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Summary: In a 9-year long population-based Norwegian hospital study in children, HMPV
appeared in epidemics and with five times lower hospitalization rate than RSV. Median
HMPYV shedding time was 13 days. Low levels of HMPV were rarely detected in healthy

children.
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ABSTRACT

Background: The burden of severe human metapneumovirus (HMPV) respiratory tract
infections (RTI) in European children has not been clarified. We assessed HMPV in
Norwegian children and compared hospitalization rates of HMPV and respiratory syncytial
virus (RSV).

Methods: We prospectively enrolled children <16 years old hospitalized with RTI and
asymptomatic controls (2006-2015). Nasopharyngeal aspirates were analyzed by polymerase
chain reaction (PCR) tests for HMPV, RSV and 17 other pathogens. We genotyped HMPV-
positive samples and assessed shedding time in 32 HMPV-infected children.

Results: In children with RTl, HMPV was detected in 7.3% (267/3,650) and RSV in 28.7%
(1048/3,650). Among controls, 2.1% (7/339) had low HMPV levels detected by PCR, but all
were culture-negative. HMPV primarily occurred from January to April and in regular
epidemics. At least two HMPYV subtypes occurred each season. The average annual
hospitalization rates in children <5 years old with lower RTI were 1.9/1,000 (HMPV) and
10.4/1,000 (RSV). Among children with RTI, median HMPV shedding time by PCR was 13
days (range 6-28 days), but all were culture-negative (non-infectious) after 13 days.
Conclusions: HMPV appears in epidemics in Norwegian children, with a five times lower

hospitalization rate than RSV. Low levels of HMPV are rarely detected in healthy children.

Keywords: burden of respiratory tract infections, hospitalization rate, human

metapneumovirus, respiratory syncytial virus, healthy controls, virus shedding time.
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INTRODUCTION

Human metapneumovirus (HMPV) causes upper and lower respiratory tract infections
(RTI) in children, including severe diseases, such as pneumonia and bronchiolitis, in need of
hospitalization [1-4]. HMPV is an epidemic virus that occurs in outbreaks all over Europe [5-
9] and in other continents as well [10-14]. Aberle et al. [15] showed that in Austria the
occurrence of HMPV had a biennial pattern with alternating winter and spring seasons of high
activity. HMPV is included in the Pneumoviridae family with two main genotypes (A and B)
and at least 4 subtypes (A1, A2, B1 and B2) [16-19]. Previous research has shown that
HMPV genotypes A and B often circulate during the same season, while the dominant

subtype may differ from one epidemic to the other [6, 7, 15, 19].

Although HMPV has been known for more than a decade, limited information exists
about hospitalization rates associated with HMPV infections in European children. In three
studies from the US, the average annual rates of hospitalization were reported to be from 1.0
to 1.2 per 1,000 children <5 years old, and higher rates were detected in the youngest [1, 20,
21]. Two European studies have reported somewhat higher rates [22, 23]. However, these
studies had a limited duration, and there is a need for a population-based study covering a

longer period from an European country.

In recent years, sensitive polymerase chain reaction (PCR) tests have been used to
detect airways viruses, and it has been shown that RTI is often associated with the detection
of nucleic acids from more than one virus [4, 24]. Still, viral co-detections may be common,
even in asymptomatic children [25, 26]. It has been suggested that a prolonged viral shedding
after an infection may be one explanation of subsequent co-detections in both asymptomatic
and infected children [27-29]. Even so, a few studies with a limited number of patients found

that HMPV may have a rather short excretion time [30, 31], which on the other hand could
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explain why HMPV has been detected in asymptomatic controls less often than several other

respiratory viruses [1, 3].

In a population based hospital study performed during a 9-year long period, we
recently reported that HMPV genotypes and viral co-detections had no impacts on clinical
manifestations and outcomes in HMPV-infected children [4]. Moreover, we found no
differences in age-adjusted LRTI diagnoses between HMPV and RSV, while disease severity
differed in relation to age: HMPV-infected children younger than 6 months old had a milder
LRTI than those with RSV, whereas in children aged 12-23 months old, the opposite was

observed [4].

In the present study, we aimed to assess the burden of HMPV infections in Norwegian
children admitted to hospital, compared to RSV. For this purpose, we described the
occurrences of HMPV, HMPV genotypes and subtypes, and RSV using the same dataset [4],
and compared population-based hospitalization rates of children with LRTI due to HMPV and
RSV. In addition, we wanted to evaluate HMPV in healthy children. For that reason, we
assessed the occurrence of HMPV in a group of asymptomatic hospital controls, and studied

the shedding time of HMPV in children with RTI.
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METHODS
Study design and population

Children <16 years admitted for acute RTI with a nasopharyngeal aspirate sampled on clinical
indications were prospectively enrolled at the Pediatric Emergency Department and Pediatric
Department at St. Olavs Hospital, University Hospital of Trondheim, Norway, from
November 2006 to July 2015 (Supplementary Figure 1, panel A). Children with cytostatic and
Immune-suppressive treatment were excluded. During the period from June 2007 to April
2015, similarly aged children hospitalized for elective surgery were prospectively enrolled as
healthy controls (Supplementary Figure 1, panel B). None of the controls were admitted for
ear, nose and throat surgery, while controls with caregiver reported symptoms of RTI during

the last 2 weeks or at inclusion were excluded.

