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ABSTRACT
Background: The first outbreak of coronavirus disease 2019 (COVID-19) occurred in March 2020 in Europe, which is nor-
mally the peak incidence period of human metapneumovirus (HMPV) infections, implying cocirculation and potentially
causing competition between them.
Methods: We investigated differences in clinical characteristics and outcomes of HMPV infections in hospitalized patients
before (January 2016–28 February, 2020) and HMPV and COVID-19 during part of the COVID-19 pandemic (28 February,
2020–1 April, 2020).
Results: A total of 239 HMPV patients and 303 COVID-19 patients were included. Incidence of HMPV peaked in March.
Despite a 324% increase in HMPV testing during the COVID-19 outbreak, incidence of HMPV remained stable. Clinical char-
acteristics showed 25 (11%) ICU admissions and 14 (6%) deaths. History of myocardial infarction, higher age and lower BMI
were independently associated with increased 30-day mortality. Clinical characteristics of HMPV-infected patients did not
differ between the non-COVID-19 period and the examined COVID-19 period except for length of hospital stay (7 vs.
5 days). HMPV infection and COVID-19 shared many clinical features but HMPV was associated with female gender, elderly
patients and chronic conditions (COPD and chronic heart failure). Clinical outcomes did not differ between the viruses dur-
ing the COVID-19 period.
Conclusions: The clinical impact of HMPV infection did not change during the COVID-19 outbreak in terms of incidence
and/or disease severity; hence, HMPV and SARS-CoV-2 are probably co-circulating independently. Despite the current clin-
ical focus on the COVID-19 pandemic, clinicians should keep in mind that HMPV-infection may mimic COVID-19 and is also
associated with serious adverse outcomes.
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Introduction

Viral respiratory tract infections are among the most sig-
nificant causes of morbidity and mortality worldwide [1].
Human metapneumovirus (HMPV) was first discovered in
2001 in the Netherlands and is identified as a cause of
acute respiratory tract infection [2,3]. Incidence of HMPV
infections in hospitalized patients ranges between 2.2
and 13.2% [3–6]. Outbreaks of HMPV infections are fre-
quently reported in long-term care facilities worldwide
with a high reported mortality rate (11–50%) [3,7,8].
Patients who received haematopoietic cell transplant-
ation also report a high mortality rate (35%) that is
related to the HMPV infection [9]. Risk factors for severe
disease in adults are old age, immunocompromised
state, low body mass index (BMI) and a history of
asthma and/or chronic obstructive pulmonary disease
(COPD) [5,10–13].

Circulation of HMPV usually occurs during late winter
and spring (January until March) in the Northern hemi-
sphere [3]. Since the end of February 2020, Europe has
been dealing with the outbreak of coronavirus disease
2019 (COVID-19). In spring time 2020, severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) and
HMPV were co-circulating and a case of co-infection
with SARS-CoV-2 and HMPV was reported in a 57-year-
old female in Rhode Island, USA [14]. Co-infections of
SARS-CoV-2 with other respiratory pathogens were diag-
nosed at a rate of 21% in Northern California, USA [15].
Viral co-circulation can also cause competition between
viruses, meaning that the stronger virus will survive and/
or mutate and that the burden of disease could
increase, causing higher mortality and morbidity
rates [16,17].

To investigate whether the clinical impact caused by
HMPV infections changed during the COVID-19 outbreak
in the Netherlands, we aimed to compare the clinical
characteristics and outcomes of HMPV infections before
the COVID-19 outbreak (January 2016–28 February,
2020) and HMPV infections together with COVID-19
infections during the COVID-19 outbreak (28 February,
2020–1 April, 2020).

