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Abstract
Objective: The clinical course of human metapneumovirus (hMPV) infection is similar to that of coronavirus 2019 disease (CO-
VID-19). However, community-acquired hMPV infections in adults have not yet been sufficiently investigated. We examined the 
detection status of hMPV antigens and the clinical features of positive patients during the first wave of COVID-19, which coincided 
with the epidemic season of hMPV infection in Japan.
Methods: In this cross-sectional, observational, and single-center study, we recruited consecutive individuals who visited the 
Japan Agricultural Cooperatives Kochi Hospital due to fever, respiratory symptoms, or close contact with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infected persons during the period from January to May 2020.
Results: The positive rate of immunochromatography for hMPV antigens from nasopharyngeal swabs was 9.5% (4/42), and four 
positive cases were community-acquired pneumonia (CAP) (5.3% of all CAP). The positive rate of hMPV antigens in the CAP 
group (30.8%, 4/13) was higher than that in the non-pneumonia group (0.0%, 0/19) (p < 0.05). The average age of the four adult 
patients with CAP was 69.8 years (range 35–93). Mean white blood cell counts and C-reactive protein blood levels were 6,250 cells/
μL (3,500–12,180) and 4.30 mg/dL (4.05–7.04), respectively. Chest computed tomography images were diverse and two patients 
showed dense consolidation. No multi-organ disorder was noted during the clinical course in any of the four cases, and their prog-
noses were good.
Conclusion: hMPV infection may be considered in the differential diagnosis of COVID-19 and CAP in Japan under the preventive 
measures for SARS-CoV-2 infection, at least during the epidemic season of hMPV infection.
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Introduction

Human metapneumovirus (hMPV) is an enveloped neg-
ative-sense RNA virus that targets the respiratory tract epi-
thelium. hMPV was newly identified in 2001 and is thought 
to cause upper or lower respiratory tract diseases, mainly in 
children1–4). However, it has become clear that hMPV also 
causes outbreaks in elderly individuals in long-term care fa-
cilities (attack rate 34–72%) and inpatients with severe motor 
and intellectual disabilities (attack rate 41%)5–7). In such cas-
es, some infected patients present with pneumonia and severe 
respiratory failure. In addition, hMPV was detected in ap-
proximately 4% of adult patients with community-acquired 
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pneumonia (CAP) requiring hospitalization8, 9), and the fre-
quency of hMPV infection in patients with severe pneumo-
nia in intensive care units was 6.6%10). However, in Japan, the 
hMPV antigen test has not been actively performed for adult 
patients because the test is only covered by health insurance 
for children. Therefore, intrafamily or nosocomial infections 
due to hMPV may occur or may have already occurred with-
out detection. Moreover, the actual hMPV detection status 
in daily practice and the clinical presentation of positive pa-
tients, including radiological manifestations, have not been 
sufficiently investigated in adults in communities.

Currently, coronavirus 2019 disease (COVID-19) due to 
infection with severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) is expanding worldwide. Moreover, the 
number of active COVID-19 cases will continue to fluctu-
ate over the long term. Adults with COVID-19 have a wide 
range of disease presentations from asymptomatic infection 
to a flu-like illness, pneumonia, and severe respiratory fail-
ure, after an incubation period of 6.4 days (95% credible 
interval: 5.6–7.7)11, 12). Therefore, differentiation from other 
respiratory diseases, especially infections caused by known 
microorganisms that can induce atypical pneumonia, is im-
portant for disease control13).

In the typical clinical course of hMPV infection, upper 
respiratory tract symptoms appear after an asymptomatic 
period of about four to six days and resolve spontaneously in 
about one week; however, some patients present with lower 
respiratory tract involvement with persistent wheezing, in-
cluding asthma and COPD exacerbations, or pneumonia14–21). 
Therefore, it is not always easy to distinguish hMPV infec-
tions from COVID-19 based solely on the clinical course. 
In addition, the typical computed tomography (CT) appear-
ance of COVID-19, that is, bilateral subpleural ground-glass 
opacities (GGOs) with or without consolidation, overlap 
with those of other viral pneumonias, including hMPV22). 
In fact, hMPVs have been identified by a comprehensive 
search of clinical specimens of patients with suspected CO-
VID-19 in which SARS-CoV-2 was not detected, although 
details of the clinical presentations of hMPV-positive cases 
are unknown23, 24).

