
Re: Trends in U.S. Pleural
Mesothelioma Incidence Rates
Following Simian Virus 40
Contamination of Early
Poliovirus Vaccines

We read with interest the recent ar-
ticle in the Journal by Strickler et al. (1),
in which the authors performed a retro-
spective age–period–cohort analysis to
estimate the incidence of pleural meso-
thelioma in individuals potentially ex-
posed to simian virus 40 (SV40) -con-
taminated poliovirus vaccines. The
authors concluded that “Age-specific
trends in U.S. pleural mesothelioma in-
cidence rates are not consistent with an
effect of exposure to SV40-contamin-
ated poliovirus vaccine” and suggested
that “monitoring of vaccine-exposed co-
horts should continue.” We wish to raise
two issues about this and similar studies
(2–4) that address “exposure” to SV40-
contaminated polio vaccines and the in-
cidence of human cancers. First, al-
though a cohort study is recognized as
the best design to identify incidence and
natural history of disease (with a known
exposure) and may be used to assess
multiple outcomes after a single expo-
sure (5), the prevalence of SV40 infec-
tions in the human population is not
known, and the available data about
prevalence are limited and inconclusive
(2–4). Second, an important confound-
ing factor in the epidemiologic assess-
ment of malignant mesothelioma is that
the actual number of people infected
with SV40 through the use of contami-
nated polio vaccines is not known and
may be less than the “exposed” popula-
tion size assumed in the study by Strick-
ler et al. (1). For example, in the United
States, not all vaccine lots were con-
taminated with SV40, formalin inactiva-
tion was expected to reduce the titer of
live SV40 in the lots that were contami-
nated, and successful infection rates by
live SV40 are unknown (2–4). There-
fore, an inability to identify the popula-
tion that was actually infected with
SV40 through the use of contaminated
polio vaccines precludes a meaningful
calculation of cancer incidence in rela-
tion to exposure to those vaccines. Fur-
thermore, the Institute of Medicine

(IOM) Immunization Safety Review
Committee found that epidemiologic
studies of cancer rates in people poten-
tially “exposed” to SV40-contaminated
vaccines, such as the analysis by Strick-
ler et al. (1), are inadequate to evaluate a
causal relationship between exposure
and disease (2). These limitations led the
IOM to “not recommend additional epi-
demiological studies of people poten-
tially exposed to contaminated polio
vaccine” (2). However, the IOM con-
cluded that “the biological evidence is
strong that SV40 is a transforming vi-
rus” and that “the biological evidence is
of moderate strength that SV40 expo-
sure could lead to cancer in humans
under natural conditions” (2). Future
studies are needed to determine the
prevalence of SV40 infections in differ-
ent human populations. The IOM recog-
nized that gaps in our understanding of
the pathogenesis of SV40 in humans are
important and recommended “targeted
biological research,” including “further
study of the transmissibility of SV40 in
humans” (2).

REGIS A. VILCHEZ

JANET S. BUTEL

REFERENCES

(1) Strickler HD, Goedert JJ, Devesa SS, Lahey J,
Fraumeni JF Jr, Rosenberg PS. Trends in U.S.
pleural mesothelioma incidence rates follow-
ing simian virus 40 contamination of early po-
liovirus vaccines. J Natl Cancer Inst 2003;95:
38–45.

(2) Stratton K, Almario DA, McCormick MC,
editors. Immunization safety review: SV40
contamination of polio vaccine and cancer.
Washington (DC): The National Academies
Press. In press 2003. Available at: http://www.
nap.edu/books/0309086108/html/index.html.
[Last accessed: 03/07/2003.]

(3) Vilchez RA, Kozinetz CA, Butel JS. Conven-
tional epidemiology and the link between
SV40 and human cancers. Lancet Oncol 2003;
4:188–91.

(4) Rollison DE, Shah KV. The epidemiology of
SV40 infection due to contaminated polio vac-
cines: relation of the virus to human cancer.
In: Khalili K, Stoner GL, editors. Human poly-
omaviruses: molecular and clinical perspec-
tives. New York (NY): Wiley-Liss, Inc.; 2001.
p. 561–84.

(5) Grimes DA, Schultz KF. Cohort studies:
marching towards outcomes. Lancet 2002;
359:341–5.

NOTES

Affiliations of authors: R. A. Vilchez (Depart-
ments of Medicine and Molecular Virology
and Microbiology), J. S. Butel (Department of

Molecular Virology and Microbiology), Baylor
College of Medicine, Houston, TX.

Correspondence to: Regis A. Vilchez, M.D.,
Department of Medicine, Section of Infectious
Diseases, One Baylor Plaza, BCM-286, Rm.
N1319, Houston, TX 77030 (e-mail: rvilchez@
bcm.tmc.edu).

R. A. Vilchez is the recipient of the 2001 Junior
Faculty Development Award from GlaxoSmith-
Kline and the 2002 Translational Research Award
from the Leukemia and Lymphoma Society.