Methods

Study design and data recruitment

A retrospective cohort study of adult patients was per-
formed at Zuyderland Medical Centre, Heerlen, The
Netherlands, in the period between January 1st 2016
and April 1st 2020. Respiratory samples (naso- and

oropharyngeal swabs, bronchoalveolar lavage (BAL)
liquids and sputum collections) from hospitalized
patients were tested for the presence of HMPV and
SARS-CoV-2 using multiplex Real-Time Polymerase Chain
Reaction (RT-PCR) using QIAsymphony DSP Virus/
Pathogen Mini Detection Kit (Qiagen Inc., https://www.
qiagen.com). For patients with HMPV or SARS-CoV-2
infection, clinical data were collected from medical
records. For analysis, the cohort was split into a COVID-
19-period cohort and a non-COVID-19-period cohort.
The COVID-19-period started on February 28th 2020,
1 day after the first confirmed positive case in The
Netherlands. Naso-oropharyngeal swabs before this date
were tested for the presence of influenza virus A and B,
parainfluenza virus 1–4, respiratory syncytial virus (RSV)
A and B and HMPV, on indication only. After February
28th 2020, all patients were tested routinely and the
panel was changed into influenza virus A and B, para-
influenza virus 1–2, RSV A and B, HMPV and SARS-CoV-2.
Further clinical testing included routine sputum culture,
blood culture when the patient had fever �38.5 �C and
BAL fluid when indicated clinically. Clinical characteristics
included personal details (age, gender, BMI, smoking sta-
tus), comorbidities, vital signs (body temperature, blood
pressure, heart rate, breathing frequency and oxygen
saturation), routine laboratory values [C reactive protein
(CRP), leukocyte count, arterial blood gas analysis and
HMPV viral load], antibiotic treatment and duration, dur-
ation of hospital stay, intensive care unit (ICU) admis-
sion, need for mechanical ventilation, in-hospital
mortality and 30-day mortality. Pneumonia was defined
by laboratory-confirmed presence of a respiratory patho-
gen in combination with infiltrates on the chest X-ray
and/or Computed Tomography (CT) confirmed by a radi-
ologist. Co-infections were defined by detection of other
pathogens in respiratory samples within two days of a
positive HMPV test. Chronic heart failure was determined
in patients when it was diagnosed and treated by a car-
diologist. Peripheral occlusive disease was determined
when a patient had a bypass for chronic arterial insuffi-
ciency, intermittent claudication, untreated aneurysm or
history of gangrene or acute arterial insufficiency.

Statistical analysis

The statistical analysis was performed using IBM SPSS
version 25 (Chicago, IL). Appropriate t-tests were applied
for testing between the groups. A p-value <0.05 was
considered statistically significant. Univariate and multi-
variate logistic regression analyses were performed to
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identify clinical factors that were associated with HMPV
associated in-hospital mortality.

Results

Patients

Between January 2016 and April 2020, a total of 9709
respiratory samples (naso- and oropharyngeal swabs,
sputum cultures and BAL fluid) were collected and
screened for HMPV (Figure 1). A total of 239 (2.5%) sam-
ples were found positive for HMPV, 208 in the non-
COVID-19-period and 31 in the COVID-19-period. In
March 2020, a total of 1065 respiratory samples were
collected and screened for SARS-CoV-2 and 303 patients
tested positive for SARS-CoV-2 (28.5%).

Seasonal variation

Examination of seasonal variation of HMPV infections over
the last years, showed that HMPV circulates from early
winter to late spring, with a peak in March (Figure 2). In
the COVID-19-period, local protocol demanded viral PCR
testing for all patients with respiratory complaints, leading
to a 324% increase in testing in March 2020 (384± 161
samples in March from 2016 to 2019 compared to 1243
samples in March 2020). Despite this increase, the

frequency of HMPV infections in March 2020 did not dras-
tically increase (16 ± 11 HMPV positive tests (4.2%) in
March from 2016 to 2019 compared to 28 HMPV positive
tests (2.3%) in March 2020; p¼ 0.38).

