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Background. Human metapneumovirus (hMPV) infections have a significant impact on public health. However, the extent of
this burden in Italy remains poorly defined due to a lack of comprehensive data. The aim of this cross-sectional multicenter study
was to understand the epidemiology of hMPYV in Italy, particularly in older adults.

Methods. We analyzed laboratory data from molecular respiratory viral diagnostic tests conducted at 17 centers across Italy
from September 2022 to August 2024. Respiratory viruses were tested from outpatients for epidemiologic surveillance and from
patients presenting to tertiary hospitals for diagnostic purpose. G gene sequencing was performed on a limited number of
circulating strains.

Results. Data from 96 460 tests yielded an overall h(MPV positivity rate of 3.4%; the hMPV positivity rate was 2.6% in adults
aged 50 years and older, a third of whom were aged >80 years. In north-west Italy, hMPV was detected more frequently in
outpatients than in hospitalized patients. The temporal distribution of cases showed seasonal peaks in February 2023 and April
2024, which exhibited some geographic variation but overlapped in the general population and in the elderly. Phylogenetic
analysis suggested an even distribution of hMPV-A and -B, with a predominance of clades A2c with a 111-nucleotide
duplication and B2b, and the possible extinction of previously circulating clades A2¢ with a 180-nucleotide duplication and B2a.

Conclusions. hMPV was shown to be a relevant respiratory pathogen in older adults, who could be more likely to have severe
outcomes. These findings may inform hMPV surveillance and the development of prevention strategies.

Keywords. human metapneumovirus; molecular epidemiology; respiratory infections; adults; phylogenetic analysis.

3. M., L. P., and G. R. contributed equally as first coauthors. Acute respiratory infections (ARI) are a significant public

°Al. P., E. Pa., and An. P. contributed equally as senior coauthors. health challenge that will persist beyond the severe acute respi-
Correspondence: Alessandra Pierangeli, PhD, Laboratory of Microbiology and Virology,

Department of Molecular Medicine, University of Rome La Sapienza, Viale Porta Tiburtina,
28, Rome 00185, Italy (alessandra.pierangeli@uniromal.it). Many different respiratory viruses cause ARI and ARI-related

The Journal of Infectious Diseases® 2025;232(S1):S109-20 hospitalizations in all age groupS. Although SARS_C()V_Z) in-
© The Author(s) 2025. Published by Oxford University Press on behalf of Infectious Diseases

Society of America.
This is an Open Access article distributed under the terms of the Creative Commons Attribution been described to cause signiﬁcant morbidity and mortality [2],
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.

https://doi.org/10.1093/infdis/jiaf111 be associated with a wide variety of clinical manifestations.

ratory syndrome coronavirus 2 (SARS-CoV-2) pandemic [1].

fluenza, and respiratory syncytial virus (RSV) have historically

human metapneumovirus (hMPV) has also been reported to
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These range from asymptomatic or mild illness to severe low-
er respiratory tract disease, in both pediatric and adult pop-
ulations [3-5]. In addition, like other respiratory viruses,
hMPV-associated severe disease is not uncommon in older
adults and those with comorbidities [6], who represent a prior-
ity target population for h(MPV vaccination.

hMPV, an enveloped, negative-stranded RNA virus, is classi-
fied into 2 antigenically distinct types, A and B, which are further
classified into 4 subtypes (or genotypes), Al, A2, B1, and B2 [7],
and lineages. The genetic lineages have been classified based on
the variable outer G glycoprotein. Because different nomencla-
tures are used, efforts are being made to establish a unified clas-
sification [8]. Over the course of epidemic seasons, the prevalence
of different subtypes and lineages can vary widely [8].

As with other respiratory viruses, the coronavirus disease 2019
(COVID-19) pandemic restrictions resulted in the cessation of
hMPV circulation for more than a year [9], creating the so-called
immune debt, that is, the waning of general population immunity
and the formation of groups of hMPV-naive children [9, 10]. The
immune debt may also be responsible for the changes in season-
ality observed following the resurgence of hMPV infection after
social distancing restrictions were lifted [10].

As respiratory virus circulation returns to usual patterns, na-
tional and regional data on hMPV epidemiology and genetic evo-
lution are needed to assess the impact of potential A(MPV vaccines.

