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Introduction

Human metapneumovirus (hMPV) was first identified in 2001, the Netherlands from a pediatric patient who had symp-
toms similar to those of respiratory syncytial virus (RSV) infection. It is a member of the paramyxovirus family and is 
genetically similar to RSV [1]. Typically hMPV infections occur between March and April, and account for 7% of respi-
ratory tract infections [2].

A hMPV infection commonly occurs in children less than 2 years old and manifests as mild flu-like symptoms, similar 
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Background: Human metapneumovirus (hMPV) is a relatively recently identified respiratory virus that induces respiratory symptoms 
similar to those of respiratory syncytial virus infection in children. The characteristics of hMPV-infected adults are unclear because few 
cases have been reported. 
Methods: We conducted a retrospective review of hospitalized adult patients with a positive multiplex real-time polymerase chain 
reaction assay result from 2012 to 2016 at a single tertiary referral hospital in South Korea. We analyzed clinical characteristics of the 
enrolled patients and divided patients into an acute respiratory distress syndrome (ARDS) group and a non-ARDS group. 
Results: In total, 110 adults were reviewed in this study. Their mean age was 61.4 years, and the majority (n = 105, 95.5%) had comor-
bidities or were immunocompromised. Most of the patients had pneumonia on chest X-ray (n = 88, 93.6%), 22 (20.0%) had ARDS, and 
12 (10.9%) expired during hospitalization. The mortality rate for patients with ARDS was higher than that of the other patients (36.4% 
vs. 5.7%, P = 0.001). The risk factor for hMPV-associated ARDS was heart failure (odds ratio, 5.24; P = 0.044) and laboratory values were 
increased blood urea nitrogen and increased C-reactive protein. The acquisition site of infection was divided into community vs. noso-
comial; 43 patients (39.1%) had a nosocomial infection. The risk factors for nosocomial infection were an immunocompromised state, 
malignancy and immunosuppressive treatment.
Conclusions: These data suggest that hMPV is one of the important respiratory pathogens important respiratory pathogen that 
causes pneumonia/ARDS in elderly, immunocompromised individuals and that it may be transmitted via the nosocomial route.
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to RSV [3]. Furthermore, hMPV is a major contributor 
to the burden of wintertime respiratory illness in older 
adults that is peak incidence at 65 years of age and immu-
nocompromised individuals [2,4,5]. hMPV infections in 
children are usually mild and self-limiting, but in elderly 
and immunocompromised patients, the clinical course can 
progress to acute respiratory distress syndrome (ARDS) 
[6]. Studies of patients with hMPV who develop severe 
illness have focused on children; few have involved 
adults [7,8]. Nosocomial infection has been reported in 
several studies as a mode of transmission [5,9-11]. Noso-
comial hMPV infection of adults occurs predominantly in 
human immunodeficiency virus-infected persons [12].

There are few studies on hMPV infection of adults in 
Korea. And the number of immunocompromised patients 
is increasing in hospitals. These patients are also vulner-
able to previously neglected pathogens. Therefore, we 
designed a retrospective review of hMPV-infected adults. 
The clinical characteristics of the patients—including 
demographic data, comorbidities, presence of pneumonia 
or ARDS, acquisition site (community-acquired or noso-
comial), and risk factors for ARDS—were reviewed.

Materials and Methods 

This study was a retrospective review of medical re-
cords; institutional review board approval was obtained 
(No. GAIRB2016-179). We identified all patients at Ga-
chon University Gil Medical Center, a tertiary referral 
hospital, with a laboratory-confirmed hMPV infection 
as diagnosed by positive multiplex real time-polymerase 
chain reaction (mRT-PCR) between January 2012 and 
April 2016. Nasopharyngeal or oropharyngeal samples 
were obtained in the emergency department, in an inpa-
tient setting, or in an outpatient setting. All diagnostic 
testing was performed at the Gil Medical Center Labora-
tory Department. Multiplex real time-PCR was performed 
using Anyplex II RV16 Detection kit (Seegene, Seoul, 
Korea). This kit detected in parallel for the following 16 
respiratory viruses: human bocavirus, human enterovirus, 