Clinical characteristics at baseline

Clinical characteristics of the patients are shown in
Table 1. No significant differences were found between
the non-COVID-19-period cohort and COVID-19-period
cohort except for the number of patients with COPD (52
vs. 29%, respectively; p¼ 0.02) and patients with asthma
(13 vs. 0%, respectively; p¼ 0.03). The HMPV infected
patients in the COVID-19 period cohort differed from
COVID-19 patients in terms of less males (29 vs. 64%,
p¼ 0.00), more COPD (29 vs. 15%, p¼ 0.03), more chronic
heart failure (19 vs. 6%, p¼ 0.01), less peripheral occlusive
disease (10 vs. 8%, p¼ 0.00), lower diastolic blood pres-
sure (73 vs. 79mm Hg, p¼ 0.02), lower CRP (57 vs.
108mg/l, p¼ 0.00), higher arterial blood pH (7.43 vs. 7.47,
p¼ 0.01), higher PCO2 (4.9 vs 4.2 kPa, p¼ 0.00) and higher
bicarbonate levels (23.9 vs. 22.1mmol/l, p¼ 0.04).

Clinical course of HMPV infection

The clinical course of HMPV infection during admission
revealed a sequence of mean peak body temperature

Figure 1. Flow chart of study inclusion.
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(38.1 ± 2.2 0C) at 1.4 ± 3.4 days and a maximal level of
CRP (93 ± 92mg/l) at 1.6 ± 4.0 days followed by a max-
imal leucocyte count (11.6 ± 5.2 x103/lL) peaking at
2.2 ± 4.7 days (p¼ 0.04). CT images were available for 41
(17%) HMPV-infected patients (Table 2). Most of the par-
enchymal findings were consolidations, ground glass
opacities and tree-in-bud abnormalities (Figure 3). Other
findings included bronchiectasis, lymphadenopathy,
pleural effusion, bronchiolitis and bronchial wall thicken-
ing. Lower lobes were affected more than upper lobes.
Pneumonia was diagnosed in 88 patients (42%) in the
non-COVID-19-period and 15 patients (48%) in the

COVID-19-period (p¼NS). Co-infections with other
pathogens were described in 30 (13%) patients, with
Streptococcus pneumoniae as most frequently identified
bacterial pathogen in nine patients, Pseudomonas aerugi-
nosa in four patients and Staphylococcus aureus in four
patients. The most frequently identified viral pathogens
were Influenza virus type B (3 patients) and parainflu-
enza virus type 3 (2 patients). Co-infection with SARS-
CoV-2 was not observed. Presence of co-infection was
associated with higher CRP levels at admission
(134 ± 142 vs. 86 ± 80mg/l in no co-infection; p¼ 0.01)
but not with other variables including body temperature

Figure 2. Monthly incidence of HMPV infected patients between January 2016 and April 2020, stratified by time period before and during
the COVID-19 pandemic (2 A, blue¼ non-COVID-19-period and orange¼ COVID-19 period; 2B, yellow¼ total number of samples and black-
¼ positive HMPV samples).
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or leucocyte count. Antibiotic treatment was given to
80% of patients in the non-COVID-19-period and 90% in
the COVID-19-period with an average treatment length
of 5.5 ± 4.1 days (p ¼ NS).

Clinical outcomes

Clinical outcomes of HMPV positive patients are shown
in Table 3. Overall, 25 (11%) patients were admitted to

the ICU, 14 (6%) patients died during hospital stay and
30-day mortality was 8% (n¼ 18). No significant out-
come differences were found between the non-COVID-
19-period cohort and COVID-19-period cohort except for
a shorter length of hospital stay in the COVID-19-period
(7.2 ± 6.9 vs. 4.7 ± 3.5 days, respectively; p¼ 0.05).
Presence of co-infection was not associated with differ-
ent outcomes. Clinical outcomes of COVID-19 patients
did not differ from HMPV infected patients in the
COVID-19 period: length of hospital stay 5.5 ± 5.1 versus
4.7 ± 3.5 days; ICU admission n¼ 33 (11%) versus n¼ 3
(10%), mechanical ventilation n¼ 33 (11%) versus 1 (3%)
and 30-day mortality n¼ 64 (21%) versus n¼ 3 (10%);
p¼NS for all comparisons.

