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Abstract

Background—Infection with BK virus (BKV) generally occurs early during life, but its mode of

transmission has not been clearly defined. We tested the hypothesis that polyomavirus shedding in

stool may be a source of BKV exposure.

Methods—Pediatric stool and rectal swab samples were tested for the presence of polyomavirus

DNA by a polymerase chain reaction (PCR) assay that could detect a conserved region in the large

T antigen gene of BKV, JC virus (JCV), and simian virus 40 (SV40). The specific viruses detected

by this assay were confirmed by DNA sequence analysis of the PCR amplicons.

Results—Of 120 samples collected from 99 patients, 54 (45.0%) were positive for polyomavirus

DNA. Of the 99 patients, 46 (46.5%) had at least 1 positive sample, with 38 (38.4%) positive for

BKV and 8 (8.1%) positive for SV40. JCV was not detected. There was no association between

polyomavirus fecal shedding and age, sex, race/ ethnicity, immune status, or symptoms of

gastrointestinal disease in the children studied. The BKV strains detected displayed

polymorphisms in the T antigen sequence.

Conclusions—Polyomaviruses are frequently present in stool samples from hospitalized

children. These findings suggest that fecal-oral transmission of BKV may play a role in the

ubiquity of infection.

Seroprevalence studies have documented that infection with the human polyomavirus BK

virus (BKV) commonly occurs during the first decade of life [1, 2]. In contrast, JC virus

(JCV) infection typically occurs during the second decade of life [2–4]. The reasons for this

difference in the epidemiologic profiles of these infections are unknown but may be related

to differences in the routes of transmission. The kidney is believed to be the primary

reservoir for both JCV and BKV, and JCV is commonly excreted in the urine of adults—

especially of those >40 years old—whereas BKV is not. Importantly, a source of
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polyomavirus exposure that would explain the high incidence of BKV infection during early

childhood has remained elusive. Among viruses of the family Polyomaviridae that infect

non-humans, the urinary tract, the respiratory tract, and the gastrointestinal tract are the

principal sites of disease and are the presumed sources of exposure leading to transmission

[5–7].

Although infection with BKV is common, disease due to BKV has been recognized

exclusively in the setting of severe immune compromise, often in association with BKV

viruria and viremia [8–10], making it unlikely that those with BKV disease are the source of

exposure that would explain the high frequency of transmission early during life. Further,

numerous studies have failed to detect BKV in the urine of healthy children and adults at a

frequency that might account for the ubiquity of early childhood infection [11–13]. BKV

excretion in the urine occurs in 5%–50% of pregnant women [8, 14–17], and, although

transplacental transmission of BKV has been reported, this route of transmission is believed

to be rare [18–22]. A study found that BKV excretion typically ceases shortly after

parturition in women with pregnancy-associated reactivation, although this study did not use

polymerase chain reaction (PCR) testing [23].

Respiratory tract tissues and secretions have been studied as a potential source of

polyomavirus exposure. However, these studies failed to detect significant polyomavirus

shedding—in one study, 5 of 12 tonsillar tissue samples were positive for BKV by Southern

blot, but no infectious virus was detected [24]; in another study, only 2 of 201 pediatric

nasopharyngeal aspirates were positive for BKV when tested by a sensitive PCR/ Southern

blot procedure [25].

The available data on polyomaviruses in the gastrointestinal tract of humans is limited.

Simian virus 40 (SV40) shedding in stool has been reported in infants after receipt of SV40-

contaminated polio vaccine [26]. More recently, JCV DNA was detected in 26% of colon

cancer biopsy samples and adjacent normal mucosa [27–29]. Quantitative PCR studies

performed in regions throughout the world have detected JCV and BKV in sewage effluent,

again pointing to human excrement or urine as possible sources of polyomavirus exposure

[30, 31]. We tested stool and rectal swab samples from hospitalized children, to determine

whether stool may be a source of BKV exposure that could account for the high frequency

of BKV transmission in childhood.

