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ABSTRACT 

 

 
Background and Objectives: The presence of the BK virus in wastewater indicates pollution, as it is shed in the urine of 

infected individuals. Over fifty percent of the human population remains asymptomatic for the BK virus. Reactivation of 

the BK virus in immunosuppressed individuals can lead to serious health issues, including cystic hemorrhagic, nephritis, 

and kidney graft rejection. The BK virus is associated with various cancers, such as head and neck, prostate, bladder, and 

colorectal cancers. The urban wastewater inlets into the Karun River cause the river contamination. This study focused on 

detecting the BK virus in wastewater inlet in Karun River, Ahvaz city, Iran. 

Materials and Methods: Sixty raw wastewater samples were collected from diverse urban sources and concentrated using 

polyethylene glycol 6000 to isolate BK virus. The BK virus isolates were analyzed for genotypes and the non-coding control 

region (NCCR). 

Results: The Nested PCR results indicated that thirty-two out of sixty samples (53.33%) were positive for the BK virus. The 

phylogenetic analysis revealed the dominance of BK virus genotype Ib2, followed by genotype 4. The BK virus non-coding 

control region (NCCR) analysis identified an archetype strain. 

Conclusion: The sewage plant treatment should be implemented to remove pathogenic viruses specially BK virus and to 

curb the circulating of BK virus in human and environment. 
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INTRODUCTION 

 
The presence of BK virus (BKV) in wastewater 

is a significant indicator of contamination. BKV, re- 

leased in the urine of infected individuals who are 

the  carriers,  enters  the  wastewater system and  is 

ultimately discharged into rivers (1). Rivers consti- 

tute a primary source of potable water and can be 

contaminated with BK virus (2). The presence of the 

BK virus in drinking water leads to the establish- 

ment of the BK virus as a persistent and asymptom- 

atic infection in various organs of the body during 
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the early childhood developmental stage (3). Reac- 

tivation of latent BKV has been observed in patients 

with immunocompromised conditions associated 

with BKV infection, manifesting in ailments such as 

encephalitis, nephritis, hemorrhagic cystitis, retini- 

tis, and pneumonia; this phenomenon has also been 

documented in individuals infected with HIV-1 (4). 

BK virus is characterized as a non-enveloped dou- 

ble-stranded DNA virus that falls under the classifi- 

cation of the Polyomaviridae family (5). The global 

seroprevalence rate of BK virus has been reported 

to be 80% (5). The dissemination of BK virus oc- 

curs via various mechanisms, encompassing the re- 

spiratory system, blood transfusions, seminal fluid, 

oral-fecal  transmission,  organ  transplantation,  as 

well as excretion through urine and feces (6). BK- 

PyV is classified into four genotypes, I-IV. Genotype 

I is the most prevalent worldwide (80%), followed by 

genotype IV (15%) (5, 7). Subtype II and III viruses 

are rarely detected. Four subgroups of subtype I have 

been recognized (Ia, Ib-1, Ib-2, and Ic), and six sub- 

groups of subtype IV have been recognized (IVa-1, 

IVa-2, IVb-1, IVb-2, IVc-1, and IVc-2) (7). Polyoma- 

viruses (PyVs) exhibit significant oncogenic poten- 

tial. BK Polyomavirus, JC Polyomavirus, and SV40 

possess viral oncoproteins, recognized as large T 

(Tag) and small t (tag) antigens, which are implicated 

in cellular transformation and oncogenic processes. 

(6). BK virus DNA has been identified in various ma- 

lignancies, including those of the urological system, 

prostate, and brain cancers (8). 

 
Molecular characterization. Two distinct vari- 

ants of BKV NCCR exist: the archetype NCCR vari- 

ant, found in the urine of healthy individuals, and 

the second, a rearranged NCCR variant, found in 

infected tissue samples (1). The archetypal virus is 

postulated to represent the transmissible variant of 

the virus, as it has been identified in both asymp- 

tomatic individuals and those afflicted with disease, 

whereas rearranged variants are predominantly ob- 

tained from patients suffering from BKV pathology 

(1). The BKV archetype encompasses a 376 bp linear 

O, P, Q, R, S boxes, where “O” denotes replication 

and P, Q, R, S boxes play the promoters and regula- 

tory domains of the early viral gene region (EVGR) 

and the late viral gene region (LVGR) (9). The “O” 

box comprises 142 bp, the “P” box 68 bp, the “Q” 

box 39 bp, the “R” box 63 bp, and the “S” box 63 

bp. The “O” box harbors the origin of DNA repli- 

cation, and each box possesses a unique configura- 

tion of transcription factor binding sites (TFBS) (9). 