The aim of this study was therefore to characterize the post-
pandemic epidemiologic impact of hMPV in Italy by aggregat-
ing multicenter virologic laboratory data from all molecular
respiratory viral diagnostic tests from September 2022 to
August 2024. In addition, several hMPYV strains were character-
ized by phylogenetic analysis based on sequences of the exter-
nal glycoprotein (G) gene.

METHODS

We analyzed data from all molecular respiratory viral diagnostic
tests performed between September 2022 and August 2024 in the
microbiology and virology laboratories of the Italian Working
Group on Respiratory Viral Infections (GLIViRe) throughout
Italy. GLIViRe is a network of microbiology laboratories estab-
lished in November 2018 [11], and includes tertiary and research
institutes, as well as academic laboratories (Figure 1).

An email invitation was sent to all GLIViRe laboratories, re-
questing their participation in a study on hMPV. Data on the
total number of respiratory specimens tested and diagnostic re-
sults for hAMPV were provided by 17 GLIViRe centers through-
out Italy (Table 1 and Figure 1). These are academic centers
(university hospitals) and tertiary care hospitals, including hos-
pitals accredited as research institutions and large territorial di-
agnostic centers (Supplementary Table 1).

Laboratories extracted data by week from diagnostic records
using the following queries: (1) requests for hMPV detection in

respiratory specimens (nasopharyngeal swabs, aspirates, bron-
choalveolar lavages) collected from patients with symptoms of
influenza-like illness (ILI) or ARI without age restriction; (2)
requests for hMPV detection in respiratory specimens from pa-
tients >50 years with ILI or ARIL; and (3) requests submitted be-
tween 29 August 2022 (week 35, 2022) and 1 September 2024
(week 34, 2024). Duplicate respiratory samples from the same
patient were excluded from the analysis if collected less than
14 days apart.

In the hospital setting, patients from the emergency depart-
ment or from hospital wards (referred to as inpatients) who had
been clinically diagnosed with ILI or ARI were tested for respi-
ratory pathogens at the request of the attending physician.
Furthermore, several laboratories also performed molecular di-
agnosis of hMPV in respiratory samples from patients with ILI
symptoms who were not hospitalized (referred to as outpa-
tients) (Table 1). These latter centers participated in the nation-
al surveillance of respiratory viruses (RespiVirNet) [12].

Molecular testing for respiratory viruses during all months of
the study period was performed in 15 laboratories using com-
mercial platforms (Supplementary Table 1), namely: Allplex
Respiratory Panel (Seegene) (laboratory Nos. 3, 4, 5, 7, 8, 9, 16,
17); Biofire FilmArray (Biomerieux) (laboratory Nos. 6, 8, 10,
12, 14, 16); FID21plus (Siemens) (laboratory No. 13);
QIAstat-Dx Respiratory SARS-CoV-2 Panel (Qiagen) (laboratory
Nos. 14, 15); Allplex RV Essential Assay (Seegene) (laboratory
No. 11); and Bosphore Respiratory Pathogens Panel Kit
(Anatolia Geneworks) (laboratory No. 10). Two laboratories
(Nos. 1 and 2) used laboratory-developed real-time PCR
(Supplementary Table 1).

Patients’ demographic data were also extracted from diagnostic
records and anonymized in accordance with confidentiality re-
quirements. The study was approved by the Ethics Committee
of Rome University Hospital (Protocol 0966/2023) and, due to
its retrospective nature, informed consent was not required.

Phylogenetic Analysis

A random selection of residual diagnostic specimens obtained
from outpatients and inpatients>50 years of age at the
University of Milan, Pavia and Rome (laboratory Nos. 1, 2, and
15) were subjected to hMPV partial genetic characterization.
The entire G gene was amplified [11] and subjected to Sanger se-
quencing. In addition, 3 Italian hMPV-A 2019 strains identified
in a previous study [11], 133 hMPV-A, and 91 hMPV-B sequenc-
es from GenBank (https:/www.ncbinlm.nih.gov/nucleotide/)
were added to the datasets (Supplementary Table 2).

Statistical Analysis

The number of hMPV detections per week and per laboratory
were reported. The hMPV detection rate per macrogeographic
area and age group was expressed as a crude proportion, with
the corresponding 95% confidence interval (CI) with the
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Geographical distribution of the GLIViRe (Working Group on Respiratory Viral Infections) clinical microbiology laboratories participating in the study.

