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SUMMARY

Objectives: This study sought to determine SV40 seroprevalence in residents of two Latin American coun-
tries, Colombia and Nicaragua, which were sites of prelicensure oral poliovaccine (OPV) trials.

Methods: Archival sera were tested for SV40 neutralizing antibody using a virus-specific plaque-reduction
assay. Samples included 517 sera from Colombia and 149 sera from Nicaragua.

Results: Overall SV40 seroprevalence was 22.8% for Colombian subjects and 12.8% for Nicaraguans. Sub-
groups of Colombian subjects ranged in frequency of SV40 seropositivity from 10.0% to 38.6%. Birth co-
horts both older and younger than the age cohort that contained potential OPV vaccinees from both
countries had SV40 antibodies. Gender and ethnicity had no significant effects on SV40 seropositivity.
Conclusions: Inhabitants of both Colombia and Nicaragua had detectable SV40 neutralizing antibody, in-
cluding those of ages presumably not recipients of potentially SV40-contaminated OPV. This observation
provides support for the concept that transmission of SV40 human infections can occur. Frequency of
SV40 antibody positivity was elevated over that reported for the US where there was limited use of
contaminated OPV. This investigation indicates also that study results of SV40 infections in humans will
reflect whether subject populations had probable exposures to contaminated poliovaccines and to envi-
ronmental conditions favoring cycles of viral transmission.

© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Introduction

Polyomavirus simian virus 40 (SV40) has been reported to cause
infections in humans, although the prevalence and distribution of
such infections are unknown. The natural host for SV40 is the
rhesus macaque and the origin of cross-species human infections
dates from 1954 and the use of contaminated poliovaccines."? Vac-
cine lots of both inactivated (IPV) and live attenuated oral (OPV)
poliovaccine were potentially contaminated before the discovery
of SV40 in 1960. The virus was an unrecognized agent present
in many of the primary rhesus monkey kidney cell cultures used
for vaccine production. In the case of IPV, some infectious SV40
survived the vaccine inactivation process.? It was early 1963 be-
fore all vaccine preparations were considered to be virus-free. No-
tably, individuals with evidence of SV40 infections are sometimes
too young to have received contaminated poliovaccine directly, in-
dicating more recent sources of virus exposure. Reports of experi-
mental evidence of current infections in humans have been based
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on assays of seroprevalence, detection of viral DNA in tissues, ex-
pression of viral antigens in tissues, and/or recovery of infectious
virus.'® SV40 is recognized to have oncogenic properties in labora-
tory animals and viral markers have been detected in some human
cancers. In contrast, other reports have failed to detect evidence of
SV40 human infections.!

A model has been developed to explain the discrepant reports
regarding SV40 and human infections. This model predicts that
human infections were initiated primarily by the use of contam-
inated OPV, rather than IPV, because the titer of infectious SV40
was much higher in the oral vaccine and the route of exposure was
arguably more natural (oral vs. intramuscular).? Those conditions
would have increased the chances that an SV40 infection would be
established in a vaccinee. This scenario predicts that SV40 infec-
tions were limited geographically, as they were dependent on the
use of prelicensure contaminated OPV. Such field trials were car-
ried out in Central and South America and in Russia, but only on a
very limited scale in the US."3

Polyomaviruses are thought to establish long-term persistent
infections. This would extend the duration for possible transmis-
sion by an infected individual. Cycles of SV40 infections theoret-
ically could be maintained in exposed populations by horizontal
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infection of unvaccinated contacts by transmission of the virus via
the fecal/urine-oral route.'? This would occur most frequently in
regions with poor sanitation, resulting in a higher prevalence of in-
fections and higher seroprevalence. In contrast, in areas with good
sanitation, viral transmission would be interrupted, resulting over
time in a very low prevalence of infection and very low seropreva-
lence. In support of a fecal/urine-oral route of transmission, SV40
has been detected in stool and urine samples from humans* and
in cage waste (feces, urine) of monkeys.'? In addition, human poly-
omaviruses have been detected in sewage and contaminated wa-
ters.'’-13 A pattern of decreasing infection rates concomitant with
increasing standards of living for agents spread by the fecal-oral
route has been well-established (e.g., poliovirus, Helicobacter py-
lori, hepatitis A)."*~'® Thus, the model predicts that the outcome
of studies of possible human infections by SV40 will differ, reflect-
ing the particular characteristics of the populations surveyed.

A recent analysis of 400 archival sera collected from 1993 to
1995 detected ethnic differences in SV40 seroprevalence in women
in Houston, Texas.!” Neutralizing antibody prevalences among Cau-
casian and African-American women were 5% and 6%, respec-
tively, similar to other US and UK reports.’®2° In contrast, His-
panic women had a seroprevalence of 23% (p=0.01). There is a
large immigrant population from Latin America in Houston and it
is known that potentially contaminated pre-licensure OPVs were
used in several of those countries.

To follow up on our observation involving Houston Hispanics,
we carried out studies using archival sera from two Latin American
countries. We report here the frequency of SV40 neutralizing anti-
body in sera collected from residents in Colombia and Nicaragua.
Both countries conducted mass immunization programs from 1958
to 1960 using a candidate prelicensure OPV. As predicted by the
SV40-human infection model and suggested by the Houston study,
SV40 seroprevalence rates were elevated in subjects from both
Latin American countries compared to the US and UK rates.

Materials and methods
Vaccination histories in Colombia and Nicaragua

In early 1958, an outbreak of paralytic poliomyelitis occurred
in the county of Andes, a mountainous rural area in Colombia. In
response, a community vaccination program was carried out from
May to August 1958 centered in the town of Andes, 80 miles south
of Medellin. About 7000 children under the age of 7 years were
vaccinated with the candidate live, attenuated OPV provided by
Lederle Laboratories of the American Cyanamid Company.?! This
was followed by a campaign to vaccinate children under the age of
10 years in the city of Medellin. That program covered September
1958-April 1959 and vaccinated about 133,000 children using the
same OPV from Lederle Laboratories.>?> The three poliovirus types
were administered singly in capsules 3-4 weeks apart. The follow-
ing year (July-September 1960) a mass immunization program in
the city of Bogota vaccinated more than 187,000 children under
the age of 7 years. This program used the single-dose Lederle oral,
live-attenuated trivalent poliovirus vaccine.??

An epidemic of paralytic poliomyelitis also occurred in
Nicaragua in 1958, with a large number of cases reported in the
city of Managua. A vaccination program was started in Managua
in September 1958 targeting children less than 10 years of age.
The same live attenuated oral vaccine from Lederle Laboratories
was employed that had been used in Colombia. The three vac-
cine strains were administered orally as fluid doses, with 3 weeks
between each dose. This program was then extended to the sur-
rounding rural area, followed by a maintenance program in Man-
agua to vaccinate newborn infants. By May 1959, nearly 60,000
children had been vaccinated.?* Vaccinations continued using the

Lederle trivalent vaccine. By April 1960, about 73,000 children un-
der 10 years of age had received the oral vaccine.?’