The viral genome is partitioned into three principal 

components: the early region, the late region, and 

the non-coding control region (NCCR). Alterations 

within the NCCR can facilitate the transition from 

the archetype strain to the rearranged strain, with 

NCCR rearrangements playing a crucial role in viral 

pathogenesis (10). The presence of BK virus in waste- 

water as an indicator of water pollution is well-estab- 

lished (1). The Karun river is one of the sources of the 

drinking water. This study aimed to detect BK virus 

genotypes and analyze the BK virus NCCR in waste- 

water from the inlet to the Karun River in Ahvaz 

city, Iran. 
 

 
 
MATERIALS AND METHODS 

 
The Karun River is situated in the southwestern 

region of Iran, it extends approximately 850 km, 

originating from Zard-Kuh Bakhtiari in the Zagros 

Mountains and flowing into the international waters 

of the Persian Gulf. The river traverses the Ahvaz 

metropolitan zone and bifurcates the city into western 

and eastern segments. The quality and quantity of the 

river’s water are experiencing a significant decline, 

primarily attributable to population growth, and the 

release of wastewater to the river. In this investiga- 

tion, 60 raw wastewater samples were collected from 

different locations where untreated wastewater is di- 

rectly discharged into the Karun River from March 

to August 2023. The Personal Protective Equipment 

(PPE), Goggles, Protective face mask or splash-proof 

face shield, Liquid-repellent coveralls, Waterproof 

gloves, Rubber boots were provided for the worker, 

since experts handling raw sewage may be exposed 

to infectious or oncogenic viruses. 

 
Concentration of wastewater samples. Various 

techniques such as Polyethylene glycol (PEG), ultra- 

centrifugation, electronegative membrane filtration, 

and ultrafiltration have been utilized for virus con- 

centration in different water environments (11). The 

World Health Organization (WHO) has endorsed the 

PEG-based separation technique (12). The PEG meth- 

od is favored for its efficiency, cost-effectiveness, re- 

liability, and non-destructiveness to viruses (11), thus 

the Amdiouni method using PEG was chosen for this 

study (13). 
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The concentration methodology was executed in 

accordance with the procedures delineated by Am- 

diouni (13). A total of 500 ml of wastewater sample 

was collected, put on the ice, and sent to the virology 

laboratory. Then the sample underwent clarification 

via centrifugation for a duration of 30 minutes at a 

gravitational force of 1000 g, at 4ºC, after which the 

pellet was reconstituted in 10 ml of the supernatant. 

The residual supernatant was retained for further 

analysis. Chloroform was introduced to the resus- 

pended sample to achieve a concentration of 10%, 

followed by thorough mixing, and the resultant mix- 

ture was subjected to a secondary centrifugation for 

5 minutes at 1000 g. The first and second superna- 

tants were amalgamated, and the total volume was 

quantified. The consolidated supernatants were aug- 

mented with NaCl and polyethylene glycol (PEG) 

to reach final concentrations of 2.2% (w⁄w) NaCl 

(Sigma) and 7% (w⁄w) PEG 6000 (Fluka, Steinheim, 

Germany). The mixture was agitated at a tempera- 

ture of 4°C overnight and subsequently centrifuged 

for 2 hours at 2000 g at the same temperature. The 

supernatant was discarded, and the pellet was recon- 

stituted in phosphate buffer at a dilution of 1 ⁄ 100 

of the initial volume and kept at -20ºC until DNA 

extraction. 

 
DNA extraction. The deoxyribonucleic acid (DNA) 

was isolated from concentrated samples utilizing a 

viral nucleic acid extraction kit (High Pure Viral Nu- 

cleic Acid Kit, Roche, Germany) in accordance with 

the guidelines prescribed by the manufacturer. The 

concentration of the isolated viral DNA was assessed 

employing a Nano-Drop spectrophotometer produced 

by Thermo Fisher Scientific, United States. The ulti- 

mate concentration of the purified DNA derived from 

the 60 raw wastewater specimens exhibited a range 

between 10 and 75 ng/µl. The purified DNA samples 

were preserved at -20ºC to enable future analytical 

assessments. 