Wilson interval, assuming a normal distribution. The statistical
significance of the observed differences between the propor-
tions in the various groups was determined using Fisher exact
test. For continuous variables, Student t test was used.
Statistical analysis was conducted using the open-source epide-
miological statistics software OpenEpi, version 3.03 [13]. The
following definitions were used to describe epidemiologic char-
acteristics of epidemic waves: (1) peak value was defined as the
maximum number of hMPV-positive specimens out of the to-
tal number of samples tested in a given week during the epi-
demic period; (2) peak time was defined as the week in which
the peak was reached; and (3) hMPV epidemic onset was
defined as the time when the number of hMPV-positive sam-
ples out of the total number of samples exceeded a certain

threshold. The threshold was defined as the average number
of hMPV-positive samples observed during the study period
plus 2 standard deviations, as originally proposed by the US
Centers for Disease Control and Prevention [14], and also de-
scribed by Tabataba et al [15]. A P value less than .05 was con-
sidered statistically significant (2-tailed test).

RESULTS

HMPV Epidemiology

The 17 participating laboratories reported results for 96 460
samples collected from individuals with respiratory illness
(ILI or ARI). A total of 3280 of 96 460 respiratory samples test-
ed positive for hMPV in 2 consecutive years (from September
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Table 1.

hMPV Data From the 17 GLIViRe Laboratories for the Total Study Population and Subjects Aged 50 Years and Older

Overall Study Population

Subjects Aged 50 y and Older

Laboratory ID No. Patients’ Setting

No. Positive/No. Tested

% Positive (95% Cl)

No. Positive/No. Tested % Positive (95% Cl)

1 Outpatients 404/6812
2 Inpatients 87/6334
Outpatients 109/3189
3 Inpatients 433/11 505
4 Inpatients 144/3289
5 Inpatients 179/3537
6 Inpatients 121/3147
7 Both 63/1320
Total north-west 1540/39 133
8 Both 355/10614
9 Inpatients 388/14 100
10 Inpatients 111/2548
Outpatients 0/19
11 Inpatients 392/11 634
Outpatients 34/399
12 Inpatients 44/1263
Outpatients 0/10
Total north-east 1324/40 587
113 Inpatients 18/304
Outpatients 0/7
14 Inpatients 60/2388
15 Inpatients 52/1622
Total center 13074321
16 Both 66/5930
17 Inpatients 170/5000
Outpatients 50/1489
Total south 286/12419
Total Italy 3280/96 460

5.93 (5.39-6.51) 81/1366 5.93 (4.79-7.31)
1.37 (1.12-1.69) 50/3973 1.25 (.96-1.66)
3.42 (2.84-4.11) 5/434 1.15 (.49-2.67)
3.76 (3.43-4.13) 114/5862 1.94 (1.62-2.33)
4.38 (3.73-5.13) 39/1586 2.46 (1.8-3.34)
5.06 (4.37-5.83) 34/1296 2.62 (1.88-3.64)
3.84 (3.23-4.57) 49/1906 2.57(1.95-3.37)
4.77 (3.75-6.06) 16/473 3.38 (2.09-5.42)
3.94 (8.75-4.13) 388/16 896 2.30(2.08-2.53)
3.34 (3.02-3.70) 133/4909 2.71(2.29-3.20)
2.75(2.5-3.04) 271/10851 2.50 (2.22-2.80)
4.35 (3.63-5.22) 32/854 3.70 (2.63-5.18)
NA 0/11 NA
3.37 (3.05-3.71) 103/4301 2.39(1.96-2.90)
8.562 (5.97-11.70) 9/132 6.82 (3.16-12.55)
3.48 (2.60-4.64) 12/541 2.22 (1.27-3.84)
NA 0 NA
3.26 (3.09-3.44) 560/21 599 2.59 (2.40-2.81)
5.92 (3.79-9.16) 1/40 2.50 (.44-12.9)
NA 0 NA
2.51(1.96-3.22) 37/1569 2.36 (1.72-3.23)
3.21 (2.45-4.18) 6/465 1.29 (.69-2.79)
3.01 (2.54-3.56) 44/2074 2.12(1.68-2.84)
1.11 (.88-1.41) 41/NK NA
3.40 (2.93-3.93) 35/796 4.40 (3.18-6.05)
3.35 (2.56-4.4) 10/465 2.15(1.17-3.91)
2.30 (2.05-2.58) 86/NK NA
3.40 (3.29-3.52) 1068/41 365 2.58 (2.43-2.74)

For each center, the number of inpatients and outpatients tested, if known, or the total number of samples tested, from September 2022 to August 2024 are reported. Inpatients are cases in
the hospital setting, including both patients tested in the emergency department and those tested in the hospital wards, and outpatients are cases of influenza-like illness tested in the centers

participating in the national surveillance of respiratory viruses (RespiVirNet) [12].

