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s u m m a r y

Background: Human metapneumovirus (HMPV) is an important aetiologic agent of respiratory tract infection 
(RTI). This study aimed to describe the prevalence, genetic diversity, and evolutionary dynamics of HMPV.
Methods: Laboratory-confirmed HMPV were characterised based on partial-coding G gene sequences with 
MEGA.v6.0. WGS was performed with Illumina, and evolutionary analyses with Datamonkey and Nextstrain.
Results: HMPV prevalence was 2.5%, peaking in February-April and with an alternation in the predominance of 
HMPV-A and –B until the emergence of SARS-CoV-2, not circulating until summer and autumn-winter 2021, with a 
higher prevalence and with the almost only circulation of A2c111dup. G and SH proteins were the most variable, and 
70% of F protein was under negative selection. Mutation rate of HMPV genome was 6.95 × 10-4 substitutions/site/year.
Conclusion: HMPV showed a significant morbidity until the emergence of SARS-CoV-2 pandemic in 2020, 
not circulating again until summer and autumn 2021, with a higher prevalence and with almost the only 
circulation of A2c111dup, probably due to a more efficient immune evasion mechanism. The F protein showed 
a very conserved nature, supporting the need for steric shielding. The tMRCA showed a recent emergence of 
the A2c variants carrying duplications, supporting the importance of virological surveillance.
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open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Journal of Infection 87 (2023) 103–110

https://doi.org/10.1016/j.jinf.2023.05.004 
0163-4453/© 2023 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. This is an open access article under the CC BY-NC-ND license (http:// 
creativecommons.org/licenses/by-nc-nd/4.0/). 

]]]] 
]]]]]]

⁎ Correspondence to: Respiratory Viruses Unit – Microbiology Department, Hospital Universitari Vall d’Hebron, Vall d’Hebron Research Institute, Universitat Autònoma de 
Barcelona, Passeig Vall d’Hebron 119-129, Barcelona, Spain.

E-mail address: virusrespiratoris@vallhebron.cat (T. Pumarola).
1 These first authors contributed equally to this article.
2 ORCID: 0000-0002-4766-2613.
3 ORCID: 0000-0002-1809-3415.
4 ORCID: 0000-0002-3200-0895.
5 ORCID: 0000-0001-9136-0041.
6 ORCID: 0000-0001-9715-0627.
7 ORCID: 0000-0003-1326-1341.
8 ORCID: 0000-0001-5493-1044.
9 ORCID: 0000-0002-5313-5086.

10 ORCID: 0000-0001-6219-0418.
11 These two authors are co-principal investigators.
12 ORCID: 0000-0002-5171-7461.
13 ORCID: 0000-0002-1476-0815.

http://www.sciencedirect.com/science/journal/01634453
www.elsevier.com/locate/jinf
https://doi.org/10.1016/j.jinf.2023.05.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jinf.2023.05.004
https://doi.org/10.1016/j.jinf.2023.05.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2023.05.004&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2023.05.004&domain=pdf
mailto:virusrespiratoris@vallhebron.cat


Introduction

Human metapneumovirus (HMPV) is an important aetiologic 
agent of upper and lower respiratory tract infections (URTI and LRTI) 
in children and adults.1 HMPV belongs to the Pneumoviridae family 
together with human respiratory syncytial virus (HRSV),2 causing 
similar symptomatology.1 HMPV is an enveloped, lineal, negative- 
sensed, single-stranded RNA virus, classified into HMPV-A and 
HMPV-B genotypes and subdivided into subgenotypes A1, A2 (A2a, 
A2b and A2c lineages),1,3,4 B1 and B2 (B2a and B2b lineages).5,6

HMPV’s genome comprise 8 genes within its 13 kb, encoding for 
9 proteins in the following scheme: 3’-N-P-M-F-M2(M2–1/M2–2)- 
SH-G-L-5’. Recently, 180- and 111-nucleotide duplications have been 
described within the attachment glycoprotein’s (G) ectodomain,6–9

and have been associated with immune evasion and LRTI in the 
adulthood.6

The aims of this study were to describe the genetic diversity and 
the evolutionary dynamics of HMPV in paediatric and adult patients 
attended at a tertiary university hospital in Barcelona from the 
2014–2015 to the 2020–2021 seasons.