PATIENTS, MATERIALS, AND METHODS

Sample collection and processing

Archived stool or rectal swab samples that had been submitted to the Diagnostic Virology

Laboratory of Texas Children’s Hospital (Houston) for viral culture and that were stored at

−70°C in viral transport medium (veal infusion broth in dH2O plus gentamicin and

amphotericin) were identified via the laboratory computer database and retrieved. Stool and

rectal swab samples were not distinguished from one another with respect to labeling,

processing, or reporting in the laboratory database. Samples were thawed, and aliquots (200

μL) of each sample were transferred to the research laboratory at Baylor College of

Medicine and stored at 4°C until all PCR testing was complete (1–2 days). Sample
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identification included the laboratory accession number, the date of collection, and the

patient’s date of birth. Strict measures for avoidance of cross-contamination were

maintained throughout the study, including the use of separate, plasmid-free rooms and

centrifuges for processing of clinical samples, PCR setup, and PCR analysis.

PCR screening and DNA sequence determination

Samples were diluted 1:10 in sterile PBS, were boiled for 10 min, and were clarified by low-

speed centrifugation before being used as templates for PCR amplifications. Ten microliters

of each diluted sample was used as the template in PCR amplifications, with a total volume

of 50 μL. All samples were tested with the primers PYV.for and PYV.rev [32], which

amplify a 178–183-bp region in the amino terminus of the T antigen gene of JCV, BKV, and

SV40. Some samples were tested with the primers AG1 and AG2, to assess the presence of

human cellular DNA [33], and with the primers F-amp and R-amp, to assess the presence of

bacterial DNA or plasmid contamination. Conditions for PCR amplifications and primer

sequences have been published elsewhere [12]. To assess the possible presence of PCR

inhibitors in diluted stool preparations, BKV-containing plasmid DNA (Dunlop strain) was

added to some diluted samples, and these were used as the template for PCR amplification

with the primers PYV.for and PYV.rev.

PCR products that were similar in size to the positive control amplimers (178–183 bp)

produced with the primers PYV.for and PYV.rev, as determined by direct visualization on

ethidium bromide–stained agarose gel, were treated with shrimp alkaline phosphatase

(Amersham) and exonuclease I (New England Bio-labs) for 45 min at 37°C, followed by

enzyme inactivation at 85°C for 10 min. DNA sequencing was performed by Lone Star Labs

(Houston, TX) by use of the automated DNA sequencer ABI Prism 377XL and the BigDye

Terminator Ready Reaction Cycle Sequencing Kit (Applied Biosystems), in accordance with

the manufacturer’s directions. Consensus viral sequences were aligned and compared with

known polyomavirus sequences by use of ClustalW (version 1.8; available at: http://

www.embl.org) and Gene Runner (version 3.05; Hastings Software). As described

elsewhere [8, 12], additional PCR primers were used to attempt amplification of the

noncoding control region (NCCR) and portions of the VP1 gene from samples found to be

positive for BKV.

Retrospective medical record review

To assess the demographic and medical factors that may be associated with polyomavirus

excretion in this hospitalized pediatric population, we obtained approval from the

Institutional Review Board for Human Subject Research to conduct a retrospective review

of the medical records of patients whose stool or rectal swab samples were tested. Specific

data (sex, race/ethnicity, zip code, admission and discharge diagnoses, gastrointestinal

symptoms, evidence of immune compromise, complete blood cell counts, blood urea

nitrogen levels, and serum creatinine levels) were sought from each chart by use of a

standardized electronic data-collection form. The following were considered to be evidence

of immune compromise: iatrogenic immune suppression, diagnosis of primary or secondary

immune deficiency, absolute neutropenia or lymphopenia (<500 cells/μL), absolute
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leukopenia (<2500 white blood cells/μL), hepatic insufficiency, and renal insufficiency

requiring dialysis.