The hospital is the only hospital for children in Sgr-Trgndelag County in mid-Norway,
with a population of 58,443 children <16 years and 18,768 children <5 years of age (Statistics
Norway). Informed written consents to participate were collected from caregivers to most of
the children and from children >12 years during the hospital stay. Some children with RTI
were enrolled after hospital discharge after passive consent. Their caregivers received written
information, and the child was included if the caregivers did not resist enrollment by
contacting the hospital within two weeks. In addition, we enrolled some children with acute
HMPV infection, who were available for analyses of HMPV shedding time. These children
were sampled during the hospitalization period and regularly after discharge during home- or
outpatient visits, and until the HMPV-tests turned negative. We systematically collected
baseline characteristics from a questionnaire filled out by caregivers. Clinical information was
abstracted from medical records, and Regional Committees for Medical and Health Research

Ethics, Central Norway, approved the study.
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Clinical Classifications and Laboratory Investigations

Children admitted for acute RTI were examined and treated routinely at the discretion of

medical doctors and diagnosed with upper RTI (URTI) and LRTI, as previously described [4].

Nasopharyngeal aspirates (NPA) were collected from children with RTI at admittance
and during the general anesthesia in the controls. NPA were placed in a standard virus
transport medium without antibiotics. Flocked swabs (Copan Italy) were used to collect
follow-up nasopharyngeal samples and placed immediately into a transport medium (UTM-
RT, Copan Italy). All samples were analyzed at the Department of Medical Microbiology, St.
Olavs Hospital, University Hospital of Trondheim, using in-house TagMan real-time PCR
assays and conventional viral cultures for 19 respiratory pathogens, as previously described
[4, 32]. Semi-quantitative results from the PCR tests were based on the cycle threshold value
(Ct value), with values above 42 regarded as negative. In all 222 (83%) HMPV-positive
specimens were genotyped by real-time PCR and DNA sequencing by primers targeting the F
gene of HMPV [18], as previously described [4]. Some of the NPA were not typeable due to
low viral loads, and others were not available. Phylogenetic comparisons of F gene sequences
of 169 isolates from patients and 36 GenBank sequences representing each of the five
described HMPV subtypes (A1, A2a, A2b, B1 and B2) were performed. Multiple sequences
were aligned using the MUSCLE and Clustal W software. Phylogenetic analysis was inferred
using the Neighbour-Joining method with evolutionary distances calculated by the Tamura-

Nei method using the Geneious v.9.0.2 software.

Definitions and Statistical Analyses

A season was defined as the beginning of August to the end of July of the following year. An

epidemic was the time between onset month and offset month during one season. The onset
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month was the first of two consecutive months when the monthly proportion of a virus was
>10% positive of the total number of NPA. The offset month was the last month when the
monthly proportion of a virus was >10% positive, preceding 2 consecutive months with <10%
positive samples. The peak activity month during an epidemic was the month with the highest
number of children with the respective virus. Sixteen children had both HMPV and RSV in

the NPA, and were included in the HMPV group.

To calculate annual hospitalization (incidence) rates we used study data, ICD-10
diagnosis statistics from the patient administrative system and population data from Statistics
Norway. These data were categorized in age groups and seasons. From our study, we
calculated the number of HMPV and RSV-positive children with LRTI diagnosis staying >24
hours. Twelve children with LRTI had both HMPV and RSV, and were included in the
HMPV group. These ICD-10 codes were included: pneumonia J10.0, J11.0, J12.0-J12.9, J13-

J15, bronchitis J20, bronchiolitis J21, unspecified LRTI J22 and asthma exacerbation J45-46.

The duration of HMPV shedding was estimated by Kaplan-Meier analysis in 32
available children. In total, 93 respiratory specimens, in average 3 per child, were collected at
a median 4.0, 8.5 and 13.0 days after symptom onset. Four HMPV-positive specimens in the
last sampling were censored. Samples with Ct values >42 were encoded with a Ct value >42.1

for the HMPV shedding analysis.

We used the y2-test or Fischer’s Exact Test, Student t-test, Mann-Whitney U-test or
Kruskal-Wallis test to compare categorical, parametric and non-parametric variables, as
appropriate. Repeated measures were analyzed by Friedman test for ordinal variables and
Cochran’s Q test for dichotomous variables. P-values < .05 (two-sided) were considered
statistically significant and the data was analyzed using IBM SPSS Statistics 22 and

SigmaPlot 13.0.
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RESULTS
HMPV and RSV among children with RTI and asymptomatic controls

Among 3650 children admitted with RTI, HMPV was detected in 7.3% (267/3,650), RSV in
28.7% (1048/3,650) and 64.0% had other viruses or were virus-negative (Supplementary
Figure 1, panel A). Infected children with HMPV and RSV had a median age of 17.7 months
(IQR 9.1-29.7) and 7.4 months (IQR 2.5-17.7) (P <.001), respectively. Baseline and clinical
characteristics are presented in Table 1. Three children were hospitalized twice with HMPV
infection within a 5-year period, elicited by unknown or different subtypes. Among the
asymptomatic controls with a median age of 39.4 months (IQR 21.0-63.3), HMPV was
detected in 2.1% (7/339) and RSV in 3.2% (11/339) (Supplementary Figure 1, panel B).
HMPYV and RSV more frequently were detected among children with RTI than among
controls (both P <.001). The median Ct value of HMPV among children with RTI (28.0, IQR
24.2-32.1) was lower than among controls (38.9, IQR 37.6-39.2) (P < .001). In all 43.8%
(117/267) of infected children were HMPV culture-positive at admittance compared to none
of the controls (0/7). Similarly, the median Ct value of RSV among children with RTI (23.5,
IQR 20.9-26.8) was lower than among controls (30.9, IQR 30.3-33.2) (P <.001), and 91.4%

(958/1048) and 54.5% (6/11) respectively, were RSV culture-positive in the same two groups.
Seasonal trends and epidemics

