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Abstract: Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) has been declared a
global pandemic. Our goal was to determine whether co-infections with respiratory polyomaviruses,
such as Karolinska Institutet polyomavirus (KIPyV) and Washington University polyomavirus
(WUPyV) occur in SARS-CoV-2 infected patients. Oropharyngeal swabs from 150 individuals, 112
symptomatic COVID-19 patients and 38 healthcare workers not infected by SARS-CoV-2, were
collected from March 2020 through May 2020 and tested for KIPyV and WUPyV DNA presence.
Of the 112 SARS-CoV-2 positive patients, 27 (24.1%) were co-infected with KIPyV, 5 (4.5%) were
positive for WUPyV, and 3 (2.7%) were infected simultaneously by KIPyV and WUPyV. Neither
KIPyV nor WUPyV DNA was detected in samples of healthcare workers. Significant correlations
were found in patients co-infected with SARS-CoV-2 and KIPyV (p < 0.05) and between SARS-
CoV-2 cycle threshold values and KIPyV, WUPyV and KIPyV and WUPyV concurrently detected
(p < 0.05). These results suggest that KIPyV and WUPyV may behave as opportunistic respiratory
pathogens. Additional investigations are needed to understand the epidemiology and the prevalence
of respiratory polyomavirus in COVID-19 patients and whether KIPyV and WUPyV could potentially
drive viral interference or influence disease outcomes by upregulating SARS-CoV-2 replicative
potential.

Keywords: Karolinska Institutet polyomavirus; Washington University polyomavirus; SARS-CoV-2;
co-infection; oropharyngeal swab; NCCR sequencing

1. Introduction

In late December 2019, several cases of pneumonia of unknown origin were reported
in Wuhan, China, and in early January 2020, a novel coronavirus denominated severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was identified and defined as the
etiological agent of coronavirus disease 2019 (COVID-19) [1,2]. Despite efforts to contain
the disease in China, the virus spread globally and in March 2020 COVID-19 was declared
a pandemic by the World Health Organization (WHO) [3].
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SARS-CoV-2 is able to cause a wide range of clinical manifestations varying from
asymptomatic or mild symptoms to severe illness and death [1,2,4]. Moreover, even though
viral co-infections are able to influence the resultant disease pattern in the host, very few
studies have looked at the disease outcomes in patients infected with SARS-CoV-2 and
other pulmonary pathogens [5].

Co-infection with several viruses has been documented in patients with severe acute
respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS). Among
patients infected by SARS-CoV-2, the knowledge remains limited. In this regard, it has
been established that the prevalence of co-infection with respiratory pathogens was variable
among COVID-19 patients and could be up to 50% among non-survivors [6]. However, to
date, there is no data on the relationship between human polyomavirus (HPyVs)/SARS-
CoV-2 co-infection and clinical and epidemiological profile of COVID-19 patients.

Karolinska Institutet Polyomavirus (KIPyV) and Washington University Polyomavirus
(WUPyV) were discovered in 2007 in nasopharyngeal samples from patients with respira-
tory symptoms [7,8]. So far, whether KIPyV and WUPyV are genuine respiratory pathogens
or opportunistic co-infectors has not been established, although KIPyV transcripts were
identified without other viral sequences in cases of otherwise healthy individuals with
severe respiratory symptoms and WUPyV sequences were found in WUPyV-associated
bronchitis [9–11].

Both KIPyV and WUPyV genomes, like that of the other HPyVs, consist of the early
region, the late region and of the noncoding control region (NCCR) [12]. The early region
codes for regulatory proteins involved in replication and transcription of the viral genome.
The major early proteins are large T- and small t-antigen (sT). The late region codes for
the structural proteins of which VP1 is the major capsid protein, while VP2 and VP3 are
the minor capsid proteins [13,14]. Interposed between the early and late region there is
the NCCR, a sequence that does not code for viral proteins. While the protein coding
regions reveal a strong sequence conservation, the NCCR could exhibit variation consisting
in deletions, duplications and rearrangements. Genetic variability in the NCCR of BK
(BKPyV) and JC polyomavirus (JCPyV) may affect viral replication and determine clinical
consequences [12]. Whether mutations in KIPyV and WUPyV NCCRs may have an effect
on their pathogenic properties remain to be determined.

