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Background. Several studies have reported outbreaks due to human metapneumovirus (hMPV) in long-term care facilities
(LTCF) for the elderly. However, most of these reports are epidemiological studies and do not investigate the clinical features of
hMPV pneumonia.

Methods. Three independent outbreaks of hMPV occurred at separate LTCF for intellectually challenged and elderly residents.
A retrospective evaluation of hMPV pneumonia and its clinical and radiological features was conducted using available medical
records and data.

Results.  In 105 hMPV infections, 49% of patients developed pneumonia. The median age of pneumonia cases was significantly
higher than non-pneumonia cases (P < .001). Clinical manifestations of hMPV pneumonia included high fever, wheezing in 43%,
and respiratory failure in 31% of patients. An elevated number of white blood cells as well as increased levels of C-reactive protein,
creatine phosphokinase, and both aspartate and alanine transaminases was also observed among pneumonia cases. Evaluation of

chest imaging revealed proximal bronchial wall thickenings radiating outward from the hilum in most patients.

Conclusions. The aforementioned characteristics should be considered as representative of hMPV pneumonia. Patients present-
ing with these features should have laboratory testing performed for prompt diagnosis.

Keywords. bronchial wall thickenings; human metapneumovirus; long-term care facility; outbreak; pneumonia.

Human metapneumovirus (hMPV) was discovered in 2001;
however, seroprevalence studies indicate this virus has circu-
lated among humans for at least 60 years [1]. Although it is
considered a community-acquired respiratory virus, children
<5 years of age experience hMPV infection at least once, and
reinfection is common [1]. Seasonal patterns of infection have
been observed in several regions, with the majority of cases
occurring from late winter to early spring in European coun-
tries, the United States, and Canada, and between spring and
summer in Asian countries, including Japan [2-11]. Even
though it is usually a mild and self-limiting disease, hMPV
can potentially cause severe lower respiratory infections, espe-
cially in young children, the elderly, and immunocompromised
patients [3-5, 12-14].
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Several studies have reported outbreaks due to hMPV in
long-term care facilities (LTCF) for the elderly and described
the high incidence of pneumonia [3-5, 14-17]. However,
most reports are epidemiological studies, and they often do
not include the clinical and radiological features of hMPV
pneumonia. Three independent outbreaks of hMPV occurred
in LTCF for intellectually challenged and elderly residents in
Okinawa, Japan. As a result, approximately 50% of the symp-
tomatic patients developed pneumonia during the outbreaks.
The objective of the present study was to retrospectively evalu-
ate the clinical features, laboratory, and radiological findings of
hMPYV pneumonia.

METHODS

Outhreaks

Patients with hMPV infection were identified during 3 inde-
pendent LTCF outbreaks in Okinawa, a subtropical region of
Japan. The outbreaks were designated as outbreak A, B, and C,
and the facilities where those outbreaks occurred are also iden-
tified as facility A, B, and C, respectively. Outbreak A occurred
in an LTCEF for intellectually challenged patients from March 28
to April 30, 2012. Outbreak B occurred in a complex containing
a nursing home and a hospital for the elderly from March 26
to May 1, 2013. Outbreak C occurred in a different LTCF for
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intellectually challenged patients from May 1 to June 11, 2013.
Within their grounds, facilities A and B have the capacity and
staff to provide primary care and routine check-ups; however,
facility C does not.

Definition of Human Metapneumovirus Infection and Review Process for
Medical Records

During the outbreaks, confirmed cases of hMPV were defined
as having clinical respiratory samples positive for virus via an
hMPV-specific polymerase chain reaction (PCR) and/or rapid
antigen test (RAT). Probable cases had recently acquired clini-
cal manifestations compatible with a respiratory infection (eg,
respiratory symptoms and fever >37.5°C), within the appro-
priate time frame. Cases of febrile disease without respira-
tory symptoms, or diagnosed with alternative causation, were
excluded from the sample population. The medical records
for both confirmed and probable cases were retrospectively
evaluated.

The Institutional Review Board of the University of the
Ryukyus approved this study. Informed consent from each
patient was waived because the study was retrospective in
approach and caused no additional adverse events for any
subjects.

