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Cancer risk assoclated with
receipt of vaccines contaminated
with simian virus 40:
epidemiologic research

Eric AEngels

Simian virus (SV)40 was an accidental contaminant of poliovirus vaccines used widely in
the USA and other countries in 1955-1962. Exposure to SV40 via contaminated vaccines
has led to concern as SV40 causes cancer in laboratory animals. In addition, some
laboratories, although not all, have detected SV40 DNA in human tumors including
mesothelioma, certain brain tumors, osteosarcoma and non-Hodgkin’s lymphoma. This
article reviews the data regarding contamination of poliovirus vaccines with SV40 and
summarizes the results from epidemiologic studies of vaccine recipients. Long-term
follow-up studies have not revealed recipients of SV40-contaminated poliovirus vaccines
to be at an increased risk for cancer. Thus, these studies are somewhat reassuring and
indicate that either SV40 does not readily infect humans or, following infection, does not
cause cancer. Recognizing that the history of SV40 contamination of vaccines highlights

an inherent risk of contamination of vaccines with adventitious agents, the Institute of
Medicine recently called for the development of a comprehensive US plan to prevent
vaccine contamination and respond to potential contamination events when they arise.
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A major challenge to the safety of vaccines and
other biologic products is the possibility that
extraneous infectious agents may inadvert-
ently be incorporated. Such agents may then
be transmitted accidentally to recipients of
these products, perhaps causing untoward
effects. This unfortunate possibility is obvi-
ously greatest when the adventitious agent has
not previously been described.

The accidental contamination of early polio-
virus vaccines and several other less widely used
vaccines with simian virus (SV)40, a primate
polyomavirus, represents an example of wide-
spread exposure to an adventitious virus present
in a biologic product. In 1960, SV40 was dis-
covered by Sweet and Hilleman as a frequent
infection of monkeys and contaminant of har-
vested kidney tissue, which was used to grow
poliovirus vaccine stocks [1]. During the period
from 1955, when poliovirus vaccines were first
administered in public health campaigns, until

1963, when the vaccine in use was free of
SV40, it is estimated that tens of millions of
people in the USA and other countries received
SV40-contaminated poliovirus vaccines [2].
Exposures to SV40 raises concern as it can
cause various malignancies (e.g., sarcomas,
brain tumors and leukemia) when injected into
laboratory rodents [3], especially in the new-
born period [4). Virtually simultaneously with
Sweet and Hillman’s identification of SV40,
Eddy and colleagues described the induction of
soft-tissue sarcomas in newborn hamsters
injected subcutaneously with extracts of mon-
key kidney cells (51 and demonstrated that the
tumor-inducing agent was SV40 [e]. Virally
induced transformation is driven by the SV40
T-antigen protein, which inhibits the activity of
the cellular tumor-suppressor proteins, p53 and
pRb [71. Motivating further interest regarding
SV40 as a cause of cancer in humans, some lab-
oratory investigators have used highly sensitive
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polymerase chain reaction (PCR) methods to detect SV40 DNA
in human tumors of various types including mesothelioma, cer-
tain rare brain tumors (i.e., ependymoma and choroid plexus
tumors), osteosarcoma and non-Hodgkin's lymphoma [s-11].
While the frequency of detection has varied widely, in some
studies the proportion of SV40-positive tumors has been high
(e.g., 42% for non-Hodgkin’s lymphoma [21] and 60% for meso-
thelioma r97). However, other studies have not detected SV40
DNA in these tumor types [12-16]. Thus, although the positive
reports have raised concern, the lack of reproducibility of SV40
DNA detection across laboratories has left it unclear whether
SV40 is present in human tumors [3].

While an unfortunate accident, the occurrence of widespread
exposure of individuals to SV40 via contaminated vaccines
presents an opportunity to examine the possible cancer-induc-
ing effects of this virus in humans. If SV40 causes cancer in
humans, recipients of SV40-contaminated vaccines should have
an increased risk of cancer. Detection of a heightened cancer
risk would have important biologic and public health implica-
tions. This review summarizes epidemiologic evidence regard-
ing whether widespread use of SV40-contaminated vaccines has
led to such an increase in cancer.

Vaccine-related exposures to SV40

A cornerstone of the ongoing conquest of poliomyelitis was the
development of poliovirus vaccines and their use in large-scale
vaccination campaigns beginning in the 1950s. These vaccines,
produced in macaque Kidney tissue cells, also represented the
most widespread, generally recognized exposure of humans to
SV40. As most poliovirus vaccine used in the USA during the
1950s and early 1960s was the Salk inactivated poliovirus vac-
cine (IPV), it represents the principal known source of SV40
exposure in the USA.

IPV was introduced in the USA in 1955 following a success-
ful field trial involving over 400,000 schoolchildren. By July
1955, IPV had been administered to 6 million US children of
6-8 years of age. Over time, IPV campaigns were implemented
much more widely, involving additional age groups. As of Sep-
tember 1961, 98 million individuals under 60 years of age
(62% of the population in that age range) had received at least
one dose and many had received multiple doses [17. Among
children (0-19 years of age) who were especially targeted by
public health officials, 88% had received at least one dose and
nearly 50% had received at least four doses of IPV.

Poliovirus for vaccine production was grown in kidneys har-
vested from both rhesus and cynomolgus macaques. SV40
commonly infects rhesus macaques in the wild and SV40 is
readily transmitted to cynomolgus macaques in captivity [2].
Therefore, SV40 was frequently present in kidneys harvested
for poliovirus vaccine production. Two tissue culture methods
were used to grow pools of vaccine virus [21. In the Maitland
method, poliovirus was grown in a cell culture prepared from
the minced kidney of a single monkey. In the monolayer
method, virus was produced in a cell monolayer derived from
the kidneys of dozens of monkeys, which would be expected to

lead to universal contamination of the culture with SV40. The
final step in IPV production involved formalin inactivation of
poliovirus. SV40 is relatively resistant to formalin inactivation
and thus low levels of live SV40 frequently remained present in
lots of IPV [1s].