Since to date a picture of the prevalence of KIPyV and WUPyV in the occurrence of
SARS-CoV-2 infection during the early outbreak period of COVID-19 has not emerged,
our goal was to determine whether co-infections with KIPyV and WUPyV occur in a
significant subset of SARS-CoV-2 infected patients. Because a co-infection with other
pulmonary pathogens can carry significant risks on the clinical outcomes of COVID-19
patients representing an important concern for clinicians, understanding the epidemiology
and prevalence of HPyVs in these patients will help to better document the SARS-CoV-2
co-infection.

2. Materials and Methods
2.1. Study Population and Sample Collection

Oropharyngeal swabs collected from 150 individuals, 112 symptomatic COVID-19
patients and 38 healthcare workers not infected by SARS-CoV-2, were tested for KIPyV and
WUPyV DNA presence. Diagnosis of SARS-CoV-2 was previously performed by real-time
RT-PCR assay (RealStar SARS-CoV2 RT-PCR, Altona Diagnostics) [15] from March 2020
to May 2020 at Policlinico Umberto I Hospital, Rome, Italy. Viruses identified in each
specimen were documented and summarized as co-infection, single infection or negatives.
Specifically, co-infection was defined as the presence of SARS-CoV-2 with at least one HPyV
or presence of both HPyVs in the same specimen. A single infection was considered when
only SARS-CoV-2 or HPyVs was detected and, finally, a negative result was considered as
no detection of SARS-CoV-2 and/or HPyVs. Demographic data are reported in Table 1.
This study was approved by the institutional review board (Policlinico Umberto I Hospital,
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Sapienza, University of Rome, Italy) and the Ethics Committee (Sapienza, University of
Rome, Italy).

Table 1. Demographic characteristics.

FEATURES POPULATION

Enrolled Population, n 150

Sex, n (M/F)
M F

79/150 (52.7%) 71/150 (47.3%)

Mean age, years (SD) 59.06 (±16.52)

Median age, years (Range) 60.71 (92.84–22.1)

SARS-CoV-2 patients

Enrolled population, n 112

Sex, n (M/F)
M F

51/112 (45.5%) 61/112 (54.5%)

Mean age, years (SD) 61.42 (±16.22)

Median age, years (Range) 62.45 (22.1–92.84)

Healthcare workers

Enrolled population, n 38

Sex, n (M/F)
M F

18/38 (47.4%) 20/38 (52.6%)

Mean age, years (SD) 52.11 (±15.42)

Median age, years (Range) 49.35 (23.94–89.0)
SD: Standard Deviation, M: male, F: female.

2.2. Virological Analysis

Testing for the presence of KIPyV and WUPyV was performed using three hundred
microliters of oropharyngeal samples subjected firstly to DNA extraction using DNeasy®

Blood and Tissue Kit (QIAGEN, S.p.A, Milan, Italy) according to the manufacturer’s in-
structions. To test DNA quality, β-globin PCR was carried out as previously described [16].
All β-globin-positive specimens were tested for KIPyV and WUPyV DNA by real-time PCR
as detailed previously with primers and probes targeting the VP2-3 region of KIPyV and
VP region of WUPyV [17]. Plasmids containing the KIPyV (pcDKIER (#37094)) and WUPyV
(pcDWUER (#37093)) genomes and distilled water were used as a positive and negative
control, respectively. All samples were tested in triplicate and standard precautions were
taken to prevent contamination during amplification procedures.

2.3. Amplification, Sequencing and Analysis of KIPyV and WUPyV NCCRs

KIPyV and WUPyV DNA-positive samples were subsequently amplified for NCCR
region following published protocols [18]. By electrophoresis in 2% agarose gel, PCR
products were analyzed, stained with ethidium bromide and observed under UV light.
The amplified products were purified using the MinElute PCR Purification Kit (QIAGEN,
Milan, Italy) and sequenced in a dedicated facility (Bio-Fab research s.r.l., Rome, Italy). The
obtained sequences were compared to reference sequences deposited in GenBank. Sequence
alignments were performed with ClustalW2 at the European Molecular Biology Laboratory–
European Bioinformatics Institute (EMBL-EBI) website using default parameters [19].

