

 Two studies compared 

exacerbating factors between hMPV- and RSV-infected children over one year of age, reporting 

that prematurity and chronic lung disease were risk factors for severe hMPV infection.
15,16

 

However, these studies did not determine the impact of bronchial asthma on the disease severity 

in children. In the present study, asthma history was the factor most related to hypoxia in either 

hMPV- or RSV-infected children after the exclusion of known underlying diseases, as shown in 
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Table 3. It posed a seven-fold increased risk of hypoxia in hMPV-infected children (15.8, p 

<0.001) than that in RSV-infected children (2.22, p = 0.005), although the value and accuracy of 

the ORs might not be directly comparable. This prefecture-wide survey over three years might be 

the first to report a greater impact of hMPV than RSV in asthmatic children. 

Distinct seasonal changes (Fig., Supplemental Digital Content 2, 

http://links.lww.com/INF/D164) and age distributions (Figure 1) of RSV-infected patients from 

hMPV-infected ones were as reported previously.
4,17

 Maternal antibodies against hMPV protect 

young infants against the infection or lessen the severity of illness.
2
 The age-dependent 

susceptibility to hMPV and RSV infections might thus be explained by sequential changes in 

virus-specific antibody titers after birth.
17

 A large cohort in Kenya showed that 97% of infants 

had detectable titers of RSV-specific maternal antibody. The seroprevalence gradually declined 

with age according to the half-life the maternal antibody (2.6 months).
18

 In contrast, a study in 

the United States of America showed that 90% of infants less than six months of age had hMPV-

specific maternal antibodies.
5
 The seroprevalence declined to 35% 12-23 months after birth, 

which corresponded to the minimum value. However, antibody responses do not always explain 

severe hMPV disease.  

Serum C-reactive protein levels in hMPV patients were reportedly higher than those in 

RSV patients.
19

 These may account for the pathophysiology of hMPV-induced pneumonia in 
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children in contrast to RSV-induced bronchiolitis in young infants.
19 Compared to mice 

infected with RSV, hMPV infection induced a stronger inflammatory cytokine response.
20

 Mice 

infected with hMPV had significantly higher levels of tumor necrosis factor-α, interleukin-6, and 

monocyte chemotactic protein-1 than those of RSV-infected mice. In addition, hMPV induced 

considerable airway obstruction and histopathology, while only minimal changes occurred in 

mice infected with RSV. These discrepancies between hMPV and RSV in immune response 

might cause increased frequencies of asthma attack and pneumonia in the hMPV group than in 

the RSV group. 

The present study assessed hMPV or RSV infection-induced hypoxia in hospitalized 

children irrespective of the requirement for long-term management of bronchial asthma (data not 

shown). Further studies are necessary to shed light on the pathophysiology that predisposes 

asthmatic children to excessive pulmonary inflammation in hMPV infection. 

This clinical and epidemiological study had some limitations. First, there might have been a 

potential bias when pediatricians decided to perform tests or hospitalization. This problem is 

inevitable due to the study design. A prospective study is necessary to confirm the impact of 

virus infection in asthmatic children. Second, virus-induced wheezing was not completely 

excluded in asthmatic children for the clinical definition, although additional data such as atopy, 

family history of asthma, and allergy testing might effectively rule out any wheezing disease. 
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Third, Japanese medical insurance requires the completion of chest x-ray to perform the rapid 

hMPV detection kit. The institutional constraint might have affected the frequency of chest x-ray 

and its abnormality in the hMPV group. Fourth, not all patients received culture-based 

bacteriological examinations for respiratory illness. The potential effects of bacterial co-infection 

on respiratory conditions and laboratory data were not considered. Finally, host immune 

responses including cytokine levels were not assessed in the analysis of the pathophysiology of 

hMPV or RSV infection, although any underlying diseases other than bronchial asthma affecting 

respiratory conditions were excluded. 
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Figure legends 

Figure 1  

Age distributions of patients hospitalized with hMPV or RSV infections. 

The peak of hospitalization with hMPV infection was 12-15 months of age. In comparison, the 

peak of hospitalization with RSV infection was under 24 months of age. 

Figure 2  

Percentages of hypoxic patients with hMPV and RSV infections. 

In each age group, certain patients experienced hypoxia. At one year and more than five years of 

age, more patients with hMPV tended to experience hypoxia compared to those with RSV. 
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Table  1 .  Cl in ica l  prof i les  of  the  patients  with  hMPV infection or RSV infect ion  

-- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- - - -- - - -- -- -- -- - -- -- -- - -  

median ( range)  to ta l  hMPV RSV  p -va lue  

 (n=1217)  (n=114)           (n=1,103)                  

- - -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- - - -- - - -- -- -- -- - -- -- -- - -  

Age,  years  0 .83 (0m-18y)  1 .83 (1m-12y)  0 .75 (0m-18y)  <0.001  

Body tempera ture , °C  38.5 (36.0 -41 .7)  39.0  (36.6 -41 .7)  38.4 (36.0 -41 .5)  <0.001  