The production and testing of live, attenuated OPV strains by
Lederle Laboratories was described.?® The report included the his-
tory of vaccine lots used in the field studies in Colombia and
Nicaragua. However, extensive tests of the vaccine preparations to
rule out contamination by bacterial, fungal, or viral agents did not
include assays for SV40 as that virus had not yet been discovered.

Serum samples

The Colombian serum samples were collected in 1968-1970 in
the city of Cali for a study of herpesvirus type 2 infection and had
been stored at Baylor College of Medicine. Subjects included hos-
pitalized cervical cancer patients (Group A) and matched cancer
controls (Group B), members of the general population of the city
(Group C), and prostitutes/sex workers (Group D). The Nicaraguan
samples were collected in 2010 in the city of Managua for a study
of H. pylori infection and had been stored in Managua. Subjects
were patients undergoing endoscopy at the Hospital Escuela Lenin
Fonseca (Group E). Studies were approved by the Institutional
Review Board for Human Subject Research for Baylor College of
Medicine, Houston, Texas, and by the Human Research Ethics Com-
mittee at the University of Toronto, Canada. Some of these sera had
been used in previous studies.?’ 30 Selection of sera for this study
depended on sample availability and adequacy of quantity.

Serum neutralization assay

A specific plaque reduction neutralization assay was used to
detect and titer neutralizing antibodies against SV40 in the hu-
man sera. This assay was performed as previously described.'” The
test is specific for SV40 and does not detect cross-reacting anti-
bodies against human polyomaviruses BK virus (BKV) and JC virus
(va).]&Sl

Statistical analysis

The standard Chi-square test was used to test differences be-
tween percentages. Fisher’s Exact test was used when values were
less than 5. Statistical differences were determined based on the
traditional statistical significant level of a p-value of <5%. All anal-
yses were performed using the statistical software SAS version 9.4.

Results

SV40 seroprevalence among Colombian and Nicaraguan subject
groups

Overall SV40 antibody positivities for the different Colombian
and Nicaraguan subject groups are shown in Table 1. The fre-
quency of SV40 neutralizing antibody for the total Colombian sub-
jects (Groups A-D) was 22.8% (118/517). Group D (sex workers)
had the highest antibody positivity at 38.6% (22/57), Group C (gen-
eral population) had a positivity rate of 24.1% (77/320), and the
other two Colombian groups (A and B) ranged in seropositivity
from 10.0% to 17.1%. The difference in seropositivity between Group
D and Group C was statistically significant (p=0.0185), as was
the difference between Group C and Groups A+B (p=0.0131).
When Group C omitted subjects in the birth cohort that contained
potential vaccinees (vbc) (birth dates 1949-1960) and was com-
pared to Groups A+B (which contained no (vbc) members), the
difference in seropositivity remained significant (p =0.0039). The
Nicaraguan subjects (Group E) showed a seropositivity frequency
of 12.8% (19/149). The difference in seroprevalence between the
total Colombian (Groups A-D) and Nicaraguan (Group E) subjects
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Table 1

SV40 neutralizing antibody positivity among Colombian and Nicaraguan subject groups.

Country Group?  Group criteria

Total subjects ~ No. SV40 antibody positive (%)?

SV40 neutralizing antibody titers (median)

Colombia A

B Matched cancer controls
C General population
D Sex workers

Total (Groups A-D):
Nicaragua E

Cervical cancer patients

Endoscopy patients

70 12 (171)
70 7 (10.0)
320 77 (24.1)
57 22 (38.6)
517 118 (22.8)
149 19 (12.8)

1:20-1:200 (1:20)
1:20-1:1000 (1:80)
1:10-1:1000 (1:20)
1:10-1:100 (1:40)
1:10-1:1000 (1:20)
1:10-1:200 (1:20)

2 Sample collection dates: Groups A-C, 1968; Group D, 1970; Group E, 2010.
b Statistical significance: Group C vs. Groups A+ B, p=0.0131; Group D vs. Group C, p=0.0185; Groups A-D (Total) vs. Group E, p=0.0143; Group C
vs. Group E, p=0.0099; Group C-(vbc) vs. Groups A+ B, p=0.0039. (vbc)=Birth cohort that contains potential vaccinees (birth dates 1949-1960).

Table 2

SV40 neutralizing antibody positivity related to age among Colombian and Nicaraguan subjects.?

Country Group  Group criteria Date of birth (age in yrs at time of sample)® No. SV40 antibody positive/no. tested (%)°
Colombia A Cervical cancer patients <1929 (>39) 7/44 (15.9)
1930-1948 (20-38) 5/26 (19.2)
1949-1960 (8-19)¢ 0
B Matched cancer controls <1929 (>39) 6/43 (14.0)
1930-1948 (20-38) 1/27 (3.7)
1949-1960 (8-19)¢ 0
C General population <1929 (>39) 15/68 (22.1)
1930-1948 (20-38) 20/87 (23.0)
1949-1960 (8-19)¢ 30/142 (21.1)
>1961 (<7) 4/11 (36.4)
D Sex workers <1929 (>41) 3/8 (37.5)
1930-1948 (22-40) 9/28 (32.1)

Combined Groups A-D:

Total:

Nicaragua E Endoscopy patients

1949-1960 (10-21)¢

10/21 (47.6)

<1929 31/163 (19.0)
1930-1948 35/168 (20.8)
1949-1960¢ 40/163 (24.5)
~1961 4/11 (36.4)
110/505 (21.8)
1930-1948 (62-80) 1/10 (10.0)
1949-1960 (50-61)¢ 7/34 (20.6)
1961-1969 (41-49) 3/29 (10.3)
>1970 (<40) 6/75 (8.0)

Total:

17/148 (11.5)

2 Samples that lacked date of birth information were not included.

b Age estimates based on dates of birth and years of sample collections: 1968 (Groups A-C), 1970 (Group D), and 2010 (Group E).

¢ Statistical significance: Groups A+B (<1929-1948) vs. Group C (<1929-1948), p=0.1086; Group D (1949-1960) vs. Group C (1949-1960),
p=0.0208; Group D (<1929-1948) vs. Group C (<1929-1948), p=0.1997; Groups A-D (Total) (1949-1960) vs. Group E (1949-1960), p=0.2381;
Group C (1949-1960) vs. Group E (1949-1960), p=0.4124; Group E (1949-1960) vs. Group E (1961-1970), p=0.1324; Group E (1949-1960) vs.

Group E (1961-1969), p = 0.5260.

d Birth cohort that contains potential vaccinees (vbc, birth dates 1949-1960).

was significant (p =0.0143), as was Group C compared to Group E
(p=0.0099). SV40 neutralizing antibody titers ranged from 1:10 to
1:1000, with median antibody titers of 1:20 to 1:80 for the indi-
vidual groups from the two countries.