The detection of HMPV varied from 2.6% to 12.4% of the children in each of 9 seasons, an
average of 7.3% per season (Supplementary Figure 2). RSV was more frequent than HMPV,
and varied from 21.3% to 39.0%, an average of 28.7% per season. Analyses of the monthly
HMPV-distribution during all nine years showed that HMPV mostly appeared from January
to April (74.2%, 198/267). Going more into detail, HMPYV appeared from January-March in

62.5%, April-June in 23.2%, October-December in 13.1% and July-September in 1.1%.
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Furthermore, the occurrence of HMPV in the period from January to March in odd and even
years (even year, i.e. 2006/07) was equal (P =.730) (Supplementary Figure 3). RSV was
particularly frequent from January to March (71.2%, 746/1,048). Looking on epidemics,
HMPYV appeared from October to July in 2 to 6 consecutive months, with a median outbreak
duration of 3.5 months (Supplementary Figure 2). Four seasons had peak activity in January
and February, while the other four seasons had peak activity in March or later. The winter
HMPV epidemics had higher peaks (winter: 11-20 HMPV-positives per month vs spring-
summer: 3-8 HMPV-positives per month) and a longer duration (winter: median 5 months vs
spring-summer: 2.5 months) than the spring-summer HMPV epidemics (P = .004 and P =
.057, respectively). RSV-epidemics occurred in all 9 seasons and had a median duration of 5
months, varying from 5 to 8 months from October to July. RSV epidemics had a longer
median duration than HMPV epidemics (P =.011). Additionally, HMPV epidemics appeared

before, during or after RSV epidemics.
HMPYV genotypes and subtypes

Genotype B was detected in 56.8% (126/222) and genotype A in 43.2% (96/222). HMPV A
and B co-circulated each season, although the distributions of each genotype changed during
the seasons (P <.001) (Figure 1 and Supplementary Table 1). Among the HMPV genotype B
positive samples, 37 were subtype B1 and 89 were subtype B2. In genotype A, 12 samples
were subtype A2a, 80 were subtype A2b and 4 were subtype A2 (unassigned), while no
samples were positive for subtype Al. Two or more subtypes were detected every season, and
one or two subtypes dominated in each season. Phylogenetic analyses of the F gene region
showed that several strains circulated each year. No clusters or new strains were detected

during the 9 year-long study period (Supplementary Figure 4).
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Hospitalizations rates of LRTI during 9seasons

Altogether, 1130 children were hospitalized with LRTI with either HMPV (n = 186) or RSV
(n = 944). The mean annual hospitalization rate of HMPV-associated LRTI in children <5
years was 1. 9/1,000 children (Table 2). The youngest children aged 0-11 months old had a
rate of 3.1/1,000 children, and 12-23 months old had a rate of 3.4/1,000 children. Children
with RSV had higher hospitalization rates than HMPV: 10.4/1,000 children <5 years,
27.5/1,000 children aged 0-11 months and 14.7/1,000 children aged 12-23 months. In children
>24 months, the rates gradually decreased in both HMPV- and RSV-infected children with

increasing age.
Shedding of HMPV

Among all HMPV-positive inpatients, 32 were available for the shedding analyses. They had
a median age of 16.0 months (IQR 7.5-26.8), 30 out of 32 had LRTI and 2 out of 32 had
URTI (Supplementary Table 2). A Kaplan-Meier analysis estimated that 50% (median) and
100% of 32 children were virus PCR-negative after 13.0 (95% CI 11.5-14.5) and 28.0 days,
respectively, from the onset of symptoms (Figure 2), with the shedding time varying from
6.0-28.0 days. The NPA taken at admittance had a median Ct value of 23.8 and 84.4% (27/32)
were culture-positive (Supplementary Table 2). The first follow-up samples had a median Ct
value of 34.7, and only 15.6% (5/32) were still culture-positive. The second follow-up
samples had a median Ct value >42.1, the value encoded for virus-negatives, and none out of
20 samples were culture- positive. The median Ct values gradually increased, and the rate of
culture-positive samples gradually decreased from admittance to first and second follow-up

samples (both P <.001), and all children gradually improved.
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DISCUSSION

The present data from our population-based study performed during nearly 9 years show that
HMPV is associated with a substantial disease burden, and annually causes an average of 1. 9
hospitalizations per 1,000 Norwegian children younger than 5 years, although HMPV is still
associated with a five times lower hospitalization rate than RSV. Several findings have
confirmed that HMPV is an epidemic virus: First, HMPV occurred in regular winter and
spring-summer outbreaks during the entire study period. Secondly, the infected children
initially had high viral levels, but a short viral shedding time, and thirdly, no asymptomatic
controls had a HMPV-positive culture, although a few had low levels of HMPV as detected

by PCR.

On average, HMPV was detected in 7.3% of all children admitted with RTI during the
whole period, but it varied considerably from only 2.6% to 12.4% per season. Most previous
studies from countries in the Northern hemisphere measured the occurrence over shorter
periods, but found relative similar figures and seasonal variations [1, 3, 8, 13-15]. HMPV
appeared mostly from January to April and regularly caused outbreaks of a median of 5
months’ duration, peaking in the winter months. Smaller outbreaks with a median duration of
2.5 months appeared during the spring and early summer months, and coincided with a
reduction in the total number of children admitted with RTI. In addition, the occurrence of
HMPYV from January to March was quite similar in both odd and even years, in contrast to
observations from southern Europe, with alternating epidemics in winter and spring-summer
every other year [15, 33]. We speculate as to whether this may be related to the cold climate
in our country compared to the warmer climate in the southern part of Europe [34]. RSV
outbreaks occurred in every season and lasted an average of 5 months, and most often peaked
in January to March. As previously described, HMPV outbreaks appeared before, overlapping

with or after RSV [5].
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We detected all known HMPV subtypes, except for subtype A1, with subtype B2 being the
most frequent over the entire period. In line with other studies [6, 7, 15, 19], the distribution
of subtypes showed great seasonal variation. In every season one or two subtypes dominated,
and at least two subtypes circulated, but no new strains or clusters were detected. We
previously have reported that HMPV genotypes and subtypes were associated with very

similar clinical manifestations [4].