Outcome prediction

Univariate analysis showed that age, BMI, blood pres-
sure, heart rate, history of myocardial infarction, periph-
eral occlusive disease, maximal CRP level and maximal
leucocyte level were significantly associated with
increased 30-day mortality rates in patients infected
with HMPV (Table 4). After correction, age, BMI, systolic
blood pressure, heart rate and history of myocardial

Table 1. Clinical characteristics of patients infected with human metapneumovirus (HMPV) at hospital presentation, stratified by time
period before and during the COVID-19 pandemic and clinical characteristics of patients infected with COVID-19, compared with HMPV
infections in the COVID-19-period.

Total HMPV (n¼ 239)
HMPV: non-COVID-
19-period (n¼ 208)

HMPV: COVID-19-
period (n¼ 31) p-value

COVID-19
infection (n¼ 303) p-Value

Age, years (SD) 72 ± 13 72 ± 12 69 ± 19 NS 72 ± 12 NS
Gender, male 100 (42%) 91 (44%) 9 (29%) NS 195 (64%) 0.00
BMI, kg/m2 (SD) 26.9 ± 6.1 26.8 ± 5.8 27.5 ± 8.0 NS 27.5 ± 8.0 NS
Current smoker 40 (17%) 35 (17%) 5 (16%) NS – –
Comorbidities
Immune compromised 25 (10%) 23 (11%) 2 (7%) NS 3 (1%) NS
Asthma 27 (11%) 27 (13%) 0 0.03 30 (10%) NS
COPD 118 (49%) 109 (52%) 9 (29%) 0.02 44 (15%) 0.03
Chronic heart failure 51 (21%) 45 (22%) 6 (19%) NS 17 (6%) 0.01
Diabetes mellitus 54 (23%) 51 (25%) 3 (10%) NS 15 (5%) NS
Myocardial infarction 32 (13%) 27 (13%) 5 (16%) NS 75 (25%) NS
Peripheral occlusive disease 30 (13%) 27 (13%) 3 (10%) NS 24 (8%) 0.00
CVA 36 (15%) 33 (16%) 3 (10%) NS 29 (10%) NS

Systolic blood pressure,
mmHg (SD)

142 ± 29 143 ± 29 139 ± 28 NS 136 ± 21 NS

Diastolic blood pressure,
mmHg (SD)

76 ± 18 77 ± 19 73 ± 14 NS 79 ± 14 0.02

HR, beats/min (SD) 96 ± 21 97 ± 22 96 ± 16 NS 95 ± 20 NS
BF, breaths/min (SD) 23 ± 12 23 ± 12 21 ± 6 NS 24 ± 7 NS
Oxygen saturation, % (SD) 91 ± 7 91 ± 7 93 ± 3 NS 91 ± 10 NS
Body temperature, �C (SD) 38.0 ± 1.1 38.0 ± 1.1 37.9 ± 1.1 NS 38.1 ± 1.1 NS
CRP, mg/L (SD) 62 ± 78 62 ± 81 57 ± 47 NS 108 ± 86 0.00
Leukocytes, �103/lL (SD) 10.3 ± 4.8 10.3 ± 4.5 10.5 ± 6.1 NS 8.0 ± 10.3 NS
Arterial blood gas
pH (SD) 7.42 ± 0.09 7.42 ± 0.01 7.43 ± 0.05 NS 7.47 ± 0.07 0.01
O2, kPa (SD) 8.9 ± 3.1 8.9 ± 3.1 9.6 ± 3.8 NS 8.5 ± 2.6 NS
CO2, kPa (SD) 5.3 ± 2.0 5.4 ± 2.0 4.9 ± 1.3 NS 4.2 ± 0.9 0.00
Bicarbonate, mEq/L (SD) 24.6 ± 4.4 24.7 ± 4.4 23.9 ± 4.0 NS 22.1 ± 3.9 0.04
HMPV viral load, CT-value (SD) 30.1 ± 4.9 30.2 ± 4.9 29.9 ± 5.4 NS – –

BMI: body mass index; BF: breathing frequency; COPD: chronic obstructive pulmonary disease; CT value: cycle threshold value; CVA: cerebrovascular accident; CRP: C
reactive protein; HR: heart rate; ICU: intensive care unit; NS: non-significant; SD: standard deviation.