As most US lots of vaccine were produced using the Maitland
culture method and because formalin inactivated much of the
live SV40 in the finished product, it has remained uncertain
how much live SV40 was present in US IPV. Testing of lots
released in the first year of public vaccination campaigns indi-
cated that 71% of American states used lots of IPV that con-
tained live SV40 [19]. The titer of live SV40 present in IPV var-
ied but was substantially lower than in the cultures from which
it was derived. Gerber and colleagues estimated that some IPV
doses contained up to 2000 viral particles/ml 18]. The amount
of live SV40 that neonates received by injection in a vaccine
immunogenicity trial was 10-50 TCIDg, (where TCIDg is
defined as the amount of virus needed to infect 50% of a tissue
culture [20) less than the amount typically required to induce
tumors in experimental animals [4].

Another indication that SV40 was present in IPV is provided
by data on SV40 seroconversions following vaccinations. Sero-
conversion rates provide an upper bound on the proportion of
people infected with SV40, because some individuals could also
have seroconverted due to the presence of formalin-inactivated
virus proteins or rapid clearance of live S\V40. Estimates of the
proportion of individuals who seroconverted following one or
more doses of pre-1963 IPV range widely (4-92%) in studies
based in the USA and UK [1,21-23]. This wide variability might
reflect uneven contamination of IPV produced using the Mait-
land method, variable amounts of live SV40 in vaccines or dif-
ferent assay methods. It has been difficult to synthesize these
limited data to estimate the overall frequency of SV40 contam-
ination of IPV in the USA. However, Shah and Nathanson esti-
mated that 10-30% of the 98 million people who had received
IPV by 1961 were exposed to live SV40 through vaccination [2].

The Sabin oral poliovirus vaccine (OPV) was not licensed in
the USA until 1963 and thus was not administered as widely as
IPV during the period associated with SV40 contamination of
vaccines (1955-1962). As OPV s a live vaccine not treated
with formalin, OPV lots that contained SV40 had titers of
SV40 that were much higher than those present in IPV. Mor-
timer and colleagues reported titers of live SV40 of
10*°-10" TCIDg, units/ml of OPV [20]. Some studies, but not
others, reported that SV40 was shed in stool for several weeks
following OPV ingestion, suggesting that SV40 can transiently
infect cells at enteric sites 2. However, SV40 seroconversion
was not observed following receipt of OPV, indicating that sys-
temic infection probably did not occur after oral exposure [1,21].

Another type of vaccine that was widely contaminated with
SV40 was the adenovirus vaccine developed by the US mili-
tary. Several versions of the vaccine were developed and evalu-
ated in field trials in the US Army and Navy [24-26]. In vaccine
production, adenovirus was propagated in macaque kidney
tissue. Importantly, adenoviruses grow poorly in this culture
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system unless SV40 was also present as a helper virus [27].
Therefore, as a result of strong positive selection, nearly all ade-
novirus seeds and vaccine pools grown from them, became con-
taminated with SV40 [1,28). This situation is unlike poliovirus
vaccine contamination, which was not uniform, as SV40 is not
a cofactor for poliovirus replication in vitro. As for poliovirus
vaccines, formalin treatment of the final vaccine product would
not have inactivated all of the live SV40 present. In 1961, Ger-
ber and colleagues tested three samples of formalin-inactivated
adenovirus vaccine and all contained live SV40 [1g]. In addition,
100% of nine evaluated subjects seroconverted to SV40 in one
early Army adenovirus vaccine trial [11. Therefore, available evi-
dence points to frequent SV40 contamination of this vaccine.
However, because the vaccine was used only in the US military
over a limited period, it has not been considered a major source
for SV40 exposure in the general US population.

The discovery of SV40 led to changes in the manufacture
and testing of vaccines which have eliminated SV40 from US
vaccine products 2. A June 1961 memorandum from the
director of the Division of Biologics Standards, National Insti-
tutes of Health (MD, USA) stated that no lots of IPV could
subsequently be released without a negative tissue culture test
for SV40. However, previously released vaccine lots were not
withdrawn. Accounting for storage time and shelf life, it is esti-
mated that SV40-contaminated IPV is likely to have been in
use in the USA until the end of 1962, but from 1963, IPV in
use in the USA was free of SV40. The Army’s adenovirus vac-
cine was withdrawn in mid-1961 due to manufacturing diffi-
culties and concerns regarding SV40 contamination. An oral
adenovirus vaccine, free of SV40, was later reintroduced into
US military use.

OPV was required to be SV40-free upon its licensure in
1963. The absence of SV40 contamination is supported by
steps in vaccine production and evaluations specified in US reg-
ulations [2¢9]. Using sensitive PCR methods, Sierra-Honigman
and Krause evaluated 30 OPV lots released in the USA from
1972 to 1996 [30]. Likewise, Sangar and colleagues evaluated
OPV utilized in the UK from 1966 through to the 1990s [31].
Both studies found no evidence of SV40 contamination in
these lots of poliovirus vaccine.

Cancer risk in recipients of SV40-contaminated vaccines

Epidemiologic studies of individuals who received SV40-con-
taminated vaccines provide valuable data regarding the poten-
tial relationship between SV40 and cancer. The premise of
these studies is that, if SV40 causes cancer, cancer incidence or
mortality will be higher in vaccinated than in unvaccinated
groups. Thus, the studies rely on documentation that the vac-
cine under consideration was contaminated by SV40 and on
the ability to determine which individuals actually received the
vaccine. These epidemiologic studies have ascertained cancer
outcomes in vaccine-exposed and -unexposed individuals,
through active follow-up or the use of population-based cancer
registries. The major studies are summarized in TABLE1 and
several are reviewed in more detail in the following paragraphs.

Cancer in recipients of SV40-contaminated vaccines

Mortimer & colleagues and Carroll-Pankhurst & colleagues

In 1960-1962, 1073 neonates in Cleveland (OH, USA) partic-
ipated in a study of the immunogenicity of poliovirus vaccine
administered in the first few days of life [20]. In the study, 86%
received OPV, while 14% received IPV. Subsequent testing
revealed that all vaccine lots used in the trial contained live
SV40 at varying titers [207. With the documented exposure to
live SV40 at a very young age, this cohort provides valuable
information on the effects of early life exposure to SV40.