 
BK virus genotyping. Nested Polymerase Chain 

Reaction (PCR) was utilized for identification of the 

BK virus VP1 region, employing an outer primer pair 

VP1-7/VP1-2R to amplify a fragment measuring 579 

bp, subsequently followed by the application of the 

inner primer pair 327-1/2 for amplification of a 327 bp 

sequence (14) (Table 1). The genomic segment from 

1630 to 1937 (327 bp) of BK viruses is characterized 

as hypervariable and serves as a critical determinant 

for  the  classification of  BK  virus  genotypes  (14). 

The PCR mixture encompassed 10 µL of a 2X mas- 

ter mix (Amplicon, Denmark), 1 µL (10 pmol/µL) of 

each primer (Table 1), 500 ng of the DNA template, 

and distilled water adjusted to a final volume of 25 

µL. In each PCR assay, both negative and positive 

controls (the extracted DNA from the urine sample 

of positive for BK virus DNA) were incorporated, 

utilizing the following thermal cycling protocol: an 

initial denaturation at 94°C for 5 minutes, succeeded 

by 35 cycles consisting of denaturation at 94°C for 

30 seconds, annealing at 59°C for 30 seconds, and 

extension at 72°C for 60 seconds, culminating in a 

final extension at 72°C for 10 minutes. The second 

amplification round was conducted utilizing 1 µL of 

the product obtained from the initial amplification, 

alongside 1 µL (10 pmol/µL) of each primer, and 10 

µL of a 2x PCR master mix, with the volume adjusted 

to 25 µL using distilled water. The thermal cycling 

parameters implemented were as follows: an initial 

denaturation at 94°C for 5 minutes, followed by 32 

cycles consisting of denaturation at 94°C for 30 sec- 

onds, annealing at 54°C for 30 seconds, and an exten- 

sion phase at 72°C for 60 seconds. The resultant PCR 

product, measuring 327 base pairs, yielded a positive 

result (14). 

 
Gel electrophoresis. Gel electrophoresis was per- 

formed utilizing a 2% agarose gel in conjunction with 

a 100-bp DNA ladder to facilitate the separation and 

detection of PCR products within a timeframe of 20 

minutes. Positive samples were subsequently sub- 

jected to Sanger sequencing for further analysis. The 

duplicate PCR assays were repeated for the positive 

tests. 

 
Sequencing  and  phylogenic  analyses  of  VP1. 

For the purposes of verification, the sequencing out- 

comes pertaining to the partial "VP1" region of the 

BK virus genome from the isolated samples were 

systematically aligned utilizing the NCBI BK virus 

database (https://blast.ncbi.nlm.nih.gov). The isolated 

VP1 BK virus sequences were further aligned with 

the reference sequence of the VP1 BK virus through 

the application of SnapGene software (version 3.2.1). 

To ascertain the genotyping of the BK virus, a phy- 

logenetic tree was constructed employing the Max- 

imum Likelihood method for each isolated partial 

VP1 region of the BK virus genome, adhering to the 

Kimura 2-parameter distance model with 1000 boot- 
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Table 1. Primer sets used for BKV detection 

 

Primers Sequence Fragment size Reference 
VP1-7 5’-ATCAAAGAACTGCTCCTCAAT-3’ 579 bp (14) 
VP1-2R 5’-GCACTCCCTGCATTTCCAAGGG-3’   
327-1 5’-CAAGTGCCAAAACTACTAAT-3’ 327 bp (14) 
327-2 5’-TGCATGAAGGTTAAGCATGC-3'   
NCCR Outer- F 5’- GAGCTCCATGGATTCTTC -3’  (15) 
NCCR Outer-R 5’- CCAGTCCAGGTTTTACCA -3’   
NCCR Inner-F 5’- CCCTGTTAAGAACTTTATCCATTT -3’ 375bp (15) 
NCCR Inner-R 5’- AACTTTCACTGAAGCTTGTCGT -3'   

 

 

strap replicates; the scale bar utilized for this analysis 

was configured at 0.01. The MEGA software version 

6 was utilized to execute these methodologies. The 

sequences corresponding to the partial VP1 region of 

the BK virus, along with their respective accession 

numbers, were randomly selected from five waste- 

water samples and aligned with VP1 sequences rep- 

resenting various BK virus genotypes isolated from 

diverse geographical locations worldwide. 