In the present study, the average annual hospitalization rate of HMPV-related LRTI
over 9 seasons was 1.9/1,000 children aged <5 years old. Children in the youngest age groups
had higher rates. We used a strict definition of severe HMPV infection including only
children with a hospital stay >24 hours and LRTI, which might explain why our estimates
differ from three US studies that included a broader spectrum of respiratory infections, and
reported estimates from 1.0- to 1.2/1,000 children <5 years old [1, 20, 21]. Two European
studies reported HMPV-related hospitalizations rates comparable with ours. A study from
Spain [23], based on 3 seasons, reported that 2.6/1,000 children <3 years old were
hospitalized, and in a single season study from UK [22] the rate was reported to be 1.3/1,000
children <6 years old. Our finding of higher hospitalization rate in 12-23 months-old children
differ with the findings in all previous studies [1, 20-23], and may also relate to our strict
inclusion criteria. The hospitalization rates of children with RSV-related LRTI in our study
were in line with findings from previous Norwegian [35], European [36, 37] and American
studies [38, 39], thereby confirming that HMPV causes hospitalization less often than RSV in

Europe and US.

To test the hypothesis that low detection rates and low levels of HMPV in healthy
children may be a result of virus shedding after previous RTI, we first measured the rate of
HMPV-positive samples among a group of asymptomatic children. A few percent had a

positive PCR test with high Ct levels, thus corresponding to low viral loads, but all were
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virus-negative by culture. We also studied a group of children with HMPV infection with
repeated specimens sampled, who had low Ct values (high viral loads) and a high rate of
positive cultures initially. During the progress of the disease, these children improved
clinically, viral loads gradually decreased and all became virus-negative by culture after 13
days. Despite these changes, half of the children were still virus-positive by PCR test after 13
days and all were negative after 28 days only. Taken together, our observations along with
observations done by others [1, 30, 31, 40, 41], support that a positive PCR test for HMPV in
healthy children is unlikely to indicate an asymptomatic infection, and we speculate whether
it instead indicates the presence of small amounts of viral nucleic acids after a previous
HMPV infection. Others [40, 42] have demonstrated a 2-3-week-long shedding time in
children with RSV infection, which in a similar way may explain the low detection rate of

RSV at low viral levels in the controls of the present study.

As indicated by the hospitalization rates, the incidence of severe HMPV infection,
decreased by age. In addition, only 1% of previously healthy children were admitted with
recurrent HMPV infections elicited by unknown or different HMPV subtypes. Previous
research has shown that most children become seropositive during the first 5 years of life
[43], while data from experimental studies suggest that certain HMPV subtypes may not
stimulate an adequate immune response in all cell types [44]. However, our clinical data
support that healthy children usually develop a robust immunity against most HMPV subtypes
during childhood. On the other hand, outside a hospital setting, others have shown that
HMPV may still cause recurrent mild RTI in children [45] and adults [46]. Moreover,
children [47] and adults [48] with impaired immunity may be prone to severe HMPV

infections, even with a high seroprevalence at all ages [49].

It is a strength of the present population-based study, that we prospectively enrolled

children at all ages from the same county in mid-Norway, and to the only existing pediatric
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hospital in this region during a long period. It is also an advantage that we used the same PCR
tests and viral cultivation methods during the entire period. However, the controls were
sampled during anesthesia and we have not adjusted for the fact that controls were in general
older than children with RTI. Moreover, controls were not contacted after sampling to assess
whether subsequent RTI symptoms had occurred. All factors might have contributed to higher
viral detection rates among controls. Some HMPV-positive samples were not genotyped and a
few were unassigned A2. Hence, the Al subtype might have been present, and the pattern of
circulating HMPV subtypes might have been even more heterogenic than described.

In conclusion, HMPV occurs in winter and spring-summer epidemics in Norwegian
children, but the hospitalization rate is 5 times lower than RSV. All known HMPV subtypes,
except for A1, circulate in Norway. Children are rarely hospitalized twice with HMPV
infection. Children have a short HMPV shedding time and may not be infectious for more
than 13 days, and the short shedding time may also explain the low HMPV detection rate

among asymptomatic children.

Acknowledgments: We acknowledge the contributions of dr. Anne-Gro Wesenberg Rognlien,
Oslo University Hospital, Oslo, Norway, research nurses Ragnhild Widerg, Stine Saus,
Wenche Hahjem, Barbro Medas and Siv Anita Myhre, dr. Per Eirik Haereidf, all at the
Department of Pediatrics, the bioengineers, Department of Medical Microbiology, St. Olavs
University Hospital, associate professor Turid Follestad, Faculty of Health and Science,
Norwegian University of Science and Technology, dr. scient, PhD, Barge Moe, Norwegian
Institute for Nature Research, Trondheim, Norway, and professor emeritus Olli Ruuskanen,

Turku University Hospital, Turku, Finland.

14



References

1. Edwards KM, Zhu Y, Griffin MR, et al. Burden of human metapneumovirus infection in young
children. N Engl J Med 2013; 368:633-43.

2. Dollner H, Risnes K, Radtke A, Nordbo SA. Outbreak of human metapneumovirus infection in
norwegian children. Pediatr Infect Dis J 2004; 23:436-40.

3. Singleton RJ, Bulkow LR, Miernyk K, et al. Viral respiratory infections in hospitalized and
community control children in Alaska. J Med Virol 2010; 82:1282-90.

