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Association Between Prenatal Exposure to Poliovirus
Infection and Adult Schizophrenia

Jaana Suvisaari, M.D., Jari Haukka, Ph.D., Antti Tanskanen, B.Sc., 
Tapani Hovi, M.D., Ph.D., and Jouko Lönnqvist, M.D., Ph.D.

Objective: The authors’ goal was to determine whether there is an association between
prenatal exposure to poliovirus infection and later development of schizophrenia. Method:
All Finnish patients born between 1951 and 1969 with discharge diagnoses of schizophre-
nia (N=13,559) were identified from the Finnish Hospital Discharge Register. Information
on the monthly number of cases of paralytic poliomyelitis was obtained for each province in
Finland. The authors analyzed the incidence of births of individuals who later developed
schizophrenia by using a Poisson regression model with year and place of birth, age, sex,
season of birth, and smoothed incidence of poliomyelitis in different gestational periods as
explanatory variables. Results: An association between the incidence of poliomyelitis and
the incidence of births 5 months later of individuals who later developed schizophrenia was
observed. Without controlling for seasonality, the effect was significant throughout the sec-
ond trimester. Conclusions: Second-trimester exposure to poliovirus infection may in-
crease the risk for the later development of schizophrenia. 

(Am J Psychiatry 1999; 156:1100–1102)

It has been suggested that prenatal infection with po-
liovirus, an enterovirus, contributes to the develop-
ment of schizophrenia because a decline in the inci-
dence of schizophrenia occurred in many countries
after the introduction of polio vaccination (1, 2). Po-
liovirus epidemics peak in late summer and early au-
tumn, and this fits with the season-of-birth effect seen
in schizophrenia, if the effect is caused by an infection
in the second trimester of gestation (1, 3). There is also
a similar geographic variation in the seasonality of po-
liomyelitis epidemics (3) and the seasonality of births
of individuals who later developed schizophrenia (4).
Further support for the hypothesis comes from the la-
tency of effect of poliovirus (new symptoms can
emerge decades after initial infection) and the partial
regional correlation of brain lesions in postpolio syn-
drome and schizophrenia (5, 6).

Two previous studies (7, 8) compared the incidence
of paralytic poliomyelitis and the number of births of
individuals who later developed schizophrenia. The
first (7) detected no association, but the second (8)
found a significant correlation between poliomyelitis
and births of individuals who later developed schizo-
phrenia. This finding is difficult to explain because po-
liomyelitis preceded the births of individuals who later
developed schizophrenia by 18 months. In neither of
these studies was the patients’ place of birth known. A
third study (9) found no relationship between the num-
ber of deaths from polio and births of individuals who
later developed schizophrenia; however, death is a rare
outcome of poliovirus infection.

We report an ecological study of the association be-
tween the incidence of poliomyelitis and births of indi-
viduals who later developed schizophrenia, which,
compared with previous studies, benefits from more
accurate information concerning both patients and the
incidence of poliomyelitis.

METHOD

All patients born between 1951 and 1969 who were given hospi-
tal discharge diagnoses of schizophrenia (ICD-8 and ICD-9 diagnos-
tic category 295) (N=13,559) were identified from the Finnish Hos-
pital Discharge Register. Place of birth of all of these patients was
obtained from the National Population Register. Information from
both registers was available until 1992.
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The monthly number of new cases of paralytic poliomyelitis from
the three largest towns and all of the provinces in Finland (N=10–12
between 1950 and 1969) was obtained from the National Research
and Development Center for Welfare and Health.

The Population Register Center provided sex-specific, monthly
number of births in each municipality from 1950 to 1969, the num-
ber of persons alive on Dec. 31, 1969, and the number of deaths per
year from 1970 to 1991. This information enabled us to calculate
exact person-years.

We used a Poisson regression model with the number of births of
individuals who later developed schizophrenia as a response variable
and geographic area, birth cohort, age, sex, month of birth, and in-
cidence of paralytic poliomyelitis as explanatory variables. Circular
transformation (10) was applied to the month of birth to analyze
seasonal variation. Population size in each cell was used as a weight
to obtain correct estimates.

High variability in the monthly incidence of poliomyelitis by
province caused by small numbers in most cells was smoothed by us-
ing moving averages with a 3-month window. Incidence of poliomy-
elitis was then dichotomized to an indicator variable (0=no cases of
poliomyelitis, 1=any cases of poliomyelitis). In another analysis, the
incidence of poliomyelitis was divided into deciles; the first six
deciles were pooled because the incidence was zero.