Materials and methods

Sample collection

From October 2014 to March 2020, respiratory specimens from 
patients with suspicion of RTI attended at the Hospital Universitari 
Vall d’Hebron (HUVH) were collected. From March 2020, due to the 
increasing SARS-CoV-2 diagnostic activity during the pandemic, the 
routine performed changed, and while the study of all respiratory 
samples from children for surveillance purposes was intended to be 
maintained, in adults it was only performed under request. Also, the 
inclusion criteria changed, including those patients requiring hos
pitalisation for non-RTI causes, such as trauma patients or surgical 
interventions. This is due to the fact that, because of the SARS-CoV-2 
pandemic, a policy was put in place in the hospital for the screening 
of all patients in order to cohort them as laboratory-confirmed SARS- 
CoV-2 or not, and the remaining respiratory viruses were also 
screened. Institutional Review Board approval (PR(AG)161/2016) was 
obtained from the hospital’s Clinical Research Ethics Committee.

Respiratory viruses’ laboratory-confirmation

Detection of respiratory viruses was performed by immuno
fluorescence (D3 Ultra 8™ DFA Respiratory Virus, Diagnostic 
HYBRIDS, USA, which targets Influenza A and B viruses, HRSV, 
HMPV, Adenovirus, and Parainfluenza viruses 1–3) until season 
2015–2016 or mainly by real-time multiplex RT-PCR (Anyplex II 
RV16, Seegene, Korea, until 2015; Allplex Respiratory Panels 1–3, 
Seegene, Korea, since 2015, which targets Influenza A and B viruses, 
HRSV, HMPV, Adenovirus, Parainfluenza viruses 1–4, Rhinovirus, 
Enterovirus, Bocavirus, and Coronaviruses 229E, NL63 and OC43).

Importantly, during the HRSV and influenza epidemics (highest 
circulation from November to February approximately), rapid tests 
were performed for diagnosis of HRSV and Influenza A and B viruses 
in cases with a clinical emergency. These rapid tests were based on 
immunochromatography (Alere BinaxNOW® Influenza A&B or RSV, 
Alere, USA), immunofluorescence (Sofia RSV or influenza FIA, Quidel, 
USA) or real-time RT-PCR (GenXpert for Flu, RSV and/or SARS-CoV-2, 
Cepheid, USA). In case of having a positive result for HRSV or 
Influenza A and B viruses, no more tests were performed.

For epidemiological calculations such as the comparison of the 
circulation and prevalence of different viruses or that of the same 
virus throughout different years, epidemiological seasons for the 
surveillance of respiratory viruses were considered to last from week 
40 to week 39 of the following year.

HMPV phylogenetic analysis

Partial G gene was sequenced from all HMPV laboratory-con
firmed samples as previously described.6 Nucleotide sequences were 
assembled using MEGA v6.0,10 and haplotypes were collapsed with 
ALTER.11 The best fit substitution model was determined by MEGA 
v6.0, and the lowest Bayesian information criterion score model was 
used for the construction of phylogenetic trees and evaluated with 
1000 bootstrap resamplings.

Whole genome sequencing

Samples from HUVH were randomly selected to maintain re
presentativeness among all the genetic clusters observed in the 
phylogenetic trees of G protein and per season. Since no samples 
before October 2014 were available at HUVH, Hospital 12 de Octubre 
(H12O, Madrid, Spain) contributed in the present study with older 
HMPV laboratory-confirmed samples.

Amplification of HMPV whole genome was performed in 4 
overlapping 4-kb-amplicons with the SuperScript™ III Reverse 
Transcriptase (Invitrogen, USA) with the primers designed by 
Tulloch et al.,12 and the following PCR conditions: 55ºC 1 h – 94ºC 
2 min – 35x(94ºC 30 s – 56ºC 30 s – 68ºC 4 min 30 s) – 68ºC 10 min. 
PCR products were purified with AMPure Beads (Beckman Coulter, 
USA), and quantified with NanoDrop One (ThermoScientific, USA). 
Amplicons were normalised and pooled. Library preparation was 
performed with DNA Prep (Illumina, CA, USA), and indexed with 
IDT® for Illumina® DNA/RNA UD Indexes Set A-D (384 IDX) (Illumina, 
USA). Products were quality tested with 4200 TapeStation System 
(Agilent, USA). The final pool was loaded in a MiSeq Reagent Kit 
600v3 cartridge (Illumina, CA, USA) and sequenced in a MiSeq 
platform (Illumina, CA, USA).