In this study, we examined the detection status of hMPV 
antigens from adult nasopharyngeal swabs and the clinical 
features of positive patients in the first wave of COVID-19, 
which coincided with the epidemic season of hMPV infec-
tion in Japan (around January–May 2020)25). Our data indi-
cated that the positive rate of all tests was 9.5% (4/42) and 
four positive cases were CAP (5.3% of all CAP), suggesting 
that hMPV infection may be considered in the differential 
diagnosis of COVID-19 and CAP in Japan, at least during 
the epidemic season of hMPV infection.

Materials and Methods
Study design

In this cross-sectional, observational, and single-center 
study, we recruited consecutive individuals who visited Ja-
pan Agricultural Cooperatives (JA) Kochi Hospital due to 
fever, respiratory symptoms, or close contact with SARS-
CoV-2 infected persons during the period from January to 
May 2020.

This study was approved by the Ethical Committee of JA 
Kochi Hospital (approval no. R2-003).

Patients
A total of 111 patients with pneumonia and 489 individu-

als who did not present with pneumonia but had undergone 
any rapid diagnostic tests for respiratory tract infections 
were enrolled. The tests included polymerase chain reac-
tion (PCR) for SARS-CoV-2, immunochromatography (IC) 
for hMPV, influenza and respiratory syncytial virus (RSV) 
antigens using nasopharyngeal swabs, IC for urinary Le-
gionella and Streptococcus pneumoniae antigens, and an 
enzyme immunoassay for serum anti-Mycoplasma pneu-
moniae IgM antibodies. We also investigated 34 pediatric 
patients who underwent hMPV antigen testing during the 
same period.

The adult subjects were divided into the following five 
groups: CAP (75 cases including 21 patients who required 
hospitalization), nursing and healthcare-associated pneumo-
nia (NHCAP; according to the Japanese Respiratory Society 
guidelines) and/or aspiration pneumonia (31 cases includ-
ing 27 patients requiring hospitalization), non-infectious 
pneumonia (five cases; cryptogenic organizing pneumonia 
[two cases], hypersensitivity pneumonia, eosinophilic pneu-
monia, and nonspecific interstitial pneumonia), patients 
without pneumonia (473 cases), and no clinical symptoms 
(16 cases; all were individuals who had close contact with 
SARS-CoV-2 infected people). Pediatric subjects included 
27 cases of CAP and seven cases of acute bronchitis.

Data collection
Clinical and laboratory data and radiological findings 

of all subjects enrolled in this study were reviewed from 
the electronic medical records. PCR tests for SARS-CoV-2 
were performed at the Kochi Prefectural Institute for Hy-
giene and Environment, and other tests were performed at 
our laboratory, including the use of ImunoAce Flu, RSV 
Neo and hMPV (TAUNS, Izunokuni, Shizuoka, Japan), Bi-
naxNOW Legionella and Streptococcus pneumoniae (Ab-
bott Laboratories, Chicago, IL, USA), and ImmunoCard 
Mycoplasma (Meridian Bioscience, Cincinnati, OH, USA).

We investigated the differences in the positive rates of 
the rapid diagnostic tests among the five groups and extract-
ed clinical data regarding the positive adult cases for the 
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hMPV antigen test. Next, the CT findings of the hMPV-pos-
itive adult cases were evaluated with reference to a report by 
a radiologist at our institute.

Statistical analyses
Fisher’s exact test was used for comparisons between 

groups. All tests were two-tailed, and P values <0.05 were 
considered statistically significant.

Results

The positive rates of rapid diagnostic tests for respirato-
ry tract infections in the study subjects are shown in Table 1. 
The positive rate for all hMPV antigen tests was 9.5% (4/42), 
and the four positive cases were CAP (5.3% of all CAP). The 
positive rate in the CAP group (30.8%, 4/13) was higher than 
that in the non-pneumonia group (0.0%, 0/19) (P<0.05). The 
influenza antigen test positive rate in the non-pneumonia 
group (25.1%, 102/407) was higher than that in the NHCAP/
aspiration pneumonia group (0.0%, 0/16) (P<0.05). In the 
CAP group, the positive rate for hMPV antigen tests (30.8%, 
4/13) was higher than that for Legionella antigen tests (0%, 
0/31) (P<0.01) and Streptococcus pneumoniae antigen tests 
(4.3%, 2/47) (P<0.05). In the non-pneumonia group, the pos-
itive rate for influenza antigen tests (25.1%, 102/407) was 
higher than that for hMPV (0.0%, 0/19) and RSV (0.0%, 
0/16) antigen tests (p < 0.05) and Legionella (0.0%, 0/28) 
and Streptococcus pneumoniae (0.0%, 0/57) antigen tests 
(P<0.01). The positivity rate for anti-Mycoplasma pneu-
moniae IgM antibodies (20.4%, 20/98) was also higher than 
that for hMPV (0.0%, 0/19) antigen tests (P<0.05) and Le-

gionella (0.0%, 0/28) and Streptococcus pneumoniae (0.0%, 
0/57) antigen tests (P<0.01).