Table 2. Computed tomography (CT) imaging findings of the chest
of patients (n¼ 41) infected with human metapneumovirus.
Location of findings Number of findings

Right upper lobe involvement 5 (12%)
Right middle lobe involvement 8 (20%)
Right lower lobe involvement 17 (42%)
Left upper lobe involvement 5 (12%)
Left lower lobe involvement 16 (39%)

Parenchymal findings Number of findings
Consolidation 15 (37%)
Ground-glass opacity 13 (32%)
Tree-in-bud 13 (32%)
Bronchiectasis 7 (17%)
Bronchiolitis 4 (10%)
Bronchial wall thickening 3 (7%)
Cavitation 0 (0)

Other findings Number of findings
Lymphadenopathy 7 (17%)
Pleural effusion 5 (12%)
Pleural consolidation 1 (2%)
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infarction remained independent predictors in multivari-
ate analysis of 30-day mortality rates.

Discussion

The outbreak peak of COVID-19 occurred in March 2020
in Europe. The current study investigated 239 samples
collected over a 4-year period and demonstrated overlap
of HMPV incidence with the peak COVID-19 incidence.
Hence, both viruses were co-circulating at their peak in
March 2020. Viral co-circulation may lead to viral
competition or cooperation, as is found between other
respiratory viruses [17]. However, the current study dem-
onstrated that the impact of disease caused by HMPV
was hardly different during the outbreak of COVID-19 in
comparison to previous years. Thus, the results offer no
evidence for viral competition between SARS-CoV-2
and HMPV.

One interesting finding in the study is that the inci-
dence of HMPV infections in March 2020 was similar to

those of previous years despite the large increase in
testing caused by local guidelines demanding testing of
any patient with any respiratory complaints. These find-
ings favour the routine care before the COVID-19 out-
break using only clinical suspicion-based screening for
HMPV detection (influenza-like illness used as case defin-
ition), instead of standardized testing [15,18,19]. These
results are supported by others who investigated the
influence of standardized testing for respiratory viruses
upon antibiotic usage and length of hospital stay in
comparison to standard clinical care, which showed no
reduction of antibiotic usage and only a minimal reduc-
tion of length of hospital stay [20].

Both COVID-19 and HMPV infection not only share
common incidence characteristics, but both viral dis-
eases share multiple clinical characteristics, thereby caus-
ing discrimination problems for the judging physicians.
Overlapping characteristics shown in our study but also
by others include the symptoms of cough (COVID-19:
63-69%; HMPV: 82–100%), fever (COVID-19: 80–89%;
HMPV: 53–79%), dyspnoea (COVID-19: 22–34%; HMPV:
69–98%) and expectoration (COVID-19: 28–42%; HMPV:
69%). In addition, laboratory indicators are overlapping
showing normal leukocyte counts and elevated CRP lev-
els [4,10,21,22].

Some clinical features may help to discriminate HMPV
infection from COVID-19. Myalgia and fatigue are fre-
quently reported in COVID-19 patients (36–46%), but
not often in HMPV infected patients. On the other hand,
HMPV-infected patients frequently report rhinorrhea
(69–85%) and nasal congestion (92–100%) and this is
not frequently reported in COVID-19 patients [4,10]. In
addition to these data, the current study showed that
HMPV infection was found more frequently in women
than men, up to a twofold difference compared with
COVID-19 patients. Furthermore, patients with HMPV
were generally older and had more comorbidities includ-
ing COPD, chronic heart failure and peripheral occlusive
disease compared to COVID-19 patients. In addition,
serum biomarkers may help to distinguish HMPV infec-
tion from COVID-19 patients, since studies reported that

Figure 3. Chest CT scan of a 68-year-old patient with a human
metapneumovirus infection. Ground-glass opacities (black arrow) are
seen on both CT images and are predominantly seen in the middle
and lower lobe of the right lung. A consolidation (black arrow) is
seen in the lower lobe of the right lung. Tree-in-bud abnormalities
(white arrow in the enlarged section) are best seen in the lower
lobe of the right lung.