 
BK virus NCCR assessment. Nested Polymerase 

Chain Reaction (PCR) was utilized for identification 

of the BK virus NCCR region. The PCR mixture 

encompassed 10 µL of a 2X master mix (Amplicon, 

Denmark), 1 µL (10 pmol/µL) of each primer (table 

1), 500 ng of the DNA template, and distilled water 

adjusted to a final volume of 25 µL. In each PCR as- 

say, both negative and positive controls were incor- 

porated, utilizing the following thermal cycling pro- 

tocol: an initial denaturation at 94°C for 5 minutes, 

succeeded by 35 cycles consisting of denaturation at 

94°C for 45 seconds, annealing at 53°C for 45 sec- 

onds, and extension at 72°C for 45 seconds, culminat- 

ing in a final extension at 72°C for 10 minutes. The 

second amplification round was conducted utilizing 

1 µL of the product obtained from the initial ampli- 

fication, alongside 1 µL (10 pmol/µL) of each primer, 

and 10 µL of a 2x PCR master mix, with the volume 

adjusted to 25 µL using distilled water. The thermal 

cycling parameters implemented were as follows: an 

initial denaturation at 94°C for 5 minutes, followed 

by 35 cycles consisting of denaturation at 94°C for 45 

seconds, annealing at 56°C for 45 seconds, and an ex- 

tension phase at 72°C for 45 seconds, culminating in 

a final extension at 72°C for 10 minutes. The resultant 

PCR product, measuring 375 bp, yielded a positive 

result (15). 

Gel electrophoresis. Gel electrophoresis was per- 

formed utilizing a 2% agarose gel in conjunction with 

a 100-bp DNA ladder to facilitate the separation and 

detection of PCR products within a timeframe of 20 

minutes. Positive samples were subsequently sub- 

jected to Sanger sequencing for further analysis. The 

duplicate PCR assays were repeated for the positive 

tests. The sequences corresponding to the NCCR re- 

gion of the BK virus, along with their respective  ac- 

cession numbers, were randomly selected from five 

wastewater samples and aligned with a consensus 

sequence of the NCCR region of the BK virus arche- 

type. 
 

 
 
RESULTS 

 
The identification of BK DNA was substantiated 

in 32 out of 60 (53.33%) wastewater specimens. A 

subset of 10 samples was randomly selected, com- 

prising 5 samples that tested positive VP1 BK virus 

with accession numbers OR723817 - OR723821, and 

5 samples that tested positive NCCR BK virus with 

accession numbers OR933745-OR933749, all of 

which were recorded in GenBank. The VP1 BK vi- 

rus isolates OR723817 - OR723821 from Ahvaz, Iran, 

exhibited a phylogenetic clustering with the BK vi- 

rus genotype 1b2 (HE650868) isolate from Kuwait, 

alongside (OR113380, OR113382, and OR113383) 

isolates derived from the colon specimens of patients 

in Ahvaz, Iran. Conversely, the BKV isolates obtained 

from Ahvaz, specifically OR723818 and OR723820, 

clustered with genotype IV (JX195569) isolated in 

Spain, as well as with HE650847 isolated in Kuwait, 

and OQ129438 and OR509396 isolated in Iran. The 

phylogenetic tree results are illustrated in Fig. 1. 

The results of five BK virus NCCR isolates from 
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Fig.  1.  The  phylogenetic  tree  was  constructed  utiliz- 

ing the Maximum Likelihood Method for VP1 sequenc- 

es derived from BK virus genome isolates obtained from 

wastewater samples. The BK Virus isolates from Ahvaz 

(OR723817, OR723819, OR723820) were found to clus- 

ter with the BK genotype 1b2, alongside the BK virus 

genotype 1b2 (HE650868) isolate from Kuwait, as well as 

the OR113380, OR113382, and OR113383 isolates from 

Ahvaz,  Iran.  Conversely,  the  BKV isolates  from Ahvaz 

(OR723818, OR723821) were observed to cluster with gen- 

otype IV (JX195569), which was isolated in Spain, along 

with HE650847 isolated in Kuwait, and OQ129438 and 

OR509396 isolated in Iran. The Tamura-Nei model was uti- 

lized for the Maximum Likelihood method, incorporating 

1000 bootstrap replicates for enhanced statistical reliability. 