Effect of age on SV40 seroprevalence

Age estimates for the subjects were based on reported dates of
birth and the years that samples were collected (Table 2). The sub-
jects in each group were then subdivided, reflecting age at time
of sampling. The birth cohort that contained potential vaccinees in
each group (vbc, birth dates 1949-1960) is marked. In Groups D
and E, the potential vaccinee age subgroup cohort displayed the
highest SV40 seropositivity within the group. That is not surpris-
ing, as some members of those subgroups presumably had been
vaccinated as children. SV40 antibody prevalence between Colom-
bian Group D, birth cohort 1949-1960, and Group C, 1949-1960,
differed significantly (p =0.0208). Other comparisons were not sta-
tistically different (Table 2). It is noteworthy that subjects in birth
cohorts both older and younger than the potential vaccinees had
detectable SV40 neutralizing antibodies. This seropositivity across
age groups is supportive of the concept that SV40 transmission can
occur among humans.

Effects of gender and ethnicity on SV40 seroprevalence

The effect of gender on SV40 seropositivity was examined
(Table 3). Females predominated among the groups, representing
67% of Colombian subjects and 74% of the Nicaraguans. Antibody
positivity was similar between females and males in the Colom-
bian general population (24.3% vs. 23.4%), whereas males were
more seropositive than females among the Nicaraguan patients
(18.4% vs. 10.8%). Neither of those differences was statistically sig-
nificant. However, comparisons of females in Group C and Group
D (p=0.033) and of females in Group C and Group E (p=0.0089)
were significantly different.

Three ethnic categories were reported for the Colombian
subjects and SV40 seropositivity was similar among all three
(Table 4). There were no statistical differences in antibody positiv-
ity among the groups. No ethnicity information was available for
the Nicaraguan subjects.

Discussion

This study revealed serologic evidence of SV40 infections
in populations in two Latin American countries, Colombia and
Nicaragua. In both countries, children had been vaccinated with
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Table 3
SV40 seropositivity related to gender among Colombian and Nicaraguan subjects.?

Country Group  Group criteria No. SV40 antibody positive/no. tested (%)?
Female Male Total
Colombia A+B Cancers + controls 19/140 (13.6) 0 19/140 (13.6)
C General population 34/140 (24.3) 39/168 (23.4)  73/308 (23.2)
D Sex workers 22/57 (38.6) 0 22/57 (38.6)

Total (Groups A-D):
Endoscopy patients

75/338 (22.2)
12/111 (10.8)

39/167 (23.4)
7/38 (18.4)

114/505 (22.6)

Nicaragua E 19/149 (12.8)

2 Samples that lacked donor gender information were not included.

b Statistical significance: Group C (female vs. male), p=0.7270; Group E (female vs. male),
p=0.1099; Group C (female) vs. Group D (female), p=0.033; Group C (female) vs. Group E (female),
p=0.0089; Group C-(vbc) (female) vs. Groups A+B, p=0.0757. (vbc)=Birth cohort that contains
potential vaccinees (birth dates 1949-1960).

Table 4
SV40 seropositivity among Colombian ethnic groups.?

Group  Group criteria Ethnic group [No. SV40 antibody positive/no. tested (%)]®
Mixed White Black Unknown

A Cervical cancer 6/49 (12.2) 5/16 (31.2) 0/3 (0) 1/2 (50.0)

B Cancer controls 5/36 (13.9) 1/19 (5.3) 1/13 (7.7) 0/2 (0)

C General population®  29/101 (27.7)  28/111 (25.2) 7/43 (16.3) 10/51 (21.6)

D Sex workers? — 13/41 (31.7) 9/16 (56.2)

Total: 40/186 (21.0)

3_4/145 (233)

20/100 (20.0)  20/71 (29.6)

2 No ethnic categories were reported for Nicaraguan subjects.

b Statistical significance: Mixed only, Group C-(vbc) vs. Groups A+ B, p=0.0867; White only, Group
C-(vbc) vs. Groups A+ B, p=0.1384; Black only, Group C-(vbc) vs. Groups A+B, p=0.3801; Black
only, Group D vs. Group C, p=0.097. (vbc) =Birth cohort that contains potential vaccinees (birth dates

1949-1960).

¢ Samples that lacked ethnic group information were not included.
d Only two ethnic categories were reported for Group D.

prelicensure candidate live attenuated OPV at a time when such
vaccines were frequently contaminated with yet-to-be-discovered
SV40.21-25 Qverall seroprevalences of SV40 neutralizing antibody
were 22.8% and 12.8% for the Colombian and Nicaraguan subjects,
respectively (Table 1). The Colombian seroprevalence was similar
to that of Hispanic women (23%) in Houston in an earlier study.!”

It is noteworthy that SV40 antibody-positive individuals were
identified in age groups both older and younger than the po-
tentially vaccinated cohorts (Table 2). This indicates that human
transmission of SV40 apparently had occurred among the pop-
ulations analyzed. This observation adds support to the concept
that human-to-human transmission of SV40 can occur. The highest
SV40 seroprevalence rates were among the Colombian sex workers
(Group D) (Tables 1-3). The reason for this is not known, but one
possible explanation is that unsanitary conditions were more of-
ten encountered by this subject group than others, increasing the
chances for virus transmission.

There appeared to be a potential gender difference in SV40
seropositivity among the Nicaraguan patients, with males more
likely to have SV40 antibodies than the females (18.4% vs. 10.8%),
although this difference was not statistically significant. Such a dif-
ference was not apparent for the Colombian subjects (Table 3). The
higher positivity among the Nicaraguan males could not be ex-
plained by potential vaccine exposure as only 1 of the 7 positive
males was in the vaccinee age birth cohort. Environmental work-
ing conditions for the males might have contributed to higher virus
exposures. Observations of gender differences for SV40 seropos-
itivity have not been consistent among earlier studies. No gen-
der differences in SV40 seropositivity were observed among ethnic
Kazakhs or Russians in a study of SV40 infections in Kazakhstan.??
SV40-contaminated oral poliovaccines prepared in Moscow, USSR,
were used in Kazakhstan and some European and Asian coun-
tries.>? In contrast, higher rates of SV40 neutralizing antibody were
found in females of certain age groups in Hungary and the Czech

Republic.? Both of those Central European countries had used oral
poliovaccines potentially contaminated with SV40 for vaccination
of children.>® Explanations suggested for the serological differences
observed between females and males in those countries were that
mothers probably had increased exposures to an infectious agent
from their children, plus females were more likely than males to
be employed at places with contacts with young vaccinees, such
as nurseries, kindergartens, and hospitals.