Incidence of births of individuals who later developed schizophre-
nia was modeled without and with the incidence of polio. Improve-
ment in model fit was tested by using a chi-square likelihood ratio
test. Analyses were performed with the statistical software S-PLUS,
version 3.3 (11).

RESULTS

In the smoothed model, the occurrence of poliomy-
elitis was associated with a higher rate of births 5
months later of individuals who later developed
schizophrenia (χ2=3.75, df=1, p=0.05) (table 1). The
effect was more significant without smoothing and
strongest in the seventh (relative risk=1.13, 95% CI=
1.07–1.20) and eighth (relative risk=1.05, 95% CI=
1.00–1.11) deciles. Without adjusting for seasonality,
we found that the effect of polio was significant
throughout the second trimester (table 1).

DISCUSSION

This study found that exposure to poliovirus infec-
tion 5 months before birth increased the risk for the
later development of schizophrenia. Without seasonal-
ity in the model, the effect was more significant and
covered the whole second trimester, which suggests
that exposure to poliovirus infection may explain some
of the seasonality in births of individuals who later de-
velop schizophrenia. The relatively modest effect of the
exposure is unsurprising given that genetic factors are
most important in the etiology of schizophrenia (12)
and that other environmental risk factors have already
been suggested (13). The timing is in accordance with
previous findings of a neurodevelopmental insult dur-
ing the second trimester of fetal life (13). The associa-
tion was not strongest when the incidence of paralytic
poliomyelitis was highest, but the latter is only an ap-
proximation of the population exposure to poliovi-
ruses. Paralytic symptoms develop in less than 1% of
those infected and after an incubation period up to 1
month (3). In addition, the case-infection ratio de-
pends on age, level of immunity in the population, and
type of poliovirus (3).

The strengths of this study are that the exact time
and place of birth of both patients and the general pop-
ulation and regional statistics concerning poliomyelitis
were obtained. Even the most severe polio epidemics in
the 1950s spread slowly from one province to another,
and none spread across the whole country. The limita-
tions are that it is unknown whether a person actually
was exposed and that the number of cases of paralytic
polio is not a direct measurement of the incidence of
poliovirus infection among pregnant women.

An association between exposure to poliovirus infec-
tion during the second trimester of fetal development
and adult schizophrenia could explain some of the ob-
served decline in the incidence of schizophrenia. Ran-
takallio et al. (14) found that neonatal meningitis
caused by Coxsackie B5, another enterovirus, was as-

TABLE 1. Relative Risks of Prenatal Exposure to Poliomyelitis in All Finnish Patients Born Between 1951 and 1969 With Hospital
Discharge Diagnoses of Schizophrenia (N=13,559)

Gestational Period and Model

Number of Births 
of Individuals 

Who Later
Developed 

Schizophrenia
Person-Years 

(×1,000)a

Relative Risk

Adjusted for Sex, Age,
Period of First Treatment, 

and Place, Year,
and Season of Birth

Adjusted for Sex, Age,
Period of First Treatment, 

and Place and Year
of Birth

Risk 95% CI Risk 95% CI

4 months before birth
No cases of poliomyelitis 4,232 9,597 1.00 1.00
Any cases of poliomyelitis 8,808 15,269 1.03 0.98–1.09 1.06 1.00–1.11

5 months before birth
No cases of poliomyelitis 4,134 9,450 1.00 1.00
Any cases of poliomyelitis 8,775 15,223 1.05 1.00–1.11 1.08 1.02–1.13

6 months before birth
No cases of poliomyelitis 4,075 9,297 1.00 1.00
Any cases of poliomyelitis 8,695 15,192 1.05 0.99–1.10 1.06 1.01–1.12

a The Finnish National Population Register Center provided sex-specific, monthly number of births in each municipality from 1950 to 1969,
the number of persons alive on Dec. 31, 1969, and the number of deaths per year from 1970 to 1991. This information permitted calcula-
tion of exact person-years.
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sociated with a greater risk of adult schizophrenia.
These results indicate the need for further studies of
the association between enteroviruses and schizophre-
nia, ideally, prospective follow-up studies of individu-
als who are known to have been exposed to enterovi-
rus infections during gestation.
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