Abbreviations: Cl, confidence interval; h(MPV, human metapneumovirus; NA, not applicable; NK, not known; GLIViRe, Working Group on Respiratory Viral Infections.

2022 to August 2024), resulting in an overall positivity rate of
3.4%. The positivity rate ranged from 2.3% (286/12419) in
southern Italy to 3.9% (1540/39 133) in the north-western mac-
roarea (Table 1).

As shown in Table 1, most centers tested only inpatients at-
tending the hospital or a limited number of outpatients, and 1
center tested only samples from outpatients with ILI in the
framework of the RespiVirNet surveillance. A comparison of
hMPV positivity rates among inpatients and outpatients was
conducted exclusively for the north-west area, where a substan-
tial number of outpatients were tested (Table 1). The hMPV
positivity rates were significantly (P <.0001) higher among
outpatients (513/10001; 5.1%) than among inpatients (964/
27 812; 3.5%).

Epidemiology of HMPV in the Population Aged 50 Years and Older

The epidemiology of hMPV infection from samples in individ-
uals aged >50 years, representing 42.9% (41 365/96 460) of all
samples tested for hMPV, was characterized. Overall, 91% of

respiratory samples tested were obtained from the upper respi-
ratory tract. The hMPV-positivity rate in adults aged >50 years
was 2.6% (1068/41365), of whom 556/1068 (52.3%) were
female. hAMPV positivity showed a regional variation, ranging
from 2.1% (44/2074) in central Italy to 4.4% (35/796) in
southern Italy (Table 1). Comparison of hMPV rates among
outpatients and inpatients aged 50 years and older tested in
the north-west region (Table 1) showed higher positivity
rates among outpatients (86/1800, 4.8% vs 286/14 623,
1.9%; P <.0001).

The risk of hAMPV positivity was lower in subjects aged >50
years (odds ratio [OR], 0.6; 95% CI, .59-.69) than in subjects
aged birth to 49 years. Exact age was not available for 5
(0.4%) subjects >50 years. The median age of the 1063
hMPV -positive subjects >50 years was 74 years (interquartile
range [IQR], 64-84 years). Of note, 196/1063 (18.4%) were
aged 50-60 years, 231/1063 (21.7%) were aged 61-70 years,
281/1063 (26.3%) were aged 71-80 years, and 355/1063
(33.2%) were aged >80 years. hMPV-positive subjects were
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Table 2. hMPV Positivity Rate in Subjects Aged 50 Years and Older During September 2022 to August 2023 and September 2023 to August 2024 and During

the Weeks of Seasonal Peak, in the 4 Italian Macroareas

HMPV Positivity Rates in Subjects > 50 y

HMPV Positivity Rates in Subjects > 50 y During the Seasonal Peak®

September 2022 to August September 2023 to August P September 2022 to August September 2023 to August P
Macroarea 2023 2024 Value 2023 2024 Value
North-west 150/6704 (2.24) 238/10028 (2.37) .56 wk 5-6, 2023 wk 13-14, 2024 .34
21/293 (7.2) 33/402 (8.2)
North-east 225/9239 (2.44) 334/12172 (2.74) .16 wk 9-10, 2023 wk 156-16, 2024 .03
41/447 (9.2) 63/501 (12.6)
Center 26/841 (3.09) 18/1200 (1.48) .015 wk 3-4, 2023 wk 17-18, 2024 43
5/54 (9.3) 4/48 (8.3)
South 16/230 (6.96) 19/557 (3.41) .036 wk 5-6, 2023 wk 15-16, 2024 .04
4/18 (22.2) 5/12 (41.6)

Data are No. positive/No. tested (% positive).

Abbreviations: hMPV, human metapneumovirus; wk, week.

#The calendar weeks corresponding to the hMPV peak of cases in the 2 study periods in the 4 Italian macroareas are indicated.

significantly older in north-east (median age, 78 years; IQR, 68—
86 years) and central Italy (median age, 74 years; IQR, 68-80
years) compared to subjects from the north-west (median
age, 70 years; IQR, 60-80 years) and south Italy (median age,
69 years; IQR, 63-81 years) (P <.001).