FASTQ files were parsed to Trimmomatic v0.39,13 to filter bad 
quality reads. Sliding window trimming option was enabled, using a 
10-base wide window, and cutting when the average quality within 
the window drops below 30. In addition, leading and trailing bases 
below quality 30 were removed. Two different approaches were 
followed:

For the reference mapping consensus assembly, resulting FASTQ 
files were mapped to HMPV reference genome NC_039199.1 (re
trieved from NCBI) through Minimap2 v2.17-r941.14 Variant calling 
over mapped reads was performed by LoFreq v2.1.5,15 with –call- 
indels option enabled. Consensus sequences were generated by 
BCFtools v1.14,16 based on the VCF files previously obtained.

Reads pre-processing for de novo assembly went under the same 
first steps. After, FASTQ files were processed by Bowtie2 v2.3.5.117 for 
host sequences removal, using as host reference sequence the 
human genome assembly GRCh38. Last step of reads pre-processing 
was performed by pTrimmer v1.3.4,18 which consisted of trimming 
off primer sequences. High-quality filtered reads obtained after pre- 
processing were de novo assembled by SPAdes v3.15.2,19 using 
–rnaviral option. Output scaffolds were manually revised and cu
rated using MEGA v6.0.

Performance of both approaches was assessed by comparing G 
protein sequence obtained by Sanger with the G protein information 
contained in consensus sequences from de novo and reference 
mapping assemblies.

Evolutionary analysis

All complete genomes of HMPV available in GenBank were 
downloaded as reference sequences, and temporal signal of all 
genomes was assessed with TempEst.20 The date of these sequences 
was retrieved from GenBank or the original article linked, and the 
1st of July was assumed when only the year was published. Refer
ences with low coverage, generated from isolates of viral culture, 
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without date or resulting in outliers in TempEst were not included in 
the analyses.

Positively and negatively selected sites were identified through 
Datamonkey Webserver21 with 4 different algorithms: single like
lihood ancestor counting (SLAC),22 fixed effects likelihood (FEL),22

mixed effects model of evolution (MEME)23 and a fast, un
constrained Bayesian approximation for inferring selection 
(FUBAR).24 The best-fit substitution model was also determined by 
Datamonkey Webserver. Each site was considered under positive or 
negative selection only when two or more methods agreed with 
statistical significance (p  <  0.1 or Bayes Factor > 50). The mean dN/ 
dS ratio was estimated using the SLAC algorithm.

Conservative blocks were obtained through GBlocks v0.91b for 
evolutionary analysis, to reduce possible noise caused by repetitive 
duplications or large insertions found in some sequences. Nucleotide 
substitution rate per site and the time of the most recent common 
ancestor (tMRCA) were estimated through Nextstrain25 using the 
phylodynamic package TreeTime.26 The resulting analysis can be 
visualised in nextstrain.org/groups/valldhebronvirology/human- 
metapneumovirus-AB.

Results

HMPV epidemiology

From October 2014 (season 2014–2015) to December 2021 
(season 2021–2022), a total of 72,263 samples were tested, of which 
31,368 (43%) were laboratory-confirmed for at least one respiratory 
virus (excluding SARS-CoV-2). HMPV was laboratory-confirmed in 
1751 samples (2.4% of total samples tested; 5.6% of respiratory 
viruses-confirmed samples). This virus presented a stable prevalence 
before the SARS-CoV-2 pandemic, except at 2017–2018, when it 
presented an increase of prevalence, achieving a 3.6% (Table 1). Until 
week 11/2020, HMPV presented a marked seasonality pattern, with a 
high circulation between February and April (Fig. 1). In March 2020, 
the HMPV epidemic was interrupted by the SARS-CoV-2 pandemic, 
not circulating again until May 2021 and October 2021, in parallel 
with HRSV on both peaks (Fig. 1). The prevalence of HMPV in 
2020–2021 decreased, but it achieved a 12% of prevalence in pae
diatric population in 2021–2022, exceeding HRSV’s circulation.