influenza virus A and B, parainfluenza virus 1, 2, 3, and 
4, RSV A and B, coronavirus OC43, 229E, NL63, human 
rhinovirus A/B/C, and metapneumovirus. A total of 652 
cases of hMPV infection were identified by mRT-PCR 
from nasopharyngeal or oropharyngeal swabs among 
patients. We collected hospitalized adult patients over 18 
years with positive hMPV mRT-PCR assay result among 
652 patients. The 110 of hospitalized adult patients with 
hMPV infection were included in the primary analysis.

Demographic, comorbidity, and hospitalization data 
of 110 adult patients were collected. The data included 
chronic respiratory disease, cardiac disease, immunocom-
promised state, end-stage renal disease (ESRD) requiring 
dialysis, cirrhosis, corticosteroid use, and immunosup-
pressive therapy. Viral co-infection was defined as identi-
fication by mRT-PCR from a nasopharyngeal or oropha-
ryngeal swab. Patients who had either a positive blood 
culture or a positive sputum culture from a satisfactory 
specimen were identified as having bacterial co-infection. 
We reviewed the medical records of the patients to iden-
tify those admitted to the intensive care unit (ICU) with a 
nosocomial infection and who met the criteria for ARDS 
using the Berlin definition [13]. The incubation period is 
estimated to be 4 to 6 days [14]. Nosocomial infection  
was defined as an infection that occurred up to 5 days 
after discharge or more than 5 days in admission. Death 
information of patients was confirmed using hospital 
medical record and obliterated information of national 
health insurance service which means death.

Clinically relevant parameters were identified on the 
day of execution of mRT-PCR and admission to the ICU 
or ward; these included temperature, respiratory rate, 
applied fraction of inspired oxygen, partial pressure of 
arterial oxygen, white blood cell count, blood urea nitro-
gen (BUN)/creatinine, total bilirubin, C-reactive protein 
(CRP) level, and procalcitonin level. The patients were 
divided into non-ARDS and ARDS groups, and the risk 
factors and laboratory values for ARDS were assessed.

1) Statistical analysis
All data analyses were performed using SPSS version 
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20.0 (IBM Corp., Armonk, NY, USA). Categorical vari-
ables were compared by Fisher exact test, and continuous 
variables by Wilcoxon’s rank-sum test. The impact of 
potential risk factors on the development of ARDS was 
analyzed with univariate logistic regression analysis. Sta-
tistically significant variables at univariate analysis were 
included into a multivariate logistic regression analysis 
with backward elimination to identify independent risk 
factors of ARDS. The independent influences of risk fac-
tors for ARDS were expressed as the odds ratio (OR) with 
their 95% confidence intervals. Significance was taken as 
P < 0.05.

Results

1) Characteristics of adults with a hMPV infection
The mean age of the adult patients was 61.4 ± 16.6 

years, and there was no difference according to sex (Table 
1). Overall, 19 patients (17.3%) had viral co-infections, 
and 22 (20.0%) had bacterial co-infections. Co-infection 
did not affect event of ARDS, nosocomial infection and 
mortality. Most patients (n = 105, 95.5%) had comorbidi-
ties; these included diabetes, malignancy, pulmonary 
disease, cardiac disease, ESRD, and liver cirrhosis and 
they were being treated with corticosteroid or immuno-

Table 1. Characteristics of hMPV-infected patients according to ARDS or non-ARDS group