In a recent article in the Journal,
Strickler et al. (1) estimated age- and
sex-specific pleural mesothelioma inci-
dence rates from 1975 through 1997.
These trends were then compared with
trends in prevalence of exposure to sim-
ian virus 40 (SV40)-contaminated polio-
virus vaccine. The authors concluded
that “Age-specific trends in U.S. pleural
mesothelioma incidence rates are not
consistent with an effect of exposure to
SV40-contaminated poliovirus vac-
cine.” In our opinion, the observed pla-
teau in pleural mesothelioma incidence
after 1992 is not in conflict with a pos-
sible effect of SV40 for three reasons.
First, because pleural mesothelioma is a
disease of the elderly, even an increas-
ing incidence among the youngest indi-
viduals would lead to a number of cases
too small to modify the general trend.
The exposure prevalence by age may be
better evaluated by disaggregating the
data into age groups (Table 1). Among
individuals in the 25- to 44-year age
groups, half the cohort (i.e., those aged
25–34 years) includes few exposed
people in the last two periods of obser-
vation (i.e., 1991–1994 and 1995–
1997). Moreover, in this group, few
cases are able to modify the age-specific
trend. For this reason, the 3-year period,
1995–1997, should be excluded from
the analysis. Among those in the 45- to
54-year age group, trends show a de-
crease among males and a slight in-
crease among females [Fig. 2, B in (1)].
In the oldest age groups, the prevalence
of SV40 exposure increases over time,
as does the trend of pleural mesothelio-
ma incidence. Second, it is important to
consider the latency period of pleural
mesothelioma. In occupational studies
of long-term asbestos exposure, time
since first exposure ranges from 10 to 60
or more years (2,3). Epidemiologic data
suggest that the latency period for pleu-
ral mesothelioma is longer than 40
years, particularly if an individual in-
haled asbestos at a very young age. The

Journal of the National Cancer Institute, Vol. 95, No. 9, May 7, 2003 CORRESPONDENCE 687



latency period may be different in the
case of a viral contamination; however,
in such a case, a similarly long-term
presence of SV40 in the body compart-
ments can be hypothesized. Among
young individuals inoculated with
SV40-contaminated vaccine, the virus
could remain silent for many years and
then possibly interact with asbestos that
remains in the pleura as well. Indeed,
SV40 is able to initiate oncogenic trans-
formation of cells. The large T antigen
of SV40 inactivates the p53 and Rb tu-
mor suppressor genes and promotes im-
mortalization of cells (4–6). However,
additional cellular changes are neces-
sary for a tumor to develop. The timing
of these events could occur slowly, in-

ducing mesothelioma even 60 years af-
ter the first exposure. Third, the Institute
of Medicine recently concluded that epi-
demiology that is based on the differ-
ences between exposed and non-ex-
posed cohorts is of dubious significance
because it is impossible to clearly sepa-
rate these two cohorts (7). Recent data
[reviewed in (5)] suggest that SV40 may
have contaminated some vaccines even
after 1963, and/or that human-to-human
transmission of SV40 may occur.

Regardless of the route of infection,
the molecular pathologic evidence indi-
cates that SV40 is a factor in the patho-
genesis of some mesotheliomas (5,6).
We believe, however, that the epidemio-
logic data currently available are insuf-

ficient to draw definitive conclusions
about the possible contribution of SV40-
contaminated poliovaccines to the over-
all increase in the incidence of mesothe-
lioma in the past 40 years.
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Table 1. Rough estimates of the prevalence of exposure to SV40-contaminated poliovirus vaccine by age at exposure and year of birth in
different age groups*

Years of observation Years of birth
Age at

exposure, y
Prevalence of
exposure, % Years of birth

Age at
exposure, y

Prevalence of
exposure, %

Age group 25–29 30–34
1975–1978 1946–1953 8–15 95 1941–1948 13–20 90
1979–1982 1950–1957 4–11 92.5 1945–1952 9–16 95
1983–1986 1954–1961 0–7 87.5 1949–1956 5–12 95
1987–1990 1958–1965 0–3 85 1953–1960 1–8 90
1991–1994 1962–1969 — — 1957–1964 0–4 85
1995–1997 1966–1972 — — 1961–1967 — —

Age group 35–39 40–44
1975–1978 1936–1943 18–25 75 1931–1938 23–30 65
1979–1982 1940–1947 14–21 85 1935–1942 19–26 67.5
1983–1986 1944–1951 10–17 90 1939–1946 15–22 80
1987–1990 1948–1955 6–13 95 1943–1950 11–18 90
1991–1994 1952–1959 2–9 90 1947–1954 7–14 95
1995–1997 1956–1962 0–5 85 1951–1957 4–10 92.5

Age group 45–49 50–54
1975–1978 1926–1933 28–35 60 1921–1928 33–40 55
1979–1982 1930–1937 24–31 60 1925–1932 29–36 60
1983–1986 1934–1941 20–27 60 1929–1936 25–32 60
1987–1990 1938–1945 16–23 75 1933–1940 21–28 62.5
1991–1994 1942–1949 12–19 90 1937–1944 17–24 75
1995–1997 1946–1952 9–15 92.5 1941–1947 14–20 85