The rate of co-detections with respiratory viruses was 24% (288/ 
1192) until the pandemic started, when it increased to a 32% (178/ 
559). The most common were rhinovirus, bocavirus, adenovirus and 
enterovirus, though during the pandemic seasons the order changed 
to rhinovirus, enterovirus, adenovirus and bocavirus.

Prior to the SARS-CoV-2 pandemic, adults represented more than 
45% of cases (Table 2). The distribution of HMPV by patients’ sex was 
balanced, standing out >  64-year-old female adults or male paedia
tric patients. From 2020–2021, the median age of paediatric patients 
increased 1 year.

Phylogenetic analyses of viral strains

Phylogenetic analyses revealed that HMPV-A (800/1363, 59%) 
and HMPV-B (562/1363, 41%) co-circulated, and there was 1 coin
fection HMPV-A/B. Due to belonging to the same clinical episode, 77 
samples were excluded. The remaining 311/1751 (18%) samples 
could not be sequenced due to low viral load or RNA quality.

HMPV-A sequences were classified into A2a (12, 1.5%), A2b (49, 
6.1%) and A2c (739, 92.4%), of which 185/739 (25.0%) carried the 180- 
nucleotide duplication (A2c180dup) and 455/739 (61.6%), the 111- 
nucleotide duplication (A2c111dup), remaining 99 (13.4%) A2cwt. 
HMPV-B sequences were subdivided into B1 (259, 46.1%), B2a (14, 
2.5%) and B2b (289, 51.4%) (Supplementary Fig. 1). Sequences were 
submitted to GenBank (OM243131-OM243805).

Both HMPV-A and HMPV-B co-circulated throughout 2014–2021, 
showing shifts in predominance (Fig. 2). The predominant genotype 
always remained under 65% until the pandemic, when HMPV-A 
achieved 90% of predominance. Within HMPV-A, the new variants 
progressively replaced the previous predominant lineages, leading 
old circulating lineages to their extinction, while within HMPV-B, B1 
and B2 co-circulated, showing shifts in the predominant sub
genotype (Fig. 2).

Evolutionary analyses of whole-genome sequences

A total of 166 HMPV viral genomes from HUVH 2014–2021, and 
22 from H12O 2009–2015 were successfully sequenced.

Comparison between the two approaches used for genome as
sembly and the sequences obtained by Sanger revealed that the 111- 
and 180- nucleotide duplications were only correctly assembled 
through de novo approach, while almost none duplications were 
obtained by reference mapping (one 111-nucleotide duplication was 
found, while none 180-nucleotide duplication was assembled). 
Consequently, all the consensus sequences used for the analysis 
were assembled following the de novo assembly pipeline designed.

Sequencing process outputted a mean value of 412,259.31 reads 
per sample, 0.23% of which were removed due to bad quality. 
Removal of host sequences left a median of 94.03% of high-quality 
reads, and 0.29% reads containing primer sequences were trimmed. 
Pre-processed reads had a median length of 207.87 nucleotides, 
leading to a median genome depth of all samples of 4740.6 reads per 
position.

From 13 seasons studied (2008–2021), 98 HMPV-A samples (6 
A2a, 15 A2b and 77 A2c, of which 38 A2c111dup and 27 A2c180dup) and 
90 HMPV-B (48 B1, 5 B2a and 37 B2b) were selected. One sample 
carrying A2cwt and A2c180dup was excluded due to the probable 
crossing in the assembly of the reads, remaining 187 samples from 
HUVH and H12O.

A total of 164 complete genomes of HMPV were available on 
GenBank, of which 92 HMPV-A and 44 HMPV-B met the inclusion 
criteria.

The dN/dS analyses showed that G and SH glycoproteins were the 
most variable, with different profiles between genotypes, followed 
by M2–1, M2–2, and P (Table 3). G and SH also had the lowest per
centage of sites negatively selected, while M, N, F, and L had more 
than 70% of sites negatively selected. Almost all the amino acids 
belonging to antigenic epitopes of the F protein were under pur
ifying selection. Moreover, G, SH, M2–1, L, and P were the only 
proteins with positively selected sites.