2.4. Statistical Analysis

The continuous variables were expressed both as mean ±SD and as median and
range. All studied features were analyzed with non-parametric tests, like Chi-square (χ2)
test, Kruskal-Wallis test and Mann-Whitney U for unmatched data. Statistical analyses
were performed with SPSS v.25.0 for Windows: a p value less than 0.05 was considered
statistically significant.
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3. Results and Discussion

In order to improve the understanding on the epidemiological features of HPyVs
in patients affected by COVID-19, 112 oropharyngeal swabs from hospitalized patients
with symptomatic COVID-19 and 38 oropharyngeal swabs from healthcare workers not
infected by SARS-CoV-2, for a total of 150 samples, were tested for the presence of KIPyV
and WUPyV DNA. Overall, KIPyV DNA was detected in 27/150 (18%) swabs, WUPyV
DNA in 5/150 samples (3.33%) and DNAs of both KI and WU viruses were found in 3/150
(2%) oropharyngeal specimens (Table 2).

Table 2. Analysis of KIPyV and WUPyV prevalence in the examined population.

Polyomavirus Total Population SARS-CoV-2 + SARS-CoV-2 − χ2 OR

KIPyV, n
P 27/150 (18%) 27/112 (24.11%) 0/38 (0%)

p < 0.05 >1
N 123/150 (82%) 85/112 (75.89%) 38/38 (100%)

WUPyV, n
P 5/150 (3.33%) 5/112 (4.46%) 0/38 (0%)

p > 0.05 >1
N 145/150 (96.67%) 107/112 (95.54%) 38/38 (100%)

KIPyV-WUPyV
co-infection, n 3/150 (2%) 3/112 (2.68%) 0/38 (0%) p > 0.05 >1

OR: Odds Ratio; P: positive; N: negative.

Specifically, of the 112 SARS-CoV-2 positive patients, 27 (24.1%) were co-infected with
KIPyV, in 5 (4.5%) SARS-CoV-2/WUPyV co-infection was found and 3 (2.7%) were infected
simultaneously by KIPyV and WUPyV (Table 2).

Regarding the group of 38 healthcare workers, neither KIPyV nor WUPyV DNA
was detected in oropharyngeal swab samples. Although the healthcare workers sample
number was low and further investigation with larger cohort is required to accurately
estimate the distribution of WUPyV and KIPyV infections, our results are consistent
with previous reports indicating that respiratory HPyVs were commonly detected both
in immunocompromised children and adults, in immunocompetent children and rarely
detected in immunocompetent adults [20–23].

Interestingly, the statistical analysis evidenced a significant difference in the rate of
KIPyV infection between patients co-infected by SARS-CoV-2 and the SARS-CoV-2 negative
group (p < 0.05, OR > 1) (Table 2).

As reported in the literature, since KIPyV is often found in other various sample types
such as stool, blood, urine, lymph node, spleen, cerebrospinal fluid, lung, tonsil and ade-
noids, a possible explanation about the significant co-infection SARS-CoV-2-KIPyV could
be that KIPyV represents an opportunistic co-infector rather than a genuine respiratory
pathogen [18,24,25].

Moreover, our results could suggest that, although HPyVs infections occur early in
childhood and persist throughout life enhancing host heterologous immunity, as observed
in persistently infected individuals who experience constant, low-level of antigenic stim-
ulation resulting in protective cross-immunity via different processes (innate immune
stimulation, activation of CD4+ or CD8+ T cells, cross-reactive CD8+ T cells) [26,27], SARS-
CoV-2 infection may significantly alter the host’s immune response and allow a KIPyV and,
in part also WUPyV, surge in replication.