Two long-term follow-up studies of these individuals have
been conducted [20,32]. In the first, investigators contacted par-
ents about the health status of the vaccinated children in
1976-1979, when the children were 13-19 years of age [20].
They also matched a list of the vaccinated children against med-
ical and registry records. They found that 15 children had died
but no death was from cancer. One child had developed a sali-
vary gland tumor reported to have a low degree of malignancy.
No other cancers were noted.

In the second study, identifying information on these indi-
viduals was matched against the US National Death Certificate
Registry to ascertain additional deaths up to 1996 [32). Only
four cancer-related deaths were found (relative risk 1.3 com-
pared with the general population, 95% confidence interval
[CI]: 0.3-3.2). Two deaths were due to leukemia, but these
were of different types and did not represent a significant excess
(relative risk 4.2, 95% CI: 0.5-16) and two deaths were attrib-
uted to testicular cancer (relative risk 37, 95% CI: 4.5-130).
The increased mortality from testicular cancer was unexpected,
since no data from animal experiments support an etiologic
link with SV40. The investigators speculated that this increase
arose because of late diagnosis or poor treatment of testicular
cancer in this largely inner-city population [32].

Engels & colleagues

Highly informative data regarding the cancer risk associated
with receipt of SV40-contaminated poliovirus have come from
Denmark [33]. IPV was first administered in Denmark in April
1955. Danish public health officials mounted a concerted cam-
paign especially targeted at children and young adults, and
these efforts were maintained through the early 1960s. By April
1962, approximately 90% of children 9 months of age or older
had received at least one dose of IPV and most had received
three to four doses. Of note, Danish vaccine, unlike US vac-
cine, was grown using a monolayer tissue culture method,
greatly increasing the likelihood of SV40 contamination.
Indeed, in late 1961, testing revealed that all nine evaluated lots
of IPV previously used in vaccination campaigns contained live
SV40. Vaccine production was halted and from 1963, all Dan-
ish IPV was free from SV40. Hence, almost all Danish children
alive in 1955-1962 were exposed to live SV40 on multiple
occasions through injection. Engels and colleagues examined
the cancer incidence in Denmark for three birth cohorts with
varying exposures to SV40-contaminated IPV: the 1946-1952
birth cohort, who were vaccinated in 1955 when the vaccine
first became available (exposed as young children); the
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Table 1. Selected epidemiologic studies of recipients of SV40-contaminated vaccines.

Study Population, dates of Exposure/measure Major Follow-up Association of cancer Ref.
vaccination outcomes* duration/method outcome with
vaccine exposure
Fraumeni 1963 7.6 million US children, 1PV withvarying SV40 Leukemia; 4 years, registry ~ No increase [19]
6-8 years of age, levels documented;  mortality
vaccinated in 1955 birth cohort
Mortimer 1981 1073 US children, IPV or OPV with All cancer types; 36 years, direct No increased incidence;  [20,32]
Carroll-Pankhurst neonates, vaccinated in documented SV40, incidence and follow-up and only four cancer deaths
2001 1960-1962 received in trial mortality registry (RR 1.3 vs. general
population)
Strickler 1998 US SEER areas, children IPV with presumed  Ependymoma, 38 years, registry  No increase [53]
vaccinated in SV40; birth cohort  osteosarcoma,
1956-1962 mesothelioma;
incidence
Engels 2003 39,468 US people with IPV with presumed  AlDS-associated 41 years, registry ~ No increase compared [54]
AIDS, vaccinated as SV40; birth cohort  NHL; incidence with individuals with
children in 1955-1962 AIDS who did not
receive vaccine
Engels 2003 Denmark, children IPV with Ependymoma, 42 years, registry  No increase [33]
vaccinated 1955-1962 documented SV40;  osteosarcoma,
birth cohort mesothelioma,
NHL; incidence
Strickler 2003 US SEER areas, children IPV with presumed  Mesothelioma; 42 years, registry ~ No increase [55]
and adults vaccinated  SV40; birth cohort  incidence
in 1955-1962
Engels 2004 12,334 US children IPV or OPV with Hematologic 8 years, direct Increase in hematologic [23]
whose mothers presumed SV40; malignancies, follow-up malignancies, largely
received vaccine maternal interview  neural tumors; leukemia (RR 2.5),
during pregnancy and records incidence and neural tumors,
largely neuroblastoma
(RR 2.5). See text for
additional details
Rollison 2004 205,000 US Army Adenovirus vaccine; Brain tumors, 35 years, hospital  No increase [35]
recruits, vaccinated in  dates of entry into  mesothelioma,  records
1960-1961 US Army NHL; incidence

*Types of cancer evaluated and measure of risk (incidence or mortality). IPV: Inactivated poliovirus vaccine; NHL: Non-Hodgkin’s lymphoma; OPV: Oral poliovirus vaccine;
RR: Relative risk; SEER: Surveillance, Epidemiology and End Results Program; SV: Simian virus.

1955-1961 birth cohort, who were vaccinated at approxi-
mately 9 months of age or soon thereafter (exposed as infants);
and the 1964-1970 birth cohort, who were unexposed as they
were born after vaccines were cleared of SV40.

Using data obtained from the Danish Cancer Registry,
FIGURE 1 depicts the incidence of all cancers combined and sev-
eral specific cancer types of interest for the three birth cohorts.
For each cancer outcome, the two SV40-exposed cohorts had
similar incidence compared with the unexposed cohort.
Indeed, the cohort exposed to SV40-contaminated vaccine as
infants had slightly lower risk than the unexposed cohort for
some outcomes, even though neonatal exposure to SV40 carries
the greatest cancer risk in experimental animal models [4]. Data
for mesothelioma were limited by small numbers (n = 57 in all
three cohorts) but the small number of cases itself indicates a
lack of effect of vaccination on risk for this malignancy.