The scale bar was established at 0.01. 

 
wastewater samples revealed that all five NCCR iso- 

lates show the archetype with few nucleotides sub- 

stitution in some blocks of NCCR, when compared 

with consensus BK virus archetype (AY628236) 

isolate from urine of a healthy control individual in 

USA (Fig. 2). The results of BK virus NCCR align- 

ment exhibit 100% homology with the consensus BK 

virus archetype (AY628236) for wastewater samples 

isolates   OR933745,   OR933747,   and   OR933748, 

while wastewater samples isolate OR933746 and iso- 

 
 
 
late OR933749 show 99.57% and 97.85% homology 

with the BK virus archetype strain (AY628236), re- 

spectively. Of the 5 isolates archetype variants, the se- 

quences and transcription factors of the three BK virus 

NCCR boxes, P, Q, R, S, (OR933745, OR933747 and 

OR933748) found to be 100% homology with the con- 

sensus BK virus archetype (AY628236). The nucleo- 

tide substitution at position C6G was observed in Q 

box of BKV NCCR isolate (OR933746). The R box of 

the isolate OR933749 demonstrates three nucleotide 

substitutions: G9A, A11C, and G46T. The first two 

substitutions were not found in the transcription fac- 

tors, whereas G46T was observed in transcription fac- 

tor NFI-3. Moreover, the S box of isolate OR933749 

reveals two nucleotide substitutions: G19A, observed 

in transcription factor p53, and G25A, which was not 

found in the transcription factor region (Fig. 2). 
 

 
 
DISCUSSION 

 
The surveillance of wastewater has emerged as an 

essential approach for tracking the propagation of vi- 

ruses within populations, as well as for anticipating 

potential outbreaks of viral illnesses. 

The monitoring of wastewater is especially cru- 

cial for viruses that cause subclinical infections (16), 

considering the examination of JCV and BKV in 

wastewater may serve as a valuable method for de- 

tecting human-derived fecal contamination (1). 

The global seroprevalence rate of BK virus has 

been reported to be 80% (9).  BKPyV can be clas- 

sified into four predominant genotypes (BKPyV I, 

II, III, and IV) predicated upon neutralization assays 

and the distinct sequences within the principal BK- 

PyV capsid gene VP1 (14). Nonetheless, contempo- 

rary genotyping methodologies predominantly uti- 

lize VP1- and LTAG-sequences to delineate BKPyV 

subgroups Ia, Ib1, Ib2, Ic, II, III, IVa1, IVa2, IVb1, 

IVb2, IVc1, and IVc2 (11). 

The prevalence of BKV DNA in the urine samples 

of healthy individuals were reported in different re- 

gions of the world. the frequency of BKV DNA in 

urine samples was in Ahvaz city, Iran (41.8%) (17), 

Brasilia (12.5%) (18), Tunisia (6%) (19). BKV has 

been mainly interlinked renal failure with BKV-as- 

sociated nephropathy (BKVAN) in kidney-trans- 

plant recipients (8) and hemorrhagic cystitis (HC) 

(4) in hematopoietic stem cell transplant recipients 

(HSCTRs) (20, 21). 

http://ijm.tums.ac.ir/


PARVANEH BAHRAMI ET AL. 

1028 IRAN. J. MICROBIOL. Volume 17 Number 6 (December 2025) 1023-1032 http://ijm.tums.ac.ir 

 

 

 
 
 

 
 

Fig. 2. Illustrates that isolates OR933745, OR933747, and OR933748 exhibited 100% homology with the consensus BK virus 

archetype (AY628236) isolated in the USA. The Q box of isolate OR933746 presents a nucleotide substitution at position 

C6G; this mutation was not observed in the transcription factor region of the Q box. The R box of isolate OR933749 demon- 

strates three nucleotide substitutions: G9A, A11C, and G46T. The G46T substitution was observed in transcription factor 

NFI-3, while the others were not found in the transcription factors. The S box of isolate OR933749 reveals two nucleotide 

substitutions: G19A, which was observed in transcription factor p53, and G25A, which was not found in the transcription 

factor regions of the S box. 

 
BKV has been correlated with kidney and blad- 

der cancer (8), head and neck cancers (22), BK virus 

association in HIV-associated salivary gland disease 

(HIVSGD) (9), and colorectal cancer (23). 