Table 3. Clinical outcomes of patients infected with human metapneumovirus at hospital presentation, stratified by time
period before and during the COVID-19 pandemic.

Total (n¼ 239) non-COVID-19-period (n¼ 208) COVID-19-period (n¼ 31) p-value

Length of hospital stay, days (SD) 6.9 ± 6.6 7.2 ± 6.9 4.7 ± 3.5 0.05
ICU admission 25 (11%) 22 (11%) 3 (10%) NS
Mechanical ventilation 13 (5%) 12 (6%) 1 (3%) NS
Length of ICU stay, days (SD) 6.1 ± 8.6 6.6 ± 9.1 2.7 ± 2.1 NS
In-hospital mortality 14 (6%) 12 (6%) 2 (6%) NS
30-day mortality 18 (8%) 15 (7%) 3 (10%) NS

COVID-19: Coronavirus Disease 2019; ICU: intensive care unit; NS: non-significant; SD: standard deviation.
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COVID-19 was associated with decreased albumin levels
(75.8%), lymphopenia (43.1%), elevated D-dimer levels
(37.2%) and elevated lactate dehydrogenase levels
(28.3–57.0%), which have not been reported in HMPV
infected patients [5,6,23–26].

Clinical relevance of HMPV infections was demon-
strated in this study by showing a proportion of 11% of
patients admitted to ICU, 5% of patients receiving mech-
anical ventilation and an all-cause 30-day mortality rate
of 8%. The mean length of hospital stay was 7 days.
Previous studies showed a proportion of 9–17% of
patients admitted to ICU, 0–15% of patients receiving
mechanical ventilation and an all-cause 30-day mortality
rate of 3-6% [5,6,25]. Hence, 30-day mortality rate in our
cohort could be considered slightly higher compared to
these few studies in different populations and settings.
One possible explanation might be a difference in
prevalence of underlying respiratory diseases (60% in
our cohort versus 44% in a smaller French cohort with
4% mortality [6]), but other comorbities did not differ or
were less in comparison to these previous studies (e.g.
diabetes mellitus 23% in our cohort versus 20–35% by
others [5,6], and immunosuppressive treatment 10% ver-
sus 17%, respectively). For comparison with SARS-CoV-2,
the COVID-19 patients in the current study showed a
proportion of 11% of patients admitted to ICU, 11% of
patients receiving mechanical ventilation and an all-
cause 30-day mortality rate of 21%. The mean length of
hospital stay was 5 days. Literature of COVID-19 demon-
strated a proportion of 5–32% of patients admitted to
ICU, 2.3–20.3% of patients receiving mechanical

ventilation and fatality rates of 5–13.9%. Previous studies
demonstrated that COVID-19 patients tend to have a
longer hospital stay (COVID-19: 11–19 days; HMPV
5–9 days) [21–24,26,27].

The study demonstrated that higher age, lower BMI,
lower systolic blood pressure, higher heart rate and his-
tory of myocardial infarction were associated with an
increased all-cause 30-mortality rate for HMPV infections.
These results are comparable to results from previous
studies showing an association of HMPV infection
induced severity with higher age, immunocompromised
status, lower BMI and history of solid tumour or haem-
atologic malignancies [5,10–12,28]. Infections with SARS-
CoV-2 highlighted that higher age, male sex, higher BMI,
leukocytosis, elevated D-Dimer, high lactate dehydrogen-
ase, cardiac injury, hyperglycaemia, high-dose cortico-
steroid and higher Sequential Organ Failure Assessment
scores are risk factors for mortality in infected patients
[23,29,30]. As such, one remarkable difference between
HMPV infection and COVID-19 seems to be a different
association with adverse outcomes by BMI. Since HMPV
patients were generally older and had more comorbid-
ities compared to COVID-19 patients, the association
between severity of HMPV-infection with lower BMI may
be related to the so-called obesity paradox. This paradox
has been described in many chronic conditions, espe-
cially pulmonary and cardiovascular diseases, and refers
to the phenomenon that mortality improves with higher
BMI and decreases with a lower BMI in these chronically
ill patients [31,32]. Multiple mechanisms have been pro-
posed, but the most likely explanation is that for survival