Engels & colleagues
A recent study evaluated the relationship between maternal
receipt of SV40-contaminated poliovirus vaccines during preg-
nancy and cancer risk in the subsequently born children [23].
Engels and colleagues used data collected in the Collaborative
Perinatal Project (CPP), a US-based cohort study that enrolled
pregnant women between 1959 and 1966. The cohort com-
prised of 54,796 children born to these 44,621 mothers. Over-
all, 21,649 children (39.5%) had mothers who received polio-
virus vaccine (IPV or OPV) during pregnancy: 12,334 children
(22.5%) had mothers who received pre-1963 poliovirus vaccine
(mostly IPV) and 9315 (17.0%) had mothers who received
poliovirus vaccine produced after 1963.

During follow-up to their eighth birthday, 52 children
developed cancer, comprising 22 hematologic malignancies,
18 neural tumors and 12 miscellaneous tumors. Compared
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Cancer in recipients of SV40-contaminated vaccines
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Figure 1. Age-specific cancer incidence in three Danish cohorts with varying exposure to SV40-contaminated poliovirus vaccine. Incidence
data are shown for all cancers combined (A), mesothelioma (B), all brain and nervous system tumors combined (C), all bone tumors combined (D),
osteosarcoma (E), and non-Hodgkin's lymphoma (F). The three birth cohorts are 1946-1952 (exposed to SV40-contaminated poliovirus vaccine as
children, orange line), 1955-1961 (exposed to SV40-contaminated poliovirus vaccine as infants, black line) and 1964-1970 (unexposed, blue line).
Both observed incidence (thin lines) and fitted estimates derived from a regression model (thick lines) are shown. Incidence is per 100,000 person-years
(vertical scales vary). The figure is from Engels and colleagues [33], used with permission from Oxford University Press.
SV: Simian virus.
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with children whose mothers received no poliovirus vaccine or
only post-1963 poliovirus vaccine, children whose mothers
had received pre-1963 poliovirus vaccine had an increased risk
for hematologic malignancies (relative risk 2.5, 95% CI:
1.1-5.6) and neural tumors (relative risk 2.5, 95% CI:
1.0-6.3). However, 17 of the hematologic malignancies were
leukemias, while the most common type of neural tumor was
neuroblastoma (seven cases). Laboratory studies have not iden-
tified SV40 in childhood leukemia or neuroblastoma speci-
mens [8,34]. Conversely, considering childhood tumors with a
proposed relationship to SV40, there was only one CPP child
who developed ependymoma and this child’s mother had not
received poliovirus vaccine during pregnancy; there were no
cases of choroid plexus tumor or osteosarcoma.

In order to further explore whether SV40 was responsible
for malignancies arising in these children, the investigators
obtained paired sera from mothers during pregnancy for 50 of
the CPP children with cancer and 200 control children. Two
assays were used to measure antibodies to the capsid of SV40.
SV40 seroconversion during pregnancy (i.e., the transition
from seronegative to seropositive status) was considered a
marker for vaccine-related SV40 infection, which was postu-
lated to carry an especially high risk of transmission from
mother to child. Notably, SV40 seroconversions in these
women were uncommon and not consistently related to either
the cancer status of the children or whether the mothers
received pre-1963 IPV. Indeed, only six children with cancer
had mothers who seroconverted to SV40, according to either
assay during pregnancy, and the malignancies that developed
in these six children have not otherwise been linked with
SV40 (two neuroblastomas, one astrocytoma, two leukemias
and one fibrosarcoma).

Given the distribution of cancer types arising in CPP chil-
dren and the lack of frequent seroconversions among their
mothers, it is difficult to attribute these cancers to SV40
infections acquired by the children following their mothers’
vaccinations. It appears likely that the relationship between
maternal receipt of the poliovirus vaccine and risk of cancer in
children was related to risk factors other than SV40, that are
yet to be identified.

Rollison & colleagues

A single study has examined the cancer risk associated with
receipt of the US Army’s adenovirus vaccine [35]. As described,
there is substantial evidence suggesting that early adenovirus
vaccines were widely contaminated with SV40. The US Army
began routine use of a parenteral adenovirus vaccine in 1960.
Adenovirus vaccine was given to all recruits entering Army serv-
ice between February and April 1960, but production difficul-
ties then interrupted vaccination until August 1960 when it
resumed [26]. Recruits were again routinely vaccinated from
August 1960 through to May 1961, after which vaccination
ceased because supplies once more became limited. Other evi-
dence indicates that this vaccine was withdrawn specifically due
to concerns regarding contamination with SV40 [3e].

In order to examine the possible relationship between receipt
of SV40-contaminated adenovirus vaccine and cancer risk, Rolli-
son and colleauges used Veterans Administration records to iden-
tify cases of mesothelioma, brain tumors, non-Hodgkin’s lym-
phoma, colon cancer and lung cancer among men entering the
US Army between 1959 and 1961 [35]. The first three diagnoses
were considered as types of cases, while colon and lung cancer
patients were treated as controls, since these malignancies are not
generally thought to be related to SV40. Linkage between Veter-
ans Administration and military databases allowed the assign-
ment of exposure status (i.e., entry into the Army during a period
of use or nonuse of SV40-contaminated adenovirus vaccine) to
these individuals. Compared with controls, a similar prevalence
of exposure to adenovirus vaccine was found in individuals with
mesothelioma (odds ratio 1.49, 95% CI: 0.38-5.88), brain
tumors (odds ratio 0.76, 95% CI: 0.48-1.20), or non-Hodgkin's
lymphoma (odds ratio 0.98, 95% CI: 0.65-1.47). These results
indicate that exposure to adenovirus vaccine did not lead to a
measurable increase in cancer risk.

Expert opinion

As described above, epidemiologic studies that have followed
recipients of SV40-contaminated vaccines (mostly IPV) have not
revealed these individuals to have increased cancer risk. There are
several possible biologic explanations of these consistently negative
results, which have different implications regarding the possibility
that SV40 was transmitted from vaccines and whether the virus
causes cancer in humans. One explanation is that S\V40 is a com-
mon infection in humans, such that a slight increase in the preva-
lence of infection conveyed by vaccination did not result in a
measurable increase in cancer incidence. A related explanation is
that SV40 was initially an uncommon infection of humans but
vaccination campaigns introduced SV40 into the population, that
is, the spread of S\V40 from vaccinated to unvaccinated individuals
has blunted the differences in subsequent cancer risk.