The clinical features of the four adult patients with 
community-acquired hMPV infection are shown in Table 
2. The average age was 69.8 years (range 35–93), and two 
patients were male. Two patients had underlying vascular 
disease, and one had bronchial asthma. Fever (>37.0°C) was 
observed in all patients, with an average duration of 4.3 days 
(1–11). Three patients presented with fatigue or loss of appe-
tite. Cough was observed in three patients, one of whom had 
sputum production (normal flora in culture). Wheezing was 
observed in one patient. Mean white blood cell counts and 
C-reactive protein blood levels were 6,250 cells/μL (3,500–
12,180) and 4.30 mg/dL (1.16–7.04), respectively. Biochemi-
cal tests revealed a slight increase in creatine and a decrease 
in Alb in one patient, but no abnormalities in lactic dehydro-
genase, aspartate aminotransferase (AST), alanine transfer-
ase (ALT), and creatinine kinase (CPK) levels. The results 
of the other rapid diagnostic tests for respiratory tract infec-
tions were all negative, suggesting no mixed infections. The 
main CT findings were bronchial wall thickening, lobular 
opacity, and dense consolidation, and these findings were 
observed in both lungs of all four patients. Representative 
CT images of the four cases are shown in Figure 1. Antibiot-
ics were empirically administered to these patients without 
evidence of bacterial co-infection, and all patients recovered 
from pneumonia.

Discussion

hMPV can cause respiratory tract infections in patients 

Table 1	 Positive rates for the rapid diagnostic tests for respiratory tract infections in the study subjects

hMPV* SARS-CoV-2 Influenza† Respiratory 
syncytial virus

Mycoplasma 
pneumoniae

Legionella
Streptococcus 
pneumoniae

n tested
n posi-
tive (%)

n tested
n posi-
tive (%)

n tested
n posi-
tive (%)

n tested
n posi-
tive (%)

n tested
n posi-
tive (%)

n tested
n posi-
tive (%)

n tested
n posi-
tive (%)

Adults
CAP (n=75) ‡ 13 4 (30.8) 17 1 (5.9) 19 1 (5.3) 8 0 (0) 34 5 (14.7) 31 0 (0) 47 2 (4.3)
NHCAP /aspiration pneu-

monia (n=31)
7 0 (0) 5 0 (0) 16 0 (0) 3 0 (0) 6 1 (16.7) 15 0 (0) 24 2 (8.3)

Non-infectious pneumo-
nia (n=5)

3 0 (0) 4 0 (0) 0 NA 1 0 (0) 4 0 (0) 4 0 (0) 4 0 (0)

Non-pneumonia (n=473) § 19 0 (0) 7 0 (0) 407 102 
(25.1)

16 0 (0) 98 20 (20.4) 28 0 (0) 57 0 (0)

No clinical symptoms 
(n=16)

0 NA 16 1 (6.3) 0 NA 0 NA 0 NA 0 NA 0 NA

Children
CAP (n=27) 27 3 (11.1) 1 0 (0) 5 0 (0) 19 1 (5.3) 27 8 (30.0) 0 NA 0 NA
Acute bronchitis (n=7) 7 0 (0) 0 NA 1 0 (0) 0 NA 6 1 (17.0) 0 NA 0 NA