Table 4. Prediction of 30-day mortality of patients infected with human metapneumovirus (HMPV), stratified by survival status.

Characteristics
Survivor
n¼ 221 Non-survivor n¼ 18

Univariate analysis
OR (95% CI) p-value

Multivariate analysis
OR (95%CI) p-value

Age, years (SD) 71 ± 14 78 ± 12 1.05 (1.00–1.12) 0.04 1.15 (1.01–1.30) 0.03
Gender, male 90 (41) 10 (56) 1.82 (0.69–4.79) NS 0.24 (0.03–1.85) NS
BMI, kg/m2 27.3 ± 6.1 22.5 ± 4.1 0.84 (0.75–0.94) 0.002 0.74 (0.57–0.96) 0.02
Systolic BP, mmHg 144± 28 124 ± 35 0.98 (0.96–0.99) 0.01 0.96 (0.93–0.99) 0.04
Diastolic BP, mmHg 77± 18 65 ± 19 0.96 (0.94–0.99) 0.01 1.00 (0.95–1.05) NS
HR, beats/min 96 ± 20 106 ± 30 1.02 (1.00–1.05) 0.04 1.06 (1.02–1.11) 0.01
BF, breaths/min 23 ± 12 27 ± 12 1.02 (0.99–1.05) NS 1.04 (0.96–1.13) NS
Diabetes mellitus 51 (23) 3 (17) 0.67 (0.19–2.40) NS 0.88 (0.09–7.10) NS
Current smoker 38 (17) 2 (11) 0.60 (0.13–2.73) NS 0.68 (0.03–13.5) NS
Co-infection 27 (12) 3 (17) 1.44 (0.39–5.29) NS 0.55 (0.04–7.34) NS
Asthma 25 (11) 2 (11) 0.98 (0.21–4.52) NS 20.0 (0.85–467) NS
COPD 109 (49) 9 (50) 1.03 (0.39–2.69) NS 1.78 (0.32–9.89) NS
Immune compromised 22 (10) 3 (17) 1.81 (0.49–6.74) NS 5.7 (0.3–120.5) NS
Solid tumour 15 (7) 2 (11) 1.57 (0.53–4.64) NS 18.3 (1.1–300.9) NS
CVA 32 (15) 4 (22) 1.69 (0.52–5.45) NS 0.94 (0.11–8.31) NS
Myocardial infarction 23 (10) 9 (50) 8.6 (3.1–23.9) 0.00 23.1 (2.2–238.5) 0.01
Chronic heart failure 46 (21) 5 (28) 1.46 (0.50–4.31) NS 2.5 (0.3–18.3) NS
POD 22 (10) 8 (44) 7.2 (2.6–20.2) 0.00 1.03 (0.11–9.77) NS
Maximal body temperature, �C (SD) 38.2 ± 2.3 37.9 ± 1.2 0.97 (0.83–1.13) NS 1.13 (0.77–1.66) NS
Maximal CRP, mg/l (SD) 90 ± 87 137 ± 132 1.00 (1.00–1.01) 0.05 1.01 (1.00–1.02) NS
Maximal leukocyte, �103/lL (SD) 11.3 ± 4.8 14.9 ± 8.1 1.11 (1.02–1.19) 0.01 1.19 (1.02–1.38) NS
Viral load, ct-value (SD) 30.2 ± 4.8 29.8 ± 6.4 0.98 (0.89–1.08) NS 0.89 (0.75–1.07) NS

The values are numbers (%) unless otherwise specified. BF: breathing frequency; BMI: body mass index, CI: confidence interval; CRP: C reactive protein; ct value:
cycle threshold value; CVA: cerebrovascular accident; HR: heart rate; NS: not significant; OR: odds ratio; POD: peripheral occlusive disease;.
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of severe infection, fat stored energy reserves play an
important role [32].