All Non-ARDS ARDS P-value

No. of patients 110 88 22

Age (yr) 61.4 ± 16.6 59.8 ± 16.6 68.0 ± 15.2 0.036

Male sex 46 (41.8) 36 (40.9) 10 (45.5) 0.439

Co-infection

   Virus 19 (17.3) 17 (19.3) 2 (9.1) 0.211

   Bacteria 22 (20.0) 15 (17.0) 7 (31.8) 0.108

Comorbidity

   Solid tumor 19 (17.3) 16 (18.2) 3 (13.6) 0.681

   Hematologic disorder 10 (9.1) 8 (9.1) 2 (9.1) 0.442

   DM 29 (26.4) 21 (23.9) 8 (36.4) 0.178

   Asthma 12 (10.9) 10 (11.4) 2 (9.1) 0.555

   COPD 12 (10.9) 9 (10.2) 3 (13.6) 0.445

   ILD 2 (1.8) 1 (1.1) 1 (4.5) 0.361

   ESRD 7 (6.4) 4 (4.5) 3 (13.6) 0.141

   LC 5 (4.5) 5 (5.7) 0 0.20

   KT 3 (2.7) 3 (3.4) 0 0.508

   CHF 7 (6.3) 3 (3.4) 4 (18.2) 0.029

   IHD 4 (3.6) 2 (2.3) 2 (9.1) 0.178

Steroid useda 15 (13.6) 13 (14.8) 2 (9.1) 0.383

Immunotherapyb 17 (15.5) 14 (15.9) 3 (13.6) 0.545

Nosocomial infection 43 (39.1) 36 (40.9) 7 (31.8) 0.299

Pneumonia 103 (93.6) 83 (94.3) 20 (90.9) 0.560

In-hospital mortality 12 (10.9) 5 (5.7) 8 (36.4) 0.001

1-Year all-cause mortality 17 (15.5) 9 (10.2) 9 (40.9) 0.002

Values are presented as mean ± standard deviation or number (%).
hMPV: human metapneumovirus; ARDS: acute respiratory distress syndrome; DM: diabetes mellitus; COPD: chronic obstructive pulmonary disease; ILD: interstitial lung 
disease; ESRD: end-stage renal disease; LC: liver cirrhosis; KT: kidney transplantation; CHF: congestive heart failure; IHD: ischemic heart disease.
aUse of an inhaled or systemic corticosteroid; bCytostatics, antirejection medications, and disease-modifying antirheumatic drugs.
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suppressive medication. Almost patients had pneumonia 
on chest X-ray (93.6%), and 22 patients (20%) had ARDS 
(Table 1). Half of the patients with hMPV-associated ARDS 
had severe disease according to the Berlin definition. The 
in-hospital mortality rate was 10.9%, and the 1-year all-
cause mortality rate was 15.5%. The patients with ARDS 
showed higher in-hospital (36.4%) and 1-year all-cause 
(40.9%) mortality rates than those without ARDS (Table 
1). Forty-three patients were found to have nosocomial 
infections (39%) (Table 1). Regarding laboratory find-
ings, lymphocytopenia (<1,500/mm3), high levels of CRP, 
BUN and creatinine, and low levels of albumin were ob-
served (Table 2).

2) Risk factors for hMPV-associated ARDS
The non-ARDS group included 88 patients while the 

ARDS group included 22 patients. The mean age of the 
non-ARDS group was 59.8 years, while that of the ARDS 

group was 68.0 years (OR, 1.034; P = 0.040). However, 
multivariate logistic regression showed age was not 
significant (Table 3). The pattern of viral and bacterial 
co-infection did not differ between the ARDS and non-
ARDS groups (Table 1). The rates of comorbidities in the 
hMPV-associated ARDS patients were similar in hMPV-
associated ARDS patients, with the exception of conges-
tive heart failure (OR, 5.249; P = 0.044) (Table 3). The in-
hospital and 1-year all-cause mortality rates of the ARDS 
patients were 36.4% and 40.9%, respectively (Table 1). 
Additional analysis showed Kendal rank correalation 
coefficient was 0.752 (P = 0.001) between in hospital 
mortality and 1-year mortality. Therefore 1-year all-cause 
mortality was not independent variable.