No statistically significant difference was found in KIPyV and WUPyV prevalence
according to age and gender, although patients tested positive for SARS-CoV-2 and co-
infected with KI and WU viruses were predominantly females, similar to findings describ-
ing characteristics of SARS-CoV-2 infection in Italy in which cases were more common
among women (53.1%), mainly among the elderly population [4].

The role of viral load in respiratory viral infection is highly debated. It has been
proposed that the viral load of some respiratory viruses correlates with disease sever-
ity [28] and recently also SARS-CoV-2 high viral load was associated with COVID-19 [29].
Considering viral co-infections, human coronavirus NL63 RNA levels in patients with
a co-infection are often much lower than the load in the mono-infected patients [29]. In
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this study, the evaluation of SARS-CoV-2 cycle threshold (Ct) values in relation with the
presence of KIPyV and WUPyV DNA showed that Ct values were lower (corresponding
to a higher viral RNA concentration) in SARS-CoV-2 patients co-infected with KIPyV and
WUPyV simultaneously (Ct median value 18.00 (range: 12.88–22.00)) with respect to all
other groups. Moreover, Ct values were lower (21.66 (12.88–25.75)) among SARS-CoV-2–
WUPyV-infected patients compared with SARS-CoV-2-KIPyV-infected patients (median Ct
value: 25.63 (12.88–38.62)) (Table 3).

Table 3. Analysis of SARS-CoV-2 Ct values according to the KIPyV and WUPyV detection.

Polyomavirus Ct Median Values (Range)

KIPyV
P 25.63 (12.88–38.62)

N 26.75 (14.02–39.53)

WUPyV
P 21.66 (12.88–25.75)

N 26.86 (14.02–39.53)

KIPyV-WUPyV co-infection 18.00 (12.88–22.00)
P: positive; N: negative.

However, statistical analysis revealed that SARS-CoV-2 Ct values were significantly
correlated with the detection of KIPyV, WUPyV and KIPyV and WUPyV co-infection
(p < 0.05), confirming that viruses do not competitively suppress the replication of an-
other co-infecting virus and further supporting the hypothesis of KIPyV and WUPyV as
opportunistic co-infectors (Figure 1).

Figure 1. Distribution of Ct of SARS-CoV-2 according to the presence or absence of KIPyV and
WUPyV. *: p < 0.05 (Kruskal-Wallis test), o: Outliers.

Since little is known on the genetic diversity of KIPyV and WUPyV NCCRs and on
the biological relevance in terms of viral transcription, replication and possible pathogenic
properties, the genetic analysis of NCCRs, obtained from 27 out of 112 (24.11%) positive
KIPyV samples, was performed. Alignments of 27 isolates from oropharyngeal swabs from
hospitalized patients co-infected by KIPyV and SARS-CoV-2 showed a NCCR characterized
by a high degree of homology compared with Stockholm 60 reference sequence (Genbank
accession number NC_009238) [7]. This result supports previous observations that larger
KIPyV NCCR rearrangements, as seen for the NCCRs of clinical BKPyV and JCPyV isolates,
seem to be rare [12]. The amplified NCCRs obtained from five WUPyV samples were
similar to the strain deposited in GenBank under the accession number EF444549 [8] since,
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in one sample, the G54A and T59G mutations were observed. Both G54A and T59G are
most common point mutations and, as in this study, often present simultaneously [12].
Because most variations described for WUPyV are single or few point mutations, they may
not destroy or create novel binding sites and may not have an effect on WUPyV promoter
activity and viral replication.

In conclusion, although to the best of our knowledge this is the first study on HPyVs
in the contest of SARS-CoV-2 infection, additional investigations are needed to understand
the epidemiology and the prevalence of respiratory polyomavirus in COVID-19 patients
and whether KIPyV and WUPyV could potentially drive viral interference or influence
disease outcomes by upregulating SARS-CoV-2 replicative potential.

