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1 | INTRODUCTION
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Abstract

The clinical importance and the pathogenesis of the MW and STL polyomaviruses
(PyVs) remain unclear. Our aim was to study the seroprevalence of MWPyV and
STLPyV, and to examine the prevalence of viral DNA in respiratory samples and
secondary lymphoid tissues. In total, 618 serum samples (0.8-90 years) were ana-
lyzed for seroprevalence. For the DNA prevalence study, 146 patients
(2.5-37.5 years) were sampled for adenoids (n = 100), tonsils (n = 100), throat swabs
(n=146), and middle ear discharge (n=15) in study Group 1. In Group 2, we ana-
lyzed 1130 nasopharyngeal samples from patients (0.8-92 years) tested for SARS-
CoV-2 infection. The adult seropositivity was 54% for MWPyV, and 81.2% for
STLPyV. Both seroprevalence rates increased with age; however, the majority of
STLPyV primary infections appeared to occur in children. MWPyV was detected in
2.7%-4.9% of respiratory samples, and in a middle ear discharge. STLPyV DNA
prevalence was 1.4%-3.4% in swab samples, and it was detected in an adenoid and
in a middle ear discharge. The prevalence of both viruses was significantly higher in
the children. Noncoding control regions of both viruses and the complete genomes
of STLPyV were sequenced. MWPyV and STLPyV are widespread viruses, and

respiratory transmission may be possible.

KEYWORDS
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which is even controversial.*¢~1* Consequently, there is a need for
additional seroprevalence data from different geographical locations

MW and STL polyomaviruses (MWPyV and STLPyV, respectively)
were described from stool samples in 2012 and 2013, respectively.?
Although research on viruses began immediately, few sero- and DNA
prevalence studies have been published, and the pathogenesis and
clinical significance of these viruses remain unclear. Seroprevalence
studies suggest that both MWPyV and STLPyV are widespread in the
human population; however, there is a wide range of published data,
68%-98% seropositivity for STLPyV,®> > and 41%-99% for MWPyV,

and from different age groups. Furthermore, the transmission route,
portal of entry, site of viral replication and possible latency of
MWPyV and STLPyV are still unknown.

MWPyV DNA was detected in 0.5%-12.8% of stool samples
from healthy and hospitalized children and adults with diarrhea,
suggesting a fecal-oral route of transmission.*?"1” Viral DNA was
detected in 0.7%-9.2% of respiratory samples which were mostly
from children.21%1518 Based on these data, the respiratory
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transmission of these viruses may also be possible. In a previous
study, we did not detect MWPyV DNA in lung tissue samples.?” The
virus has been detected in the tonsils and adenoids, suggesting that
these secondary lymphoid tissues may be the site of viral replication
or persistence.??2! Blood, urine, and cerebrospinal fluid were also
examined to study the possible spreading of the virus within the
body,?71521-23 byt MWPyV DNA was detected in only one sample
from a blood donor.22 The virus has been detected in a condyloma
samples,?* and skin swab samples.?2¢

Limited data are available regarding the prevalence of STLPyV.
The fecal-oral transmission of STLPyV has also been hypothesized
since the virus was detected in 0.26%-4.4% of stool samples from
children with diarrhea and from healthy individuals.*172” Viral DNA
was found in the tonsils of children,?° a respiratory sample?® and a
urine sample®® of patient with a kidney transplant, a condyloma of an
immunocompromised patient,?® and skin swab samples.?®

Based on these data, further prevalence studies are required to
identify the portals of entry and the routes of transmission of
MWPyV and STLPyV.

2 | OBJECTIVE

The primary aim of this study was to examine the seroprevalence of
MWPyV and STLPyV in the Hungarian population. The second aim
was to investigate whether these viruses could be transmitted via
respiratory pathways. Therefore, the DNA prevalence of MWPyV
and STLPyV was studied in respiratory samples and secondary
lymphoid tissues. We sequenced and analyzed the noncoding control
region (NCCR) of both viruses.