CAP: community-acquired pneumonia; NHCAP: nursing and healthcare-associated pneumonia; hMPV: human metapneumovirus; SARS-CoV-2: severe acute respira-
tory syndrome coronavirus 2. Adults: * CAP vs. non-pneumonia: P<0.05. † Non-pneumonia vs. NHCAP/aspiration pneumonia: P<0.05. ‡ hMPV vs. Legionella: P<0.01. 
hMPV vs. Streptococcus pneumoniae: P<0.05. § Influenza vs. hMPV, respiratory syncytial virus: P<0.05. Influenza vs. Legionella, Streptococcus pneumoniae: P<0.01. 
Mycoplasma pneumoniae vs. hMPV: P<0.05. Mycoplasma pneumoniae vs. Legionella, Streptococcus pneumoniae: P<0.01.
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of all ages. However, symptomatic infections mostly occur 
in younger children or older adults. In a series of 37 cases 
of hMPV infection in Canada, 35% of patients were under 
five years of age, and 46% were over 6526). Three of the four 
adult patients with hMPV infection diagnosed at our hospi-
tal were elderly (Table 2). Since most children are infected 
by the age of five according to seroprevalence study data, 
reinfection is thought to be the cause of hMPV infection 
in adults1). Therefore, in adult hMPV infections, the main 
presentation is upper respiratory tract infections, and the 
frequency of lower respiratory tract infections is lower than 
that in children14–16). However, all four patients diagnosed 
with hMPV infection at our hospital were in the CAP group 
(13 cases), and no hMPV antigens were detected in seven 
patients with NHCAP/aspiration pneumonia and 19 without 
pneumonia (Table 1). Clinical presentations of adult hMPV 
infections have been investigated mainly in outbreaks in 
long-term care facilities and hospitals. In this study, the 

main target of the analysis was patients infected in the com-
munity, which may be the reason why pneumonia was the 
main presentation, unlike in previously reported cases.

In the analysis of outbreaks of hMPV infection in long-
term care facilities, patients with pneumonia were report-
ed to have elevated AST, ALT, CPK, and white blood cell 
counts27). In the four cases of community-acquired hMPV 
pneumonia, leukocytosis was observed in one case, but no 
increase was observed in the other biochemical tests (Ta-
ble 2). The main CT finding of hMPV pneumonia in im-
munocompromised patients was extensive bilateral GGOs 
and signs of bronchitis/bronchiolitis (thickening of peri-
bronchovascular bundles and central lobular nodules)28). On 
the other hand, in hMPV-infected patients in outbreaks in 
long-term care facilities, lobular opacity with bronchial wall 
thickening was most frequently observed, while GGO and 
dense consolidation were rare27). All four cases of communi-
ty-acquired hMPV pneumonia showed lobular opacity with 

Table 2	 Clinical features of four adult patients with community-acquired hMPV infection

Patient 
no.

Age (years) / 
Sex

Comorbidities
Smoking  

status
Symptoms and 

signs

Highest body 
temperature 

(℃)

White blood 
cell count 
(cells/μL)

C-reactive  
protein (mg/dL)

LDH  
(IU/l)

AST  
(IU/l)

ALT  
(IU/l)

CPK  
(IU/l)

1 85/F Old cerebral 
infarction, 

hypertension, 
dyslipidemia

Nonsmoker Fever (1 days), 
Cough, Sputum 

(white or yellow),  
Loss of appetite

38.4 3,500 4.96 227 33 31 54

2 93/F Nothing par-
ticular

Nonsmoker Fever (3days), 
Cough, Wheeze, 

Fatigue

38.8 4,900 4.05 234 24 18 39

3 35/M Nothing par-
ticular

Current Fever (11 days), 
Cough

39.9 121,800 7.04 209 20 20 98

4 66/M Bronchial 
asthma, hyper-

tension

Former Fever (2 days), 
Fatigue

37.4 4,430 1.16 272 33 25 162

Patient 
no.

Albumin  
(g/dl)

BUN  
(mg/dl)

Creati-
nine  

(mg/dl)

Rapid Test

Main CT  
findings

Affected lobes OutcomeSARS-
CoV-2

Influ-
enza

RS virus

Myco-
plasma 
pneu-

moniae

Legio-
nella

Strepto-
coccus 
pneu-

moniae

1 4.4 14.2 1.2 NT (–) NT (–) (–) (–) Lobular opacity 
Bronchial wall thickening

Right middle and 
lower lobe. 