In fact, although the incidence in respiratory samples of SARS-CoV-2 with other
respiratory viruses was examined by several groups, the impact on the clinical outcome is
less known. In SARS-CoV-2 positive patients, the rates of co-infection with other viruses
were found to be lower, no significant differences were established, and clinical implications
were not determined or were not conclusive [30–32]. An in vitro study demonstrated that
infection of different cell lines, even cells that normally do not support SARS-CoV2 infection,
with influenza A virus increased their susceptibility to SARS-CoV-2 infection [33]. In a mice
model, influenza A virus and SARS-CoV-2 co-infection resulted in increased SARS-CoV-2
viral load and more severe lung damage [33]. It is possible to speculate that infection
with influenza A virus induces expression of the SARS-CoV-2 receptor ACE2, which can
(partially) explain the increased susceptibility for SARS-CoV-2 [33].

The effect of co-infection with KIPyV or WUPyV on SARS-CoV-2 replication and
clinical outcome has not been investigated. The lack of suitable cell culture systems and
animal models has limited research on the infectivity and pathogenicity of these HPyVs.
However, a recent study showed that WUPyV can be propagated in primary human airway
epithelial cells, but it was not tested whether these cells are permissive for KIPyV [34].
Interestingly, these cells were also used to isolate SARS-CoV-2 that caused the outbreak in
Wuhan, China [1], which would allow WUPyV and SARS-CoV-2 co-infection experiments.

Further research is required to unveil whether KIPyV or WUPyV can increase the sen-
sitivity for SARS-CoV-2 infection and whether coinfection may exacerbate the pathogenesis
of this virus.

Author Contributions: Conceptualization, C.P., U.M. and V.P.; SARS-COV-2 diagnosis data, G.O.,
A.V., G.G., D.M.R.; O.T.; Investigation, C.P., G.B., F.P., F.F., M.S.; Patient’s data: G.d.; Data Curation,
C.P.; V.P.; Writing—Original Draft Preparation, C.P., U.M., V.P.; Writing—Review & Editing, C.P.,
U.M., A.P., G.d., O.T., G.A., C.S., V.P.; Supervision, V.P.; Funding Acquisition, V.P. All authors
have approved the submitted version and agree to be personally accountable for the author’s own
contributions and for ensuring that questions related to the accuracy or integrity of any part of the
work are answered. All authors have read and agreed to the published version of the manuscript.

Funding: Valeria Pietropaolo: Funding acquisition (MIUR Research Grant RM11916B1DFD19A1).

Institutional Review Board Statement: This research study was approved by the institutional review
board (Policlinico Umberto I Hospital, Sapienza, University of Rome, Italy) and the Ethics Committee
(Sapienza, University of Rome, Italy).

Informed Consent Statement: All subjects gave their informed consent for inclusion before they
participated in the study and patients’ data were anonymized.

Data Availability Statement: Data is contained within the article.

Acknowledgments: Carla Prezioso was supported by Italian Ministry of Health (starting Grant:
SG-2018-12366194). This work was in part supported by grant to GA from the Italian Ministry of
Health: COVID-2020-12371817.

Conflicts of Interest: The authors declare no conflict of interest.



Microorganisms 2021, 9, 1259 7 of 8

References
1. Zhu, N.; Zhang, D.; Wang, W.; Li, X.; Yang, B.; Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R.; et al. A Novel Coronavirus from

Patients with Pneumonia in China, 2019. N. Engl. J. Med. 2020, 382, 727–733. [CrossRef] [PubMed]
2. Li, Q.; Guan, X.; Wu, P.; Wang, X.; Zhou, L.; Tong, Y.; Ren, R.; Leung, K.S.M.; Lau, E.H.Y.; Wong, J.Y.; et al. Early Transmission

Dynamics in Wuhan, China, of Novel Coronavirus-Infected Pneumonia. N. Engl. J. Med. 2020, 382, 1199–1207. [CrossRef]
3. World Health Organization. Coronavirus Disease 2019 (COVID-19) Situation Report-51; World Health Organization: Geneva,

Switzerland, 2020.
4. Prezioso, C.; Marcocci, M.E.; Palamara, A.T.; De Chiara, G.; Pietropaolo, V. The “Three Italy” of the COVID-19 epidemic and

the possible involvement of SARS-CoV-2 in triggering complications other than pneumonia. J. Neurovirol. 2020, 26, 311–323.
[CrossRef]