3 | MATERIALS AND METHODS

3.1 | Patients and samples for the seroprevalence
study

A total of 618 serum samples collected between 2016 and 2021
were analyzed for antibodies against MWPyV and STLPyV. Samples
were obtained and sent to Medical Microbiology, University of
Debrecen, Hungary for routine serological diagnostic tests (routine
occupational health examination and/or herpes-, hepatitis, and SARS-
CoV-2 serology). Individuals were excluded from the study if they
received blood or blood products within 1 year before blood col-
lection; or received chemotherapy, immunosuppressive therapy, or
biological therapy; and/or had basic diseases affecting the im-
munostatus. Samples were collected from residents of eight counties
in eastern Hungary. The serum samples were frozen until further use.
The study group included 317 females and 301 males, with ages
ranged from 0.8 to 90 years. In total, 383 adults and 235 children
were included. The samples were categorized into seven age groups,

as shown in Table 1, along with the patient data.

TABLE 1 Data from the seroprevalence study group.

Number of Age in years, Female/
Age groups samples min-max (median) male
<6 years 49 0.8-5.9 (3.1) 16/33
6-9 years 41 6.1-9.9 (7.5) 22/19
10-13 years 66 10.1-13.9 (11.9) 37/29
14-20 years 92 14-20 (16) 51/41
21-39 years 122 21-39.5 (30) 62/60
40-60 years 130 40-59.5 (50) 66/64
>60 years 118 60-90 (69) 63/55
Total 618 0.8-90 (30) 317/301
Adults 383 18-90 (48) 198/185
(>18 years)
Children 235 0.8-17.9 (11.6) 119/116

(<18 years)

This study was approved by the Regional and Institutional
Research Ethics Committee, Clinical Centre, University of Debrecen,
Hungary (DERKEB/IKEB: 5134-2018).

3.2 | Patients and samples for the DNA prevalence
study

To determine whether MW and STL polyomaviruses were present in
respiratory samples and secondary lymphoid tissues in the respira-
tory tract, we studied the presence of the viral DNA in different
sample types.

For MWPyV and STLPyV DNA detection, we collected samples
during two periods. Tonsils and/or adenoids, throat swabs and
middle ear discharge samples were collected from May to
November 2016, and the nucleic acids were isolated from each
sample, as described previously.?? Detailed data of the patients in
Group 1 are shown in Table 2. Briefly, 146 patients were included,
and the throat of each patient was swab-sampled before routine
adenectomy and/or tonsillectomy, whereas middle ear samples
(n =15) were collected if the patient had serous otitis media at the
time of surgery. Adenoids and tonsils were removed simulta-
neously from 54 patients, whereas either the adenoids or tonsils
were obtained from 46 to 46 patients, ensuring 100 samples from
both lymphoid tissues. The majority of the patients were children
(n=126; 2.5-17 years; median: 4.7 years), and 20 adults were
included (18-37.5 years; median: 26.1 years).

Sample collection and analysis were approved by the National
Public Health and Medical Officer Service (humber: IF-5418-7/2016)
and the National Scientific and Ethical Committee of Hungary (ETT
TUKEB, 651-3/2016/EKU; 0027/16). All participants or their legal

representatives (parents) signed written informed consent forms.
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TABLE 2 Patients data and samples for the DNA prevalence study.
Group 1
Sample types
Adenoids Tonsils Throat swab Middle ear discharge
Number of 100/100 100/100 146/146 15/15
samples/patients:
Female/male: 44/56 37/63 60/86 8/7
Age of patients 2.5-12.1 (4.4) 2.5-37.5(7.1) 2.5-37.5 (5.5) 3.1-8.9 (5.2)

in years: min-max

SARS-CoV-2 positive SARS-CoV-2 negative

(median):

Group 2
Sample type: Nasopharyngeal swab
Total

Number of samples/patients: 1130/1130

Female/male: 564/566

Age of patients in years: 0.8-92 (30.2)

min-max (median):