Detection of Human Metapneumovirus in Clinical Samples

During outbreak A, nasal swabs were collected from 14 patients
and tested with a RAT for influenza virus. After all patients
returned negative results, the residual liquid underwent nucleic
acid extraction using a commercially available extraction kit
(Ribospin VRD; GeneAll, Seoul, Korea). Purified eluent from
the sample was tested using a multiplex reverse-transcription
PCR kit (Seeplex RV15 OneStep ACE Detection; Seegene,
Seoul, Korea), which can detect 15 respiratory viruses, includ-
ing hMPYV, influenza virus A/B, human adenovirus, coronavi-
rus, parainfluenza virus 1/2/3, rhinovirus A/B/C, respiratory
syncytial virus A/B, bocavirus 1/2/3/4, and enterovirus, simul-
taneously. The Seeplex RV15 OneStep ACE Detection kit targets
the hMPV N and L genes. During outbreak B, nasal swabs from
11 patients were tested with an hMPV RAT (CHECK hMPV;
SA Scientific, San Antonio, TX) targeting the hMPV N and F
proteins. Residual liquid from the hMPV RAT was also tested
using the multiplex PCR method described above. During
outbreak C, hMPV RAT and multiplex PCR were used for 4
patients each. Overall, multiplex PCR and RAT was performed
in 29 and 15 patients and returned 27 and 10 positive results,
respectively.

Measurement of Serum Antibody for Human Metapneumovirus

Serum antibodies against hMPV were also examined in a subset
of patients (n = 11) from outbreak A. Acute phase serum sam-
ples were collected within 1 week after the onset of symptoms,
and convalescent phase samples were collected 1 month later.
The hMPV antibody titers were determined by enzyme-linked

immunosorbent assay (ELISA) using purified virion as the anti-
gen, a method described by Okamoto et al [18]. In brief, 96
microwell plates (Thermo Fisher Scientific, Waltham, MA) were
coated with a Sendai-155-D06 (hMPV-A) and Sendai-1311-04
(hMPV-B) antigen mixture and refrigerated at 4°C for 2 hours.
Plates were then blocked for 1 hour at room temperature and
washed. Starting at a 1:100 dilution, 50-pL serial 2-fold dilu-
tions of samples were added to the prepared plates and incu-
bated at 37°C for 1 hour. Plates were labeled with horseradish
peroxidase-labeled goat anti-human IgG (Millipore, Billerica,
MA) and detected using a peroxidase substrate kit (Bio-Rad
Laboratories, Hercules, CA) at 415 nm. Patients with a >4-fold
increase of antibody titers between the acute and convalescent
phase were regarded as having an acute hMPV infection [19].

Analysis of Chest Images

Chest x-rays and computed tomography (CT) images were ana-
lyzed by 3 pulmonologists. Attention was focused on distribu-
tion, location, and pattern of the abnormal shadows. Bronchial
wall thickenings and pleural effusions were also assessed. Final
decisions were reached by consensus.

For chest CT images, dense consolidation was considered to
be present when vascular margins were obscured. Ground-glass
opacity (GGO) was defined as a hazy increase in attenuation
without obscuring vascular markings. Centrilobular nodule
was defined as either a nodule recognized near the peripheral
pulmonary artery branches or 3 to 5 mm away from the pleura,
interlobular septa, or pulmonary veins.

Statistics

Continuous variables, such as age, body temperature, and lab-
oratory findings, between pneumonia and non-pneumonia
cases were compared using the Wilcoxon/Kruskal-Wallis test.
Categorical variables were evaluated using the Pearson’s x* test
or Fisher’s exact test, when appropriate. A two-sided P value of
<.05 was considered to be statistically significant. All data were
analyzed with JMP version 13 (SAS Institute Inc., Cary, NC).

RESULTS

During the outbreaks, 105 patients with hMPV infections (30
confirmed cases and 75 probable cases) were identified. Each
facility experienced 63 (12 confirmed cases), 22 (11 confirmed
cases), and 20 (7 confirmed cases) hMPYV infections. The attack
rates were 16% (63 of 406 residents) in outbreak A, 10% (22 of
220 residents) in outbreak B, and 20% (20 of 100 residents) in
outbreak C.

Patient characteristics and clinical manifestations are shown
in Table 1. The most frequently encountered disorders were
intellectual disabilities, cerebral palsy, and schizophrenia.
Among 105 hMPV infections, 51 cases (49%) developed pneu-
monia as evident on chest x-rays and/or CT. For 49 of 51 (96%)
cases, pneumonia was diagnosed within 5 days after the onset
of symptoms. Pneumonia patients were significantly older than
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Table 1. Patients’ Characteristics
All Patients Pneumonia Non-pneumonia