Left lower lobe

Survived

2 3.2 17 0.73 (–) (–) (–) (–) (–) (–) Dense consolidation 
Lobular opacity 

Bronchial wall thickening 
Pleural effusion

All lobes Survived

3 4 11.4 0.98 (–) (–) (–) (–) (–) (–) Dense consolidation 
Lobular opacity 

Bronchial wall thickening

Bilateral lower 
lobes

Survived

4 3.4 8.2 0.65 (–) (–) (–) (–) (–) (–) Lobular opacity 
Bronchial wall thickening

All lobes Survived

RS virus: respiratory syncytial virus.
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bronchial wall thickening, consistent with previous reports, 
and two of them had rare dense consolidation. Both patients 
exhibited persistent fever (Table 2). In hMPV infections that 
occur in adults in the community who appear to have no im-
mune disorders, inflammatory host responses in the lungs 
may be strongly induced, making them prone to dense con-
solidations. However, no multi-organ disorders seen in pa-
tients with hMPV infection in long-term care facilities were 
noted during the clinical course in any of the four cases, and 
their prognosis was good.

Transmission of hMPV appears to occur through direct 
or close contact with secretions carrying the virus involv-
ing droplets, aerosols, or medical equipment29). Intrafamily 
transmission of hMPV occurs mainly among children, but 
child-to-adult transmission has also been reported19). One 
patient with hMPV pneumonia (patient no. 3) had a child 
suspected of having MPV infection. Standard precautions 
were used for two patients with hMPV pneumonia requir-
ing admission to our hospital (patient no. 1 and 2), and no 
nosocomial infection was confirmed.

The epidemic season of hMPV infection varies depend-

ing on the region, and in Japan, it is from winter to spring 
(around January to May)25). However, sporadic cases occur 
throughout the year. The number of adult patients diagnosed 
with influenza at our hospital from January to May 2020 
was 103, which decreased compared to the same period of 
the previous year (281: data not shown). The influenza epi-
demic in 2020 may have been curbed by measures taken to 
prevent SARS-CoV-2 infection30). The decrease in patients 
with influenza may be related to the low positive rate of the 
Streptococcus pneumoniae antigen in the CAP group (4.3%, 
2/47) in this study (Table 1), but the inoculation rate of Strep-
tococcus pneumoniae vaccine has not been examined due 
to insufficient descriptions in electronic medical records. 
There were three hMPV-positive cases in children from 
January to May 2020 at our hospital (Table 1), a fall from 
the same period in the previous year (six: data not shown), 
as in the case of influenza. It is not clear to what extent mea-
sures for avoiding COVID-19 have contributed to the pre-
vention of community-acquired hMPV infections in adults 
due to insufficient data from the previous year. However, the 
fact that adult MPV infections were observed in four cases, 

Figure 1	 Representative chest CT images in community-acquired hMPV pneumonia. a: Patient no. 1. b: Patient no. 2. c: Patient no. 
3. d: Patient no. 4. a, d: Lobular opacities with bronchial wall thickening. b, c: Dense consolidation.
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comparable to positive cases in children under the measures 
for COVID-19 prevention, accounting for 5.4% of CAP sug-
gests that hMPV infection should be considered as a differ-
ential diagnosis for COVID-19. Reverse transcription (RT)-
PCR is the most sensitive method for detecting hMPV31). 
However, like shell vial centrifugation cultures, it is used 
mainly in research institutes and is not available in clinical 
practice. Serum antibody titers have also been measured in 
epidemiological studies. Currently, the only test available in 
clinical practice in Japan is the hMPV antigen test with IC 
using a nasopharyngeal swab. Using real-time RT-PCR as 
the reference standard, the sensitivity, specificity, and false 
positive rate of the IC assay have been reported to be 70.6%, 
95.5%, and 4.5%, respectively32). While the IC assay is less 
sensitive than real-time RT-PCR, it is a simple and rapid test 
for diagnosing hMPV infections.

The present study has several limitations. First, the 
study population of this retrospective study was small, and 
the subjects were selected from a medium-sized hospital. 
Therefore, the results do not necessarily represent a nation-
wide situation. Second, the research period was limited to 
the epidemic of hMPV infections, and the significance of 
antigen testing in sporadic community-acquired hMPV in-
fections in adults is unclear. Third, laboratory tests did not 
confirm mixed infection in patients with CAP, but bacterial 
co-infection and false positives for the hMPV antigen test 
could not be fully ruled out due to empirical antibiotic ad-
ministration. Fourth, the hMPV antigen test was performed 
at the discretion of the attending physician to obtain a dif-
ferential diagnosis from COVID-19 or atypical pneumonia, 
and the proportion of cases in which the test was performed 
was low in each group. In this regard, hMPV-infected in-
dividuals without symptoms or with only fever-free upper 
respiratory tract symptoms have not been sufficiently evalu-
ated. Fifth, because this was a retrospective study, the route 
of infection and intrafamily transmission were not fully in-
vestigated.