A final multiple-sequence alignment containing 12,279 positions 
was obtained with GBlocks, discarding the duplications. The evolu
tion and phylogeny of the HMPV variants was made publicly avail
able at nextstrain.org/groups/valldhebronvirology/. The estimated 
mutation rate was 7.05 × 10-4 substitutions/site/year, higher in 
HMPV-A than in -B. HMPV-A and HMPV-B were estimated to diverge 
in 1823 [95% confidence interval (CI) 1814–1832] (Fig. 3). Divergence 
dates of A2c180dup and A2c111dup were 2012 (CI 2011–2012) and 2013 
(CI 2013), respectively.

Discussion

This study reports the genetic diversity, molecular epidemiology 
and evolution of HMPV strains detected throughout eight con
secutive seasons, the last two of them occurring during the SARS- 
CoV-2 pandemic, at a tertiary university hospital in Catalonia, Spain.

The prevalence of HMPV in pre-pandemic seasons was similar to 
that observed in other studies.4,27–29 A yearly seasonal pattern with a 
clear peak was observed in all pre-pandemic seasons, following the 
concatenated epidemic peaks of HRSV and influenza virus, and 
lasting from February to April. However, the start of SARS-CoV-2 
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pandemic30 changed this pattern, disrupting its circulation. This 
emerging virus and the use of non-pharmaceutical measures dis
placed all respiratory viruses until summer 2020, when non-envel
oped viruses started circulating (data not shown), but no influenza 
viruses, HRSV or HMPV were detected that winter nor spring, when 
expected. This circulation of non-enveloped viruses coincided with 
the end of the lockdown in Spain and thus, with the increase of 
social activities, which would enhance their spread. It was not until 
summer 2021 that HRSV and HMPV started circulating again, out of 
the typical pattern and drawing two different epidemic peaks, the 
second one starting in autumn. This could be related to the relaxa
tion of preventive measures by the population, as government 
measures remained the same, or due to the lack of viral interference, 

both facts occurring due to a low SARS-CoV-2 incidence at that time. 
The prevalence of HMPV in the second peak was higher in com
parison to previous seasons, probably because there were two gen
erations who had not suffered a primary infection yet, due to the 
interruption of HMPV circulation.

The most common co-detections were rhinovirus, bocavirus, 
adenovirus and enterovirus, as previously described.31 After the 
emergence of SARS-CoV-2, the co-detection rate increased, and the 
order of the most common co-detected viruses changed. Both facts 
could be related with the different seasonality of HMPV, as not only 
it coincided with HRSV, but also with the burden of enterovirus D68, 
which arrived one year later than expected due to the pandemic.32

among other viruses in autumn 2021.

Table 1 
Prevalence of HMPV before and during SARS-CoV-2 pandemic. Seasons start at week 40 and last until week 39 of the following natural year. Pre-SARS-CoV-2 pandemic seasons 
include 2014–2020 seasons, while SARS-CoV-2 pandemic seasons include 2020–2022 seasons. 

Season Total 
samples 
received

Total samples 
from paediatric 
population

Total samples 
from adult 
population

Total samples 
positive for at least 1 
respiratory virus (%)

HMPV-positive

n % over total 
samples

% over 
paediatric 
population

% over adult 
population

% over 
positive 
samples

2014–2015 6207 3509 2698 2360 (38%) 103 1.7% 1.8% 1.5% 4.4%
2015–2016 7545 3958 3587 3622 (48%) 167 2.2% 1.9% 2.5% 4.6%
2016–2017 7836 3598 4238 3978 (51%) 167 2.1% 2.7% 1.7% 4.2%
2017–2018 9164 3794 5370 5116 (56%) 333 3.6% 5.1% 2.6% 6.5%
2018–2019 8496 3912 4584 4675 (55%) 231 2.7% 3.5% 2.1% 4.9%
2019–2020 9318 4644 4674 3906 (42%) 191 2.0% 2.0% 2.1% 4.9%
Total pre-pandemic 