4. Moe N, Krokstad S, Stenseng IH, et al. Comparing Human Metapneumovirus and Respiratory
Syncytial Virus: Viral Co-Detections, Genotypes and Risk Factors for Severe Disease. PL0oS One
2017; 12:e0170200.

5. Aberle SW, Aberle JH, Sandhofer MJ, Pracher E, Popow-Kraupp T. Biennial Spring Activity of
Human Metapneumovirus in Austria. Pediatr Infect Dis J 2008; 27:1065-1068.

6. Pitoiset C, Darniot M, Huet F, Aho SL, Pothier P, Manoha C. Human metapneumovirus genotypes
and severity of disease in young children (n = 100) during a 7-year study in Dijon hospital, France. J
Med Virol 2010; 82:1782-9.

7. Reiche J, Jacobsen S, Neubauer K, et al. Human metapneumovirus: insights from a ten-year
molecular and epidemiological analysis in Germany. PLoS One 2014; 9:e88342.

8. Rafiefard F, Yun Z, Orvell C. Epidemiologic characteristics and seasonal distribution of human
metapneumovirus infections in five epidemic seasons in Stockholm, Sweden, 2002-2006. J Med Virol
2008; 80:1631-8.

9. Weigl JA, Puppe W, Meyer CU, et al. Ten years' experience with year-round active surveillance of
up to 19 respiratory pathogens in children. Eur J Pediatr 2007; 166:957-66.

10. Haynes AK, Fowlkes AL, Schneider E, Mutuc JD, Armstrong GL, Gerber SI. Human
Metapneumovirus Circulation in the United States, 2008 to 2014. Pediatrics 2016; 137.

11. Owor BE, Masankwa GN, Mwango LC, Njeru RW, Agoti CN, Nokes DJ. Human
metapneumovirus epidemiological and evolutionary patterns in Coastal Kenya, 2007-11. BMC Infect

Dis 2016; 16:301.

15



12. Rueda AJV, Mistchenko AS, Viegas M. Phylogenetic and Phylodynamic Analyses of Human
Metapneumovirus in Buenos Aires (Argentina) for a Three-Year Period (2009-2011). PL0oS One 2013;
8.

13. McCracken JP, Arvelo W, Ortiz J, et al. Comparative epidemiology of human metapneumovirus-
and respiratory syncytial virus-associated hospitalizations in Guatemala. Influenza Other Respir
Viruses 2014; 8:414-21.

14. Zhang C, Du LN, Zhang ZY, et al. Detection and genetic diversity of human metapneumovirus in
hospitalized children with acute respiratory infections in Southwest China. J Clin Microbiol 2012;
50:2714-9.

15. Aberle JH, Aberle SW, Redlberger-Fritz M, Sandhofer MJ, Popow-Kraupp T. Human
metapneumovirus subgroup changes and seasonality during epidemics. Pediatr Infect Dis J 2010;
29:1016-8.

16. Biacchesi S, Skiadopoulos MH, Boivin G, et al. Genetic diversity between human
metapneumovirus subgroups. Virology 2003; 315:1-9.

17. van den Hoogen BG, Herfst S, Sprong L, et al. Antigenic and genetic variability of human
metapneumoviruses. Emerg Infect Dis 2004; 10:658-66.

18. Huck B, Scharf G, Neumann-Haefelin D, Puppe W, Weigl J, Falcone V. Novel human
metapneumovirus sublineage. Emerg Infect Dis 2006; 12:147-50.

19. Papenburg J, Carbonneau J, Isabel S, et al. Genetic diversity and molecular evolution of the major
human metapneumovirus surface glycoproteins over a decade. J Clin Virol 2013; 58:541-7.

20. Williams JV, Edwards KM, Weinberg GA, et al. Population-based incidence of human
metapneumovirus infection among hospitalized children. J Infect Dis 2010; 201:1890-8.

21. Davis CR, Stockmann C, Pavia AT, et al. Incidence, Morbidity, and Costs of Human
Metapneumovirus Infection in Hospitalized Children. Journal of the Pediatric Infectious Diseases
Society 2016; 5:303-11.

22. Nicholson KG, McNally T, Silverman M, Simons P, Stockton JD, Zambon MC. Rates of
hospitalisation for influenza, respiratory syncytial virus and human metapneumovirus among infants
and young children. Vaccine 2006; 24:102-108.

16



23. Cilla G, Onate E, Perez-Yarza EG, Montes M, Vicente D, Perez-Trallero E. Hospitalization rates
for human metapneumovirus infection among 0- to 3-year-olds in Gipuzkoa (Basque Country), Spain.
Epidemiol Infect 2009; 137:66-72.

24. Lim FJ, de Klerk N, Blyth CC, Fathima P, Moore HC. Systematic review and meta-analysis of
respiratory viral coinfections in children. Respirology 2016; 21:648-55.

25. Moe N, Pedersen B, Nordbo SA, et al. Respiratory Virus Detection and Clinical Diagnosis in
Children Attending Day Care. PL0oS One 2016; 11:e0159196.

26. Rhedin S, Lindstrand A, Rotzen-Ostlund M, et al. Clinical utility of PCR for common viruses in
acute respiratory illness. Pediatrics 2014; 133:e538-45.

27. Jartti T, Soderlund-Venermo M, Hedman K, Ruuskanen O, Makela MJ. New molecular virus
detection methods and their clinical value in lower respiratory tract infections in children. Paediatr
Respir Rev 2013; 14:38-45.

28. Jartti T, Lehtinen P, Vuorinen T, Koskenvuo M, Ruuskanen O. Persistence of rhinovirus and
enterovirus RNA after acute respiratory illness in children. J Med Virol 2004; 72:695-9.

