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Abstract
The role of KI polyomavirus (KIPyV) and Merkel cell polyomavirus (MCPyV) as human pathogens 

is not completely understood. The aim of this study was to determine the prevalence of these polyomavi-
ruses in patients with respiratory diseases (acute and chronic, including lung cancer). 221 nasopharyngeal 
swabs and lung biopsy specimens were studied for the presence of KIPyV and MCPyV by nested PCR. 
KIPyV and MCPyV were detected in nasopharyngeal specimens at similar rates, 10.3% and 8.2%, respec-
tively. We found 2.8% KIPyV positivity rate among patients with non-cancer chronic lung diseases. All 
specimens from lung cancer cases were negative for KIPyV and MCPyV. The results suggested that there 
may be a relationship between these polyomaviruses and acute respiratory diseases, but no evidence was 
found for their involvement in lung cancerogenesis.
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Резюме
Ролята на KI полиомавирусите (KIPyV) и на свързаните с Меркел-клетъчния карцином 

полиомавируси (MCPyV) като човешки патогени не е напълно изяснена. Целта на настоящото про-
учване е да се установи разпространението на тези полиомавируси при пациенти с респираторни 
заболявания (остри и хронични, в т.ч. и рак на белия дроб). Изследвани са 221 назофарингеални 
смивове (НФС) и проби от биопсичен материал от бял дроб (БМБ) за наличие на KIPyV и MCPyV 
чрез нестед PCR. Не установихме съществени различия в разпространението на KIPyV и MCPyV 
в НФС - открити бяха съответно в 10.3% и 8.2% от случаите. 2,8% от БМБ, получени от пациенти 
с хронични неонкологични белодробни заболявания бяха положителни за KIPyV.  Всички проби от 
случаите с рак на белия дроб бяха отрицателни за KIPyV и MCPyV. Резултатите предполагат възмож-
на връзка между тези полиомавируси и острите респираторни заболявания, но липсва доказателство 
за тяхното участие в белодробната канцерогенеза.

Introduction
The first human polyomaviruses (HPyV), JC 

polyomavirus (JCPyV) and BK polyomavirus (BK-
PyV), were discovered in 1971 in severely immu-
nosuppressed patients. Today, due to the new tech-
niques for viral detection, the human polyomavirus 

family consists of thirteen members (Table 1). 
KI polyomavirus (KIPyV) and Merkel cell 

polyomavirus (MCPyV) are among the newly 
(2007-2008) identified HPyV (Allander et al., 2007; 
Feng et al., 2008). KIPyV was named after the Kar-
olinska Institute (Stockholm, Sweden), where the 
virus was discovered and MCPyV - due to its de-
tection in Merkel cell carcinoma (MCC). Although 
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KIPyV and MCPyV share certain characteristics 
with the well-studied BKPyV and JCPyV, they 
show important differences such as little sequence 
homology of genomes and proteins, differences in 
viral life cycle, pathogenicity and so on (Dalianis 
and Hirsch, 2013; Feltkamp et al., 2013). Little is 
known about the route of infection, transmission, 
cell tropism and pathogenicity of these viruses. 

KIPyV was identified first in respiratory 
specimens from children with acute respiratory in-
fections, which suggested the respiratory tract as 
a possible site of infection, transient or persistent 
(Allander et al., 2007). So far, however, the etio-
pathogenicity of KIPyV in respiratory diseases re-
mains speculative. To date, KIPyV has not been as-
sociated with a specific disease and data on its on-
cogenicity are controversial (Babakir-Mina et al., 
2009; Dalianis et al., 2009). Although viral DNA 
sequences have been found in lung cancers and 
lymphoma, KIPyV has not been linked to a specific 
malignancy (Babakir-Mina et al., 2011). 

MCPyV has been implicated in the etiology 
of MCC but most MCPyV infections are asymp-
tomatic. MCPyV DNA has been detected in a va-
riety of non-MCC cancers, including lung cancer 
(Andres et al., 2010; Imajoh et al., 2012; Spurgeon 
and Lambert, 2013; Salakova et al., 2015), but the 
role of MCPyV in these malignances is not clear.

There has been intensive search for these vi-

ruses in clinical specimens to determine their nat-
ural history and role in human pathology, but the 
results are inconclusive. Therefore, we aimed to 
evaluate the distribution of KIPyV and MCPyV in 
Bulgarian patients with respiratory diseases – acute 
and chronic, including lung cancer, in order to eval-
uate the association between these virus infections 
and respiratory diseases.