Chest CT scans showed that primarily the lower lobes
of the lungs were affected by HMPV infection.
Abnormalities included ground-glass opacities (37%),
consolidations (32%) and tree-in-bud abnormalities
(32%), which is consistent with other studies. Bronchial
wall thickening is also frequently reported on CT scans
of HMPV infected patients, but in our study bronchial
wall thickening was seen in only a small minority of
patients (7%) [5,33,34]. In SARS-CoV-2 induced pneumo-
nia, most frequently seen CT findings are also ground-
glass opacities, bronchial wall thickening and consolida-
tions, but also crazy pavement patterns which is not
seen in HMPV-related pneumonia [35].

Co-infections of viral pathogens are increasingly seen
in adults and many studies have reported co-infections
with RSV, rhinovirus, influenza virus, parainfluenza virus
and bocavirus [36–38]. Co-infection with another viral
pathogen did not seem to affect HMPV disease severity
in our study because we only detected few, but some
studies have shown that co-infection with RSV did result
in a longer hospital stay and increased admission to ICU
[36,39]. Co-infections with bacterial pathogens tend to
cause a more severe course of disease with increased
mortality [40]. The most common bacterial co-infection
is Streptococcus pneumoniae. Bacterial co-infection in
HMPV-induced disease is associated with higher CRP
level at admission and lower body temperature [40]. In
COVID-19, an all-pathogen co-infection rate of 21% was
described in Northern California; 2% of patients were co-
infected with HMPV.

The selection of patients in our study was limited to
hospitalized patients and patients who visited the emer-
gency ward, thus representing only a subset of the most
symptomatic patients. Another limitation in our study is
the ending of the study per April 1st 2020 whereas both
viruses had just peaked and the COVID-19 outbreak was
still ongoing. Nevertheless, the incidence peak itself was
covered in our study and incidence figures and disease
characteristics in April were likely to be affected by con-
founding factors including social lockdown measures
which started in The Netherlands at March 16 2020,
starting of local COVID-19 treatment intervention proto-
cols at April 1st [41] and local protocol change at April
17th of not including testing for all viruses in all viral
swab samples. Furthermore, the study results may
potentially have been affected by the imbalance
between the number of patients in the study groups
before and after COVID-19 period. However, the major

outcome variables of mortality and ICU admission
showed not any trend in any direction suggesting viral
competition which would be more obvious in a more
balanced comparison. Finally, since the study was retro-
spective, a selection bias based upon testing cannot be
excluded. However, the contribution of testing bias was
probably small because mortality did not differ signifi-
cantly between the pre-COVID-19 period when patients
were tested on indication only, and the COVID-19 period
when all patients were tested routinely.

In conclusion, the clinical impact of HMPV infection in
patients did not change during the COVID-19 outbreak,
suggesting that there is no competition between the
two pathogens. SARS-CoV-2 and HMPV infection share
many clinical features, but HMPV may be distinguished
by the presence of nasal symptoms, lack of myalgia
and/or fatigue, older patients, more females, more
comorbidities and less laboratory abnormalities associ-
ated with COVID-19 (decreased albumin, lymphopenia,
elevated D-dimer levels and elevated lactate dehydro-
genase). Chest CT of HMPV and SARS-CoV-2 infection
show similarities, but crazy paving seems a feature of
SARS-CoV-2 infection only. Despite the current clinical
focus on the COVID-19 pandemic, clinicians should stay
aware of the fact that HMPV is co-circulating with SARS-
CoV-2 and HMPV infections are also associated with ser-
ious adverse outcomes.
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