Characteristics (n =105) (n=51) (n =54) PValue®

Male gender® (%) 45 (42.9%) 17 (33.3%) 28 (51.9%) .0553

Age, median (range) 48 (16-104) 58 (16-104) 44 (20-100) <.001

Underlying Disorders (%)
Intellectual disabilities® 63 (60.0%) 20 (39.2%) 43 (79.6%) <.001
Cerebral palsy® 27 (25.7%) 9 (17.6%) 8 (33.3%) .066
Schizophrenia® 12 (11.4%) 8(15.7%) 4(74%) .1826
Dementia 10 (9.5%) 8 (15.7%) 2 (3.7%) .048
Epilepsy 8 (7.6%) 3(5.9%) 5(9.3%) .7166
Cerebrovascular disorder 7 (6.7%) 6 (11.8%) 1(1.9%) .0556
Other neurological disease 6 (5.7%) 4 (78%) 2 (3.7%) 4285
Bedridden state 6 (5.7%) 6 (11.8%) 0(0%) .0112
Tracheostomy 4 (3.8%) 4 (7.8%) 0(0%) .0523
Chronic heart failure 4 (3.8%) 3 (56.9%) 1(1.9%) .3537
Diabetes mellitus 3(2.9%) 3(5.9%) 0(0%) m
Asthma 3(2.9%) 1(2.0%) 2 (3.7%) 1
Cancer 2 (1.9%) 2 (3.9%) 0(0%) .2335
Chronic liver disease 1(1.0%) 1(2.0%) 0 (0%) 4857

Manifestations
Fever at peak [°C] 38.8 (37.5-40.4) 39 (379-40.4) 38.6 (37.5-40) .0001
Wheezing 27 (25.7%) 22 (43.1%) 5(9.3%) <.0001
Respiratory failure 18 (17.1%) 16 (31.4%) 2 (3.7%) .0002

aDifferences between pneumonia and non-pneumonia cases were analyzed by Fisher's exact test, except variables labeled with b.

bDifferences between 2 groups were analyzed by Pearson'’s y? test.

non-pneumonia cases (median age, 58 vs 44; P < .001). It is
interesting to note that almost all patients with dementia or in
a bedridden state acquired pneumonia. However, these patients
were frequently septuagenarians or older (age range, 70-100
and 83-100, respectively; data not shown). Pneumonia patients
also developed higher fever (P = .0001), wheezing (P < .0001),
and needed oxygen therapy administered (P = .0002) more
frequently.

Sputum culture for bacterial identification was performed for
26 pneumonia patients; 14 were positive for pathogenic bacteria
and 12 were negative. Streptococcus pneumoniae was the most
commonly isolated (n = 5) followed by Pseudomonas aerugi-
nosa (n = 4) (Supplementary Table 1). Moraxella catarrhalis and
Haemophilus influenzae were coinfected in 1 patient. All pneu-
monia patients were treated with empirical antibiotics regard-
less of the bacterial test results. Seven pneumonia patients from
facility C, where acute medical care could not be provided,
required admittance to a local hospital for care. Most patients
improved within 1 week and none of the patients died.

Blood tests were performed in 81 patients including 49
pneumonia and 32 non-pneumonia patients. Median white
blood cell (WBC) count, C-reactive protein (CRP), aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT),
and creatine phosphokinase (CPK) concentrations were sig-
nificantly higher for pneumonia cases than non-pneumonia
cases (Figure 1). More than a 4-fold increase in antibody titers

was observed between the acute and convalescent phase of 5
patients. These patients were regarded as having acute hMPV
infection. Among 6 other patients, 5 had titers more than
12800 at either the acute or convalescent phase. Because 80% of
healthy Japanese adults do not have titers over 3200 [18], these
5 symptomatic patients were assumed to have an acute hMPV
infection during an hMPV outbreak, regardless of PCR results.
One final patient had no significant elevation in antibody titers
but was also regarded as having acute hMPV infection due to a
positive PCR result (Supplementary Table 2).

The chest x-ray findings of 41 pneumonia patients are sum-
marized in Table 2. For these patients, abnormal shadows
were primarily found in the proximal area of the lung (100%)
and bilateral distribution was common (80%). Bronchial wall
thickenings were observed in all 41 pneumonia patients. Of
note, proximal bronchial wall thickenings radiating outward
from the hilum were observed in most patients, and repre-
sentative images are depicted in Figure 2. Abnormal opacities
were observed in a patchy pattern (90%) more frequently than
confluent (12%).