SpO 2 ,  % 95.0 (30 -99)  95 (70-98)  95 (30 -99)  1 .00  

WBC, ×10
9
/L  9 .50 (2 .50-34 .1)  9 .22 (2 .50 -27 .0)  9 .56 (3 .28 -34 .1)  0 .239  

CRP,  mg/dL 0.73 (0 -19.4)  1 .5  (0 .03 -19 .4)  0 .69 (0 -17.8)  <0.001  

Abnormal f ind ings o f  ches t  x -ray  609,  50 .0% 97,  85 .0% 512,  46 .4% <0.001  

Durat ion  of  hospi ta l iza t ion,  days  6  (0 -45)  6  (3 -33)  6  (0 -45)  0 .109  

Under lying d iseases  

   His to ry of  b ronchial  as thma
†
 87,  78 .9% 21,  18 .4% 66,  6 .0% <0.001  

Premature  infants          25,  2 .3% 1,  0 .8% 24,  2 .1% 0.299  

   Congeni ta l  hear t  d isease s  25,  2 .3% 2,  1 .8% 23,  2 .1% 0.808  

   Neuro log ical  d isorders  10,  0 .9% 1,  0 .9% 9,  0 .8% 0.946  

   Chromosomal abnormal i ty  16,  1 .5% 4,  3 .5% 12,  1 .1% 0.066  

   Others
‡
 4 ,  3 .6% 0 4,  0 .4% -  

-- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- - - -- - - -- -- -- -- - -- -- -- - -  

†  Bronchia l  as thma was defined as  having more than  3 t imes of  wheezing i l lness  in  pa t ien ts  o f  one  year  and over.  

‡  Others  inc luded laryngomalacia ,  ob l i terat ing bronchio l i t is ,  fe ta l  p leura l  e ffus ion,  and thorac ic  hypoplas ia .  
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Table  2 .  Cl in ica l  f indings of  one year and over pat ients  with hypoxia
†
 af ter hMPV or RSV infect ion  

-- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- - - -- - - -- --  

median ( range)  hMPV RSV  p -va lue  

 (n=45)           (n=232)                  

- - -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- - - -- - -- -- -- -- - - -- --  

Age,  years  1 .92 (1 -12)  1 .67 (1 -18)  0 .036  

Body tempera ture , °C  39.2  (37.0-41 .7)  39.0  (37.0-40 .7)  0 .069  

WBC, ×10
9
/L  8 .36 (2 .50-22 .3)  9 .20 (3 .65-33 .5)  0 .052  

CRP,  mg/dL 1.47 (0 .06-9 .45)  1 .28 (0 -16.0)  0 .372  

Abnormal f ind ings o f  ches t  x -ray  41,  91 .1% 144,  62 .1% <0.001  

Durat ion  of  hospi ta l iza t ion ,  days  8  (4 -33)  7  (2 -45)  0 .047  

Under lying d iseases  

   His to ry of  b ronchial  as thma
‡
 16,  35 .6% 41,  17 .7% 0.015  

Premature  infants  1 ,  2 .2% 12,  5 .2% 0.885  

   Congeni ta l  hear t  d isease s  2 ,  4 .4% 9,  3 .9% 0.407  

   Neuro log ical  d isorders  1 ,  2 .2% 8,  3 .4% 0.823  

   Chromosomal abnormal i ty  4 ,  8 .9% 7,  3 .0% 0.098  

   Obl i terat ing  bronchio l i t is  0  1 ,  0 .4% 0.551  

-- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- - - -- - -- -- -- -- - - -- --  

†  Hypoxia  was def ined  as  having less  than 95% of  SpO 2 .  

‡  Bronchia l  as thma was defined as  having more than  3 t imes of  wheezing i l lness  in  pa t ien ts  o f  one  year  and over.  
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Table 3 .  Mult ivar iate  ana lys is  for the assoc iat ion  var iables  af fecting hypoxia
†
 af ter hMPV or RSV infect ion  

-- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- - - - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -  

Study popula t ion  Variab les  Odds rat io   95% CI lower-upper  l imi t  p -va lue  

-- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- - - -- - - -- -- -- -- - -- -- -- - -  

a) One year  and over pat ien ts  wi th hMPV infec t ion  

n=84 Age (1 -year  gain)  0 .868  0.640-1.14  0 .316  

 Body tempera ture  (1  °C eleva te)  2 .23  1 .22-4.42  0 .009  

 His tory of  b ronchia l  as thma
‡
 15.8  4 .13-82.2  <0.001  

 Abnormal f ind ings o f  ches t  x -ray 2 .24  0 .521-11.2  0 .284  

 

b)  One year  and over pat ien ts  wi th RSV infect ion  

n=425 Age (1 -year  gain)  0 .735  0.590-0.907  0.004  

 Body tempera ture  (1  °C eleva te)  0 .912  0.724-1.146  0.430  

 His tory of  b ronchia l  as th ma 2.22  1 .26-3.99  0 .005  

 Abnormal f ind ing s o f  ches t  x -ray 1 .00  0 .670-1.49  0 .998  

-- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- -- -- - - -- -- -- -- - -- -- -- - -- -- - - -- - - -- -- -- -- - -- -- -- - -  

†  Hypoxia  was def ined  as  having less  than 95% of  SpO 2 .  

‡  Bronchia l  as thma was defined as  having more than  3 t imes of  wheezing i l lness  in  pa t ien ts  o f  one  year  and over.  
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