In Group 2, nasopharyngeal swab samples collected from 1130
patients were tested for the presence of MWPyV and STLPyV DNA.
Samples were sent for SARS-CoV-2 PCR diagnosis to the Medical
Microbiology, University of Debrecen from September 2020 to
March 2022. Nucleic acid isolation and detection of SARS-CoV-2
RNA were performed as described previously.3° Half of the samples
(n=565) tested positive for SARS-CoV-2 RNA, of which 180 were
obtained from children. The SARS-CoV-2 RNA negative samples
were also collected from 180 children and 385 adults. The patients
data from Group 2 are detailed in Table 2.

The study was conducted in accordance with the guidelines of
the Declaration of Helsinki, and was approved by the Regional and
Institutional Research Ethics Committee, Clinical Centre, University
of Debrecen (DERKEB/IKEB: 5770-2021).

3.3 |
proteins

Expression and purification of recombinant

The expression and purification of recombinant VP1 proteins of
MWPyV and STLPyV were carried out as described previously.*3?
The major capsid protein-encoding genes were from MWPyV strain
MAOQ095 (GenBank accession number: JQ898291.1), and STLPyV

strain MA138 (GenBank accession number: JX463183.1).

34 | ELISA

To detect IgG antibodies against MWPyV and STLPyV VP1 antigens,
indirect ELISA was performed. Briefly, each well of a MaxiSorp

96-well plate (Nunc) was coated with 100 ng of antigen in 100 uL of

565/565 565/565
283/282 281/284
0.8-89.8 (32.1) 0.9-92 (29.5)

ELISA/ELISPOT Coating Buffer (Thermo Fisher Scientific) for 16 h at
4°C. After washing three times with phosphate-buffered saline (PBS,
pH 7.4), blocking was carried out at 37°C for 1 h using 2% casein in
PBS (Sigma). Serum samples diluted in blocking buffer (1:100 in
100 pL) were added after washing with PBS three times, and then
incubated for 1 h at 37°C. The HRP-conjugated, goat anti-human IgG
Fc Highly Cross-Adsorbed Secondary Antibody (Thermo Fisher Sci-
entific) was diluted in blocking buffer (1:10 000) and added after
three washes with PBS containing 0.05% Tween-20 (PBS-T), then the
plate was incubated at 37°C for 1 h. Following three washing cycles
with PBS-T, 100 uL of TMB substrate was incubated in each well for
15 min at room temperature. The enzymatic reaction was stopped by
the addition of 1M H,SO,4. A Multi-scan Sky Microplate Spectro-
photometer (Thermo Fisher Scientific) was used to measure the
absorbance at 450 nm. All samples were analyzed in duplicate, and
the optical density (OD) of each sample was determined as the
average after subtracting the OD value of the blank. The cut-off
value was determined without negative or positive controls, as pre-
viously described.3%3? Briefly, the OD values were ranked and plot-
ted, and then the inflection point was calculated based on polynomial
regression. The cut-off value for positivity was calculated as the OD
value based on the inflection point +10% gray zone. A sample was
considered seropositive if the OD values were >0.157 and >0.201 for
MWPyV and STLPyV, respectively.

3.5 | Detection of MWPyV and STLPyV DNA using
real-time PCR

MWPyV and STLPyV gPCRs were carried out in a final volume of
25uL using TagMan™ Universal PCR Master Mix (Applied
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Biosystem), 400-400 nM primers, and 250-250 nM probes, as pub-
lished previously.?® The thermal-cycling parameters were set ac-
cording to the instructions for the master mix. In the case of tonsils
and adenoids, the template DNA amount was 1000 ng, and 10 pL of
the nucleic acids was analyzed from the other sample types. Plasmids
were used as positive controls, as described previously.'?