Material and Methods
Clinical samples

We analyzed 133 nasopharyngeal swabs 
(NPS) and 88 lung biopsy specimens (LBS) ob-
tained from 107 males and 114 females with res-
piratory diseases aged between 1 and 83 years. NPS 
were from patients with acute respiratory diseases 
of higher and lower respiratory tract (pharyngitis, 
tonsillitis, common cold, bronchitis, pneumonia, 
etc.) and LBS - from patients with chronic lung dis-
eases (53 histologically proven lung cancer cases 
and 35 cases with non-cancer chronic lung diseas-
es).
Detection of KIPyV and MCPyV by nested PCR

DNA extraction was performed by GeneJET 
Genomic DNA Purification Kit (Thermo Scientif-
ic™) and PureLink® Genomic DNA Mini Kit (In-
vitrogen™). We assessed the quality of extracted 
DNA by β- globin gene amplification. Detection 
of KIPyV and MCPyV was performed by nested 

Full name Abbreviation Year of
discovery

Source of isolation

BK polyomavirus BKPyV 1971 Urine
JC polyomavirus JCPyV 1971 Urine, brain
Karolinska Institute polyomavirus KIPyV 2007 Nasopharyngeal tissue
Washington University polyomavirus WUPyV 2007 Nasopharyngeal tissue
Merkel cell polyomavirus MCPyV 2008 Lesion
Human polyomavirus 6 HPyV6 2010 Skin
Human polyomavirus 7 HPyV7 2010 Skin
Trichodysplasia spinulosa-associated 
polyomavirus

TSPyV 2010 Lesion

Human polyomavirus 9 HPyV9 2011 Skin, blood, urine
Malawi polyomavirus MWPyV 2012 Stool, wart
St Louis polyomavirus STLPyV 2013 Stool
Human polyomavirus 12 HPyV12 2013 Metastatic liver tissue
New Jersey polyomavirus  NJPyV-2013 2014 Endothelial cells 

(myositis, cut. necrosis)

Table 1. Human polyomaviruses (HPyV)
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PCR using the following primer sequences: for am-
plification of KIPyV - 5′-aaggccaagtcaagttc-3′ and 
5′-acactcactaacttgatttgg-3′ (first PCR), 5′-cgcag-
taccactgtcagaagaaac-3′ and 5′-ttctgccaggctgtaacat-
ac-3′ (second PCR); for amplification of MCPyV - 
5’-tgcaaatccagaggttctcc-3’ and 5’-aaaacacccaaaag-
gcaatg-3’(first PCR), 5’-atattgcctcccacatctgc-3’ and 
5’-tgccctaatgttgcctcagt-3’(second PCR). Amplifi-
cations were performed on a DNA Engine Opticon 
2 system (MJ Research) with 15 μl reaction volume 
and PCR conditions as follows: denaturation for 5 
min at 94°C, followed by 35 cycles of 30 sec at 
94°C, 30 sec at 60°C, and 30 sec at 72°C and final 
extension step of 7 min at 72°C. 

The plasmids containing the complete ge-
nome of KIPyV or MCPyV were used as positive 
controls and distilled water as negative control. The 
PCR products were analyzed in 2% agarose gels by 
electrophoresis.

All specimens that were positive for KIPyV 
and MCPyV were retested.
Statistical analysis

Statistical analysis was performed with SPSS 
for Windows v.10.0 using Fisher exact test to cal-
culate P values. P values of less than 0.05 were con-
sidered statistically significant.

Results and Discussion
Among all 133 NPS, 97 were β-globin pos-

itive and were further tested for the presence of 
KIPyV and MCPyV DNA. Amplifications of 211-
bp and 307-bp fragments in the second PCRs were 
observed in KIPyV and MCPyV positive speci-
mens, respectively. KIPyV and MCPyV prevalence 
was at similar rates, 10.3% (10 of 97) and 8.2% (8 
of 97), respectively (Fig. 1 and Fig. 2).