RESULTS

Viral detection in stool samples

Search of the Diagnostic Virology Laboratory database identified 158 stool or rectal swab

samples that had been sent for viral culture during the period from 1 October 2003 to 31

January 2004. One hundred twenty samples were randomly retrieved. When tested with the

universal polyomavirus primers (PYV.for and PYV.rev), 54 (45.0%) samples yielded an

amplicon of the appropriate size (figure 1A) that, by DNA sequence determination,

contained unequivocal polyomavirus sequence. The DNA sequence analysis revealed that,

of these 54 stool or rectal swab samples, 46 (85.2%) were positive for BKV and 8 (14.8%)

were positive for SV40. JCV was not detected. Human cellular DNA was not detected in

any of the 40 stool samples tested with the primers AG1 and AG2 (data not shown). When

BKV-containing plasmid DNA was added to 3 samples that were negative for polyomavirus

sequences, amplification of BKV sequences was accomplished (data not shown), suggesting

that PCR inhibitors were not frequently present in the boiled stool preparations.

Analysis of viral sequences

In addition to establishing the identity of the polyomaviruses detected with the primers

PYV.for and PYV.rev, DNA sequence analysis of PCR amplicons revealed sequence

heterogeneity among the BKV strains detected. Single-nucleotide polymorphisms were

detected at 5 positions within the BKV amplicon (figure 2). To our knowledge, sequence

heterogeneity in this genomic region of BKV has not been previously described. Among the

SV40 strains detected (n =8), there were no nucleotide changes within the PYV.for/PYV.rev

amplicon. This finding agrees with the 14 SV40 sequences in GenBank, each of which

shows conservation at the nucleotide level in this genomic region.

None of the BKV strains detected in the stool samples were identical to the laboratory strain

(figure 2). Although stringent precautions had been taken to avoid inadvertent laboratory

contamination with polyomavirus-containing plasmid DNA, we addressed the possibility of

plasmid contamination by testing each sample with the primers F-amp and R-amp, which

amplify a 350-bp region of the ampicillin-resistance gene (AmpR) that is found in all

polyomavirus-containing plasmids in our laboratory. Of the 120 samples, 5 (4.2%) produced

amplicons of the expected size. Two of these 5 samples were repeatedly negative when

tested with the primers PYV.for and PYV.rev, excluding a polyomavirus plasmid as the

DNA template. Three samples were AmpR positive and PYV.for/PYV.rev positive. DNA

sequence data established that the BKV sequences detected differed from those of the

laboratory strain, BKV Dunlop. Repeat PCR assays were performed on a second dilution of

the 3 original stool or rectal swab samples, and identical results were obtained. During the

study period, 60% of nonurinary Escherichia coli isolates from Texas Children’s Hospital

were reported to be ampicillin resistant, suggesting that the 5 stool samples that were

positive for the ampicillin-resistance gene could have been contaminated by bacterial DNA.
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PCR detection of other regions of the BKV genome

Additional regions of the BKV genome, including the NCCR and a 340-bp region of the

VP1 gene, were amplified from 5 samples (figure 1B and 1C). These samples had PYV.for/

PYV.rev amplicons that were particularly bright on ethidium bromide–stained agarose gel

(e.g., lanes 1 and 5 in figure 1A), suggesting a higher titer of virus in the original sample.

Amplification of the BKV NCCR and VP1 gene from 8 samples whose PYV.for/ PYV.rev

amplicons had a weaker signal was unsuccessful (data not shown). This result is consistent

with our experience that the primers PYV.for and PYV.rev are more sensitive than the

primers for other regions of the BKV genome.

Duration of BKV shedding in stool

Multiple samples had been collected from several children in the present study on different

dates. Of the 11 patients with 2 samples, 3 were found to be excreting BKV on both

occasions, with a range of 3–21 days separating the collection of samples. Of the 4 patients

with ≥3 samples collected on different dates, 1 was found to be excreting BKV on 3

occasions, with the interval between the collection of the first and last samples being 14

days. One patient who had polyomavirus detectable in 3 of 3 samples collected over the

course of 22 days was found to be excreting BKV in the first sample, SV40 in the second

sample, and, possibly, both BKV and SV40 in the third sample. The interval between the

collection of the first and second sample was 10 days, and the interval between the

collection of the second and third sample was 12 days. Coexcretion of SV40 and BKV was

suspected because the DNA sequence chromogram appeared to reflect the presence of 2

related DNA templates, but this could not be confirmed. There was no DNA sequence

variation among polyomavirus strains detected in the same patient at different sample-

collection time points.