3.6 | Amplification and sequencing of the NCCR of
MWPyV and STLPyV

Primer sequences were designed to amplify and sequence parts of
the MWPyV and STLPyV genomes, and the complete genomes of
which are shown in Table S1. Together with the PCR protocol, the
amplifications were carried out in a final volume of 25 pL using
Phusion Hot Start Il High Fidelity DNA Polymerase (1U) in HF buffer
with 500-500 nM primers and 200 uM dNTP mix (Thermo Fisher
Scientific). The PCR products were purified after separation using
agarose gel electrophoresis, and then amplicons were sequenced
using the BigDye Terminator Cycle Sequencing Kit and ABI PRISM
3100-Avant Genetic Analyzer (Thermo Fisher Scientific). AliView
software (version 1.28) was used for sequence alignment.

3.7 | Statistical analysis

Fisher's exact test, Mann-Whitney U test, Kruskal-Wallis Dunn's multiple
comparisions test, chi-square test for trend, and Spearman's rank corre-
lation were performed using GraphPad Prism version 9.4.0 (GraphPad
Software). Statistical significance was set at p<0.05. Evolutionary
analyses were conducted using MEGA X software, and TCS (Templeton-
Crandall-Sing) networks were developed uing PopART software.

4 | RESULTS AND DISCUSSION
4.1 | Seroprevalence of MWPyV and STLPyV

IgG antibodies against the VP1 protein of MWPyV and STLPyV were
detected using indirect ELISA.

Figure 1 shows the seroresponse of each sample to the MWPyV and
STLPyV antigens by age groups. To study whether there was a significant
change in OD values in the two consecutive age groups, the Mann-
Whitney U test was performed. A significant difference in the OD values
for the MWPyV ELISA was observed only between the two youngest age
groups (p =0.027) and between the 10-13 years and 14-20 years age
groups (p =0.0025). Based on Dunn's multiple comparision test, seror-
eactivity increased with age (statistically significant differences are shown
in Figure 1A). In the case of STLPyV seroresponse, the Mann-Whitney U
test revealed a significant difference between the 10-13 years and
14-20 years age groups (p = 0.0006). Statistically significant differences in
OD values between the younger and adult age groups were observed by
Dunn's post hoc test (statistically significant differences are shown in

Figure 1B). Relatively stable intensity was observed at seroreactivity
>21 years for both viruses (no significant difference in OD values was
detected). These results are in agreement with those of previous
publications.*®

Both viruses studied belong to the Deltapolyomavirus genus of
the Polyomaviridae family, and their VP1 proteins share a 56% amino
acid-sequence identity. To examine the potential association
between the seroresponses to MWPyV and STLPyV, we performed
Spearman's rank correlation analysis. A significant (p < 0.0001), but
weak correlation (r = 0.293) was observed between the MWPyV and
STLPyV OD values. Selected serum samples were pre-incubated with
a 20-fold excess of homologous or heterologous antigens, and then
the ELISA measurements were performed. The homologous VP1
preincubation resulted in a decrease in the OD values, therefore, the
samples had negative ELISA measurements, while this did not occur
for the heterologous VP1 (data not shown). Seroreactivity against
MWPyV and STLPyV is thought to be specific to the given virus,
consistent with other publications.”>?