29. Wagner JC, Pyles RB, Miller AL, Nokso-Kaoivisto J, Loeffelholz MJ, Chonmaitree T. Determining
Persistence of Bocavirus DNA in the Respiratory Tract of Children by Pyrosequencing. Pediatr Infect
Dis J 2016; 35:471-6.

30. Gerna G, Sarasini A, Percivalle E, et al. Prospective study of human metapneumovirus infection:
diagnosis, typing and virus quantification in nasopharyngeal secretions from pediatric patients. J Clin
Virol 2007; 40:236-40.

31. Ebihara T, Endo R, Kikuta H, et al. Human metapneumovirus infection in Japanese children. J
Clin Microbiol 2004; 42:126-32.

32. Kristoffersen AW, Nordbo SA, Rognlien AG, Christensen A, Dollner H. Coronavirus causes lower
respiratory tract infections less frequently than RSV in hospitalized Norwegian children. Pediatr Infect
Dis J 2011; 30:279-83.

33. Heininger U, Kruker AT, Bonhoeffer J, Schaad UB. Human metapneumovirus infections--
biannual epidemics and clinical findings in children in the region of Basel, Switzerland. Eur J Pediatr
2009; 168:1455-60.

17



34. Sundell N, Andersson LM, Brittain-Long R, Lindh M, Westin J. A four year seasonal survey of the
relationship between outdoor climate and epidemiology of viral respiratory tract infections in a
temperate climate. J Clin Virol 2016; 84:59-63.

35. Fjaerli HO, Farstad T, Bratlid D. Hospitalisations for respiratory syncytial virus bronchiolitis in
Akershus, Norway, 1993-2000: a population-based retrospective study. BMC Pediatr 2004; 4:25.

36. Svensson C, Berg K, Sigurs N, Trollfors B. Incidence, risk factors and hospital burden in children
under five years of age hospitalised with respiratory syncytial virus infections. Acta Paediatr 2015;
104:922-6.

37. Gil-Prieto R, Gonzalez-Escalada A, Marin-Garcia P, Gallardo-Pino C, Gil-de-Miguel A.
Respiratory Syncytial Virus Bronchiolitis in Children up to 5 Years of Age in Spain: Epidemiology
and Comorbidities: An Observational Study. Medicine (Baltimore) 2015; 94:e831.

38. Hall CB, Weinberg GA, Iwane MK, et al. The burden of respiratory syncytial virus infection in
young children. N Engl J Med 2009; 360:588-98.

39. Stockman LJ, Curns AT, Anderson LJ, Fischer-Langley G. Respiratory syncytial virus-associated
hospitalizations among infants and young children in the United States, 1997-2006. Pediatr Infect Dis
J 2012; 31:5-9.

40. von Linstow ML, Eugen-Olsen J, Koch A, Winther TN, Westh H, Hogh B. Excretion patterns of
human metapneumovirus and respiratory syncytial virus among young children. Eur J Med Res 2006;
11:329-35.

41. Sarasini A, Percivalle E, Rovida F, et al. Detection and pathogenicity of human metapneumovirus
respiratory infection in pediatric Italian patients during a winter--spring season. J Clin Virol 2006;
35:59-68.

42. Okiro EA, White LJ, Ngama M, Cane PA, Medley GF, Nokes DJ. Duration of shedding of
respiratory syncytial virus in a community study of Kenyan children. BMC Infect Dis 2010; 10:15.
43. 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; 7:719-24.

18



44. Goutagny N, Jiang Z, Tian J, et al. Cell type-specific recognition of human metapneumoviruses
(HMPVs) by retinoic acid-inducible gene I (RIG-1) and TLR7 and viral interference of RIG-I ligand
recognition by HMPV-B1 phosphoprotein. J Immunol 2010; 184:1168-79.

45. Heikkinen T, Osterback R, Peltola V, Jartti T, Vainionpaa R. Human metapneumovirus infections
in children. Emerg Infect Dis 2008; 14:101-6.

46. Walsh EE, Peterson DR, Falsey AR. Human metapneumovirus infections in adults: another piece
of the puzzle. Arch Intern Med 2008; 168:2489-96.

47. Chu HY, Renaud C, Ficken E, Thomson B, Kuypers J, Englund JA. Respiratory Tract Infections
Due to Human Metapneumovirus in Immunocompromised Children. Journal of the Pediatric
Infectious Diseases Society 2014; 3:286-93.

48. Williams JV, Martino R, Rabella N, et al. A prospective study comparing human
metapneumovirus with other respiratory viruses in adults with hematologic malignancies and
respiratory tract infections. J Infect Dis 2005; 192:1061-5.

49. Lusebrink J, Wiese C, Thiel A, et al. High seroprevalence of neutralizing capacity against human

metapneumovirus in all age groups studied in Bonn, Germany. Clin Vaccine Immunol 2010; 17:481-4.

19



FIGURE LEGENDS
Figure 1. Distribution of human metapneumovirus (HMPV) and HMPV subtypes during 9

seasons.

Number of HMPV positive samples on the Y-axis. Tot HMPV (black solid line) indicates the total number of
HMPV-positive samples including samples with known and unknown subtypes.

*Unassigned A2.

Figure 2. Kaplan-Meier analysis of human metapneumovirus (HMPV) shedding time in

children with respiratory tract infection.