seasons
48,566 23,415 25,151 23,657 (49%) 1192 2.5% 2.8% 2.1% 5.0%

2020–2021 16,466 12,723 3743 5751 (35%) 201 1.2% 1.5% 0.2% 3.5%
2021–2022 7231 2786 4445 1960 (27%) 358 5.0% 12.4% 0.3% 18.3%
Total pandemic 

seasons
23,697 15,509 8188 7711 (33%) 559 2.4% 3.5% 0.2% 7.2%

OVERALL 72,263 38,924 33,339 31,368 (43%) 1751 2.4% 3.1% 1.7% 5.6%

Fig. 1. Seasonality. The X-axis represents the timeline of the study, where epidemiological seasons were considered to last from week 40 to week 39 of the following year. The left 
Y-axis represents the number of total samples received and the right Y-axis represents the number of samples of each specific virus. The black arrow indicates the moment when 
the SARS-CoV-2 pandemic led to the lockdown in Spain, the orange arrow indicates the duration of the lockdown in Spain, and the purple arrow indicates the start of school 
period. A) shows the circulation of Influenza A, Influenza B, HRSV and HMPV, while B) only shows the circulation of HMPV.
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HMPV presented a higher incidence in children under 2 years old 
in pre-pandemic seasons, as previously observed.1,2 However, the 
median age increased after the emergence of SARS-CoV-2, consistent 
with the hypothesis aforementioned where there was a larger po
pulation susceptible to infection.33,34 Moreover, there was a ten
dency in affecting more male infants, as described for other 

respiratory viruses.35 On the other hand, in the adult population, 
HMPV presented more incidence in patients aging more than 50, 
with a tendency to affect more female adults, as observed with other 
respiratory viruses.36 It is important to highlight that this study was 
performed in hospitalised cases, and data might differ whether mild 
or asymptomatic cases were included. Combined studies from 
community and hospitals would be valuable to measure the real 
impact of any respiratory virus, as well as to relate viral features to 
the disease outcome.

Regarding the circulation of HMPV-A and HMPV-B, a pattern of 
cyclic shifts of predominance was observed, similar to other stu
dies,29 though the achievement of a 90% of prevalence by HMPV-A 
had not been described before the SARS-CoV-2 pandemic occurred. 
An increasing prevalence of A2c lineage viruses carrying duplica
tions has been described, first for A2c180dup, and later for A2c111dup. 
In fact, almost all HMPV-A circulating during the pandemic seasons 
belonged to A2c111dup. This is consistent with what has been ob
served within HMPV-A, as it seems that emerging lineages replace 
the previous ones, leading them to extinction. In fact, A1 sub
genotype, which was the first described within HMPV-A genotype, 
has not been detected since 2006, according to literature.3 The A2a 
lineage circulated widely during the first season, as well as A2b 
lineage on that first season. However, A2c lineage rapidly replaced 
the A2b lineage, predominating on the first, second and third sea
sons. Though this fact suggested that the A2c lineage had a better 

Table 2 
Characteristics of HMPV laboratory-confirmed patients. Distribution of age and sex for each cohort (paediatric and adult populations). 

Season Paediatric population Adult population

n F M Age (median, IQR) n F M Age (median, IQR)

2014–2015 62 40,3% 59,7% 1.5 (0.5–3.0) 41 46,3% 53,7% 66.7 (54.4–79.9)
2015–2016 76 44,7% 55,3% 1.4 (0.8–3.2) 91 54,9% 45,1% 69.9 (59.1–78.7)
2016–2017 97 37,1% 62,9% 1.2 (0.6–2.6) 70 52,9% 47,1% 69.1 (58.1–81.5)
2017–2018 192 43,8% 56,3% 1.9 (0.8–3.6) 139 54,0% 46,0% 73.9 (62.1–84.4)
2018–2019 137 51,1% 48,9% 1.6 (0.6–4.3) 92 59,8% 40,2% 64.3 (52.1–79.9)
2019–2020 93 54,8% 45,2% 2.4 (1.3–3.9) 97 54,6% 45,4% 56.0 (51.6–82.7)
Total prepandemic 657 45,7% 54,34% 1.7 (0.7–3.6) 530 54,53% 45,47% 69.5 (55.6–82.0)
2020–2021 194 45,9% 54,1% 2.8 (1.6–4.6) 7 14,3% 85,7% 36.0 (26.7–61.6)
2021–2022 344 47,7% 52,3% 2.9 (1.5–4.2) 12 25,0% 75,0% 67.0 (60.5–71.0)
Total during pandemic 538 47,0% 53,0% 2.9 (1.6–4.3) 19 21,05% 78,95% 62.9 (32.5–70.8)