The overall MWPyV seropositivity was 45.6% (282/618), the
adulthood seroprevalence was 54% (207/383; >18 vyears), and the
prevalence was 31.9% (75/235) in children (<18 years). Although the sex
ratio (female/male) in the study groups was not markedly different (51.3%
vs. 48.7%), seropositivity was significantly higher in females than in males
(165/317 vs. 117/301; p=0.0012). This female sex difference was sig-
nificant among children (51/119 vs. 24/116; p = 0.0003), but not among
adults (114/198 vs. 93/185; p = 0.182). A significant age difference was
revealed between the seropositive (3.1-90 years, median: 37 years) and
the seronegative individuals (0.8-80 years, median: 22.4 years) within the
whole study group (p=0.0001), and among children (p=0.0009;
3.1-17.5 years, median: 13.6 years vs. 0.8-17.9 years, median:
10.6 years), respectively. The antibody-positivity rate significantly
increased with age until adulthood, which was shown by the x? test for
trend analysis (p = 0.0042). There was a statistically significant difference
in seropositivity between the age groups <6 years and 6-9 years and
between the 10-13 years and 14-20 years age groups. These results
agree with the significant increase in seroreactivity. The antibody posi-
tivity rate did not show significant changes among adults >21 years old
(50%-55.1%). The data for the age groups are shown in Figure 2. The
overall seropositivity rates are inconsistent in previous publications,
because there is a wide range of 42%-98% seropositivity.*¢"* Our data
are similar to those from lItaly; however, higher seropositivity rates were
detected in children.® Another Italian publication reported an even higher
childhood seroprevalence, reaching 91% in the 8-17 years age group.’®
Compared with our data, the teenagers and young adults from the USA
showed nearly the same proportion of antibody positivity (50%), as
measured by Berrios et al. Although the trend of seroprevalence
increasing with age until young adulthood was somewhat similar, they
detected a higher seroprevalence (65.7% for >20 years) in adulthood,
with a decreasing tendency in the elderly population.” The adulthood
(>20 years) seroprevalence in a Czech study was 85.6%,2 but the pub-
lished adulthood seropositivity rates in Australia, the USA, and the
Netherlands were >97%.*%! Differences in the study groups, antigens
expressed, methods, or even geographic locations may explain these
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FIGURE 1 Age distributions of seroresponses against VP1 protein of MWPyV (A) and STLPyV (B). Each dot represents the OD value of an
individual serum sample measured by ELISA. Dashed red lines represent the thresholds for seropositivity. Significant differences in seroreactivity
between age groups are indicated by red lines and asterisks (Mann-Whitney U test). OD, optical density; PyV, polyomavirus.
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FIGURE 2 Seroprevalence of MWPyV (A) and STLPyV (B) by age groups. Red lines and asterisks represent significant differences between

the age groups (Fisher's exact test). PyV, polyomavirus.
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TABLE 3

Group 1

DNA prevalence in samples and data of patients with MWPyV and STLPyV.

MWPyV positive Number of samples/total (%):

Female/male:

Age of patients in years: min-max (median):
STLPyV positive Number of samples/total (%):
female/male:

Age of patients in years: min-max (median):

Group 2

Sample types

Adenoids Tonsils Throat swab
0/100 0/100 4/146 (2.7%)
- - 1/3

- - 3.4-7.1 (5)

1/100 (1%) 0/100 5/146 (3.4%)
1/0 = 3/2

4 = 2.7-4 (3.6)

Middle ear discharge
1/15

1/0

5.2

1/15 (6.7%)

0/1

3.6

MWPyV positive Number of samples/total (%):

female/male:
Age of patients in years: min-max (median):

STLPyV positive Number of samples/total (%):

female/male:

Age of patients in years: min-max (median):

different data, and further studies with comparable methods are required
for clarification.

The STLPyV seropositivity rate within the entire study group was
73.5% (454/618): 60.9% among children (143/235) and 81.2% among
adults (311/383). There was a statistically significant (p = 0.0001) age
difference between the seropositive (0.8-90 years, median: 35 years)
and the seronegative groups (0.9-80 years; median: 16.7 years) within
the cohort; however, this phenomenon was not detected among chil-
dren and adults. Seropositivity was detected in a significantly higher
proportion of females than that in males in the entire study group (245/
317 vs. 209/301; p=0.029), but not in children and adults. Ser-
opositivity rates according to age groups are shown in Figure 2. The
proportion of antibody positivity was almost 60% in the <6 years group,
consistent with previously reported seroprevalence rates,>® indicating a
high rate of primary STLPyV infection during childhood. A significant
increase was detected in the 14-20 years age group, and seropositivity
increased with age, reaching a maximum of 83.1% in the >60 years age
group. Although there is some variability in the previously published
seroprevalence data, our data are similar to these, suggesting that

STLPyV is also a ubiquitous polyomavirus in humans.