Demographics of patients shedding polyomaviruses in stool

Using available medical records, we were able to confirm the unique identities of the

sources of samples with different dates of birth for each of the 120 samples studied.

Polyomavirus DNA was detected in the stool of 46 (46.5%) of 99 patients, with 38 (38.4%)

positive for BKV and 8 (8.1%) positive for SV40. The mean age of those excreting

polyomaviruses was 4.51 years (range, 0.03–17.2 years), which was not statistically

different from the mean age of those not excreting polyomaviruses (5.14 years; range, 0.03–

8.3 years) (P =.71; 2-tailed Student’s t test, assuming unequal variances). Analysis of the

age distribution of children with detectable polyomavirus excretion revealed a prevalence of

48.2% (27/56) among patients 0–2 years old, 42.9% (6/14) among patients 3–6 years old,

58.3% (7/12) among patients 7–11 years old, and 35.3% (6/ 17) among patients 12–17 years

old (figure 3). There was no statistical difference among these subgroups (P =.64, χ2 test).

Similarly, there was no statistical difference in the mean age of those patients found to be

excreting SV40 and those found not to be excreting SV40 (3.77 vs. 4.29 years; P =.46, 2-

tailed Student’s t test).

Complete medical records were available for 92 (92.9%) of the 99 patients, allowing a

more-thorough exploration of the demographic and clinical characteristics that potentially

influence polyomavirus excretion (table 1). There was no statistical difference in the
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distribution of polyomaviruses among the different race/ethnicity categories (χ2 =0.54; P =.

96). Similarly, there was no statistical difference in the excretion of BKV or SV40 among

the race/ethnicity categories (for BKV, P =.68; for SV40, P =.22). Polyomavirus excretion

in general and BKV excretion alone were no more common in male patients than in female

patients (for all polyomaviruses, P =.83; for BKV, P =.24). In contrast, SV40-excreting

patients were more likely to be male than female (7/45 male patients vs. 1/54 female

patients; P =.022). There was no difference in polyomavirus excretion between the patients

with and the patients without immune compromise (21/41 with immune compromise vs. 25/

58 without immune compromise; P =.33). Neither BKV nor SV40 excretion was statistically

associated with immune compromise (for BKV, P =.89; for SV40, P =.26). Among the 58

children without immune compromise, there was no association between polyomavirus

excretion and the presence of vomiting, diarrhea, or hematochezia (21 patients with vs. 37

patients without symptoms; P =.28). Inadequate data were available for determination of an

association between polyomavirus excretion and renal function or complete blood cell

counts. We questioned whether older patients in the study cohort may have been more likely

to be immune compromised, because the viral culture of stool and rectal swab samples

seemed unusual for older children without immune suppression, but the predominance of

young patients in the present study did not allow us to evaluate this possibility. Incidentally,

we noted that numerous patients in the study cohort had required a consultation from the

Pediatric Nutrition and Gastroenterology Service, a group that routinely orders virus

isolation tests as part of its evaluation of symptoms of gastrointestinal disease.

The demographic and clinical characteristics of the 8 children found to be shedding SV40 in

stool are summarized in table 2. Seven (87.5%) were male, 6 (75.0%) were Hispanic, and 5

(62.5%) were immune compromised by virtue of cancer chemotherapy or organ

transplantation. Two others were severely ill and required extended hospitalization and

mechanical ventilation. The one patient found to be shedding SV40 in the absence of severe

disease was a 4-month-old male with gastroenteritis.

Attempted culture of viruses from clinical samples

Viral culture of stool and rectal swab samples was performed at the Diagnostic Virology

Laboratory with A549 cells, rhesus monkey kidney cells, and human foreskin fibroblasts, in

accordance with standard laboratory practices. Adenoviruses were detected by viral culture

in 12 of the 120 samples that had been tested for polyomavirus by PCR. The samples

positive for adenovirus were from 8 children, 7 of whom were bone-marrow transplant

recipients. The PYV.for/PYV.rev amplicons from 6 of the 12 samples positive for

adenovirus (3 patients) produced very strong bands on ethidium bromide–stained agarose

gel (e.g., lanes 1 and 5 in figure 1A), suggesting high polyomavirus loads in these samples.