Age group 55–59 60–64
1975–1978 1916–1923 38–45 40 1911–1918 43–50 30
1979–1982 1920–1927 34–41 50 1915–1922 39–46 35
1983–1986 1924–1931 30–37 55 1919–1926 35–42 45
1987–1990 1928–1935 26–33 60 1923–1930 31–38 55
1991–1994 1932–1939 22–29 60 1927–1934 27–34 60
1995–1997 1936–1942 19–25 65 1931–1937 24–30 60

Age group 65–69 70–74
1975–1978 1906–1913 48–55 15 1901–1908 53–60 10
1979–1982 1910–1917 44–51 20 1905–1912 49–56 12.5
1983–1986 1914–1921 40–47 25 1909–1916 45–52 20
1987–1990 1918–1925 36–43 45 1913–1920 41–48 30
1991–1994 1922–1929 32–39 55 1917–1924 37–44 45
1995–1997 1926–1932 29–35 60 1921–1927 34–40 55

Age group 75–79 80–84
1975–1978 1896–1903 58–65 5 1891–1898 63–70 5
1979–1982 1900–1907 54–61 7.5 1895–1902 59–66 7
1983–1986 1904–1911 50–57 10 1899–1906 55–62 8
1987–1990 1908–1915 46–53 15 1903–1910 51–58 10
1991–1994 1912–1919 42–49 30 1907–1914 47–54 15
1995–1997 1916–1922 39–44 35 1911–1917 44–50 20

*Years of observation were grouped as in Fig. 2, B (1). Year of birth was calculated in the vaccination period with SV40-contaminated poliovirus vaccine
(from 1955 through 1963). Age at exposure was calculated in 1961, and prevalence of exposure (%) was crudely estimated from Fig. 1 (1), on the basis of the
age-specific prevalence of exposure to potentially SV40-contaminated poliovirus vaccine in the United States in 1961. — � indeterminate.
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RESPONSE

We thank Dr. Puntoni and his col-
leagues and Drs. Vilchez and Butel
for their interest in our study of pleural
mesothelioma risk subsequent to im-
munization with simian virus 40 (SV40)-
contaminated poliovirus vaccine. Wide-
spread SV40 contamination of poliovirus
vaccine manufactured between 1955
and 1963 resulted in a massive single-
source exposure. As of 1961, most U.S.
residents under the age of 40 years and
nearly 90% of those under the age of 20
years had been injected with poliovirus
vaccine potentially containing live SV40.
Published estimates (1) indicate that ap-
proximately 10%–30% of vaccine lots
[some published data (2) place the fig-

ure higher ] contained live SV40. Be-
cause vaccinees received multiple im-
munizations (a series of three injections
and a booster), a high percentage of
those immunized with poliovirus vac-
cine between 1955 and 1963 were in-
jected at least once with live SV40. The
inability to precisely identify those, if
any, who became infected does not in-
validate our comparison of cancer rates
according to probability of exposure,
which ranged from very high (e.g.,
>90%) to very low (e.g.,<5%), based on
the year of birth.

We observed that pleural mesotheli-
oma incidence rates were not associated
with exposure to SV40-contaminated
poliovirus vaccine. Could SV40 be a
major independent cause of mesothelio-
ma nonetheless? For this possibility to
be so, alternative routes of exposure to
SV40 would have to exist, and SV40
would have to be circulating in the gen-
eral population. In any case, the persis-
tent rarity of pleural mesothelioma cases
among women suggests that the cumu-
lative independent effects of known and
hypothesized SV40 exposures on rates
of pleural mesothelioma have, to date,
been negligible.

Could SV40 be in circulation in the
general population and interact with
other risk factors, particularly asbestos,
to cause mesothelioma? We think this is
an open question. However, as reviewed
in our paper (3), detection of SV40
DNA in approximately equal numbers
of asbestos-positive and asbestos-nega-
tive mesothelioma tumors argues against
such an interaction.

We agree with Puntoni et al. that the
latency period for malignancies can be
very long, even decades. Nonetheless,
most readers are probably reassured that
we found no association between meso-
thelioma and SV40-contaminated polio-
virus vaccine in 40 years of follow-up
data. Their suggestion, to discard the
most recent data (1995–1997) for the
youngest age group (25–44 years),
would have no impact on our overall
results or conclusions. Moreover, their

comments do not take into account our
age–period–cohort analyses, in which
the contribution of each age group and
calendar period was weighted by the
size of the group, and exposure trends
were assessed by individual year of
birth.

In our opinion, achieving the Institute
of Medicine’s primary research recom-
mendation—development of sensitive,
specific, and reproducible tests for de-
tection of SV40 antibodies as well as
DNA (4)—will ultimately help resolve
remaining questions about the role of
SV40 infection in the etiology of human
cancer.
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