The results from an earlier study of tissue samples from Costa
Rica are compatible with findings described here based on analyses
of sera of Colombian and Nicaraguan origin.>* Costa Rica, another
Central American country, had a nationwide campaign in 1959-
1960 to vaccinate children under age 11 using the prelicensure OPV
from Lederle Laboratories.>*—3¢ Lymphoma and control tissues col-
lected from 1999 through 2003 were tested in a blinded fashion.
After decoding, it was found that 24% (30/125) of lymphomas were
SV40 DNA positive, whereas none of the control tissues were pos-
itive, and that 64% of the B cell lymphomas that contained SV40
DNA expressed SV40 T-antigen protein detectable by immunohisto-
chemistry (whereas none of the control tissues gave positive stain-
ing). It was noted that 20% of the SV40-positive lymphomas had
occurred in patients born after the use of contaminated vaccines.>*

A recent study of archival stool samples from one-year-old
infants in Mexico City supports the concept of possible trans-
mission of polyomaviruses, including SV40, via fecal excretion.®
Serial stool samples had been collected between 1999 and 2001
in a long-term study of diarrheal pathogens and breast-feeding.?”
There had been a large-scale field trial of Sabin’s prelicensure
live oral poliovaccine in 1959 in four Mexican cities—Mexico
City, Guadalajara, Monterrey, and Puebla.?33° In the polyomavirus
excretion study, virus shedding in the stool was detected by PCR
in 64% of the 39 infants tested between 11 and 13 months of age.
BKV was shed by 21 of the infants, SV40 by 6, and both BKV and
SV40 by 3 of the infants. Some infants shed virus sporadically
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Studies of SV40 seroprevalence in humans using archival sera.

Study reference

Country

Serum donor group?

Dates of serum
collection

Type of antibody
assay”

No. SV40 positive/
no. tested (%)

Positive donors
born after 1963

Morris et al.
(1961)%°

Horvath (1972)*

Shah et al. (1972)*®

Zimmerman et al.
(1983)%

Jafar et al. (1998)°'

Butel et al. (1999)®

Butel et al. (2003)*?

Rollison et al.
(2003)*°
Minor et al.
(2003)"

Knowles et al.
(2003)*!

Carter et al.
(2003)®
Engels et al.
(2004)*
Engels et al.
(2004)*

Engels et al.
(2004)>
Nurgalieva et al.
(2005)*

Rollison et al.
(2005)3

Lundstig et al.
(2005)%

Kean et al. (2009)*°

Corallini et al.
(2012)*
Mazzoni et al.
(2012)»

Wong et al.
(2013)"

Taronna et al.
(2013)*¢
Comar et al.
(2014)°7

Mazzoni et al.
(2014)38

Tognon et al.
(2015)*

Mazzoni et al.
(2015)%°
Tognon et al.
(2016)*

USA, Maryland

Hungary

USA, Maryland

Germany

USA, Texas

USA, Texas

Hungary, Czech
Republic

USA, Maryland

United Kingdom,
Poland

England

USA, Washington
USA

USA

USA

Kazakhstan

USA, Maryland
Sweden, Finland
USA, Colorado
Italy

Italy

USA, Texas

Italy

Italy

Italy

Italy

Italy

Italy

Volunteers given
RSV + SV40 by respiratory
route

Contact with monkeys or
monkey kidney cells
Children

(a) Born 1955-57

(b) Born 1964-68

(a) Lab workers with
contact with SV40

(b) Cancer patients
Patients at VAMC hospital
(a) HIV-positive

(b) HIV-negative

Patients at children’s
hospital

(a) Samples sent to State
Public Health Service (Pecs)
(b) Surveillance program by
State Institute of Health
(Prague)

Study of brain tumors

Blood donors (UK)

Healthy people (Poland)
Serological surveillance
(Public Health Laboratory
Service)

Cancers + controls

Collaborative Perinatal
Project-Mothers

Zoo workers

(a) Primate contacts

(b) Other workers

NCI Seer Study

(cancer + controls)

Healthy volunteers

(a) Kazakhs

(b) Russians

Serum bank

(cancer + controls)

a) Children

b) Pregnant women

a) Blood donors

b) Children’s hospital
Healthy blood donors (ages
18-65)

(a) Mesothelioma patients
(b) Asbestos exposure

(c) Healthy blood donors
(d) Pregnant women
Patients at public hospital
(a) Pregnant,

White + African American
(b) Not pregnant,

White + African American
(c) Not pregnant, Hispanic
Healthy children (ages <17)

(
(
(
(

Healthy pregnant women

(a) Glioblastoma patients
(b) Healthy controls

(c) Breast cancer patients
(a) Non-Hodgkin
lymphoma patients

(b) Matched controls

(a) Osteosarcoma patients
(b) Matched controls
Healthy subjects

Approx. 1960

1969

1969

NR

1990-95

1995
1995

1985

1974, 1989
(a) 1985

(b) 1989-94
(c) 1992-97
1991
1987-99

1959-66

1997

1998-2000

1999

1974

NR

NR

2007
2005-10

2006-12

1972-73
1993-95

1993-95
2009-12

2004-05
2006-11

NR

NR

2006-13

2014

Neut-SV40 CPE

Neut-SV40 CPE
Neut-SV40 CPE
ELISA (SV40
virions)

Neut-PR

Neut-PR
Neut-PR

Neut-PR

Neut-PR

Neut-SV40 CPE

Neut-SV40 CPE

ELISA (VLPs)
(a) EIA (VLPs)
(b) Neut-PR
EIA (VLPs)

EIA (VLPs)

Neut-PR

ELISA (VLPs)

EIA (VLPs)

ELISA, soluble VP1
capsid proteins

ELISA (VP mimo)

ELISA (VP mimo)

Neut-PR
Neut-PR

Neut-PR
ELISA (VP mimo)

(a) Neut-PR
(b) ELISA (VP

mimo)
ELISA (VP mimo)

ELISA (VP mimo)

ELISA (VP mimo)

ELISA (SV40 T-ag
mimo)

22/35 (62.8)
15/37 (40.5)

(a) 28/141 (19.8)
(b) 9/278 (9)
(a) 6/11 (54.5)

(b) 42/143 (29.4)

(a) 38/236 (16.1)
(b) 21/180 (11.7)
20/337 (5.9)

(a) 17/589 (2.9)

(b) 7/350 (2.0)

15/132 (11.4)

(a) 34/800 (4.5)
(b) 47/1000 (4.7)
(c) 26/923 (2.8)
79/2435 (3.2)

0/699 (0)

(a) 82/500 (16.4)
(b) 99/495 (20)

(a) 25/109 (23)
(b) 15/145 (10)
117/1346 (8.7)

(a) 7/154 (4.5)
(b) 8/153 (5.2)
11/510 (2.2)

(a) 22/288 (7.6)
(b) 16/141 (7.1)
(a) 32/1501 (2.1)
(b) 16/721 (2.2)
154/855 (18)