4.2 | DNA prevalence study
DNA prevalence data are presented in Table 3.

We did not detect MWPyV in either the tonsils or adenoids of study
Group 1. An Italian research team reported low levels of MWPyV DNA in
1% of adenoids and 6% of tonsils in children.?! Peng et al. also confirmed

Sample type: nasopharyngeal swab

Total SARS-CoV-2 positive
55/1130 (4.9%) 14/565 (2.5%)
28/27 8/6

0.8-38 (3.6) 0.8-16.7 (2.3)
16/1130 (1.4%) 2/565 (0.4%)
5/11 0/2

1.3-28.5 (4.5) 0.8-16.7

SARS-CoV-2 negative
41/565 (7.2%)

20/21

0.9-38 (8.6)

14/565 (2.5%)

5/9

1.3-28.5 (5)

the presence of this virus in tonsils, with a prevalence of 2%.2° Similar to
our study, two other teams did not detect the virus in tonsillar
tissues.>>** We previously detected other polyomaviruses in these
samples,?’ therefore, we concluded that the methodology, sample
handling, or nucleic acid isolation were not the reasons for the negative
results.

In study Group 1, MWPyV was detected in 2.7% of the throat swab
samples and one middle ear discharge sample (6.7%). All positive samples
were taken from children (3.4-7.1 years). In study Group 2, we detected
MWPyV DNA in 4.9% of the nasopharyngeal samples (55/1130), which
was not statistically different from the prevalence in study Group 1. In
Group 2, the prevalence of MWPyV was significantly (p < 0.0001) higher
among children (38/360) than that among adults (17/770). A significant
age difference (p =0.0001) was revealed between the MWPyV positive
(0.8-38 years, median: 3.6 years) and negative patients (1-92 years,
median: 32.2 years). No sex difference was detected between the
MWPyV positive and negative patients, within the group, or among
children and adults. Previously, MWPyV was not found in nasopharyngeal

1323 in res-

or nose and throat swab samples of renal transplant adults,
piratory samples of symptomatic adults,** or in throat gargles of adults.>*
The 2.2% adulthood DNA prevalence that we observed was consistent
with our seroprevalence data. Most primary infections occur until young
adulthood, however, a high proportion of adults remains susceptible to
infection. Our prevalence data among children are consistent with those
of previous research. Yu et al. reported a 0.74% MWPyV DNA preva-
lence in nasal wash samples from hospitalized, Mexican children.*? In an
Australian study, the prevalence in respiratory samples was 1.5% in

symptomatic patients and 9.2% in healthy individuals, respectively.
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All positive nasopharyngeal aspirates and nose and throat swabs were
obtained from children <9 years.!* In China, 1.47% of the nasopharyngeal
aspirate samples obtained from symptomatic, hospitalized children tested
positive for MWPyV DNA.Y® The frequency of MWPYV in naso-
pharyngeal samples from pediatric, Brazilian patients was 2.1%.8

In Group 2, although a higher MWPyV frequency was observed
among SARS-CoV-2 negative children (24/180) than that among the
SARS-CoV-2 positive patients (14/180), the difference was not sta-
tistically significant (p =0.122). In addition, MWPyV frequency was
significantly higher (p=0.0003) among SARS-CoV-2 negative pa-
tients (41/565) than that among SARS-CoV-2 positive patients (14/
565) within the entire study group (7.3% vs. 2.5%) and among adults
(17/385 vs. 0/385; p < 0.0001).

The pathogenesis, the mode of transmission, and the portal of
entry of MWPyYV remain unknown. The virus was described from
fecal samples and later studies revealed a prevalence of up to 12.8%
in stool samples, therefore, fecal-oral transmission was
hypothesized.>*2"17 However, the fact that the viral DNA was
detected in the nasopharyngeal samples suggests that transmission
may occur via the respiratory route. Notably, we detected MWPyV
DNA in one middle ear discharge sample, indicating the transmission
of the virus into the middle ear. This may indicate the possible
transmission of the virus into the middle ear, however, further studies
and analysis of several samples are needed to clarify this question.
Other infectious agents were not examined from the samples,
therefore, we did not investigate the link between the presence of
MWPyV and the patient symptoms.