In the absence of effective treatments, manage- 

ment focuses on adjusting immunosuppressive ther- 

apies during viral reactivation or graft injury. Ear- 

ly detection of viral reactivation is vital to reduce 

the risk of allograft rejection, especially soon after 

kidney transplantation. Current screening relies on 

quantifying plasma BKPyV DNA via PCR. The In- 

ternational Consensus 2024 guidelines advocate for 

monthly BKPyV DNA screening in kidney trans- 

plant recipients for nine months, followed by every 

three months screenings until the second year (or 

third year for pediatric cases) (24). 

In the present investigation, a high rate of BK virus 

DNA was identified in 53.33% of urban wastewater 

samples. The relative prevalence of BK virus across 

various wastewater samples reinforces its potential 

for  transmission  through  the  fecal-oral  route  (6). 

BK virus has been identified in urban wastewater 

across diverse geographical regions, including Egypt 

(Ahmed et al. 2019) (25), and Pakistan (Ijaz et al. 

2023) (26). 

It is remarkable that fecal matter and wastewater 

encompass a multitude of pharmaceuticals, industri- 

al discharge, heavy metals, reagents, complex poly- 

saccharides, lipids, proteins, metal ions, and RNas- 

es, which can inhibit PCR amplification by several 

mechanisms. These mechanisms include the inhibi- 

tion of DNA polymerase activity, degradation or se- 

questration of target nucleic acids, fluorescent signal- 

ing, and chelation of essential metal ions necessary 
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for amplification (27, 28). We diluted each positive 

BKV sample (e.g., 1:10) to confirm that inhibition 

does not mask true positives (29, 30). 

The phylogenetic tree analyses revealed that the 

BK virus isolated from Ahvaz corresponds to the 

sequences,  specifically OR723817,  OR723819,  and 

OR723820 were found to cluster with the BK virus 

genotype 1b2 isolate from Kuwait (HE650868), and 

the OR113380, OR113382, and OR113383 isolates 

from  Ahvaz,  Iran.  Conversely,  the  BKV  isolates 

from Ahvaz (OR723818, OR723821) were observed 

to cluster with genotype IV (JX195569), which was 

isolated in Spain, along with HE650847 isolated in 

Kuwait, and OQ129438 and OR509396 isolated in 

Iran. Within this geographical context, the BK gen- 

otype 1b2 was identified as the predominant strain, 

followed by genotype IV. It is noteworthy that both 

BK genotypes 1b2 and IV were identified in urine 

and tumor tissues of patients diagnosed with colorec- 

tal cancer within this region (23). 

The findings of the BK virus NCCR alignment re- 

veal that the wastewater sample isolates OR933745, 

OR933747, and OR933748 demonstrate complete ho- 

mology (100%) with the consensus BK virus arche- 

type (AY628236) isolated in USA, whereas the waste- 

water sample isolates OR933746 and OR933749 ex- 

hibit homologies of 99.57% and 97.85% with the BK 

virus archetype strain (AY628236), respectively. The 

nucleotide substitution at position C6G was observed 

in Q box of BKV NCCR isolate (OR933746). The R 

box of isolate OR933749 exhibits three nucleotide 

substitutions: G9A, A11C, and G46T. While G9A and 

A11C were not found in transcription factors, G46T 

was observed in transcription factor NFI-3. The S 

box of isolate OR933749 reveals two nucleotide sub- 

stitutions: G19A, found in transcription factor p53, 

and G25A, which was not found in the transcription 

factor region. The transcription factor binding sites 

(TFBSs) affect viral replication; a mutation in a Sp1 

site that can hinder binding and modify viral gene 

expression, enabling the viral strain to adopt features 

of a BKV strain with a rearranged NCCR (31, 32). 

The O block harbors the origin of replication, yet 

various TFBSs, including Sp1, NF1, NF-kB, and Ets- 

1, are distributed throughout the NCCR and regulate 

BKV gene transcription (31, 32). Six Nuclear Factor I 

(NFI) binding sites (NFI-1 to NFI-6), acting as viral 

enhancers, occur in sequences flanking the late side 

of the origin. Their mutation in BKV NCCRs boxes 

reduced BKV DNA (33). 