(a) 25/97 (25.8)
(b) 8/90 (8.9)
(c) 49/299 (16.4)
(d) 12/94 (12.8)
(a)15/212 (7.0)
(b) 16/299 (5.4)

(c) 23/101 (23)
54/328 (16.5)

(a) 13/123 (10.6)
(b) 14/110 (12.7)

(a) 15/44 (34)
(b) 15/101 (15)
(c) 12/78 (15)
(a) 62/150 (41)

(b) 33/213 (15)
(a) 24/55 (44)
(b) 20/114 (17)
138/704 (20)

NA

NA

++ +

++ +

NA

NR

NR

NA

NR

NR

(continued on next page)
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Table 5 (continued)

Study reference Country Serum donor group? Dates of serum Type of antibody No. SV40 positive/ Positive donors
collection assay® no. tested (%) born after 1963
Mazzoni et al. Italy Healthy elderly (ages 2014-15 ELISA (SV40 T-ag 60/273 (22) NR
(2017)%! 66-100) mimo)
Mazzoni et al. Italy (a) Pregnant women (ages NR ELISA (SV40 T-ag (a) 23/134 (17) NR
(2017)%2 15-48) mimo)
(b) Nonpregnant (ages (b) 36/180 (20)
18-40)
Mazzoni et al. Italy (a) Osteosarcoma patients 2002-12 ELISA (SV40 T-ag (a) 87/249 (35) —+
(2018)%3 (mean, 21) mimo)
(b) Healthy controls (mean, (b) 56/247 (23) +
21)
This study Colombia (a) Cancer 1968 Neut-PR (a) 19/140 (13.6) NA
patients + matched controls
(b) General population 1968 (b) 77/320 (24.1) +
(c) Sex workers 1970 (c) 22/57 (38.6) +
This study Nicaragua Endoscopy patients at 2010 Neut-PR 19/149 (12.8) +
hospital

3 Abbeviations: RSV =respiratory syncytial virus; VAMC = Veterans Affairs Medical Center; NCI = National Cancer Institute; NA = not available; NR = not reported.

b Type of assay: Neut-SV40 CPE = neutralization of development of SV40 cytopathic effect (CPE); Neut-PR = neutralization of SV40 plaque formation (plaque reduction);
ELISA/EIA (VLPs)=enzyme-linked immunosorbent assay/enzyme immunoassay using SV40 virus-like particles (VLPs), competition assays sometimes included; ELISA (VP
mimo)=ELISA based on peptides representing specific epitopes of SV40 virus particle (capsid) proteins (mimotopes); ELISA (T-ag mimo)=ELISA based on peptides repre-

senting specific epitopes of SV40 viral oncoprotein T-antigen (mimotopes).

for up to 8 weeks (including one infant excreting SV40). As these
infants were born decades after the 1959 field trial, environmental
exposure to SV40 must have occurred.

This report adds a new geographic region to previous studies of
SV40 seroprevalence in humans (Table 5). Early reports had estab-
lished that humans can be infected with SV40 and mount an im-
mune response, based on evidence from infected volunteers*® and
workers in contact with monkeys and/or monkey kidney cells.4!42
Many of the subsequent studies involved samples collected in the
US or Europe, with reported collection dates ranging from 1959 to
2015. Donor groups have included healthy adults, cancer patients,
and children, with observed seropositivity rates ranging from 44%
to 0%. With the exception of the one negative study,*® it is note-
worthy that all others detected SV40 antibodies in some of the
donors, and often in individuals born after 1963 (by which time
poliovaccines were believed to be free from contaminating SV40).
Healthy donors generally displayed SV40 seroprevalence rates of
10% or less.

There are several limitations to the reported studies, including
the current one. The explanation for a difference in seroprevalence
among donor groups, such as with the Colombian and Nicaraguan
subjects, is unknown. There is usually no information known about
how many of the subjects analyzed had been vaccinated as chil-
dren or were from households in which another person had been
vaccinated. Plus, prelicensure contaminated OPV was rarely used in
some countries, including the US, historical circumstances which
suggest a greatly reduced likelihood that SV40 infections would
have been established in those populations. In addition, there is
usually no knowledge of the sanitary conditions of the subjects’
living environment, which would likely have impacted human-to-
human spread of the virus.

Results of seroprevalence studies are dependent on the condi-
tions of the assay used. Neutralization of SV40 infectivity (by ei-
ther plaque reduction or inhibition of SV40 CPE) is considered to
be highly specific. We previously showed that high-titer rabbit an-
tisera against human polyomaviruses BKV or JCV had no neutral-
izing activity against SV40'8 and that human sera with high anti-
BKV titers were negative for detectable SV40 neutralizing activity.?!
ELISA/EIA tests based on SV40 virus-like particles (VLPs) can de-
tect some cross-reactive antibodies against BKV or JCV, whereas
competitive-inhibition steps with BKV or JCV VLPs used in such
assays might compete out some SV40-specific antibodies and, the-
oretically, reduce apparent SV40 seroprevalence rates. A recently

developed new ELISA approach based on two synthetic peptides
that mimic specific epitopes on SV40 viral capsid proteins (VP mi-
motopes) appears to specifically detect SV40 antibodies.** Another
newly described ELISA uses two synthetic peptides designed to
mimic specific epitopes on SV40 T-antigen, the viral replication
protein and oncoprotein. That test can detect antibodies against
SV40 T-antigen and, thereby, provide evidence that SV40 had repli-
cated in those infected human hosts.*

Another factor in studies that employ archival sera is that it
is not known how many times the stored sera had been thawed,
which could have affected antibody titers and reduced some below
the level of detection. In the current study, there was a difference
in the timing of serum collections—about one decade after vaccina-
tions in Colombia versus five decades later for the Nicaraguans. It
has been reported that SV40 antibody may wane over time,*S per-
haps reducing some to undetectable levels. Whereas it is known
that individuals with contacts with Asian rhesus monkeys can de-
velop SV40 antibodies,*>*” those monkeys would not be a possible
exposure source in the current study, nor in many of the other re-
ported studies (Table 5), as their natural geographic distribution is
mainland Asia.

Little is known about the human immune response to nat-
ural infections by SV40. It is unknown what conditions drive a
robust response, including the level of viral replication needed
to elicit a detectable immune response and to ensure long-
duration neutralizing antibody. It is possible that SV40 does not
replicate to high enough titers in some infected humans to
yield a long-lasting response. There also may be some cross-
reactivity with another (unknown) virus, although as described
above the plaque-reduction neutralization test and peptide mi-
motope assays are thought to be specific for SV40. Future stud-
ies are necessary to explore the human immune response to
SV40 and to determine current infection rates in targeted popu-
lations and whether any health consequences are related to such
infections.