5. Musuuza, J.S.; Watson, L.; Parmasad, V.; Putman-Buehler, N.; Christensen, L.; Safdar, N. Prevalence and outcomes of co-infection
and superinfection with SARS-CoV-2 and other pathogens: A systematic review and meta-analysis. PLoS ONE 2021, 16, e0251170.
[CrossRef]

6. Zhu, X.; Ge, Y.; Wu, T.; Zhao, K.; Chen, Y.; Wu, B.; Zhu, F.; Zhu, B.; Cui, L. Co-infection with respiratory pathogens among
COVID-2019 cases. Virus Res. 2020, 285, 198005. [CrossRef] [PubMed]

7. Allander, T.; Andreasson, K.; Gupta, S.; Bjerkner, A.; Bogdanovic, G.; Persson, M.A.; Dalianis, T.; Ramqvist, T.; Andersson, B.
Identification of a third human polyomavirus. J. Virol. 2007, 81, 4130–4136. [CrossRef]

8. Gaynor, A.M.; Nissen, M.D.; Whiley, D.M.; Mackay, I.M.; Lambert, S.B.; Wu, G.; Brennan, D.C.; Storch, G.A.; Sloots, T.P.; Wang, D.
Identification of a novel polyomavirus from patients with acute respiratory tract infections. PLoS Pathog. 2007, 3, e64. [CrossRef]
[PubMed]

9. Babakir-Mina, M.; Ciccozzi, M.; Perno, C.F.; Ciotti, M. The human polyomaviruses KI and WU: Virological background and
clinical implications. APMIS 2013, 121, 746–754. [CrossRef] [PubMed]

10. Dehority, W.N.; Eickman, M.M.; Schwalm, K.C.; Gross, S.M.; Schroth, G.P.; Young, S.A.; Dinwiddie, D.L. Complete genome
sequence of a KI polyomavirus isolated from an otherwise healthy child with severe lower respiratory tract infection. J. Med.
Virol. 2017, 89, 926–930. [CrossRef] [PubMed]

11. Teramoto, S.; Koseki, N.; Yoshioka, M.; Matsunami, Y.; Yanazume, N.; Nawate, M.; Shikano, T.; Takahashi, Y.; Kikuta, H.; Ishiguro,
N. WU polyomavirus infection confirmed by genetic and serologic tests in an infant with Bronchitis. Pediatr. Infect. Dis. J. 2011,
30, 918. [CrossRef] [PubMed]

12. Moens, U.; Prezioso, C.; Pietropaolo, V. Genetic Diversity of the Noncoding Control Region of the Novel Human Polyomaviruses.
Viruses 2020, 12, 1406. [CrossRef]

13. Moens, U.; Krumbholz, A.; Ehlers, B.; Zell, R.; Johne, R.; Calvignac-Spencer, S.; Lauber, C. Biology, evolution, and medical
importance of polyomaviruses: An update. Infect. Genet. Evol. 2017, 54, 18–38. [CrossRef] [PubMed]

14. Ciotti, M.; Prezioso, C.; Pietropaolo, V. An overview on human polyomaviruses biology and related diseases. Future Virol. 2019,
14, 487–501. [CrossRef]

15. Turriziani, O.; Sciandra, I.; Mazzuti, L.; Di Carlo, D.; Bitossi, C.; Calabretto, M.; Guerrizio, G.; Oliveto, G.; Riveros Cabral, R.J.;
Viscido, A.; et al. SARS-CoV-2 diagnostics in the virology laboratory of a University Hospital in Rome during the lockdown
period. J. Med. Virol. 2021, 93, 886–891. [CrossRef]

16. Saiki, R.K.; Bugawan, T.L.; Horn, G.T.; Mullis, K.B.; Erlich, H.A. Analysis of enzymatically amplified beta-globin and HLA-DQ
alpha DNA with allele-specific oligonucleotide probes. Nature 1986, 324, 163–166. [CrossRef]