This explanation is not supported by existing data. First, SV40
does not appear to be a frequent infection of humans. Antibodies
to the SV40 capsid are detected in only approximately 5-10% of
the general population in the USA and Europe [371. Furthermore,
SV40 antibody responses are mostly low level and appear to arise
from cross-reactive antibodies to the common human polyoma-
viruses BK and JC [37,38]. BK and JC viruses are shed in human
urine, while SV40 is shed in macaque urine [39]. However, SV40
is not found in human urine or sewage [40,41]. The lack of detec-
tion of SV40 in human urine, while BK and JC are readily
detected, argues against frequent replicative infection and ready
transmission between humans.

Second, there is no evidence to suggest that recipients of SV40-
contaminated vaccines transmitted the virus to others. In the CPP
study 23], SV40 antibody responses were somewhat weak, even in
mothers who received IPV during pregnancy and whose children
developed cancer. This observation is not consistent with trans-
mission of vaccine-acquired SV40 to children, since primary
infection of mothers would be expected to be accompanied by a
robust humoral antibody response. Without viral replication in
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the vaccine recipients, subsequent spread to secondary hosts
would not occur. Likewise, OPV recipients may have excreted low
levels of SV40 in stool following vaccination [21. However, as
receipt of SV40-contaminated OPV did not cause systemic infec-
tion of the vaccinees themselves, it seems unlikely that low-level
shedding would have led to fecal—oral transmission of SV40.

Another explanation is that SVV40 infection was not conveyed
by exposure to contaminated vaccines, either because live S\V40
was not present or exposure by this route did not lead to infec-
tion. As reviewed above, existing data regarding vaccine pro-
duction methods and contemporaneous testing of vaccine lots
revealed that live SV40 was often present in vaccine products
administered from 1955 to 1962. Although poliovirus vaccines
produced using the Maitland method were inconsistently con-
taminated, live SV40 was present almost universally in other
vaccines (e.g., Danish IPV and US Army adenovirus vaccine).

While it is clear that vaccines contained live SV40, did expo-
sures to these vaccines lead to actual infections, that is, persist-
ent presence of SV40 within the host? The answer to this ques-
tion is unknown. Although vaccine-related exposures to SV40
by respiratory or oral routes reportedly led to short-lived shed-
ding of virus [2,42], the shed SV40 could have represented direct
passage of inoculated virus without systemic infection. Forma-
lin-inactivated vaccines contained relatively low amounts of live
SV40. While SV40 seroconversion rates associated with vacci-
nation generally paralleled the frequency of contamination of
the vaccines, seroconversion might have reflected an immune
response to an abortive SV40 infection. These considerations
raise an overarching question, as yet unanswered, of whether
humans can be infected with SV40 at all. However, one might
expect that, if humans can be infected with SV40 by any route,
exposure by injection on multiple occasions at a very young
age, as experienced by many IPV recipients in the 1955-1962
period, would have led to infection.

A final possible explanation is that SV40 does not cause can-
cer in humans. If receipt of SV40-contaminated vaccines could
lead to infection and if SV40 causes cancer in humans, then
one would expect vaccine recipients to have an increased risk of
cancer. Many IPV recipients were very young children, for
whom SV40 exposures might be postulated to convey substan-
tial cancer risk and many received multiple doses of contami-
nated vaccine 4. Therefore, one tenable interpretation of the
negative data from epidemiologic studies of vaccine recipients is
that SV40 does not cause cancer in humans.

In reviewing research published before early 2002, the Insti-
tute of Medicine Immunization (IOM) Safety Review Commit-
tee recently concluded that the ‘evidence is inadequate to accept
or reject a causal relationship between SV40-containing polio
vaccines and cancer’ [3]. In particular, the Committee was con-
cerned that epidemiologic studies of vaccine recipients were eco-
logic, that is, exposure to SV40 or SV40-contaminated vaccines
was not actually measured but was instead inferred from group
characteristics, such as birth year, that serve as surrogates for vac-
cine exposure. As these surrogates are imperfect, ecologic studies
are often considered inadequate for guiding inference.

Cancer in recipients of SV40-contaminated vaccines

However, it can be argued that the epidemiologic studies
described above are not actually ecologic studies. As noted, cer-
tain vaccines during 1955 to 1962 were widely contaminated
with live SV40. Exposure to these vaccines was either docu-
mented explicitly (e.g., in the study of Cleveland neonates or
the CPP study) or could be reliably determined because almost
all individuals in well-defined demographic groups received
these vaccines (e.g., Denmark, where almost all children were
vaccinated with IPV, or the US Army, where all Army recruits
in certain periods received adenovirus vaccine). No other route
of infection has been demonstrated for SV40. If exposure and
lack of exposure to SV40-contaminated vaccines can be accu-
rately identified on the basis of birth year or other characteris-
tics, then follow-up studies of vaccine-exposed cohorts cease to
be ecologic studies. Three of the epidemiologic studies dis-
cussed above were published after the Committee’s report and
thus were unavailable for their review.

Epidemiologic studies of recipients of SV40-contaminated
vaccines thus do have etiologic implications; they indicate that
either SV40 does not readily infect humans or, following infec-
tion, does not cause cancer. These conclusions are in accord
with those reached in case-control studies of cancer that have
used serologic markers of S\V40 exposure or infection [3843,44].
In those studies, the prevalence of antibodies to SV40 capsid
was similarly low in cases and controls (approximately 5-10%),
demonstrating an absence of association between SV40 and
cancer. Furthermore, among seropositive individuals, the level
of SV40 antibody was low and could mostly be attributed to
cross-reactive antibodies to BK and JC viruses [371. In another
study, antibodies to the SV40 T-antigen were measured in non-
Hodgkin’s lymphoma cases and controls 5. Only 6% of cases
and 5% of controls had detectable antibody. Antibodies were
again weak compared with animals with S\V40-induced tumors,
who made much stronger responses to T-antigen.