3) Characteristics of nosocomial hMPV infection
Overall, 67 patients had community-acquired hMPV 

infections and 43 had nosocomial infections. The patients 

Table 2. Laboratory parameters of hMPV-infected patients according to non-ARDS and ARDS group

All Non-ARDS ARDS P-value

No. of patients 110 88 22

Hemoglobin (g/dl) 11.4 ± 2.2 11.6 ± 2.1 10.6 ± 2.5 0.053

Platelet (×103/mm3) 195.7 ± 92.9 195.5 ± 96.2 196.5 ± 80.5 0.967

WBC count (×103/mm3) 8.1 (9.6) 8.3 (10.2) 6.3 (9.2) 0.791

Lymphocytes (/mm3) 913.8 (961.1) 983.2 (851.2) 638.8 (1,971.6) 0.019

BUN (mg/dl) 16.4 (21.8) 14.6 (15.7) 35.5 (35.9) 0.002

Cr (mg/dl) 0.85 (0.7) 0.8 (0.6) 1.0 (2.4) 0.023

Total bilirubin (mg/dl) 0.65 (0.6) 0.7 (0.6) 0.5 (0.4) 0.247

Albumin (g/dl) 3.5 ± 0.6 3.6 ± 0.6 3.1 ± 0.6) 0.002

CRP (mg/dl) 9.48 ± 8.5 7.8 ± 7.3 16.1 ± 9.6 0.001

Procalcitonin (ng/ml) 0.83 (2.31) 0.57 (1.15) 2.35 (6.57) 0.165

Values are presented as mean ± standard deviation or median (interquartile range).
hMPV: human metapneumovirus; ARDS: acute respiratory distress syndrome; WBC: white blood cell; BUN: blood urea nitrogen; Cr: serum creatinine; CRP: C-reactive 
protein.

Table 3. Risk factors for ARDS among patients with hMPV infection

Variable
Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

Age 1.034 1.00–1.07 0.040 1.031 0.99–1.07 0.070

CHF 6.296 1.30–30.60 0.023 5.249 1.04–26.39 0.044

Risk factor analysis (Nagelkerke R2 value = 0.120, Hosmer and Lemeshow goodness of fit with a χ2 value = 0.762).
ARDS: acute respiratory distress syndrome; hMPV: human metapneumovirus; OR: odds ratio; CI: confidence interval; CHF: congestive heart failure.
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with nosocomial infection showed the presence of comor-
bidities (e.g., solid tumor, hematologic disorder, liver cir-
rhosis, and immunosuppressive therapy; P < 0.05). How-
ever, the rates of mortality and hMPV-associated ARDS 
were not different between the community-acquired and 
nosocomial infection groups (Table 4). 

Discussion 

Our study is the first to characterize ARDS and mortal-
ity in the adult patients with hMPV infections in Korea. 
This study evaluated the clinical features of 110 hospital-
ized adults with a positive hMPV mRT-PCR assay result 
at a tertiary referral hospital in South Korea from 2012 to 
2016. This was a retrospective study of hMPV-infected 
adults and provided detailed clinical data, including co-
morbidities, radiologic findings, and laboratory findings, 
as well as the demographic data of the subjects. Most of 
the adults with hMPV infection had pneumonia on chest 
X-ray, and 20% had ARDS. The in-hospital mortality rate 
of ARDS patients was 36.4%, and 10.9% of all patients 
died during hospitalization. Nosocomial infection oc-
curred in 39.1% of the subjects. Other study shows forty-
eight percent of ICU patient is ARDS and mortality is 
18% [8]. Although the scope of the studies, it is necessary 
to focus on high ARDS incidence and high mortality 
rates.