17. Kuypers, J.; Campbell, A.P.; Guthrie, K.A.; Wright, N.L.; Englund, J.A.; Corey, L.; Boeckh, M. WU and KI polyomaviruses in
respiratory samples from allogeneic hematopoietic cell transplant recipients. Emerg. Infect. Dis. 2012, 18, 1580–1588. [CrossRef]

18. Prezioso, C.; Ciotti, M.; Obregon, F.; Ambroselli, D.; Rodio, D.M.; Cudillo, L.; Gaziev, J.; Mele, A.; Nardi, A.; Favalli, C.; et al.
Polyomaviruses shedding in stool of patients with hematological disorders: Detection analysis and study of the non-coding
control region’s genetic variability. Med. Microbiol. Immunol. 2019, 208, 845–854. [CrossRef]

19. ClustalW2-Multiple Sequence Alignment. Available online: http://www.ebi.ac.uk/clustalw/ (accessed on 13 May 2021).
20. Teramoto, S.; Kaiho, M.; Takano, Y.; Endo, R.; Kikuta, H.; Sawa, H.; Ariga, T.; Ishiguro, N. Detection of KI polyomavirus

and WU polyomavirus DNA by real-time polymerase chain reaction in nasopharyngeal swabs and in normal lung and lung
adenocarcinoma tissues. Microbiol. Immunol. 2011, 55, 525–530. [CrossRef]

21. Ren, L.; Gonzalez, R.; Xie, Z.; Zhang, J.; Liu, C.; Li, J.; Li, Y.; Wang, Z.; Kong, X.; Yao, Y.; et al. WU and KI polyomavirus present in
the respiratory tract of children, but not in immunocompetent adults. J. Clin. Virol. 2008, 43, 330–333. [CrossRef]

22. Mourez, T.; Bergeron, A.; Ribaud, P.; Scieux, C.; de Latour, R.P.; Tazi, A.; Socié, G.; Simon, F.; LeGoff, J. Polyomaviruses KI and
WU in immunocompromised patients with respiratory disease. Emerg. Infect. Dis. 2009, 5, 107–109. [CrossRef]

23. Lin, S.X.; Wang, W.; Guo, W.; Yang, H.J.; Ma, B.C.; Fang, Y.L.; Xu, Y.S. A molecular epidemiological study of KI polyomavirus and
WU polyomavirus in children with acute respiratory infection in Tianjin, China. Chin. J. Contemp. Pediatr. 2017, 19, 763–769.

24. Bergallo, M.; Terlizzi, M.E.; Astegiano, S.; Ciotti, M.; Babakir-Mina, M.; Perno, C.F.; Cavallo, R.; Costa, C. Real time PCR TaqMan
assays for detection of polyomaviruses KIV and WUV in clinical samples. J. Virol. Methods 2009, 162, 69–74. [CrossRef]

25. Comar, M.; Zanotta, N.; Rossi, T.; Pelos, G.; D’Agaro, P. Secondary lymphoid tissue as an important site for WU polyomavirus
infection in immunocompetent children. J. Med. Virol. 2011, 83, 1446–1450. [CrossRef]

26. Makoti, P.; Fielding, B.C. HIV and Human Coronavirus Coinfections: A Historical Perspective. Viruses 2020, 12, 937. [CrossRef]