Y-axis represents estimated proportion of HMPV-positive nasopharyngeal samples and X-axis represents
number of days from onset of symptoms until HMPV-negative sample. The estimated proportion (solid line) is

presented with the 95% confidence interval (stippled lines).
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Table 1. Baseline and Clinical Characteristics of Children with Respiratory Tract

Infections Due to HMPV and RSV

Characteristic

HMPV? (n = 267)

RSV (n = 1048)

Age (median, IQR)
Age group, months
<6
6-11
12-23
24-59
>60
Gender (male)
Premature born (gestational age <36 weeks)
>1 chronic disease
Upper respiratory tract infection
Lower respiratory tract infection
Bronchiolitis
Pneumonia
Asthma exacerbation
Obstructive bronchitis
Unspecified
Outpatients (hospital stay <24 hours)
Inpatients (hospital stay >24 hours)
Upper respiratory tract infection

Lower respiratory tract infection

17.7 (9.1-29.7)

41 (15.4)
46 (17.2)
89 (33.3)
75 (28.1)
16 (6.0)
154 (57.7)
51 (19.1)
89 (33.3)
33 (12.4)
234 (87.6)
89 (33.3)
84 (31.5)
35 (13.1)
11 (4.1)
15 (5.6)
64 (24.0)
203 (76.0)
17 (8.4)

186 (91.6)

7.4 (2.5-17.7)

462 (44.1)
187 (17.8)
256 (24.4)
126 (12.0)
17 (1.6)
603 (57.5)
147 (14.0)
187 (17.8)
42 (4.0)
1006 (96.0)
657 (62.7)
201 (19.2)
107 (10.2)
31 (3.0)
9(0.9)

69 (6.6)
979 (93.4)
35 (3.6)

944 (96.4)



Length of stay (median, IQR) 4.0 (2.0-6.0) 4.0 (2.0-6.0)

Data are presented as absolute numbers and percent in brackets, except from age and length of stay in median and
interquartile range (IQR).
Abbrevations: HMPV, Human Metapneumovirus; RSV, Respiratory Syncytial Virus.

aSixteen children had both HMPV and RSV and were included in the HMPV group only.



Table 2. Incidence Rates of Hospitalization per 1000 children with Lower Respiratory Tract Infection, by Virus (HMPV or RSV), Season

and Age
Age 0-11 months Age 12-23 months Age 24-59 months Age 5-16 years Age 0-59 months

Season

HMPV RSV HMPV RSV HMPV RSV HMPV RSV HMPV RSV
2006/07 5.9 24.9 4.3 17.9 18 2.2 0.2 0.2 3.2 10.4
2007/08 0.5 35.2 2.4 8.9 0.0 3.3 0.0 0.0 0.5 11.6
2008/09 4.0 19.7 5.0 13.4 1.2 1.5 0.1 0.1 2.5 8.3
2009/10 3.4 25.2 1.0 13.6 1.2 2.5 0.0 0.0 1.6 9.5
2010/11 2.4 31.8 2.5 12.9 0.6 3.7 0.0 0.1 1.3 121
2011/12 5.2 18.2 6.9 12.6 2.1 1.3 0.1 0.0 3.7 7.3
2012/13 15 40.7 1.3 19.4 0.5 2.9 0.0 0.1 0.8 14.1
2013/14 2.7 18.2 6.4 10.1 1.2 1.5 0.1 0.0 2.4 6.6
2014/15 25 33.3 1.0 23.1 1.0 2.1 0.0 0.4 1.3 13.4
Mean 3.1 275 3.4 14.7 1.1 2.3 0.06 0.1 1.9 10.4
95% Cl 2.0-4.2 22.1-32.9 1.9-4.9 11.7-17.7 0.7-15 1.8-2.8 0.01-0.11 0.03-0.17 1.2-2.6 8.6-12.2

Abbreviations: HMPV, Human Metapneumovirus; RSV, Respiratory Syncytial virus; Cl, Confidence Interval.



4111 children admitted with acute RTI,
whom had a nasopharyngeal aspirate collected

Excluded 461, due to:
297 not considered yet
91 not invited
45 insufficient contact information
28 refused participation

3650 children included in main
study cohort

l

Among these:
251 HMPV
1048 RSV
16 both HMPV and RSV
2335 other viruses and virus-negatives

B 644 control children admitted for elective
surgery
| Excluded 305 due to recent RTI

symptoms

339 asymptomatic hospital controls
Among these:
7 HMPV
11 RSV

Supplementary Figure 1. Study flow chart, where (A) represents
children admitted with acute respiratory tract infections from
November 2006 to July 2015 and (B) represents hospital controls
admitted for elective surgery from June 2007 to April 2015.

HMPYV indicates human metapneumovirus and RSV indicates
respiratory syncytial virus.



Supplementary Figure 2. Detection of HMPV and RSV among children with respiratory
tract infection according to month and season.

Gray shade represents the total number of samples tested, with numbers at the right Y -axis. Dashed lines indicate
the detection of HMPV (red) and RSV (blue) and solid lines indicates HMPV epidemic (>10% positive) (red)
and RSV epidemic (>10% positive) (blue), with numbers at the left Y-axis. Diamonds are peak activity month
during HMPV epidemics (red) and RSV epidemics (blue). During the 2007/08 season, no HMPV epidemic
occurred and therefore no peak activity month is marked. The peak activity month during an epidemic was the
month with highest number of children with the respective virus.

HMPYV indicates human metapneumovirus and RSV indicates respiratory syncytial virus.
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Supplementary Figure 4.

Phylogeny of 169 patient sequences obtained by partial sequencing of the HMPV F gene and 36 GenBank sequences.
Phylogenetic analysis was constructed by the Neighbour-Joining method with evolutionary distances calculated by the
Tamura-Nel method using the Geneious v.9.0.2 software. The sequences from this study are labelled by year of
sample collection, specimen identifier and TRD (Trondheim). The GenBank strains are labelled with accession number
and geographic origin. ARG, Argentina; AUS, Australia; CAN, Canada; CHN, China; JPS, Japan; NL, Netherlands;
SIN, Singapore; UK, United Kingdom. The figure is produced using the FigTree version 1.4.3 program.