The increasing availability and broadened scope of 
viral respiratory polymerase chain reaction panels helps 
our understanding of viral pathogens. The mRT-PCR 
assay had a sensitivity and specificity higher than 88% 
and 98.6%. And the mRT-PCR could detect co-infecting 
respiratory viruses, even at low viral loads that cannot be 
detected using culture techniques [15].

During the study period, the peak incidence of hMPV 
infection was in April, after that of influenza which had 
peak in February. A study in a similar area conducted 
from 2000 to 2005 reported a peak incidence of hMPV 
infection in January to March [16], and another in March 
to April [17]. In this study, 17% of the subjects had viral 
co-infections, most frequently with influenza virus (Table 
4). This is in agreement with a previous report [4]. These 
co-infections may be due to the overlap of the periods of 
peak incidence of these viruses. hMPV infections occur 
between March and April. And RSV infection is in De-
cember and Influenza is in January and February (Supple-
mentary Figure 1). A high percentage (90% to 100%) of 
children in 5–10 years old have been infected. 78%, un-

Table 4. Characteristics of hMPV-infected patients according to 
acquisition site: community-acquired or nosocomial infection

Community-
acquired

Nosocomial P-value

No. of patients 67 43

Age (yr) 63.5 ± 17.1 58.3 ± 15.5 0.113

Male sex 28 (41.8) 18 (41.9) 0.575

Co-infection

   Virus 9 (13.4) 10 (23.3) 0.142

   Bacteria 13 (19.4) 9 (20.9) 0.515

Comorbidity

   Solid tumor 6 (9.0) 13 (30.2) 0.005

   Hematologic disorder 1 (1.5) 9 (20.9) 0.001

   DM 18 (26.9) 11 (25.6) 0.532

   Asthma 10 (14.9) 2 (4.7) 0.081

   COPD 9 (13.4) 3 (7.0) 0.231

   ILD 2 (3.0) 0 0.369

   ESRD 4 (6.0) 3 (7.0) 0.564

   LC 0 5 (11.6) 0.008

   KT 1 (1.5) 2 (4.7) 0.338

   CHF 6 (9.0) 1 (2.3) 0.162

   IHD 2 (3.0) 2 (4.7) 0.510

Steroid useda 11 (16.4) 2 (9.3) 0.221

Immunosuppressive
therapyb

4 (6.0) 13 (30.2) 0.001

Initial pneumonia 61 (91.1) 42 (97.7) 0.166

ARDS 15 (22.4) 7 (16.3) 0.299

In-hospital mortality 8 (11.9) 5 (11.6) 0.606

1-Year all-cause 
mortality

8 (11.9) 10 (23.3) 0.098

Values are presented as mean ± standard deviation or number (%).
hMPV: human metapneumovirus; DM: diabetes mellitus; COPD: chronic ob-
structive pulmonary disease; ILD: interstitial lung disease; ESRD: end-stage renal 
disease; LC: liver cirrhosis; KT: kidney transplantation; CHF: congestive heart 
failure; IHD: ischemic heart disease.
aUse of an inhaled or systemic corticosteroid; bCytostatics, antirejection medica-
tions, and disease-modifying antirheumatic drugs.
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der 5 years of age in this study (Supplementary Figure 2). 
The mean age of the adult patients was 61.4 years, and 