NPS were obtained from patients with acute 
respiratory diseases of the upper and lower respi-
ratory tract (pharyngitis, tonsillitis, common cold, 
bronchitis, pneumonia, etc.). All KIPyV positive 
samples were from patients with flu-like symp-
toms. Positive for MCPyV were patients with flu-
like symptoms (5), pneumonia (2) and with ton-
sillopharyngitis (1). In our study we found higher 
KIPyV (10.3%) and MCPyV (8.2%) prevalence in 
NPS compared with results from other countries 
(KIPyV: 0.5% to 8%; MCPyV: 1.3-4.2%) (Biala-
siewicz et al., 2009; Goh et al., 2009; Kantola et 
al., 2009; Kiassari et al., 2011; Babakir-Mina et al., 
2013; Iaria et al., 2015).

Fig. 1. KIPyV prevalence in NPS

Fig. 2. MCPyV prevalence in NPS

Fig. 3. KIPyV and MCPyV prevalence according 
to age 

Fig. 4. KIPyV and MCPyV prevalence according 
to gender
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We analyzed the presence of KIPyV and 
MCPyV in NPS obtained from the following groups 
of patients: men and women;”aged 12 years or less” 
and “older than 12 years”. The results showed that 
the difference of the KIPyV and MCPyV status ac-
cording to the age and gender was not statistically 
significant (Fig. 3 and Fig. 4).

Previous studies concerning KIPyV or 
MCPyV involvement in lung cancerogenesis were 
controversial. Some of them have shown presence 
of these polyomaviruses in the lung tissue and lung 
cancer (Anders et al., 2009; Babakir-Mina et al., 
2009; Gheit et al., 2012; Kim et al., 2017). There-
fore, we tested 53 LBS collected from patients with 
histologically proven lung cancer. 35 specimens 
from cases with non-cancer chronic lung diseas-
es (pulmonary fibrosis, hamartoma, COPD, in-
flammatory pseudotumors, sarcoidosis) were used 
as negative controls. All lung cancer specimens 
were KIPyV and MCPyV negative. Similar results 
were observed by others studies not able to detect 
KIPyV and MCPyV in lung cancer tissues (Wetzels 
et al., 2009; Teramoto et al., 2011; Karami et al., 
2014). Of the 35 tested samples from patients with 
non-cancer chronic lung diseases only one (2.8%) 
was KIPyV positive. It was obtained from a patient 
with hamartoma.

Conclusions
The high KIPyV and MCPyV prevalence 

found in specimens from patients with acute respi-
ratory diseases in this study suggested a potential 
role of KIPyV and MCPyV infection in the devel-
opment of these diseases. KIPyV and MCPyV were 
not detected in lung cancer samples, indicating no 
oncogenic potential and involvement of these vi-
ruses in lung cancerogenesis.

Acknowledgements
This work was supported by the Bulgarian 

National Science Fund (Grant No ДКОСТ 01/1) 
and by COST Action ВМ1201.

References
Allander, T., K. Andreasson, S. Gupta, A. Bjerkner, G. Bog-

danovic, M. A. Persson, T. Dalianis, T. Ramqvist, B. An-
dersson (2007). Identification of a third human polyoma-
virus. J. Virol. 81: 4130-4136.

Andres, C., S. Ihrler, U. Puchta, M. Flaig (2009). Merkel cell 
polyomavirus is prevalent in a subset of small cell lung 
cancer: a study of 31 patients. Thorax 64: 1007-1008.

Andres, C., B. Belloni, U. Puchta, C. Sander, M. Flaig (2010). 
Prevalence of MCPyV in Merkel cell carcinoma and non-
MCC tumors. J. Cutan. Pathol. 37: 28-34.

Babakir-Mina, M., M. Ciccozzi, L. Campitelli, S. Aquaro, A. 
L. Coco, C. F. Perno, M. Ciotti (2009). Identification of 
the novel KI polyomavirus in paranasal and lung tissues. 
J. Med. Virol. 181: 558-561. 

Babakir-Mina, M., M. Ciccozzi, C.F. Perno, M. Ciotti (2011). 
The novel KI, WU, MC polyomaviruses: possible human 
pathogens? New Microbiol. 34: 1-8.

Babakir-Mina, M., M. Ciccozzi, C. Perno, M. Ciotti (2013). 
The human polyomaviruses KI and WU: virological back-
ground and clinical implications. APMIS 121: 746-754.

Bialasiewicz, S., S. Lampert, D. Whiley, M. Nissen, T. Sloots 
(2009). Merkel cell polyomavirus DNA in respiratory 
specimens from children and adults. Emerg. Infect. Dis. 
15: 492-494.