In conclusion, this study showed that residents of Colombia and
Nicaragua often possess serological evidence of SV40 infections.
It confirms previous indications that certain populations exposed
to potentially contaminated poliovaccines reveal evidence of SV40
infection and transmission within the population. It also empha-
sizes that studies designed to address SV40 infections in humans
must consider the history and characteristics of the subjects being
evaluated.



482

C. Wong, S. Zhang and E. Adam et al./Journal of Infection 78 (2019) 476-483

Author contributions

C.W. performed antibody assays and summarized data. S.Z. ana-

lyzed data. E.A. and L.P. provided sera and data analysis and inter-
pretation. J.S.B. was responsible for study design, data analysis and
interpretation, and manuscript preparation.

Conflict of interest

The authors have no conflicts of interest to declare.

Acknowledgments

We thank Regis A. Vilchez for helpful advice.

Funding statement

This

study was supported in part by grant number

RO1CA104818 from the National Cancer Institute (J.S.B.).

References

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

. Butel JS. Polyomavirus SV40: model infectious agent of cancer. In: Robertson E,

editor. Cancer associated viruses. Springer Science; 2012. p. 377-417.

. Shah K, Nathanson N. Human exposure to SV40: review and comment. Am |

Epidemiol 1976;103:1-12.

. Butel JS. Patterns of polyomavirus SV40 infections and associated cancers in hu-

mans: a model. Curr Opin Virol 2012;2:508-14.

. Melnick JL, Stinebaugh S. Excretion of vacuolating SV-40 virus (papova virus

group) after ingestion as a contaminant of oral poliovaccine. Proc Soc Exp Biol
Med 1962;109:965-8.

. Li RM, Branton MH, Tanawattanacharoen S, Falk RA, Jennette JC, Kopp JB. Molec-

ular identification of SV40 infection in human subjects and possible association
with kidney disease. ] Am Soc Nephrol 2002;13:2320-30.

. Vanchiere JA, Nicome RK, Greer JM, Demmler GJ, Butel JS. Frequent detec-

tion of polyomaviruses in stool samples from hospitalized children. J Infect Dis
2005;192:658-64.

. Vanchiere JA, White ZS, Butel JS. Detection of BK virus and simian virus 40 in

the urine of healthy children. | Med Virol 2005;75:447-54.

. Vanchiere JA, Abudayyeh S, Copeland CM, Lu LB, Graham DY, Butel JS.

Polyomavirus shedding in the stool of healthy adults. J Clin Microbiol
2009;47:2388-91.

. Vanchiere JA, Carillo B, Morrow AL, Jiang X, Ruiz-Palacios GM, Butel ]S. Fecal

polyomavirus excretion in infancy. J Pediatr Infect Dis Soc 2016;5:210-13.
Bofill-Mas S, Albifiana-Giménez N, Pipkin PA, Minor PD, Girones R. Isolation of
SV40 from the environment of a colony of cynomolgus monkeys naturally in-
fected with the virus. Virology 2004;330:1-7.

Bofill-Mas S, Formiga-Cruz M, Clemente-Casares P, Calafell F, Girones R. Poten-
tial transmission of human polyomaviruses through the gastrointestinal tract
after exposure to virions or viral DNA. ] Virol 2001;75:10290-9.

McQuaig SM, Scott TM, Harwood V], Farrah SR, Lukasik JO. Detection of hu-
man-derived fecal pollution in environmental waters by use of a PCR-based hu-
man polyomavirus assay. Appl Environ Microbiol 2006;72:7567-74.

Bofill-Mas S, Rodriguez-Manzano ], Calgua B, Carratala A, Girones R. Newly
described human polyomaviruses Merkel cell, KI and WU are present in ur-
ban sewage and may represent potential environmental contaminants. Virol |
2010;7:e141.

Sabin AB. Perspectives on rapid elimination and ultimate global eradication of
paralytic poliomyelitis caused by polioviruses. Eur J Epidemiol 1991;7:95-120.
Graham DY Helicobacter pylori in human populations: the present and predic-
tions of the future based on the epidemiology of polio. In: Menge H, Gregor M,
Tytgat GNJ, et al., editors. Proceedings of the second international symposium on
Helicobacter pylori, Bad Nauheim, August 25-26, 1989. Berlin: Springer-Verlag;
1991. p. 97-102.

Feinstone SM, Gust ID. Hepatitis A virus. In: Richman DD, Whitley R],
Hayden FG, editors. Clinical virology. Washington, D.C.: ASM Press; 2002.
p. 1019-39.

Wong C, Vilchez RA, Quiroz J, Adam E, Butel JS. Ethnic differences in poly-
omavirus simian virus 40 seroprevalence among women in Houston, Texas. |
Infect 2013;66:67-74.

Butel JS, Jafar S, Wong C, Arrington AS, Opekun AR, Finegold M], et al. Evidence
of SV40 infections in hospitalized children. Hum Pathol 1999;30:1496-502.
Minor P, Pipkin P, Jarzebek Z, Knowles W. Studies of neutralising antibodies to
SV40 in human sera. | Med Virol 2003;70:490-5.

Kean JM, Rao S, Wang M, Garcea RL. Seroepidemiology of human poly-
omaviruses. PLoS Pathogens 2009;5:e1000363.

Abad-Gémez H, Piedrahita F, Solérzano R, da Silva MM. Communitywide vacci-
nation program with attenuated poliovirus in Andes, Colombia. ] Am Med Assoc
1959;170:906-13.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Abad Gomez H, Gaviria D, Piedrahita F, Galdés M, da Silva MM Vaccination
of 133,000 children under 10 years of age with live attenuated poliovirus in
Medellin, Colombia—preliminary report. In: Proceedings of the first international
conference on live poliovirus vaccines (Washington, D.C., 22-26 June 1959). Pa-
pers presented and discussions held. Washington, DC: Pan American Sanitary
Bureau; 1959. p. 458-63. Scientific Publication No. 44.

Serpa-Florez F, Maldonado-Romero D, Arguello-Pinzon A, Bahamon-Soto A,
Pineros-Bernal H. Mass immunization of children with oral, trivalent poliovirus
vaccine (Lederle strains). Pediatrics 1964;33:878-86.

da Silva MM, Berrios ML, Alcocer JJ] The use of attenuated poliovirus in an
epidemic area. In: Proceedings of the first international conference on live
poliovirus Vaccines (Washington, D. C., 22-26 June 1959). Papers presented
and discussions held. Washington, DC: Pan American Sanitary Bureau; 1959.
p. 464-82. Scientific Publication No. 44.

Alcocer JJ, Armijo R, da Silva MM Vaccination and challenge—poliomyelitis in
Nicaragua, 1959-1960. In: Proceedings of the second international conference
on live poliovirus vaccines (Washington, D.C., 6-10 June 1960). Papers pre-
sented and discussions held. Washington, DC: Pan American Health Organiza-
tion; 1960. p. 547-60. Scientific Publication No. 50.