Conclusion

hMPV infection may be considered in the differential di-
agnosis of COVID-19 and CAP in Japan under the preven-
tive measures for SARS-CoV-2 infection, at least during the 
epidemic season of hMPV infection. However, the evidence 
we have provided is very limited, and further large-scale 
prospective cohort studies, especially for adults, are needed 
to clarify community-acquired hMPV infection status and 
its clinical presentations.

Because intrafamily or nosocomial infection due to 
hMPV may occur or may have already occurred without 
being detected, insurance coverage for hMPV antigen tests 
conducted on adults is desirable.

Author contributions: KS drafted the manuscript. TS 
edited and submitted the manuscript. SM and KT were in-
volved in diagnosing and treating patients. MK, HK, and 
YT contributed to the data collection. All authors have read 
and approved the final manuscript.

Conflicts of interest: The authors declare that they have 
no conflict of interest.

Acknowledgements

We sincerely thank the medical staff at Kochi Prefectur-
al Institute for Hygiene and Environment for their support. 
We would also like to thank Takahide Yorioka, Yoshitake 
Kitagawa (Division of Internal Medicine, Japan Agricul-
tural Cooperatives Kochi Hospital), Kinji Honjo, Masaya 
Kaneko (Division of Pediatrics, Japan Agricultural Coop-
eratives Kochi Hospital), and Tomoaki Yamanishi (Depart-
ment of Radiology, Kochi University Medical School) for 
their contributions.

References
	 1.	 van den Hoogen BG, de Jong JC, Groen J, et al. A newly discovered human pneumovirus isolated from young children with respiratory tract disease. Nat 

Med 2001; 7: 719–724. [Medline]  [CrossRef]
	 2.	 Williams JV, Harris PA, Tollefson SJ, et al. Human metapneumovirus and lower respiratory tract disease in otherwise healthy infants and children. N Engl 

J Med 2004; 350: 443–450. [Medline]  [CrossRef]
	 3.	 Esper F, Martinello RA, Boucher D, et al. A 1-year experience with human metapneumovirus in children aged <5 years. J Infect Dis 2004; 189: 1388–1396. 

[Medline]  [CrossRef]
	 4.	 Boivin G, De Serres G, Côté S, et al. Human metapneumovirus infections in hospitalized children. Emerg Infect Dis 2003; 9: 634–640. [Medline]  [CrossRef]
	 5.	 Centers for Disease Control and Prevention (CDC) Outbreaks of human metapneumovirus in two skilled nursing facilities -West Virginia and Idaho, 2011-

2012. MMWR Morb Mortal Wkly Rep 2013; 62: 909–913. [Medline]
	 6.	 Tu CC, Chen LK, Lee YS, et al. An outbreak of human metapneumovirus infection in hospitalized psychiatric adult patients in Taiwan. Scand J Infect Dis 

2009; 41: 363–367. [Medline]  [CrossRef]
	 7.	 Yang Z, Suzuki A, Watanabe O, et al. Outbreak of human metapneumovirus infection in a severe motor-and-intellectual disabilities ward in Japan. Jpn J 

Infect Dis 2014; 67: 318–321. [Medline]  [CrossRef]
	 8.	 Jain S, Self WH, Wunderink RG, et al. CDC EPIC Study Team Community-acquired pneumonia requiring hospitalization among U.S. adults. N Engl J Med 

http://www.ncbi.nlm.nih.gov/pubmed/11385510?dopt=Abstract
http://dx.doi.org/10.1038/89098
http://www.ncbi.nlm.nih.gov/pubmed/14749452?dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa025472
http://www.ncbi.nlm.nih.gov/pubmed/15073675?dopt=Abstract
http://dx.doi.org/10.1086/382482
http://www.ncbi.nlm.nih.gov/pubmed/12781001?dopt=Abstract
http://dx.doi.org/10.3201/eid0906.030017
http://www.ncbi.nlm.nih.gov/pubmed/24257198?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19308801?dopt=Abstract
http://dx.doi.org/10.1080/00365540902849375
http://www.ncbi.nlm.nih.gov/pubmed/25056083?dopt=Abstract
http://dx.doi.org/10.7883/yoken.67.318


Journal of Rural Medicine

269|| doi: 10.2185/jrm.2021-0352021; 16(4): 263–269

2015; 373: 415–427. [Medline]  [CrossRef]
	 9.	 Johnstone J, Majumdar SR, Fox JD, et al. Human metapneumovirus pneumonia in adults: results of a prospective study. Clin Infect Dis 2008; 46: 571–574. 