Supplementary Table 1. Circulation of HMPV During Nine Seasons, According to

Subtypes and in Total

Total
Season A2a A2b A2? Bl B2 Unknown

HMPV
2006/07 0(0.0) 1(2.2) 0(0.0) 1(2.2) 20 (43.5) 24 (52.2) 46 (100.0)
2007/08 2 (18.2) 3(27.3) 0(0.0) 1(9.1) 5 (45.5) 0(0.0) 11 (100.0)
2008/09 1(2.9) 17 (48.6) 1(2.9) 0(0.0) 13 (37.1) 3(8.6) 35 (100.0)
2009/10 1(4.2) 15 (62.4) 0(0.0) 5 (20.8) 2(8.3) 1(4.2) 24 (100.0)
2010/11 1(3.4) 21 (72.4) 0(0.0) 1(3.4) 2(6.9) 4 (13.8) 29 (100.0)
2011/12 6 (10.5) 16 (28.1) 2 (3.5) 11 (19.3) 16 (28.1) 6 (10.5) 57 (100.0)
2012/13 0(0.0) 1(7.1) 1(7.1) 5 (35.7) 5 (35.7) 2 (14.3) 14 (100.0)
2013/14 1(2.3) 1(2.3) 0(0.0) 10 (23.3) 26 (60.5) 5 (11.6) 43 (100.0)
2014/15 0(0.0) 5 (62.5) 0(0.0) 3(37.5) 0(0.0) 0(0.0) 8 (100.0)
Total 12 (4.5) 80 (30.0) 4 (1.5) 37 (13.9) 89 (33.3) 45 (16.9) 267 (100.0)

Data presented as absolute number and percent in parenthesis out of total each season and in total out of all seasons.

2Unassigned.

HMPV indicates human metapneumovirus.



Supplementary Table 2. HMPV Shedding in Children with Respiratory Tract Infection, with Viral Loads, Culture Results and Duration

of Symptoms at Three Sampling Times

Child no. Age, mo Diagnosis Sampling at admittance First follow-up sampling Second follow-up sampling

Days® Ct°  Culture® Days Ct  Culture Days Ct  Culture

1 18.5 bronchiolitis 2 19.2 Pos. 4 23.6 Neg. 11 >42.1¢ Neg.

2 91.4 pneumonia 6 22.2 Pos. 12 >42.1 Neg.

3 18.5 pneumonia 7 29.1 Pos. 9 38.6 Neg. 14 >42.1 Neg.

4 23.3 bronchiolitis 5 331 Neg. 9 >42.1 Neg.

5 24.9 pneumonia 6 28.8 Pos. 7 29.5 Neg. 11 >42.1 Neg.

6 19.8 pneumonia 3 23.9 Pos. 6 22.7 Pos. 10 37.9 Neg.

7 12.0 pneumonia 4 24.9 Pos. 6 27.4 Neg.

8 9.1 bronchiolitis 5 21.3 Pos. 10 33.9 Neg. 16 >42.1 Neg.

9 19.2 pneumonia 2 21.4 Pos. 6 31.1 Neg. 11 >42.1 Neg.

10 12.6 pneumonia 6 30.5 Pos. 10 33.3 Neg. 15 >42.1 Neg.

11 27.4 unspec. LRTI® 3 25.1 Pos. 10 >42.1 Neg.

12 155 URTIf 2 23.6 Pos. 7 29.9 Pos. 10 32.0 Neg.

13 1.8 bronchiolitis 2 22.9 Pos. 6 34.2 Pos. 12 >42.1 Neg.
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32.7

3.1

12.3

18.1
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56.6

174.2

60.1

31.4

14.8

115

6.1

33.6

1.7

3.5

13.5

7.0

0.5

bronchiolitis
pneumonia
bronchiolitis
bronchiolitis
URTI
pneumonia
pneumonia
asthma exac.
pneumonia
asthma exac.
pneumonia
pneumonia
bronchiolitis
pneumonia
bronchiolitis
bronchiolitis
asthma exac.
asthma exac.

bronchiolitis

315

20.5

21.7

28.8

27.2

27.4

19.3

33.7

20.7

30.9

22.2

245

23.3

28.3

21.2

20.2

215

26.1

23.8

Neg.
Pos.
Pos.
Neg.
Pos.
Pos.
Pos.
Neg.
Pos.
Neg.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.

Pos.

12

17

12

10

10

13

14

19

>42.1
27.9
255
32.4
>42.1
>42.1
36.2
38.2
31.9
>42.1
30.7
35.2
26.2
>42.1
>42.1
29.0
36.6
>42.1

>42.1

Neg.
Neg.
Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Pos.
Neg.
Neg.

Neg.

22

10

11

14

14

17

15

15

20

30.4
30.8

38.0

36.7
>42.1

>42.1

37.4
>42.1

354

>42.1

33.8

Neg.
Neg.

Neg.

Neg.
Neg.

Neg.

Neg.
Neg.

Neg.

Neg.

Neg.




Median 16.0 4.0

23.8

8.5

34.7

13.0

>42.1

Pos. cultures, n (%)

27 (84.4)

5 (15.6)

0(0.0)

Abbreviations; Ct value, cycle threshold value; HMPV, human metapneumovirus.

2Days with symptoms from onset of respiratory tract infection to sampling.
°Ct value in respiratory samples at sampling.

Viral culture positive or negative for HMPV at sampling.

dVirus negative was encoded with a Ct value of >42.1

*Unspecified lower respiratory tract infection.

fUpper respiratory tract infection.
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