The cell lines used for routine culture of viruses from clinical samples are not generally

useful for the cultivation of polyomaviruses. Five samples positive for SV40 were used as

inocula on TC7 cells in an attempt to amplify the small amounts of SV40 present in the

clinical samples. No cytopathic effects were observed during 2 cell culture passages. Cell

culture lysates were tested with the primers RA1 and RA2, which amplify a portion of the

SV40 regulatory region [33]. One first-passage lysate was positive for the SV40 regulatory
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region. After a second passage in TC7 cells, another of the 5 samples (different from the

first) was positive for the SV40 regulatory region. The 2 positive samples differed in the

configuration of their regulatory regions, with one having a single enhancer (archetypal

regulatory region) and the other having 2 enhancers (complex regulatory region). Studies of

these samples are ongoing.

DISCUSSION

A source of BKV exposure that would account for the ubiquity of infection early during life

has been elusive. The detection of SV40 excretion in the stool of infants after receipt of

SV40-contaminated oral polio vaccine was the earliest suggestion that fecal shedding of

polyomaviruses may contribute to the spread of these agents [26]. Also, this observation is

consistent with the fecal shedding of several nonprimate polyomaviruses [6, 7]. The recent

detection of polyomavirus DNA in human sewage [30, 34, 35] and SV40 DNA in rhesus

macaque excrement (mixed stool and urine) [36] has implicated stool as a potential source

of polyomavirus exposure. This could be especially pertinent for BKV, because it is

uncommon in the urine of healthy individuals.

To explore the hypothesis that BKV fecal shedding can occur in children, we used a PCR

assay that detects a conserved region in the T antigen genes of JCV, BKV, and SV40. We

detected polyomavirus DNA in stool samples from 46.5% of hospitalized pediatric patients,

a finding consistent with the notion that fecal shedding is a common source of polyomavirus

exposure. Although the detection of polyomavirus DNA suggests that fecal-oral

transmission could occur, the isolation of infectious BKV or SV40 from stool would be

necessary to confirm this hypothesis.

Polyomavirus excretion in the stool of neonates (<28 days old) and infants (<1 year old) is

consistent with the available serologic data indicating that infection with BKV can occur in

very young children [37]. Whether in utero, intrapartum, or postpartum transmission

accounts for some of these early infections is unknown. The absence of JCV detection is not

surprising, given the age of the patients in the present study and the serologic evidence that

JCV infections occur during late childhood or adolescence. It remains unknown whether

JCV is excreted in stool. The detection of SV40 in human stool samples adds to the growing

body of evidence suggesting continued circulation of this pathogen in the human population.

It also is consistent with our recent finding of SV40 excretion in the urine of healthy

children [12]. We were not able to discern whether vertical, zoonotic, transfusion-associated,

or nosocomial transmission may have contributed to the acquisition of SV40 by the children

included in the present study. Whether there is a true association between male sex and

SV40 infection awaits larger studies that are amenable to multivariate analysis. The apparent

absence of association between BKV DNA detection in stool and host immune compromise

contrasts with the presence of the virus in urine, which is closely linked to immune status

[4]. If this finding is validated in larger studies, it would suggest independent immune

regulation of polyomavirus replication in different physiological compartments.

The detection of polymorphisms in BKV sequences suggests that there may be more

diversity among circulating BKV strains than previously realized. This diversity has
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implications for the development of sensitive and specific methods of polyomavirus

detection in patients with polyomavirus-associated disease.

There are several strengths and limitations to this study. The strengths include the study of

individual stool or rectal swab samples, the large number of samples studied, the diversity in

demographic background of the patients, and the use of a PCR technique that detects all 3

human polyomaviruses in a single test. The limitations include the lack of information on

polyomavirus seroprevalence in the study population, the lack of information on

simultaneous viruria, the inability to determine whether excretion was associated with

primary infection or reactivation, the young age of the study cohort (the majority of patients

were <2 years old), the uncertainty of whether the hospitalized study patients were otherwise

healthy, and the inability to assess possible seasonal variation in shedding (time of sample

inclusion was <4 months). These limitations could be overcome by a prospective study of

stool and rectal swab samples that includes the acquisition of blood and urine samples at

multiple times throughout the year. Clearly, these important issues require further study.