It has been difficult to reconcile these convincingly nega-
tive epidemiologic studies with laboratory studies describing
the detection of SV40 DNA in human tumors [s-11]. As men-
tioned, other studies have not detected SV40 DNA in these
same tumor types [12-16]. Unfortunately, methodologic diffi-
culties with some studies have clouded the interpretation of
the laboratory data (3. Many studies have not incorporated
negative controls into their experiments or masked the case-
control status of specimens. When detected, SV40 DNA
appears to be present at a very low copy number (i.e., sub-
stantially less than one copy per tumor cell) [14,15.46]. This
observation is inconsistent with animal models for SV40-
induced malignancies, where SV40 T-antigen expression is
detected within each tumor cell (4749, indicating the pres-
ence of viral DNA in each tumor cell. Of note, SV40 DNA
has been incorporated into over 200 plasmids used in labora-
tories worldwide and contamination of PCR experiments by
plasmids remains a possible explanation for positive findings
0. Only two multicenter studies have attempted to evaluate
SV40 DNA in a masked experiment. In one study, the par-
ticipating laboratories failed to reproducibly find SV40 DNA

www.future-drugs.com

203



Engels

in any mesothelioma specimen [i6]. In the second study,
SV40 DNA was detected in most mesothelioma specimens,
but the positive specimens varied among laboratories and
masked negative controls were not included [51].

Recently, Lopez-Rios and colleagues described results of
experiments supporting PCR contamination as a plausible
explanation for at least some of the many reported detections of
SV40 DNA [15]. Using two sets of PCR primers from the T-
antigen region of SV40, they amplified SV40 DNA sequences
from 56-62% of mesothelioma specimens. However, they
observed that their results were inconsistent across experiments
and that negative control specimens were occasionally positive
as well. Realizing that their PCR primers would amplify SV40
sequences that had been incorporated into multiple cloning
vectors, Lopez-Rios and colleagues then selected alternative
PCR primers from an intron region of T-antigen absent from
plasmids [s0]. Using this new set of primers, only 6% of mes-
otheliomas were positive for SV40 DNA and the amount of
SV40 appeared to be very low. Finally, they utilized an addi-
tional set of primers that spanned two discontinuous regions of
SV40 DNA that had artificially been spliced together in con-
structing plasmids. This set of PCR primers amplified SV40
sequences in 36% of mesothelioma specimens. Remarkably,
however, in each case of amplification, the DNA fragment
length corresponded to that predicted by the joining together
of the two distant regions in plasmids, rather than the much
longer sequence, including the intervening region, that was
found in SV40 itself. The authors concluded that the inconsist-
ent, low-level detection of SV40 DNA in mesothelioma speci-
mens in their laboratory, and perhaps other laboratories, was
likely to be the result of contamination of PCR reagents or tis-
sue specimens by cloning vectors [15]. Likewise, recent studies
that have used immunohistochemistry have failed to identify
the presence of T-antigen in tumor cells [15,521. Therefore, it
remains uncertain whether SV40 DNA is actually present in
human tumors. As this question is important in resolving
whether SV40 might cause cancer in humans, the IOM urged
the development of improved, standardized methods for SV40
detection in tumors and the application of these methods in
rigorously designed experiments [3].

In conclusion, the epidemiologic studies of vaccine recipients
offer useful biologic information and a somewhat reassuring public
health message, namely, that contamination of vaccines with SV40
did not lead to a measurable increase in cancer risk. However, con-
sideration of these epidemiologic data also provides an opportunity
to pause and reflect on what might have been. Indeed, if the inad-
vertent widespread contamination of the vaccine supply with this
virus (which causes cancer in laboratory animals) did not cause an
increase in cancer risk, then we have truly been very fortunate.

Recognizing that the history of SV40 contamination of vac-
cines highlights an inherent risk of contamination of vaccines
and other biologic products with adventitious agents, the IOM
called for the development of a Vaccine Contamination Preven-
tion and Response Plan in the USA [31. While the US Food and
Drug Administration regulates licensed vaccines to ensure gen-
eral safety and sterility, in calling for this plan, the IOM noted
that a comprehensive US response and communication system
for dealing with vaccine contamination does not exist at present.
The IOM suggested that the plan have several components: rou-
tine assessment of vaccines for possible contamination; notifica-
tion of public health officials, healthcare providers and the public
if contamination occurs; and identification and surveillance of
recipients of contaminated vaccines for adverse health outcomes.
The development of a comprehensive plan will require substan-
tial discussions among government officials and policy makers,
researchers, vaccine manufacturers and the general public.

Five-year view

As the question of whether SV40 causes cancer in humans
remains controversial, it is difficult to predict the state of the
field in 5 years time. Additional epidemiologic studies of recipi-
ents of contaminated vaccines are possible and would have
longer follow-up for cancer outcomes, but these seem unlikely
to resolve the controversy. Newly developed assays for anti-
bodies against SV40 capsid and T-antigen should be very useful
for additional case-control studies of cancer. Further negative
data from case-control studies may prove very convincing. It is
hoped that we will also have improved standardized methods
for the detection of SV40 in human tissues, which are needed
to determine whether SV40 is truly present in tumors.

/ Key issues

other laboratories have not confirmed the findings.

infection does not cause cancer in humans.

lack of SV40 antibodies in individuals with cancer.

to potential contamination events when they arise.

< Simian virus (SV)40 was a frequent contaminant of poliovirus vaccine and other less widely used vaccines during the period of
1955 to 1962. Receipt of these vaccines is the major known route of human exposure to SV40.
« SV40 transforms cells in vitro and causes cancer in animals. Some laboratories have detected SV40 DNA in human tumors but

« Follow-up studies of individuals who received SV40-contaminated poliovirus vaccine have not found an increased risk of cancer.
« These epidemiologic studies of vaccine recipients indicate that SV40 exposures do not readily lead to infection or that SV40

< The negative findings of epidemiologic studies of vaccine recipients are supported by case-control studies, which demonstrate a

« The Institute of Medicine noted a need for the development of improved assays for detection of SV40 in human tissues.
« The Institute of Medicine called for the development of a comprehensive US plan to prevent vaccine contamination and respond

204

Expert Rev. Vaccines 4(2), (2005)



References

gV

Papers of special note have been highlighted as:
« of interest
e« of considerable interest

1

| 43

>3

10

»11

12

13

Sweet BH, Hilleman MR. The vacuolating 15
virus, SVA40. Proc. Soc. Exp. Biol. Med. 105, »**
420-427 (1960).