Fig. 2. Circulation of the different subgenotypes and lineages of HMPV. The upper figure compares the circulation of both HMPV-A and –B throughout the study period, while the 
figures below compare the subgenotypes and lineages within each genotype.

Table 3 
Selection profiles for the different proteins of HMPV. Analyses were also calculated for 
SH and G proteins of HMPV-A and HMPV-B. 

Protein dN/dS Sites 
(NO STOP)

Sites negatively 
selected

Sites positively 
selected

N % N %

G-B 0668 340 34 10% 19 6%
G 0642 340 65 19% 15 4%
G-A 0618 340 55 16% 15 4%
SH-A 0386 186 43 23% 1 1%
SH 0377 186 82 44% 3 2%
SH-B 0367 186 47 25% 2 1%
M2–2 0162 71 36 51% 0 0%
P 0120 294 190 65% 1 0%
M2–1 0.064 187 110 59% 3 2%
L 0054 2005 1416 71% 1 0%
F 0045 539 390 72% 0 0%
N 0035 394 281 71% 0 0%
M 0021 254 187 74% 0 0%
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viral fitness, the emergence of A2c lineage viruses carrying dupli
cations demonstrated a better performance, as they achieved a 
higher predominance in less time than older lineages. Moreover, the 
duplications within A2c lineage had been related with immune 
evasion by shielding the fusion protein from neutralising antibodies, 
A2c180dup protruding farther than A2c111dup.6 This might lead to the 
interpretation of A2c180dup having a better immune evasion me
chanism and thus, becoming the predominant lineage. Instead, the 
predominant lineage has turned to be A2c111dup, which suggests that 
the 180-nucleotide duplication might cover too much the F protein, 
hindering the membranes’ fusion and thus, preventing proper virus 
replication, resulting in a worse viral fitness than that of A2c111dup.

In line with the emergence and increasing prevalence of these 
A2c variants and related with their absolute predominance after the 
SARS-CoV-2 pandemic, an increase of HMPV’s morbidity had already 
been described in the winter of 2010, at the end of the 2009 influ
enza A(H1N1)pdm09 pandemic.37 The A2c lineage, previously 
named A2b2, has been dominant over more years than B1 or B2 
subgenotypes, and has been described to have a higher mean genetic 
distance.38 Both studies suggested that this lineage could evade 
more efficiently the immune system due to its more plasticity to 
acquire genetic changes, which would explain its aggressive pre
dominance. The present study shows that after almost two years of 
SARS-CoV-2 pandemic, HMPV has circulated again, first as an epi
demic with similar number as in previous seasons and immediately 
after in a second epidemic overcoming all numbers observed along 8 
years, and with the indisputable majority of A2c111dup, the last 
emerging lineage of A2 subgenotype.

Interestingly, HMPV-B lineages present a very different dynamic, 
where B1 and B2b co-exist and draw a pattern of shifting pre
dominance.

Regarding the different approaches used for whole genome se
quence assembly, the comparison highlighted the problematic of 
using reference mapping in terms of finding large structural variants. 
Using the dataset generated in this study, the assembly by reference 
mapping did not find the duplications in most cases, probably for
cing the reads to align to a reference genome sequence that does not 
contain these duplications, losing this variant information. This 
should be taken into account in future studies of WGS of RNA 