http://doi.org/10.1056/NEJMoa2001017
http://www.ncbi.nlm.nih.gov/pubmed/31978945
http://doi.org/10.1056/NEJMoa2001316
http://doi.org/10.1007/s13365-020-00862-z
http://doi.org/10.1371/journal.pone.0251170
http://doi.org/10.1016/j.virusres.2020.198005
http://www.ncbi.nlm.nih.gov/pubmed/32408156
http://doi.org/10.1128/JVI.00028-07
http://doi.org/10.1371/journal.ppat.0030064
http://www.ncbi.nlm.nih.gov/pubmed/17480120
http://doi.org/10.1111/apm.12091
http://www.ncbi.nlm.nih.gov/pubmed/23782405
http://doi.org/10.1002/jmv.24706
http://www.ncbi.nlm.nih.gov/pubmed/27704585
http://doi.org/10.1097/INF.0b013e3182252148
http://www.ncbi.nlm.nih.gov/pubmed/21915023
http://doi.org/10.3390/v12121406
http://doi.org/10.1016/j.meegid.2017.06.011
http://www.ncbi.nlm.nih.gov/pubmed/28634106
http://doi.org/10.2217/fvl-2019-0050
http://doi.org/10.1002/jmv.26332
http://doi.org/10.1038/324163a0
http://doi.org/10.3201/eid1810.120477
http://doi.org/10.1007/s00430-019-00630-9
http://www.ebi.ac.uk/clustalw/
http://doi.org/10.1111/j.1348-0421.2011.00346.x
http://doi.org/10.1016/j.jcv.2008.08.003
http://doi.org/10.3201/eid1501.080758
http://doi.org/10.1016/j.jviromet.2009.07.016
http://doi.org/10.1002/jmv.22124
http://doi.org/10.3390/v12090937


Microorganisms 2021, 9, 1259 8 of 8

27. Barton, E.S.; White, D.W.; Cathelyn, J.S.; Brett-McClellan, K.A.; Engle, M.; Diamond, M.S.; Miller, V.L.; Virgin, H.W., IV.
Herpesvirus latency confers symbiotic protection from bacterial infection. Nature 2007, 447, 326–329. [CrossRef]

28. Granados, A.; Peci, A.; McGeer, A.; Gubbay, J.B. Influenza and rhinovirus viral load and disease severity in upper respiratory
tract infections. J. Clin. Virol. 2017, 86, 14–19. [CrossRef]

29. Van der Hoek, L.; Pyrc, K.; Berkhout, B. Human coronavirus NL63, a new respiratory virus. FEMS Microbiol. Rev. 2006, 30,
760–773. [CrossRef]

30. Kim, D.; Quinn, J.; Pinsky, B.; Shah, N.H.; Brown, I. Rates of Co-infection Between SARS-CoV-2 and Other Respiratory Pathogens.
JAMA 2020, 323, 2085–2086. [CrossRef]

31. Peci, A.; Tran, V.; Guthrie, J.L.; Li, Y.; Nelson, P.; Schwartz, K.L.; Eshaghi, A.; Buchan, S.A.; Gubbay, J.B. Prevalence of Co-Infections
with Respiratory Viruses in Individuals Investigated for SARS-CoV-2 in Ontario, Canada. Viruses 2021, 13, 130. [CrossRef]

32. Singh, V.; Upadhyay, P.; Reddy, J.; Granger, J. SARS-CoV-2 respiratory co-infections: Incidence of viral and bacterial co-pathogens.
Int. J. Infect. Dis. 2021, 105, 617–620. [CrossRef]

33. Bai, L.; Zhao, Y.; Dong, J.; Liang, S.; Guo, M.; Liu, X.; Wang, X.; Huang, Z.; Sun, X.; Zhang, Z.; et al. Coinfection with influenza A
virus enhances SARS-CoV-2 infectivity. Cell Res. 2021, 31, 395–403. [CrossRef]

34. Wang, C.; Wei, T.; Huang, Y.; Guo, Q.; Xie, Z.; Song, J.; Chen, A.; Zheng, L. Isolation and characterization of WUPyV in polarized
human airway epithelial cells. BMC Infect. Dis. 2020, 20, 488. [CrossRef]

http://doi.org/10.1038/nature05762
http://doi.org/10.1016/j.jcv.2016.11.008
http://doi.org/10.1111/j.1574-6976.2006.00032.x
http://doi.org/10.1001/jama.2020.6266
http://doi.org/10.3390/v13010130
http://doi.org/10.1016/j.ijid.2021.02.087
http://doi.org/10.1038/s41422-021-00473-1
http://doi.org/10.1186/s12879-020-05224-y

	Introduction 
	Materials and Methods 
	Study Population and Sample Collection 
	Virological Analysis 
	Amplification, Sequencing and Analysis of KIPyV and WUPyV NCCRs 
	Statistical Analysis 

	Results and Discussion 
	References