Dalianis, T., T. Ramqvist, K. Andreasson, J. M. Kean, R. L. 
Garcea (2009). KI, WU and Merkel cell polyomaviruses: 
a new era for human polyomavirus research. Semin. Can-
cer Biol. 19: 270-275. 

Dalianis, T., H. Hirsch (2013). Human polyomaviruses in dis-
ease and cancer. Virology 437: 63-72.

Feng, H., M. Shuda, Y. Chang, P. Moore (2008). Clonal inte-
gration of a polyomavirus in human Merkel cell carcino-
ma. Science 22: 1096-1100.

Feltkamp, M., S. van der Meijden, C. Lauber, A. Gorbalenya 
(2013). From Stockholm to Malawi: recent developments 
in studying human polyomaviruses. J. Gen. Virol. 94: 482-
496.

Gheit, T., J. Muñoz, J. Levican, C. González, S. Ampuero, 
B. Parra, A. Gaggero, A. H. Corvalán, M. Meneses, M. 
Tommasino, F. Aguayo (2012). Merkel cell polyomavirus 
in non-small cell lung carcinomas from Chile. Exp. Mol. 
Pathol. 93: 162-166.

Goh, S., C. Lindau, A. Tiveljung-Lindell, T. Allander (2009). 
Merkel cell polyomavirus in respiratory tract secretions. 
Emerg. Infect. Dis. 15: 489-491.

Iaria, M., F. Caccuri, P. Apostoli, C. Giagulli, F. Pelucchi, R. 
F. Padoan, A. Caruso, S. Fiorentini (2015). Detection of 
KI WU and Merkel cell polyomavirus in respiratory tract 
of cystic fibrosis patients. Clin. Microbiol. Infect. 21: 603.
e9-15.

Imajoh, M., Y. Hashida, Y. Nemoto, H. Oguri, N. Maeda, M. 
Furihata, T. Fukaya, M. Daibata  (2012). Detection of 
Merkel cell polyomavirus in cervical squamous cell car-
cinomas and adenocarcinomas from Japanese patients. 
Virology J. 9: 154.

Kantola, K., M. Sadeghi, A. Lahtinen, M. Koskenvuo, L. M. 
Aaltonen, M. Mottonen, J. Rahiala, U. Saarinen-Pihkala, 
P. Riikonen, T. Jartti, O. Ruuskanen, M. Söderlund-Ven-
ermo, K. Karimi, S., F. Yousefi, S. Seifi, A. Khosravi, S. 
Nadji (2014). No evidence for a role of Merkel cell poly-
omavirus in small cell lung cancer among Iranian subjects. 
Pathol. Res. Pract. 210: 836-839.

Kiassari, B. A., P. Vallery, P. Klapper (2011). Merkel cell 
polyomavirus DNA in immunocompetent and immuno-
compromised patients with respiratory disease. J. Med. 
Virol. 83: 2220-2224.

Kim, G., J. Lee, D. Lee (2017). Clinical and prognostic signif-
icance of Merkel cell polyomavirus 

in nonsmall cell lung cancer. Medicine (Baltimore) 96: e5413.
Salakova, M., E. Koslabova, Z. Vojtechova, R. Tachezy, V. 

Sroller (2015). The detection of human polyomavirus 
MCPyV, HPyV6 and HPyV7 in malignant and non-malig-



46

nant tonsillar tissues. J. Med. Virol. 88: 695-702.
Spurgeon, M., P. Lambert (2013). Merkel cell polyomavirus: 

A newly discovered human virus with oncogenic poten-
tial. Virology 435: 118-130.

Teramoto, S., M. Kaiho, Y. Takano, R. Endo, H. Kikuta, H. 
Sawa, T. Ariga, N. Ishiguro (2011). Detection of KI poly-
omavirus and WU polyomavirus DNA by real-time poly-

merase chain reaction in nasopharyngeal swabs and in 
normal lung and lung adenocarcinoma tissues. Microbiol. 
Immunol. 55: 525-530.

Wetzels, C., J. Hoefnagel, J. Bakkers, H. Dijkman, W. Blokx, 
W. Melchers (2009). Ultrastructural proof of polyomavi-
rus in Merkel cell carcinoma tumour cells and its absence 
in small cell carcinoma of the lung. PLoS One 4: e4958. 