Table 3 summarizes the chest CT findings of 24 pneumonia
patients. Multilobar distribution was observed in all cases and
lower lobes were frequently involved. Again, abnormal shad-
ows were primarily found in the proximal rather than periph-
eral areas of the lung. Lobular opacity was the most common
shadow pattern (92%), in contrast to GGO (21%) and dense
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Figure 1. Laboratory findings among non-pneumonia and pneumonia patients. The numbers of non-pneumonia and pneumonia patients included are as follows: white
blood cell (WBC) (n = 29 and n = 48), C-reactive protein (CRP) (n = 32 and n = 49), aspartate aminotransferase/alanine aminotransferase (AST/ALT) (n = 25 and n = 46), and
creatine phosphokinase (CPK) (n = 20 and n = 30). The box and whisker plots describe the 10th, 25th, 50th, 75th, and 90th percentiles. *, P<.05; **, P<.01.

consolidation (13%). Bronchial wall thickenings were also fre-
quently seen on CT images (96%). Representative CT images of
selected pneumonia patients are shown in Figures 3 and 4. A fol-
low-up chest x-ray or CT was performed in 47 of 51 pneumonia

Table 2. Chest X-Ray Findings

Number of Patients (%)

Findings (n=41)
Distribution
Unilateral 8 (20%)
Bilateral 33 (80%)
Proximal 41 (100%)
Peripheral 13 (32%)
Location
Upper 19 (46 %)
Middle 34 (83%)
Lower 39 (95%)
Pattern
Patchy 37 (90%)
Confluent 5(12%)
Other findings
Bronchial wall thickenings 41 (100%)
Pleural effusion 4 (10%)

patients (92.2%), and abnormal shadows seen during the out-
breaks were diminished, as demonstrated in Figures 2 and 4.

DISCUSSION

To date, many outbreaks due to hMPV have been reported;
however, few studies focus on the clinical features of hMPV
pneumonia. Our data shows older LTCF residents, especially
those with dementia or in a bedridden state, frequently devel-
oped pneumonia due to hMPV when compared with other res-
idents. Moreover, high fever, respiratory failure, wheezing, and
elevated WBC, CRP, AST, ALT, and CPK levels were frequently
observed among hMPV pneumonia cases. Typical h(MPV pneu-
monia chest images exhibit proximal bronchial wall thickenings
radiating outward from the hilum.

Although it is frequently the cause of a mild, self-limiting
respiratory infection in healthy children and adults, hMPV infec-
tion can also induce a severe infection in the elderly. Falsey et al
[20] reported that older adults more frequently experience dys-
pnea and wheezing, during the course of the disease, compared
with younger patients. Although no fatal cases were recorded in
this cohort, the mortality rate of elderly patients in LTCF during
an hMPV outbreak has been reported to be approximately 10%
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Figure 2. Representative chest x-ray images for human metapneumovirus pneumonia. Bronchial wall thickenings radiating outward from the hilum and patchy infiltrations
were seen during the outbreaks (A and B). Postinfection images demonstrate abnormal shadows were diminished along with symptoms (A', B'). Chest x-rays obtained from a

(A) 44-year-old male and (B) 36-year-old male are shown.

Table 3. Chest Computed Tomography Findings

Number of Patients (%)

Findings (n =24)
Distribution
Unilobar 0(0%)
Multilobar 24 (100%)
Bilateral 21 (88%)
Proximal 23 (96%)
Peripheral 11 (46%)
Location
Upper lobe (except lingula) 17 (71%)
Middle lobe or lingula 21 (88%)
Lower lobe 24 (100%)
Pattern
Dense consolidation 3 (13%)
Ground-glass opacity 5 (21%)
Lobular opacity 22 (92%)
Centrilobular nodules 8 (33%)
Other Findings
Bronchial wall thickenings 23 (96 %)
Pleural effusion 4 (17%)

[3, 5], demonstrating again that elderly patients are susceptible
to more severe hMPV infections. Darniot et al [21] also demon-
strated that older mice develop a more severe hMPV infection
compared with young mice. Nevertheless, outbreaks of hAMPV
also occurred in LTCF for intellectually disabled patients (facil-
ities A and C), where residents were not elderly. In general, the
immune system of intellectually disabled patients is not weak;
however, we speculate they may have been susceptible to h(MPV
due to isolation and lack of exposure to natural infection of
hMPV for an extended time. Therefore, it is possible their anti-
bodies against hMPV might be unusually diminished.