[Medline]  [CrossRef]
	10.	 Choi SH, Hong SB, Ko GB, et al. Viral infection in patients with severe pneumonia requiring intensive care unit admission. Am J Respir Crit Care Med 

2012; 186: 325–332. [Medline]  [CrossRef]
	11.	 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. 

Lancet 2020; 395: 1054–1062. [Medline]  [CrossRef]
	12.	 Backer JA, Klinkenberg D, Wallinga J. Incubation period of 2019 novel coronavirus (2019-nCoV) infections among travellers from Wuhan, China, 20-28 

January 2020. Euro Surveill 2020; 25: 2000062  [CrossRef]. [Medline]
	13.	 Coleman JJ, Manavi K, Marson EJ, et al. COVID-19: to be or not to be; that is the diagnostic question. Postgrad Med J 2020; 96: 392–398. [Medline]  

[CrossRef]
	14.	 Stockton J, Stephenson I, Fleming D, et al. Human metapneumovirus as a cause of community-acquired respiratory illness. Emerg Infect Dis 2002; 8: 

897–901. [Medline]  [CrossRef]
	15.	 Walsh EE, Peterson DR, Falsey AR. Human metapneumovirus infections in adults: another piece of the puzzle. Arch Intern Med 2008; 168: 2489–2496. 

[Medline]  [CrossRef]
	16.	 Widmer K, Zhu Y, Williams JV, et al. Rates of hospitalizations for respiratory syncytial virus, human metapneumovirus, and influenza virus in older adults. 

J Infect Dis 2012; 206: 56–62. [Medline]  [CrossRef]
	17.	 Peiris JS, Tang WH, Chan KH, et al. Children with respiratory disease associated with metapneumovirus in Hong Kong. Emerg Infect Dis 2003; 9: 

628–633. [Medline]  [CrossRef]
	18.	 Ebihara T, Endo R, Kikuta H, et al. Human metapneumovirus infection in Japanese children. J Clin Microbiol 2004; 42: 126–132. [Medline]  [CrossRef]
	19.	 Matsuzaki Y, Itagaki T, Ikeda T, et al. Human metapneumovirus infection among family members. Epidemiol Infect 2013; 141: 827–832. [Medline]  

[CrossRef]
	20.	 Williams JV, Crowe JE Jr, Enriquez R, et al. Human metapneumovirus infection plays an etiologic role in acute asthma exacerbations requiring hospitaliza-

tion in adults. J Infect Dis 2005; 192: 1149–1153. [Medline]  [CrossRef]
	21.	 Rohde G, Borg I, Arinir U, et al. Relevance of human metapneumovirus in exacerbations of COPD. Respir Res 2005; 6: 150  [CrossRef]. [Medline]
	22.	 Carotti M, Salaffi F, Sarzi-Puttini P, et al. Chest CT features of coronavirus disease 2019 (COVID-19) pneumonia: key points for radiologists. Radiol Med 

(Torino) 2020; 125: 636–646. [Medline]  [CrossRef]
	23.	 Pathogens detected among specimens negative for SARS-CoV-2, Fukuoka Prefecture, January-March 2020. IASR 2020; 41: 84–85 (in Japanese).
	24.	 Hirotsu Y, Maejima M, Shibusawa M, et al. Analysis of Covid-19 and non-Covid-19 viruses, including influenza viruses, to determine the influence of 

intensive preventive measures in Japan. J Clin Virol 2020; 129: 104543  [CrossRef]. [Medline]
	25.	 Mizuta K, Abiko C, Aoki Y, et al. Endemicity of human metapneumovirus subgenogroups A2 and B2 in Yamagata, Japan, between 2004 and 2009. Micro-

biol Immunol 2010; 54: 634–638. [Medline]
	26.	 Boivin G, Abed Y, Pelletier G, et al. Virological features and clinical manifestations associated with human metapneumovirus: a new paramyxovirus re-

sponsible for acute respiratory-tract infections in all age groups. J Infect Dis 2002; 186: 1330–1334. [Medline]  [CrossRef]
	27.	 Karimata Y, Kinjo T, Parrott G, et al. Clinical features of human metapneumovirus pneumonia in non-immunocompromised patients: an investigation of 