Shah K, Nathanson N. Human exposure to
SV40: review and comment. Am. J.
Epidemiol. 103, 1-12 (1976).

Anonymous. Immunization safety review.
SV40 contamination of polio vaccine and

cancer. National Academy Press,
Wiashington, DC, USA (2003).

Girardi AJ, Sweet BH, Hilleman MR.
Factors influencing tumor induction in
hamsters by vacuolating virus, SV40. Proc.
Soc. Exp. Biol. Med. 112, 662-667 (1963).

Eddy BE, Borman GS, Berkeley WH,
Young RD. Tumors induced in hamsters by
injection of rhesus monkey kidney cell
extracts. Proc. Soc. Exp. Biol. Med. 107,
191-197 (1961).

Eddy BE, Borman GS, Grubbs GE, Young
RD. ldentification of the oncogenic
substance in rhesus monkey kidney cell
cultures as simian virus 40. Virology 17,
65-75 (1962).

Cole CN, Conzen SD. Polyomaviridae: the
viruses and their replication. In: Fields
virology. Fourth Edition. Knipe DM,
Howley PM (Eds). Lippincott, Williams,
and Wilkins, PA, USA, 2141-2174 (2001).

Bergsagel DJ, Finegold MJ, Butel JS,
Kupsky WJ, Garcea RL. DNA sequences
similar to those of simian virus 40 in
ependymomas and choroid plexus tumors 22
of childhood. N. Engl. J. Med. 326,

988-993 (1992).

Carbone M, Pass HI, Rizzo P et al. Simian

virus 40-like DNA sequences in human 23
pleural mesothelioma. Oncogene 9, >.
1781-1790 (1994).

Carbone M, Rizzo P, Procopio A et al.
SV40-like sequences in human bone
tumors. Oncogene 13, 527-535 (1996). 24

Vilchez RA, Madden CR, Kozinetz CA

et al. Association between simian virus 40
and non-Hodgkin’s lymphoma. Lancet 359,
817-823 (2002).

Strickler HD, Goedert JJ, Fleming M et al.
Simian virus 40 and pleural mesothelioma
in humans. Cancer Epidiol. Biomarkers Prev.
5, 473-475 (1996).

MacKenzie J, Wilson KS, Perry J, Gallagher
A, Jarrett RF. Association between simian
virus 40 DNA and lymphoma in the
United Kingdom. J. Natl Cancer Inst. 95,
1001-1003 (2003).

16

17

19

Cancer in recipients of SV40-contaminated vaccines

Engels EA, Sarkar C, Daniel RW et al. 27
Absence of simian virus 40 in human brain
tumors from northern India. Int. J. Cancer

101, 348-352 (2002).

Lopez-Rios F, lllei PB, Rusch V,

Ladanyi M. Evidence against a role for 28
SV40 infection in human mesotheliomas

and high risk of false-positive PCR results

owing to presence of SV40 sequences in 29
common laboratory plasmids. Lancet 364,
1157-1166 (2004).

Strickler HD, International SV40 Working

Group. A multicenter evaluation of assays — p»4
for detection of SV40 DNA and results in
masked mesothelioma specimens. Cancer
Epidemiol. Biomarkers Prev. 10, 523-532

2001).

(2001) -

Communicable Disease Center.
Poliomyelitis surveillance report No. 248.
Atlanta, GA, USA (1961).

Gerber P, Hottle GA, Grubbs RE. 32
Inactivation of vacuolating virus (SV40) by
formaldehyde. Proc. Soc. Exp. Biol. Med.

108, 205-209 (1961).

Fraumeni JF Jr, Ederer F, Miller RW. An
evaluation of the carcinogenicity of simian

virus 40 in man. JAMA 185, 713-718 3
(1963). >

Mortimer EA Jr, Lepow ML, Gold E et al.
Long-term follow-up of persons

inadvertently inoculated with SV40 as

neonates. N. Engl. J. Med. 305, 1517-1518 p5,
(1981).

Magrath DI, Russell K, Tobin JO.
Vacuolating agent. BMJ 2, 287-288
(1961).

Shah KV, McCrumb FRJr, Daniel RW,

Ozer HL. Serologic evidence for a simian-
virus-40-like infection of man. J. Natl 35
Cancer Inst. 48, 557-561 (1972). »>.

Engels EA, Chen J, Viscidi RP et al.

Poliovirus vaccination during pregnancy,
maternal seroconversion to simian virus 40,

and risk of childhood cancer. Am. J. 36
Epidemiol. 160, 306-316 (2004).

Gundelfinger BF, Hantover MJ, Bell JA,
Loosli CG, Rowe WP. Evaluation of a
trivalent adenovirus vaccine for

prevention of acute respiratory disease in

naval recruits. Am. J. Hyg. 68, 156-168
(1958). 37

Hilleman MR, Greenberg JH, Warfield >.
MS, Anderson SA, Glabere RR. Second

field evaluation of bivalent types 4 and 7
adenovirus vaccine. Arch. Intern. Med. 102, 38
428-436 (1958).

Sherwood RW, Buescher EL, Nitz RE,

Cooch JW. Effects of adenovirus vaccine on

acute respiratory disease in US Army
recruits. JAMA 178, 1125-1127 (1961).

Rabson AS, O’Conor GT, Berezesky IK,
Paul FJ. Enhancement of adenovirus
growth in African green monkey kidney cell
cultures by SV40. Proc. Soc. Exp. Biol. Med.
116, 187-190 (1964).

Lewis AM Jr. SV40 in adenovirus vaccines
and adenovirus-SV40 recombinants. Dev.
Biol. Stand. 94, 207-216 (1998).

Brock B, Kelleher L, Zlotnick B. Product
quality control testing for the oral polio
vaccine. Dev. Biol. Stand. 94, 217-219
(1998).

Sierra-Honigmann A, Krause PR. Live oral
poliovirus vaccines do not contain
detectable simian virus 40 (SV40) DNA.
Biologicals 28, 1-4 (2000).