The present study demonstrated that WBC and CRP,
AST, ALT, and CPK concentrations were higher in patients
with pneumonia than non-pneumonia infections. Although
Scheuerman et al [22] reported that AST and ALT were slightly
elevated in hMPV-infected immunocompromised children, no
studies have revealed the novel characteristics of serum mark-
ers in adult patients with hMPV pneumonia. Some viral and
bacterial pathogens can cause rhabdomyolysis. Influenza virus,
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Figure 3. Representative chest computed tomography (CT) images in human metapneumovirus pneumonia. Bronchial wall thickenings in the proximal bronchus (A, B, C, and
D) and multiple lobular opacities (C and D) were observed. Chest CTs obtained from a (A) 61-year-old female, (B) 53-year-old female, (C) 36-year-old male, and (D) 55 year-old

female are shown. White arrows indicate bronchial wall thickenings.

human immunodeficiency virus, and coxsackie virus are the
most commonly documented [23], whereas Legionella species,
Francisella tularensis, and S. pneumoniae [23, 24] are common
among bacterial pathogens. Respiratory pathogens, such as
Chlamydophila psittaci and Mycoplasma pneumoniae, have also
been implicated [25]. However, neither rhabdomyolysis nor ele-
vated levels of CPK have been reported in patients with hMPV
pneumonia before. More importantly, these data indicate that

hMPYV infection should be included in the differential diagnosis
when we treat pneumonia patients with elevated CPK.

Chest imaging revealed bronchial wall thickenings radiat-
ing out from the hilum were common for hMPV pneumonia.
Proximal tramlines arising out from the hilum seem like “spi-
der legs” on the chest x-ray. Although some studies report the
radiological findings of hMPV pneumonia in immunocompro-
mised patients, studies conducted within immunocompetent

A J

¢)
¢)

[ ——

A |
‘ ; ’
B)‘ )‘

Figure 4.  Computed tomography (CT) improvement through human metapneumovirus outbreak. Bronchial wall thickenings in the proximal bronchus and multiple lobular
opacities seen during the outbreak (A and B) were diminished after the remission of the symptoms (A', B). Chest CTs from a 77-year-old female are shown.
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adults or the elderly are limited. Previous studies have shown
interstitial infiltrates, GGO, as well as centrilobular nodules
suggestive of bronchitis and bronchiolitis are common radio-
logical features for hMPV pneumonia in immunocompromised
patients [26-29]. However, only 1 report describes chest images
among elderly, immunocompetant inpatients during an hMPV
outbreak. Four of the 8 affected patients had abnormal shadows
in the chest x-ray, and 3 of the 4 had linear shadows and were
diagnosed with hMPV-induced bronchitis or bronchiolitis [17].
Because ciliated airway epithelial cells are the primary targets
for h(MPV infection [30], it is easily justifiable for bronchial wall
thickenings, evidence of bronchitis or bronchiolitis, to be com-
mon radiological features in hMPV pneumonia. Centrilobular
nodules, interstitial infiltrates, and GGO were not frequently
observed in the present study. It is possible that an immuno-
compromised host’s weaker immune response to hMPV may
allow the virus to spread into the peripheral bronchiole and
lung parenchyma. However, this cohort did not contain immu-
nocompromised individuals, and radiological findings may
reflect a more reasonable host response to hMPV infections.

Unfortunately, complete and detailed information regarding
symptoms and physical examinations were not possible due
to study design. In addition, this study may contain other lim-
itations beyond those expected of a retrospective study. First,
hMPV RAT and/or PCR were not performed in all symptom-
atic patients during the outbreaks. Due to the restrictions of
the national health insurance system in Japan, RAT and PCR
testing for hMPV is not approved for diagnostic decisions in
adult patients. As such, attending physicians in each LTCF con-
sulted the University of the Ryukyus’ Department of Infectious
Diseases, Respiratory, and Digestive Medicine as each outbreak
waned. As a result, only a subset of affected patients could be
tested. Other laboratory testing, bacterial cultures, and imaging
tests (eg, chest x-ray and CT) were also only performed on sub-
sets of patients. Moreover, by including fever in the case defi-
nition, it is possible that the mildest forms of hMPV infection
were overlooked. Elderly patients do not always exhibit fever
during infection. However, using respiratory symptoms alone
may have broadened the case definition beyond usefulness. Our
cohort contained multiple, and in many cases severe, underlying
disorders. Therefore, patients were frequently unable to self-re-
port andphysicians had to rely solely on observation. Thus, bias
should be considered when interpreting these data.

CONCLUSIONS

In conclusion, we report the clinical and radiological features
of hMPV pneumonia in non-immunocompromised patients
collected from 3 outbreaks in LTCF in Okinawa, Japan. As a
common virus, hMPV is capable of causing outbreaks in LTCF
and causing pneumonia, especially in the elderly. When treat-
ing adult pneumonia patients that present with the features
described, physicians should consider hMPV infection and

perform laboratory testing for prompt diagnosis and adequate
infection control, especially in isolated and at-risk populations.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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