NFI-3 has been associated with the regulation of 

early-late transcription (33). The role of BK virus 

p53 within the NCCR's S box is influenced by in- 

teractions with other transcription factors, like Sp-1 

and NF-1, which may modify its transactivation or 

repression capabilities in infected cells (34). Numer- 

ous studies have indicated that nucleotide substitu- 

tions or rearrangements within the BK virus NCCR 

box result in enhanced replication of the BK virus 

genome and play a pivotal role in the pathogene- 

sis associated with BK virus (9).  The activation of 

BK virus (BKV) is typically associated with the 

rearrangement of the Non-Coding Control Region 

(NCCR), wherein the deletion or insertion of Tran- 

scription Factor Binding Sites (TFBS) modulates the 

expression of Early Viral Gene Regulatory (EVGR) 

and Late Viral Gene Regulatory (LVGR) elements 

(33, 34). 

Cloning of 10 rr-NCCRs demonstrated various du- 

plications or deletions that enhanced gene expres- 

sion, replication capacity, and cytopathology of re- 

combinant BKV in vitro (35). The BKV NCCRs from 

throat wash samples of individuals with HIV-as- 

sociated systemic disease (HIVSGD) displayed a 

specific block arrangement termed “OPQPQQS” in 

immunosuppressed patients (9). The expression of 

Large T Ag (TAg) was found to inactivate P53 and 

retinoblastoma, contributing to oncogenesis (8). Ad- 

ditionally, BKV encodes two miRNAs, 5p-miRNA 

and 3p-miRNA, that are perfectly complementary 

to the mRNA of Large T Ag (Tag). BKPyV-infected 

bladder cancer cells exhibited enhanced proliferation 

alongside increased expression of miR-B1–3p and 

−5p (36). 

The BK virus and JC virus are categorized as po- 

tentially carcinogenic infectious agents for humans 

(8). Indeed, the classified BKPyV and JCPyV as 2B 

are regarded as potential oncogenic viruses (37). 

Consequently, the eradication of BK virus should be 

prioritized as a primary consideration by environ- 

mental authorities in the context of wastewater treat- 

ment facilities. 

Various methodologies, including skimmed milk 

flocculation,  polyethylene  glycol  precipitation 

(PEG), glass wool filtration, ultrafiltration, virus ad- 

sorption, and elution have been documented for the 

concentration of viruses (11, 12). We implemented 

techniques for viral concentration utilizing PEG, 

which is straightforward, economically viable, and 

effective, as previously reported (13). 
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CONCLUSION 

 
The results of the present investigation demonstrat- 

ed that 32 (53.33%) wastewater specimens tested pos- 

itive for the BK virus. The phylogenetic assessment 

reveals a predominance of BK virus genotype Ib2, 

followed by genotype 4. These findings pertaining 

to the BK virus non-coding control region (NCCR) 

indicated that three BK virus isolates were iden- 

tified as archetype strains, whereas the Q box of 

isolate OR933746 exhibits a nucleotide substitution 

at position C6G; concurrently, the R box of isolate 

OR933749 displays multiple nucleotide substitutions 

at positions G9A, A11C, and G46T, while the S box 

of the same isolate OR933749 shows nucleotide sub- 

stitutions at positions G19A and G25A, which cannot 

significantly contribute to the pathogenesis of the 

BK virus. Consequently, the eradication of BK virus 

should be prioritized as a primary consideration by 

environmental authorities in the context of wastewa- 

ter treatment facilities. 

Membrane technology is recognized for its effi- 

cacy in eliminating emerging viruses and antimi- 

crobial-resistant genes from wastewater. Microfil- 

tration is widely utilized in commercial membrane 

filtration to remove protozoa and bacteria (38). Se- 

quential UV-chlorine disinfection enhances virus 

inactivation synergistically (39). Ultraviolet C radi- 

ation  efficiently eradicates  microorganisms  within 

the 200–280 nm range. The UV disinfection mech- 

anism involves the formation of pyrimidine dimers, 

which obstruct RNA and DNA replication. Chlorine 

disinfection operates by disrupting enzyme struc- 

tures essential for bacterial and viral survival. It is 

notably effective in deactivating both bacteria and 

viruses (40). It is notable, the sewage plant treat- 

ment should be implemented to remove pathogenic 

infectious agents especially BK virus, and to re- 

strain the circulation of BK virus in humans and the 

environment. 
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