Temporal Distribution of hMPV Detections

The positivity rates remained consistent between the 2 time pe-
riods (2022-2023 and 2023-2024). The hMPV positivity rate
was 3.7% and 4.1% in the north-west in 2022-2023 and 2023-
2024, respectively. In the north-east, the hMPV-positivity rate
was 3.3% in both periods. The hMPV positivity rate was 3.3%
and 2.7% in the central area, and 2.7% and 2.0% in the south,
during the 2 periods, respectively.

The hMPV positivity rates among adults aged >50 years in
the Italian macroareas were analyzed in more detail and com-
pared between the study periods, as shown in Table 2. In the
north-west, hMPV  positivity rates were similar between
2022-2023 and 2023-2024 and during the weeks of the 2 sea-
sonal peaks. In the north-east, hMPV showed trends towards
higher positivity rates in 2023-2024 (P=.16 and P=.03, in
season and in peak weeks, respectively). In the central macro-
area, a decrease in the hMPV rate was observed in 2023-2024
compared to 2022-2023, which was also observed in the south.
However, in the south, hAMPV cases were more numerous in the
2023-2024 peak weeks compared to the 2022-2023 peak weeks
(Table 2).

As shown in Figure 2A, the temporal distribution of
hMPV-positive cases in the total population at the national lev-
el revealed the presence of 2 peaks. The first wave started in
week 2, 2023, peaked in week 6, 2023 and ended in week 12,
2023, with a duration of 11 weeks. The second wave started
in week 8, 2024, peaked in week 13, 2024, and ended in
week 20, 2024, with a duration of 13 weeks. The overall
hMPV positivity rate at peak was 11.9% in 2022-2023 and

12.8% in 2023-2024. Notably, the peak of hMPV detection
observed in 2023-2024 was delayed by 7 weeks compared to
the peak observed in 2022-2023.

The biweekly distribution of total respiratory specimens and
hMPV positivity rate in subjects > 50 years of age, shown in
Figure 2B, is comparable to that observed in the overall popu-
lation (Figure 2A). As in the total population, the hMPV
epidemic curve in adults aged >50 years peaked in the 2023-
2024 season between 6 and 14 weeks after the peak in the
previous season (Figure 2B) and varied slightly by region
(Table 2 and Figure 3).

Phylogeny of hMPV Lineages

A phylogenetic analysis was performed on 35 sequences of the
entire G glycoprotein gene generated by 3 centers located in
the north-west (Milan and Pavia) and central (Rome) Italy.
Of these, 18 belonged to subtype A and 17 to subtype
B. Phylogenetic analysis showed that only 1 hMPV-A strain
was of the A2b genotype, while all others were of the A2c geno-
type (Figure 4A). Because the A2c strains carrying duplications
of 111 and 180 nucleotides (A2c-dupl1ll and A2c-dupl80)
have become predominant worldwide [24, 25], a duplication
calling analysis was performed. All study strains of the A2c ge-
notype showed the 111-nucleotide duplication. Phylogenetic
analysis of Italian hMPV-B showed that 1 strain was of
the B1 genotype, while 16 belonged to the B2b genotype
(Figure 4B).

DISCUSSION

HMPYV is an important pathogen responsible for upper and
lower respiratory tract infections in children and adults world-
wide [4-6]. However, there is a lack of documentation on the
seasonal prevalence of hMPV and its impact on ILI and ARI
cases in Italy, especially in older adults. In the present study,
we report the distribution of hMPV cases over a 2-year period,