all but five had comorbidities such as diabetes, malignan-
cy, airway obstructive diseases, ESRD, and heart failure. 
Such comorbidities and old age can result in an immuno-
compromised state, possibly leading to the development 
of severe viral infections such as pneumonitis or ARDS. 
hMPV infections in healthy adults usually show mild 
clinical features from asymptomatic to upper respiratory 
symptoms, similar to RSV infection [18]. However, frail 
elderly patients with an hMPV infection could progress 
to pneumonitis, ARDS, or death [8,12,18]. In this study, 
severe hMPV infection was associated with a risk of 
pneumonia, ARDS, and mortality in immunocompro-
mised elderly patients. The findings of this study suggest 
that 20% of hospitalized adults with an hMPV infection 
will develop ARDS. The risk factor for hMPV-associated 
ARDS was congestive heart failure. It is known that vi-
ral infection is one of the risk factors for aggravation of 
congestive heart failure. When patients with congestive 
heart failure are infected by hMPV, they have risks both 
aggravation of congestive heart failure and ARDS [8]. 
The patients with ARDS and congestive heart failure may 
also have had pulmonary edema; however, this could not 
be determined because of the limitations inherent to a ret-
rospective study. The patients with ARDS among hMPV-
infected adults showed lymphocytopenia, higher levels of 
BUN, creatinine, and CRP and lower levels of albumin 
compared to non-ARDS patients. In-hospital mortality 
of severe ARDS (OR, 9.48) was higher than ARDS (OR, 
5.24). The in-hospital mortality rate of the patients with 
hMPV infection was 10.9%. The in-hospital mortality 
rate of the ARDS group (36.4%) was significantly higher 
than that of the non-ARDS group (5.7%). The risk fac-
tors for hMPV-associated ARDS should be considered as 
congestive heart failure. These results suggest that hMPV 
is an important and previously underappreciated cause of 
ARDS in adult patients. Severe clinical manifestations 
such as ARDS should be considered when hMPV infec-
tion is diagnosed in adult patients with congestive heart 
failure.

The hMPV infection has been reported in immunocom-
promised patients, including lung transplant and hemato-
poietic stem cell transplant recipients [3,19]. Moreover, 
outbreaks in healthcare facilities have been reported [2,9]. 
When considering the implications of these findings, it 
should be noted that the risk of nosocomial hMPV infec-
tion is on the rise among patients with blood cancer or pa-
tients with a solid tumor [20] who were recently admitted 
for chemotherapy. The additional analysis showed that 
immunosuppressive therapy is interaction variable with 
cancer. A patient with liver cirrhosis was not explained as 
risk factor of nosocomial infection because small cases 
and a further research is needed. Such patients typically 
reside in shared rooms containing four to six patients. 
Therefore, the possibility of hMPV infection should be 
considered in long-term immunocompromised patients 
residing in shared rooms. Droplet respiratory precautions 
are appropriate for preventing the transmission of hMPV, 
particularly in immunocompromised patients.

Table 5. Etiologies of co-infection in patients with hMPV infection

No. Confirmed species (no.)

Bacteria

Pneumonia 5 S.pneumoniae  (2)

VAP 2 K.pneumoniae  (1)

Sepsis 3 E.coli  (1) / Chlamydiae  (1)

CRBSI 2 MRSA (3)

Colits 2 C. difficile  (2)

UTI 2

Liver abscess 1 K. pneumoniae  (1)

Wound infection 4

Virus

Coronavirus 5

Influenza A 5

Influenza B 1

Adenovirus 2

Rhinovirus 2

Cytomegalovirus 2

RSV 1

Bocavirus 1

hMPV: human metapneumovirus; VAP: ventilator associated pneumonia; CRBSI: 
catheter related bloodstream infection; MRSA: methicillin resistant Staphylococ-
cus aureus ; UTI: urinary tract infection; RSV: respiratory syncytial virus.
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This study has multiple limitations. Whether hMPV 
was the pathogen in all patients enrolled in this study 
was unclear. However, the mRT-PCR assay used has high 
sensitivity and specificity. Also, the rate of co-infection 
with other pathogens was not high (Table 5). Future stud-
ies should assess the clinical features of hMPV infection 
in adults, determine the clinical potential of the virus as a 
respiratory pathogen to induce severe ARDS, and develop 
novel antiviral agents or vaccines.

In conclusion, this study suggests that hMPV is an 
important respiratory pathogen that causes pneumonia/
ARDS in elderly, immunocompromised individuals and 
that it is transmitted via the nosocomial route. Clinicians 
need to consider mMPV virus and sufficient attention is 
required.
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