three long-term care facility outbreaks. J Infect Dis 2018; 218: 868–875. [Medline]  [CrossRef]
	28.	 Syha R, Beck R, Hetzel J, et al. Human metapneumovirus (HMPV) associated pulmonary infections in immunocompromised adults--initial CT findings, 

disease course and comparison to respiratory-syncytial-virus (RSV) induced pulmonary infections. Eur J Radiol 2012; 81: 4173–4178. [Medline]  [CrossRef]
	29.	 Gralton J, Tovey ER, McLaws ML, et al. Respiratory virus RNA is detectable in airborne and droplet particles. J Med Virol 2013; 85: 2151–2159. [Medline]  

[CrossRef]
	30.	 Sakamoto H, Ishikane M, Ueda P. Seasonal influenza activity during the SARS-CoV-2 outbreak in Japan. JAMA 2020; 323: 1969–1971. [Medline]  

[CrossRef]
	31.	 Jeong S, Park MJ, Song W, et al. Advances in laboratory assays for detecting human metapneumovirus. Ann Transl Med 2020; 8: 608  [CrossRef]. [Medline]
	32.	 Kikuta H, Sakata C, Gamo R, et al. Comparison of a lateral-flow immunochromatography assay with real-time reverse transcription-PCR for detection of 

human metapneumovirus. J Clin Microbiol 2008; 46: 928–932. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/26172429?dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1500245
http://www.ncbi.nlm.nih.gov/pubmed/18194097?dopt=Abstract
http://dx.doi.org/10.1086/526776
http://www.ncbi.nlm.nih.gov/pubmed/22700859?dopt=Abstract
http://dx.doi.org/10.1164/rccm.201112-2240OC
http://www.ncbi.nlm.nih.gov/pubmed/32171076?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(20)30566-3
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.5.2000062
http://www.ncbi.nlm.nih.gov/pubmed/32046819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/32522844?dopt=Abstract
http://dx.doi.org/10.1136/postgradmedj-2020-137979
http://www.ncbi.nlm.nih.gov/pubmed/12194763?dopt=Abstract
http://dx.doi.org/10.3201/eid0809.020084
http://www.ncbi.nlm.nih.gov/pubmed/19064834?dopt=Abstract
http://dx.doi.org/10.1001/archinte.168.22.2489
http://www.ncbi.nlm.nih.gov/pubmed/22529314?dopt=Abstract
http://dx.doi.org/10.1093/infdis/jis309
http://www.ncbi.nlm.nih.gov/pubmed/12781000?dopt=Abstract
http://dx.doi.org/10.3201/eid0906.030009
http://www.ncbi.nlm.nih.gov/pubmed/14715742?dopt=Abstract
http://dx.doi.org/10.1128/JCM.42.1.126-132.2004
http://www.ncbi.nlm.nih.gov/pubmed/22874773?dopt=Abstract
http://dx.doi.org/10.1017/S095026881200129X
http://www.ncbi.nlm.nih.gov/pubmed/16136455?dopt=Abstract
http://dx.doi.org/10.1086/444392
http://dx.doi.org/10.1186/1465-9921-6-150
http://www.ncbi.nlm.nih.gov/pubmed/16371156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/32500509?dopt=Abstract
http://dx.doi.org/10.1007/s11547-020-01237-4
http://dx.doi.org/10.1016/j.jcv.2020.104543
http://www.ncbi.nlm.nih.gov/pubmed/32663787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21140598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12402203?dopt=Abstract
http://dx.doi.org/10.1086/344319
http://www.ncbi.nlm.nih.gov/pubmed/29733351?dopt=Abstract
http://dx.doi.org/10.1093/infdis/jiy261
http://www.ncbi.nlm.nih.gov/pubmed/22795844?dopt=Abstract
http://dx.doi.org/10.1016/j.ejrad.2012.06.024
http://www.ncbi.nlm.nih.gov/pubmed/23959825?dopt=Abstract
http://dx.doi.org/10.1002/jmv.23698
http://www.ncbi.nlm.nih.gov/pubmed/32275293?dopt=Abstract
http://dx.doi.org/10.1001/jama.2020.6173
http://dx.doi.org/10.21037/atm.2019.12.42
http://www.ncbi.nlm.nih.gov/pubmed/32566634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18174301?dopt=Abstract
http://dx.doi.org/10.1128/JCM.01888-07