Sangar D, Pipkin PA, Wood DJ, Minor
PD. Examination of poliovirus vaccine
preparations for SV40 sequences. Biologicals
27,1-10 (1999).

Carroll-Pankhurst C, Engels EA,

Strickler HD et al. Thirty-five-year
mortality following receipt of SV40-
contaminated polio vaccine during the
neonatal period. Br. J. Cancer 85,
1295-1297 (2001).

Engels EA, Katki HA, Nielsen NM et al.
Cancer incidence in Denmark following
exposure to poliovirus vaccine
contaminated with simian virus 40. J.
Natl Cancer Inst. 95, 532-539 (2003).

Smith MA, Strickler HD, Granovsky M

et al. Investigation of leukemia cells from
children with common acute lymphoblastic
leukemia for genomic sequences of the
primate polyomaviruses JC virus, BK virus,
and simian virus 40. Med. Pediatr. Oncol.
33, 441-443 (1999).

Rollison DEM, Page WF, Crawford H et al.
Case-control study of cancer among US
Army veterans exposed to simian virus 40-
contaminated adenovirus vaccine. Am. J.
Epidemiol. 160, 317-324 (2004).

Jordan WS. History of the commision
of the acute respiratory diseases. In:
The Armed Forces Epidemiological Board,
Histories of the Commissions. Woodward
TE (Ed.). Office of the Surgeon
General, Washington DC, USA, 38
(1994).

Shah KV, Galloway DA, Knowles WA,
Viscidi RP. Simian virus 40 (SV40) and
human cancer: a review of the serological
data. Rev. Med. Virol. 14, 231-239 (2004).

Engels EA, Viscidi RP, Galloway DA et al.
Case-control study of simian virus 40 and
non-Hodgkin's lymphoma in the United
States. J. Natl Cancer Inst. 96, 1368-1374
(2004).

www.future-drugs.com

205



Engels

39 Shah KV, Willard S, Meyers RE, Hess DM, 45  Engels EA, Chen J, Hartge P et al. »52  Brousset P, de Araujo V, Gascoyne RD.
Digiacomo R. Experimental infection of Antibody responses to simian virus 40 Immunohistochemical investigation of
rhesus with simian virus 40 (SV40). Proc. T-antigen: a case-control study of non- SV40 large T-antigen in Hodgkin and non-
Soc. Exp. Biol. Med. 130, 196-203 (1969). Hodgkin's lymphoma. Cancer Epidemiol. Hodgkin's lymphoma. Int. J. Cancer 112,

40 Bofill-Mas S, Pina S, Girones R. Biomarkers Prev. 14, 521-524 (2005). 533-535 (2004).

Documenting the epidemiologic patternsof 46 Gordon GJ, Chen C-J, Jaklitsch MT et al. 53  Strickler HD, Rosenberg PS, Devesa SS
polyomaviruses in human populations by Detection and quantification of SV40 large P+ et al. Contamination of poliovirus vaccines
studying their presence in urban sewage. T-antigen DNA in mesothelioma tissues with simian virus 40 (1955-1963) and
Appl. Environ. Microbiol. 66, 238-245 and cell lines. Oncol. Rep. 9, 631-634 subsequent cancer rates. JAMA 279,
(2000). (2002). 292-295 (1998).

41 Shah KV, Daniel RW, Strickler HD, »47  Pope JH, Rowe WP. Detection of specific  ®54 Engels EA, Rodman LH, Frisch M,
Goedert JJ. Investigation of human urine antigen in SV40-transformed cells by Goedert JJ, Biggar RJ. Childhood exposure
for genomic sequences of the primate immunofluorescence. J. Exp. Med. 120, to simian virus 40-contaminated poliovirus
polyomaviruses simian virus 40, BK virus, 121-128 (1964). vaccine and risk of AlDS-associated non-
and JC virus. J. Infect. Dis. 176, 1618-1621 45 Rapp F, Butel IS, Melnick JL. Virus-induced Hodgkin's lymphoma. Int. J. Cancer 106,
(1997). intranuclear antigen in cells transformed by 283-287 (2003).

42 Morris JA, Johnson KM, Aulisio CG, papovavirus SV40. Proc. Soc. Exp. Biol. Med. 55  Strickler HD, Goedert JJ, Devesa SS et al.
Chanock RM, Knight V. Clinical and 116, 1131-1135 (1964). Trends in US pleural mesothelioma
serologic responses in volunteers given 49 Diamandopoulos GT. Leukemia, incidence rates following simian virus 40
vacuolating virus (SV40) by respiratory lymphoma, and osteosarcoma induced in contamination of early poliovirus vaccines.
route. Proc. Soc. Exp. Biol. Med. 108, 56-59 the Syrian golden hamster by simian virus J. Natl Cancer Inst. 95, 38-45 (2003).
(1961). 40. Science 176, 173-175 (1972).

P43 de Sanjose S, Shah KV, Domingo- 50 Volter C, zur Hausen H, Alber D, de Villiers  AATihation
Domenech E et al. Lack of serological EM. A broad-spectrum PCR method for the e Eric A Engels, MD, MPH
evidence for an association between simian detection of polyomaviruses and avoidance of IE;latioEalD(?ap_cer Ir}sgtute, Véra_\IdEpi_d:zmiologél
virus 40 and lymphoma. Int. J. Cancer 104, inati i i ranch, Division ot Cancer Epidemiology an
522-524 (20())/3).‘) g(:anntglrrgza’ig?_bly 4;Iczzg;%;1lectors. Dev. Biol. Genetics, DHHS, 6120 Executive Blvd, EPS
. - ' 8010, Rockville, MD 20892, USA

44 Carter JJ’ Madeleine MM’ Wlpf GCetal. >51 Testa \]R, Carbone M, Hirvonen A et al. A enge|5e@exchange_nih_go\/
Lack of serologic evidence for prevalent multi-institutional study confirms the
simian virus 40 infection in humans. J. Natl presence and expression of simian virus 40
Cancer Inst. 95, 1522-1530 (2003). in human malignant mesotheliomas.

Cancer Res. 58, 4505-4509 (1998).
206 Expert Rev. Vaccines 4(2), (2005)