Human Metapneumovirus in Adults, Italy « JID 2025:232 (Suppl 1) « S113



= =
N ~

funy
o

Percentage of hMPV positive samples

35-36
37-38
39-40
41-42
43-44
45-46
47-48
49-50
51-52
01-02
03-04
05-06

N 2022-2023 season
——2022-2023 season

12

10

Percentage of hMPV positive samples

35-36
37-38
39-40
41-42
43-44
45-46
47-48
49-50
51-52
01-02
03-04
05-06

N 2022-2023 season
——2022-2023 season

4000

3500

3000

2500

2000

1500

number of tested samples

1000

500

11-12
13-14
15-16
17-18
19-20
21-22
23-24
25-26
27-28
29-30
31-32
33-34

[C12023-2024 season
——2023-2024 season

2000
1800
1600
1400
1200
1000
800

number of tested samples

600
400
200

11-12
13-14
15-16
17-18
19-20
21-22
23-24
25-26
27-28
29-30
31-32
33-34 b

[C32023-2024 season
——2023-2024 season

Figure 2. A, Total number of respiratory samples tested for human metapneumovirus (h\MPV) and hMPV positivity rate on a biweekly basis from week 35, 2022 to week 35,
2024, in Italy. B, Number of respiratory samples from subjects aged 50 years and older tested for hMPV and hMPV positivity rate on a biweekly basis from week 35, 2022 to
week 35, 2024. The calendar weeks of the study period (September to August) are plotted on the X-axis; the percentage of hMPV-positive cases is plotted on the left Y-axis
and represented as differently colored areas for the 2 seasons as shown in the color legend; the total number of respiratory samples tested is plotted on the right Y-axis and

represented as differently colored lines as shown in the color legend.

including the 2 respiratory virus seasons following the com-
plete lifting of pandemic restrictions in Italy. This is based on
the results of routine molecular testing of over 96 000 respira-
tory samples.

The data showed that hMPV was initially detected in both
the general population and older adults in all study centers in
late 2022 and then showed 2 waves during the study period.
At the national level, hMPV positivity rates were similar be-
tween the 2 periods (September to August 2022-2023 and

2023-2024), with some regional variation. The number of
hMPV-positive cases and the positivity rate were higher in
the 2023-2024 season than in the previous season in northern
Italy, but opposite trends were observed in central and southern
Italy. Because cases of ILI or ARI were tested at the request of
the attending physician, it is possible that clinical judgment
about the need for respiratory multipanel testing differed be-
tween hospitals and influenced hMPV positivity rates in the
macroareas, particularly where fewer hospitals were included
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Figure 3. Number of respiratory samples from subjects aged 50 years and older tested for human metapneumovirus (hMPV) and hMPV positivity rate on a biweekly basis
from week 35, 2022 to week 35, 2024 stratified by the 4 Italian macroareas: north-west (A4), north-east (B), center (C), and south (D).

(central and southern Italy). No national or regional algorithms
or guidelines have yet been implemented to guide clinicians in
respiratory virus testing decisions.

The overall h(MPV detection rate of 3.4% is considerably
higher than that observed in 2019, in a multicenter study con-
ducted in 8 GLIViRe centers using the same multipanel molec-
ular assays, with the exception of the academic center in Rome
[11]. In 2019, hMPV was identified in 2% of samples tested,
with rates ranging from 1.2% to 4%; unfortunately, this earlier
study did not provide specific hMPV rates in adults aged 50
years and older [11].

Although lower than in younger subjects, the h(MPV positiv-
ity found in this study in adults >50 years of age (2.6%) is note-
worthy because in these subjects, the oldest age group was
overrepresented, with one-third of cases occurring in subjects
over 80 years of age. This observation confirms the results of
our previous multicenter study [11], which showed that 30%
of all hMPV-positive cases were identified in older adults
(=65 years). Furthermore, the 2.6% hMPV positivity in adults
>50 years of age is comparable to that found in a recent study
on hMPV-positive hospitalized adults (2.8%) [26].

It can be hypothesized that the observed increase in hMPV
positivity rates in the postpandemic period, especially in youn-
ger age groups, may be due to increased clinician demand for

the use of multipathogen panels for the diagnosis of respiratory
infections. Another possible factor contributing to increased
hMPV circulation in the postpandemic period could be the
hMPV-specific immune debt created by pandemic restrictions,
that is, a decline in virus-specific population immunity, partic-
ularly relevant in children [10].