In study Group 1, STLPyV DNA was detected in throat swab
samples (3.4%), middle ear discharge (6.7%), and adenoid (1%) sam-
ples. All positive samples were obtained from children. Throat swab
samples taken at the same time from a patient with an STLPyV
positive adenoid sample and a patient with viral DNA in a middle ear
discharge sample were also positive. In Group 2, the prevalence of
STLPyV was 1.4%. STLPyV prevalence was significantly (p < 0.0001)
higher among children (13/360, 3.6%) than that among adults (3/770,
0.4%), and there was a significant (p=0.0001) age difference
between the virus negative (1.3-28.5 years, median: 4.5 years) and
positive (0.8-92 years, median: 30.7 years) patients. No sex differ-
ences were observed between STLPyV positive and negative in-
dividuals. The viral positivity rate was significantly (p = 0.0039) higher
in SARS-CoV-2 negative patients than in SARS-CoV-2 positive pa-
tients, and the same phenomenon was observed in children (11/385
vs. 2/358; p=0.01). All the three STLPyV positive samples were
obtained from SARS-CoV-2-negative adults.

The prevalence of STLPyV was significantly lower than that of
the MWPyV prevalence in the entire study group (4.9% vs. 1.4%;
p <0.0001), among children (10.6% vs. 3.6%; p = 0.0004) and adults
(2.2% vs. 0.4%; p =0.0024). Coinfection with MWPyV and STLPyV
was detected in seven samples, and one patient was SARS-CoV-
2-infected at the same time. Little is known about STLPyV, as there
are only a few publications with prevalence data, and its pathogenesis
is completely unexplored. The fact that the viral DNA has been
detected in stool samples from different studies suggests that the
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fecal-oral route is a possible transmission route.*>17:2” To date, only
two studies have reported data regarding the examination of respi-
ratory samples. Lim et al. did not detect STLPyV in nasopharyngeal
samples from renal transplant adults,'® while Bialasiewicz et al., who
also investigated renal transplant adults, detected the virus in a nose
and throat swab sample.?® STLPyV was found in 2% of tonsillar

O whereas another research team did not

samples from children,?
detect it in the tonsils of adults.>®> The presence of the virus in
adenoid, throat, and nasopharyngeal swab samples in this study
suggests that respiratory transmission of STLPyV may occur, and that

the virus may spread to the middle ear.

4.3 | Complete genomes of STLPyV

One explanation for the very different seroprevalence data published
by different research groups may be that the viruses studied have
different genotypes and serotypes, which may even be geograph-
ically distinct from each other. BK and JC polyomaviruses have

35 which has also

geographically distinct genotypes and serotypes,
been suggested for Merkel cell polyomavirus.3¢%” We sequenced
two complete STLPyV genomes (GenBank accession numbers:
PP549201 and PP549202), and performed phylogenetic analysis
using all available STLPyV genomes from GenBank (Figure 3). The
analyses showed that the sequences clustered into two branches.
The geographical distribution of the isolates could not be revealed,
because isolates from the same geographical regions were identified
in both branches. In our opinion, the number of sequence records
currently available is too low; therefore, additional sequences from

several geographical regions are needed to clarify this issue.