Cabasso V], Jervis GA, Moyer AW, Roca-Garcia M, Orsi EV, Cox HR. Cumulative
testing experience with consecutive lots of oral poliomyelitis vaccine. Br Med |
1960;1(5170):373-87.

Duefias A, Adam E, Melnick JL, Rawls WE. Herpesvirus type 2 in a prostitute
population. Am J Epidemiol 1972;95:483-9.

Adam E, Hollinger FB, Melnick JL, Duefias A, Rawls WE. Type B hepatitis antigen
and antibody among prostitutes and nuns: a study of possible venereal trans-
mission. J Infect Dis 1974;129:317-21.

Thorell K, Bengtsson-Palme ], Liu OH, Gonzales RVP, Nookaew I, Rabeneck L,
et al. In vivo analysis of the viable microbiota and Helicobacter pylori tran-
scriptome in gastric infection and early stages of carcinogenesis. Infect Immun
2017;85:e00031-17.

Thorell K, Hosseini S, Gonzales RVP, Chaotham C, Graham DY, Paszat L,
et al. Identification of a Latin American-specific BabA adhesin variant through
whole genome sequencing of Helicobacter pylori patient isolates from Nicaragua.
BMC Evol Biol 2016;16:53.

Jafar S, Rodriguez-Barradas M, Graham DY, Butel ]S. Serological evidence
of SV40 infections in HIV-infected and HIV-negative adults. ] Med Virol
1998;54:276-84.

Nurgalieva ZZ, Wong C, Zhangabylov AK, Omarbekova ZE, Graham DY,
Vilchez RA, et al. Polyomavirus SV40 infections in Kazakhstan. | Infect
2005;50:142-8.

Butel JS, Wong C, Vilchez RA, Sziics G, Domok I, Kriz B, et al. Detection of anti-
bodies to polyomavirus SV40 in two central European countries. Cent Eur J Publ
Health 2003;11:3-8.

Meneses A, Lopez-Terrada D, Zanwar P, Killen DE, Monterroso V, Butel ]S,
et al. Lymphoproliferative disorders in Costa Rica and simian virus 40. Haema-
tologica 2005;90:1635-42.

Quirce JM, Méndez OV, Nuiiez ], Montoya JA, Brody J, Henderson DA, et al. Vac-
cination with attenuated polioviruses in Costa Rica. In: Proceedings of the first
international conference on live poliovirus vaccines (Washington, D.C., June
22-26, 1959). Papers presented and discussions held. Washington, D.C.: Pan
American Sanitary Bureau; 1959. p. 510-13. Scientific Publication No. 44.
Nuifiez ], Vargas-Méndez O, Guevara EC, Quirce JM, Montoya JA, Doany H,
et al. Vaccination with attenuated polioviruses in Costa Rica. Second progress
report. Section I. Vaccination program. Section II. Surveillance program. In:
Proceedings of the second international conference on live poliovirus vaccines
(Washington, D.C., June 6-10, 1960). Papers presented and discussions held.
Washington, D.C.: Pan American Health Organization; 1960. p. 561-8. Scientific
Publication No. 50.

Meinzen-Derr JK, Guerrero ML, Altaye M, Ortega-Gallegos H, Ruiz-Palacios GM,
Morrow AL. Risk of infant anemia is associated with exclusive breast-feeding
and maternal anemia in a Mexican cohort. J Nutr 2006;136:452-8.

Alvarez MR, Santos FG, Rivera LR, Mayes O Viral and serological studies in chil-
dren immunized with live poliovirus vaccine—preliminary report of a large trial
conducted in Mexico. In: Proceedings of the first international conference on
live poliovirus vaccines (Washington, D.C., 22-26 June 1959). Papers presented
and discussions held.. Washington, D.C.: Pan American Sanitary Bureau; 1959.
p. 483-94. Scientific Publication No. 44.

Alvarez MR, Bustamante ME, Alba RA Use of Sabin’s live poliovirus vaccine in
Mexico. Results of a large-scale trial. In: Proceedings of the second international
conference on live poliovirus vaccines (Washington, D.C., 6-10 June 1960). Pa-
pers presented and discussions held. Washington, D.C.: Pan American Health
Organization; 1960. p. 386-409. Scientific Publication No. 50.

Morris JA, Johnson KM, Aulisio CG, Chanock RM, Knight V. Clinical and serologic
responses in volunteers given vacuolating virus (SV4g) by respiratory route. Proc
Soc Exp Biol Med 1961;108:56-9.

Horvath LB. SV40 neutralizing antibodies in the sera of man and experimental
animals. Acta Virol 1972;16:141-6.

Engels EA, Switzer WM, Heneine W, Viscidi RP. Serologic evidence for ex-
posure to simian virus 40 in North American zoo workers. | Infect Dis
2004;190:2065-9.

Carter JJ, Madeleine MM, Wipf GC, Garcea RL, Pipkin PA, Minor PD, et al. Lack
of serologic evidence for prevalent simian virus 40 infection in humans. J Natl
Cancer Inst 2003;95:1522-30.

Corallini A, Mazzoni E, Taronna A, Manfrini M, Carandina G, Guerra G,
et al. Specific antibodies reacting with simian virus 40 capsid protein mimo-


http://dx.doi.org/10.13039/100000054
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0010
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0010
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0010
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0010
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0010
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0010
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0011
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0011
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0011
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0011
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0011
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0011
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0012
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0012
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0012
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0012
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0012
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0012
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0013
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0013
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0013
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0013
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0013
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0013
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0014
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0014
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0015
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0015
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0016
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0016
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0016
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0017
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0017
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0017
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0017
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0017
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0017
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0018
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0018
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0018
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0018
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0018
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0018
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0018
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0018
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0019
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0019
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0019
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0019
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0019
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0020
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0020
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0020
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0020
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0020
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0021
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0021
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0021
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0021
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0021
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0022
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0022
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0022
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0022
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0022
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0022
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0023
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0023
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0023
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0023
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0023
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0023
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0024
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0024
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0024
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0024
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0025
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0025
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0025
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0025
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0026
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0027
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0027
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0027
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0027
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0027
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0028
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0028
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0028
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0028
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0028
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0028
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0029
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0030
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0031
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0031
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0031
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0031
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0031
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0032
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0033
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0034
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0035
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0036
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0037
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0038
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0038
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0038
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0038
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0038
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0039
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0039
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0039
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0039
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0040
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0040
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0040
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0040
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0040
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0040
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0041
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0041
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0042
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0042
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0042
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0042
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0042
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0043
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0044

45.

46.

47.

48.

49.

50.

51.

=

52.

53.

54.

C. Wong, S. Zhang and E. Adam et al./Journal of Infection 78 (2019) 476-483

topes in serum samples from healthy blood donors. Hum Immunol 2012;73:
502-510.