In our study, the peak of hMPV activity differed between the
2 seasons: in the first, it was recorded in February, whereas in
the 2023-2024 season, hMPV showed a peak of cases in
April, similar to that observed in north-central Italy before
the pandemic [11]. Prior to COVID-19, hMPV epidemics in
central Europe alternated between winter and spring-summer
every 2 years [27, 28]. In addition, a global analysis showed
that annual hMPV epidemics in temperate climates occurred
in late winter and spring and usually followed the end of RSV
epidemics with a delay of 1.7 months [29]. Indeed, perturba-
tions in hMPV seasonality observed in the postpandemic peri-
od [10, 30, 31] have also been attributed to the immune debt
that would have favored out-of-season spikes in several viral
infections after the end of pandemic restrictions [9]. In this
postpandemic context, we observed that the temporal distribu-
tion of the hMPV cases showed the earlier seasonal peak in
winter when the virus returned to circulation in 2022-2023,
followed by a second epidemic with a more typical seasonality in
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Figure 4. Phylogenetic analysis of the G gene of hMPV strains circulating in Italy. A, The phylogenetic tree of hMPV-A includes 18 GLIViRe sequences from study samples
(September 2022 to August 2024), 3 GLIViRe sequences from a previous study [11], and 133 reference strains. B, The phylogenetic tree of hMPV-B includes 17 GLIViRe
sequences from study samples (September 2022 to August 2024) and 91 reference strains. The hMPV-A dataset (155 sequences) was aligned using the strains NL/00/1
(GenBank accession number AF371337) and NL/00/17 (GenBank accession number FJ168779) as references for genotype A1 and A2, respectively. The hMPV-B dataset
(108 sequences) was aligned using NL/99/1 (GenBank accession number AY525843) and NL/94/1 (GenBank accession number FJ168778) as reference strains for sublineages
B1 and B2, respectively. The alignment tool used was MAFFT version 7.525 [16] and the visualization was performed using MEGA 11 [17]. A maximum likelihood phylogenetic
tree of the dataset was constructed using IQ-TREE multicore version 2.3.3 [18] with a nucleotide substitution model identified by ModelFinder [19]. Branch robustness was
assessed using the Shimodaira—Hasegawa approximate likelihood-ratio test [20] and ultrafast bootstrap approximation tests [21]. The phylogenetic tree was visualized using
the ggtree package [22] and a custom R script [23]. Abbreviations: G, glycoprotein; GLIViRe, Working Group on Respiratory Viral Infections; hMPV, human metapneumovirus
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2023-2024; this distribution is similar to the trend observed in
Italy for RSV and influenza [12, 32]. In particular, after the re-
laxation of restrictions in Italy in the summer of 2021, RSV re-
emerged and caused an intense epidemic in Italy in the fall of
2021, earlier than its historical trend, while RSV circulation
was also intense in the fall-winter of 2022-2023, but peaked
in January, more similar to the historical seasonality [32].
Influenza A virus returned to abundant circulation in the
2022-2023 season, with the peak of cases in fall-winter, earlier
than registered in Italy in most influenza seasons; the 2023-
2024 season was also intense, but with the more usual winter
peak [12]. In the absence of historical data for h(MPV in Italy,
it is not possible to say whether the pandemic has altered the
hMPV-specific population immunity, resulting in an earlier
peak of hMPV cases in the 2022-2023 season, or whether
hMPV winter waves have occurred in the past, alternating
with spring waves in other seasons. A recent global analysis
used routine surveillance data to assess how the timing of sev-
eral respiratory viruses changed after the SARS-CoV-2 pan-
demic [33]. Although not statistically significant due to the
paucity of national data, the timing of hMPV peak in the
Northern Hemisphere appears to be earlier in the 2022-2023
season compared to prepandemic historical data [33].
Extended surveillance for hMPV is needed to understand
whether the temporal pattern and peak intensity observed in
the postpandemic period may continue to change over time.

Sequencing and phylogenetic analysis of the highly variable G
gene was performed on a representative subset of hMPV-positive
samples from north-western and central Italy to clarify whether
novel strains were circulating after the pandemic period. No
strains belonging to the Al lineage were identified among
hMPV-A cases in the present study or in the prepandemic period
in Italy [11], consistent with previous reports indicating that no
Al strains have been detected worldwide since 2006 [8, 31].
The A2b lineage was represented by a single case in 2023, while
the A2c lineage was predominant, with only A2c-dupl11 strains
identified. The A2¢c-dup111 and A2c¢-dup180 variants have been
in circulation since 2012, gradually replacing the previously dom-
inant A2a and A2b lineages [8, 31]. The duplication in G would
confer an evolutionary advantage on both strains with the dupli-
cation by masking the conserved antigenic epitopes of the F gly-
coprotein [31], but A2¢c-dup111 has become dominant compared
to A2c-dup180. Indeed, no A2c-dup180 has been detected in the
Netherlands since 2019 [31], while in Italy the strain with the lon-
ger insertion still accounted for 25% of A2c cases in 2019 [11].
This phylogenetic analysis confirms the prepandemic trend of
A2c-duplll dominance, which may have been accelerated by
pandemic restrictions causing the disappearance of A2¢c-dup180
strain in Italy. However, given the limited number of cases
that have been sequenced, it is possible that strains that were
not detected after the pandemic are still circulating in areas
where surveillance is not in place.