In summary, we have found that BKV excretion in stool by hospitalized pediatric patients is

common. This finding provides support for the hypothesis that BKV and SV40 may be

spread by fecal-oral transmission and adds to our knowledge of the natural history of

polyomavirus infection in humans. Further study in both children and adults will be

necessary to define the sites of polyomavirus persistence in the human gastrointestinal tract

and to determine the clinical significance of polyomavirus shedding in human stool.
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Figure 1.
A, Ethidium bromide–stained agarose gel of polymerase chain reaction (PCR) amplicons detected with the primers PYV.for and

PYV.rev. Shown are the marker lane (M), products from 12 representative PCR amplifications (lanes 1–12), the positive control

(+), and the negative control (−). B and C, Ethidium bromide–stained agarose gel of PCR amplicons from the noncoding control

region (B) and VP1 gene (C) of BK virus. Shown are the marker lanes (M), products from 5 representative PCR amplifications

(lanes 1–5), the positive controls (+), and the negative controls (−). Note that the amplifications shown in panels B and C are

from the same samples, which differ from those depicted in panel A.
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Figure 2.
Sequence alignment of data from the PYV.for/PYV.rev amplicon from the amino terminus of the BK virus (BKV) T antigen

gene and frequency of detection (in independent samples) of BKV nucleotide polymorphisms within that sequence. Data are

from 28 patients. *BKV Dunlop strain, 4412–4447 nt.
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Figure 3.
Age distribution of patients with stool samples positive for polyomavirus (n =46). BKV, BK virus; SV40, simian virus 40.
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Table 1

Demographic and clinical characteristics of polyomavirus-excreting and -nonexcreting patients.

Characteristic

Polyomavirus

BKV excreting (n = 38) SV40 excreting (n = 8)Nonexcreting (n = 53) Excreting (n = 46)

Age, mean (range), years 5.14 (0.03–18.3) 4.51 (0.03–17.2) 4.81 (0.03–17.2) 3.77 (0.36–13.6)

Race/ethnicity

 White (n = 39) 21 18 17 1

 African American (n = 9) 5 4 4 0

 Hispanic (n = 41) 21 20 14 6

 Asian (n = 4) 2 2 2 0

 Mixed/other (n = 6) 4 2 1 1

Sex

 Female (n = 54) 29 25 24 1

 Male (n = 45) 24 21 14 7

Immune compromise

 Yes (n = 41) 20 21 16 5

 No (n = 58) 33 25 22 3

NOTE. Data are no. of patients, unless otherwise noted. For statistical analyses, polyomavirus-excreting patients were compared with
polyomavirus-nonexcreting patients, BK virus (BKV)–excreting patients were compared with BKV-nonexcreting patients, and simian virus 40
(SV40)–excreting patients were compared with SV40-nonexcreting patients. Excepting SV40-nonexcreting male patients vs. SV40-nonexcreting

female patients (P =.022 ), for all characteristics, P ≥.05 (χ2 test).
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Table 2

Demographic and clinical characteristics of the SV40-excreting patients.

Patient (age in months, sex) Race/ethnicity Diagnosis/treatment Immune compromised

1 (4.5, male) Hispanic Influenza A infection, sepsis, empyema No

2 (4.5, male) Hispanic Gastroenteritis No

3 (27, male) Hispanic Bacteremia, fungemia, respiratory syncytial virus bronchiolitis No

4 (29, male) White Rhabdomyosarcoma (chemotherapy) Yes

5 (33, female) Hispanic Neuroblastoma (chemotherapy) Yes

6 (41.5, male) Hispanic Hemophagocytic syndrome (bone-marrow transplant) Yes

7 (60, male) Hispanic Acute lymphoblastic leukemia (bone-marrow transplant) Yes

8 (162, male) Other/mixed Cystic fibrosis (lung transplant) Yes
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