respiratory viruses, as this kind of insertion is quite commonly 
found.39,40

As previously reported, G and SH proteins presented the highest 
dN/dS and consequently, the lowest amount of sites negatively se
lected and the highest positively selected. Curiously, they are not 
major antigenic determinants targeted by neutralising or protective 
antibodies.41,42 Also, the differences in the positive selection profiles 
between HMPV-A and HMPV-B would point to a lineage-specific 
selection. In addition to these proteins, there was positive selection 
in L, M2–1 and in P, though the role of the amino acids under po
sitive selection is still unknown. Regarding the F protein, which is 
the only one eliciting a neutralising immune response, two of the 
asparagine amino acid residues located on the apex (positions 57 
and 172) resulted to be under negative selection. These asparagines 
are suggested to play a role in immune evasion by shielding the 
epitopes from the immune system.43,44 Also, the fact that the anti
genic epitopes of the F protein are under purifying selection would 
suggest that the immune system is not exerting a pressure on this 
protein, therefore supporting the need for steric shielding of G 
protein over F protein to modulate the recognition of this antigenic 
features by neutralising antibodies.6

There is scarce literature about the evolution of the whole 
genome of HMPV. Previous studies had estimated that HMPV-A and 
-B diverged about 400 years ago. However, this tMRCA varied ac
cording to the studied protein, differing in more than 200 years,42 as 
well as presenting a confidence interval of more than 700 years.45

This study contributed with 187 whole-genome sequences dating a 
range of 12 years, which might explain the more recent tMRCA along 
with the shorter confidence interval, though it must be noted that 
this estimation was performed with a maximum likelihood method 
instead of a Bayesian method. However, the tMRCA calculated with 
TreeTime were very similar to that calculated with BEAST 2 software 
(data not shown). Importantly, there is a lack of information about 
ancestral samples, as this virus was discovered only twenty years 
ago, although it has circulated at least since 1958.46 Regarding the 
tMRCA of A2c180dup and A2c111dup, these variants emerged 3–4 years 
before their first description, which supports the importance of 
virological surveillance and the need of tracking the evolution of this 
rapidly evolving virus.

Fig. 3. Phylodynamic analysis of whole-genome sequences from HMPV. The phylogenetic tree es shown as rendered by nextstrain, with sequenced labelled by genetic group. The 
branch lengths correspond to the sampling date of the sample.
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Though HMPV-A and HMPV-B lineages and sublineages had 
shown different predominance patterns, they showed a directional 
evolution, continuously evolving to adapt, probably with the objec
tive of evading the immune response acquired in previous seasons, 
aiming staying in the human population. Regarding A2c180dup and 
A2c111dup, both phylogenetic and evolutionary analyses demon
strated that they emerged from two independent genetic events, as 
stated by Saikusa.9 Thus, a new duplication event cannot be dis
carded, which might happen in HMPV-B, since it shows such a si
milar profile to HMPV-A’s.

Genomic surveillance is important to monitor HMPV evolution, 
as it allows the detection of emerging variants and the association of 
this findings to the clinical features of confirmed cases, which is 
relevant for public health purposes. Nextstrain has proven its use
fulness for this, especially during the SARS-CoV-2 pandemic, al
lowing the comparison of hundreds to thousands sequences.47 In the 
present study Nextstrain allows a real-time view of the evolution of 
HMPV, becoming a model to track the evolution of other respiratory 
viral pathogens, as it is currently done for enterovirus D68.48

In conclusion, HMPV showed a significant morbidity throughout all 
the study period, affecting both paediatric and adult populations. This 
virus usually presented its epidemic peak in late winter and early 
spring in pre-pandemic seasons. However, HMPV epidemic in 2020 
was subtly interrupted by the SARS-CoV-2 pandemic, and two epi
demic peaks in summer and autumn 2021 were unexpectedly re
ported, the latter one increasing both the virus’ prevalence and the 
median age of paediatric patients affected. The common shifts in pre
dominance between HMPV-A and -B drastically changed to a vast 
majority of A2c111dup circulating, probably due to a more efficient im
mune evasion mechanism. WGS revealed the high diversity in G pro
tein and the high conservation of F protein, supporting the need for 
steric shielding of G over F. Also, the tMRCA showed a recent emer
gence of the A2c variants carrying duplications, supporting the need for 
virological surveillance of HMPV. This study represents a nice example 
of virological surveillance of a non-HRSV nor influenza respiratory 
virus, in a tertiary university hospital, providing valuable knowledge of 
the real-time evolution of HMPV and its impact on health.
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