Among hMPV-B cases, 1 genotype Bl was identified during
the 2022-2023 season, consistent with low detection rates in
Italy in 2019 [11]. In the prepandemic period, genotype B1 rep-
resented a minority of hMPV cases worldwide [8, 31], with the
exception of an outbreak in Asian countries in 2017 [34]. As for
the B2 genotype, clade 2a, found in northern Italy in 2019 [11],
it was not identified in this study; in contrast, clade B2b was the
dominant hMPV-B clade in the postpandemic seasons. The
B2b clade is thought to have originated from the B1 genotype
and spread mainly between 2012 and 2021 [31], with a notable
increase in prevalence between 2012 and 2015 (Figure 4B).
Several strains of the B2b clade have undergone an evolutionary
process and appear to be dominant in the postpandemic
period (Figure 4B). In contrast to B2b, the monophyletic B2a
clade, which was predominantly circulating before 2004, was
not detected after the onset of the SARS-CoV-2 pandemic
(Figure 4B).

The global postpandemic molecular epidemiology of
hMPV has been characterized in only a few studies. In the
Netherlands, hMPV-A A222 carrying the
111-nucleotide duplication in G (also known as A2c-dupl11)

clade

was predominant in 2021 [8]. In Taiwan, A2¢c-dupl11, which
was dominant in 2021, was not detected in 2022 while the B2
genotype was dominant in 2023 [35]. In Korea, the hMPV
2022 cases were A2.2.1 (the alternative name for A2b) and B2
strains [27]. In Australia, an A2b variant emerged in 2019
and became dominant in 2020-2021; this variant cocirculated
with Bl and B2 genotypes in 2021 [10]. In Japan, hMPV-B
Bl and B2, but not hMPV-A, were identified following the
SARS-CoV-2 pandemic [36]. These data suggest that the pan-
demic restrictions may have caused distinct local events of pre-
dominance and extinction of hMPV genetic lineages, which
could potentially lead to further genetic divergence and new
evolutionary events. Further surveillance studies using whole-
genome sequencing should determine the potential for
hMPV genetic variants to spread to distant geographic loca-
tions and generate unexpected outbreaks [31, 34].

This study has several limitations. First, the study design is
limited to 2 years, which may affect the generalizability of the
epidemiologic results, and the study is retrospective in nature,
which precludes the inclusion of clinical information. In partic-
ular, subjects tested in the emergency department are consid-
ered here as inpatients because the vast majority were
subsequently hospitalized in wards or intensive care units, al-
though the exact number is not known. In addition, it was
not possible to obtain detailed age data for all patients tested
for hMPV, only for hMPV-positive adults aged 50 years and
older, and we could not calculate any age bias in testing.
Second, the GLIViRe centers used different molecular meth-
ods, laboratory-developed real-time PCR or European union
in vitro diagnostic device directive-compliant multiplex assays,
which may have different analytical sensitivities. However, 8
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and 6 laboratories, respectively, used the same commercial
platform for hMPV detection (Allplex Respiratory Panel and
Biofire FilmArray), which is likely to reduce analytical variabil-
ity and increase confidence in estimating hMPV positivity.
Third, the number of hMPV-positive samples and the genomic
region sequenced are relatively limited. This is due to the lim-
ited availability of residual diagnostic specimens and to the dif-
ferent laboratory capacity in terms of sequencing. To address
the latter issue, the variability in terms of different sequencing
machines was considered in the bioinformatics analysis.

Nevertheless, this study represents a significant contribution
to the knowledge of hMPV in Italy, demonstrating the national
and regional rates of this infection in the elderly population.
Epidemiologic analysis of hMPV circulation in the postpan-
demic seasons provides insight into potential shifts in hMPV
epidemiology. In addition, phylogenetic analysis of circulating
strains suggests potential changes in hMPV lineages in the
postpandemic era. These findings may prove valuable in the
differential surveillance and management of hMPV disease
and in the development of prevention strategies.
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