44 | NCCR of MWPyV and STLPyV

The complete NCCR regions of the polyomaviruses were amplified
from 21 MWPyV positive and 11 STLPyV positive samples. The
sequences were uploaded to GenBank, and the accession numbers
were PP346854-PP346874  for MWPyWV NCCRs, and
PP407403-PP407411 for STLPyV NCCRs. The NCCRs were ana-
lyzed for mutations by comparing them to all of the available
sequences in GenBank, which are 22 NCCRs for MWPyV and eight
NCCRs for STLPyV. Among STLPyV NCCRs, three new variants and
three new point mutations were identified (isolates H566, T28, and
T9). The other eight sequences were identical to those of previously
described isolates. For MWPyV NCCRs, eight new sequence variants
were identified (isolates W317, P839, H284, 6452, C1049, C1062,
H230, and W578, which is identical to C666), whereas the other
isolates were identical to one or more previously known sequences.
Four new point mutations were described, and one isolate, H230
(GenBank: PP346859), had a 13-bp deletion. The mutations and their
frequencies are listed in Table S2. Although the biological importance
of sequence variations in the NCCR of MWPyV and STLPyV is still
unknown, it is hypothesized that these mutations might alter the
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FIGURE 3 Results of phylogenetic analyses using the all available STL genomic sequences. Evolutionary analysis by the maximum likelihood
method (A) and TCS network (B) The evolutionary history was inferred by using the maximum likelihood method and the Tamura 3-parameter
model. The tree with the highest log likelihood (-10 126.48) is shown. The percentages of trees in which the associated taxa clustered together
are shown next to the branches. The initial tree(s) for the heuristic search were obtained automatically by applying the Neighbour-Join and
BioNJ algorithms to a matrix of pairwise distances estimated using the Tamura 3 parameter model, and then selecting the topology with a
superior log likelihood value. A discrete gamma distribution was used to model the evolutionary rate differences among sites (five categories (+G,
parameter = 0.1159)). The tree was drawn to scale, with branch lengths measured as the number of substitutions per site. The codon positions
included were 1st+2nd+3rd+noncoding. There were a total of 4777 positions in the final dataset. In (B), the numbers in parentheses indicate the
mutation steps between the two junctions/haplotypes. Evolutionary analyses were conducted using MEGA X, whereas TCS networks were

developed using PopART.38-40

binding sites for transcription factors, and the function of promoters
and enhancers.*!

To study whether the sequence variations in NCCRs were
related to sample types, possible sites of replications, and/or geo-
graphical distributions, TCS haplotype network analyses were per-
formed for the MWPyV and STLPyV NCCR sequences. Based on this
analysis, STLPyV NCCR sequences were also clustered into two
groups. We did not observ clustering of MWPyV and STLPyV
sequences, either by geographic origin or sample types. Figure S1.
(for MWPyV) and Figure S2. (for STLPyV) show the TCS networks.
The codes for the haplotypes are detailed in Tables S3 and S4.

Although the pathogenesis and clinical importance of MWPyV
and STLPyV are still unknown, it is important to collect sequence data
and identify the sequence differences, as the NCCR of a poly-
omavirus plays a pivotal role in the control of viral replication and
transcription, as well as in determining permissive cells.** These
findings may help develop in vitro cell culture models to identify

permissive cells and study viral replication.

5 | CONCLUSION

Our seroprevalence data confirmed that both MWPyV and STLPyV are
widespread viruses in humans. There are differences in the published
data, therefore, further studies are required to reveal the underlying

explanations. Based on previously published data, respiratory, oral, and
fecal/oral transmission of these polyomaviruses has been suggested.
The DNA prevalence data from this study strengthens the hypothesis
that respiratory transmissions of these viruses is possible. Although
viruses have been detected in one middle ear discharge sample, further
studies are required to investigate their spread to the middle ear. To
date, the sites of viral replication and the target cells are unknown, but
these viruses may replicate in the respiratory tract. Secondary
lymphoid tissues, adenoids, and tonsils may be sites of replication;
even persistent viral infections may occur in these tissues. The DNA
prevalence data of this study were consistent with the seroprevalence,
as both viruses were also detected in respiratory samples from adults,
but a significantly higher prevalence was observed in children. Sero-
prevalence increased with age for both MWPyV and STLPyV, but
there were still individuals susceptible to primary infection in the adult
population, especially for MWPyV. Collection of sequence data from
different samples and geographical areas is essential for studying the

variability of these viruses.
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