Tognon M, Corallini A, Manfrini M, Taronna A, Butel ]S, Pietrobon S, et al. Spe-
cific antibodies reacting with SV40 large T antigen mimotopes in serum sam-
ples of healthy subjects. PLoS One 2016;11:e0145720.

Lundstig A, Eliasson L, Lehtinen M, Sasnauskas K, Koskela P, Dillner ]. Prevalence
and stability of human serum antibodies to simian virus 40 VP1 virus-like par-
ticles. J] Gen Virol 2005;86:1703-8.

Shah KV. Evidence for an SV40-related papovavirus infection of man. Am J Epi-
demiol 1972;95:199-206.

Shah KV, McCrumb FR], Daniel RW, Ozer HL. Serologic evidence for a simi-
an-virus-40-like infection of man. J Natl Cancer Inst 1972;48:557-61.
Zimmermann W, Scherneck S, Geissler E. Quantitative determination of papo-
vavirus IgG antibodies in sera from cancer patients, labworkers and several
groups of control persons by enzyme-linked immunosorbent assay (ELISA). Zen-
tralbl Bakteriol Mikrobiol Hyg 1983;254:187-96.

Rollison DEM, Helzlsouer K], Alberg AJ, Hoffman S, Hou ], Daniel R, et al. Serum
antibodies to JC virus, BK virus, simian virus 40, and the risk of incident adult
astrocytic brain tumors. Cancer Epidemiol Biomark Prev 2003;12:460-3.
Knowles WA, Pipkin P, Andrews N, Vyse A, Minor P, Brown DWG, et al. Popu-
lation-based study of antibody to the human polyomaviruses BKV and JCV and
the simian polyomavirus SV40. J] Med Virol 2003;71:115-23.

Engels EA, Chen ], Viscidi RP, Shah KV, Daniel RW, Chatterjee N, et al. Poliovirus
vaccination during pregnancy, maternal seroconversion to simian virus 40, and
risk of childhood cancer. Am J Epidemiol 2004;160:306-16.

Engels EA, Viscidi RP, Galloway DA, Carter JJ, Cerhan JR, Davis S, et al. Case-con-
trol study of simian virus 40 and non-Hodgkin lymphoma in the United States.
J Natl Cancer Inst 2004;96:1368-74.

Rollison DE, Helzlsouer K], Halsey NA, Shah KV, Viscidi RP. Markers of past
infection with simian virus 40 (SV40) and risk of incident non-Hodgkin lym-
phoma in a Maryland cohort. Cancer Epidemiol Biomark Prev 2005;14:1448-52.

55.

56.

57.

58.

59.

60.

61.

—_

62.

63.

483

Mazzoni E, Corallini A, Cristaudo A, Taronna A, Tassi G, Manfrini M, et al. High
prevalence of serum antibodies reacting with simian virus 40 capsid protein
mimotopes in patients affected by malignant pleural mesothelioma. Proc Natl
Acad Sci USA 2012;109:18066-71.

Taronna A, Mazzoni E, Corallini A, Bononi I, Pietrobon S, Guerra G, et al. Sero-
logical evidence of an early seroconversion to simian virus 40 in healthy chil-
dren and adolescents. PLoS One 2013;8:e61182.

Comar M, Wong C, Tognon M, Butel ]S. Neutralizing and IgG antibod-
ies against simian virus 40 in healthy pregnant women in Italy. PLoS One
2014;9(10):e110700.

Mazzoni E, Gerosa M, Lupidi F, Corallini A, Taronna AP, D’'Agostino A, et al. Sig-
nificant prevalence of antibodies reacting with simian virus 40 mimotopes
in sera from patients affected by glioblastoma multiforme. Neuro-Oncology
2014;16:513-19.

Tognon M, Luppi M, Corallini A, Taronna A, Barozzi P, Rotondo ]JC, et al. Im-
munologic evidence of a strong association between non-Hodgkin lymphoma
and simian virus 40. Cancer 2015;121:2618-26.

Mazzoni E, Benassi MS, Corallini A, Barbanti-Brodano G, Taronna A, Picci P,
et al. Significant association between human osteosarcoma and simian virus 40.
Cancer 2015;121:708-15.

Mazzoni E, Guerra G, Casali MV, Pietrobon S, Bononi I, Puozzo A, et al. Antibod-
ies against mimotopes of simian virus 40 large T antigen, the oncoprotein, in
serum samples from elderly healthy subjects. J Cell Physiol 2017;232:176-81.
Mazzoni E, Di Stefano M, Fiore JR, Destro F, Manfrini M, Rotondo JC, et al. Serum
IgG antibodies from pregnant women reacting to mimotopes of simian virus 40
large T antigen, the viral oncoprotein. Front Immunol 2017;8:411.

Mazzoni E, Bononi I, Benassi MS, Picci P, Torreggiani E, Rossini M, et al. Serum
antibodies against simian virus 40 large T antigen, the viral oncoprotein, in os-
teosarcoma patients. Front Cell Dev Biol 2018;6:64.


http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0044
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0045
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0046
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0047
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0047
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0048
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0048
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0048
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0048
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0048
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0049
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0049
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0049
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0049
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0050
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0051
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0051
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0051
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0051
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0051
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0051
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0051
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0051
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0052
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0052
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0052
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0052
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0052
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0052
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0052
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0052
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0053
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0053
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0053
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0053
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0053
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0053
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0053
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0053
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0054
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0054
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0054
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0054
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0054
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0054
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0055
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0055
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0055
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0055
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0055
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0055
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0055
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0055
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0056
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0056
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0056
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0056
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0056
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0056
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0056
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0056
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0057
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0057
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0057
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0057
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0057
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0058
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0058
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0058
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0058
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0058
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0058
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0058
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0058
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0059
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0059
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0059
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0059
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0059
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0059
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0059
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0059
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0060
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0060
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0060
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0060
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0060
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0060
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0060
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0060
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0061
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0061
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0061
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0061
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0061
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0061
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0061
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0061
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0062
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0062
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0062
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0062
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0062
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0062
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0062
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0062
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0063
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0063
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0063
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0063
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0063
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0063
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0063
http://refhub.elsevier.com/S0163-4453(19)30119-7/sbref0063

	SV40 seroprevalence in two Latin American countries involved in field trials of candidate oral poliovaccines
	Introduction
	Materials and methods
	Vaccination histories in Colombia and Nicaragua
	Serum samples
	Serum neutralization assay
	Statistical analysis

	Results
	SV40 seroprevalence among Colombian and Nicaraguan subject groups
	Effect of age on SV40 seroprevalence
	Effects of gender and ethnicity on SV40 seroprevalence

	Discussion
	Author contributions
	Conflict of interest
	Acknowledgments
	Funding statement
	References


