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TOXOPLASMOSIS AND MENTAL RETARDATION — REPORT OF A
CASE-CONTROL STUDY
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A case-control study evaluating the association between mental retardation and toxoplasmosis
was conducted among 845 school children in Belo Horizonte, MG, Brazil Cases (450) were
mentally retarded children attending a public school for special education. Controls (395) were
children from the regular public school system. Clinical and anthropometric examinations and
inferviews were carried ouf (o defermine risk factors for toxoplasmosis and mental retardation.
Diagnosis of Toxoplasma gondu infection was based upon an indirect immunofluorescent test
(IFA); 55% of cases and 29% of conitrols were positive. The Relative Odds of mental retardation
in children with positive serology was 3.0 (95% CI 2.2-4.0). Maternal exposure to cats and
contact with soil were associated with an increased risk of mental retardation. Retinochoroiditis
was fourfold more prevalent among cases than controls and was only diagnosed in T, gondii
IFA positive participants. Congenital toxoplasmosis, in its subclinical form, appears to be an
important component in the etiology of mental retardation, especially in high risk (lower socio-
economic) groups. The population altributable risk was estimated as 6.0 - 9.0%, suggesting the

amount of mental retardation associated with this infection.
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Although thc multifactorial etiology of
mental retardation 1s well recognized, the eti-
ology of mental retardation in a large propor-
tion of these individuals is unexplained (Crome,
1960: Drillien et al., 1966; Classification of
Mental Retardation, 1972; Smith & Simons,
1975; Ajuriaguerra, 1977; Hagberg ct al., 1981).
The association of mental retardation with
symptomatic congenital toxoplasmosis 1s well
known (Sabin, 1942). However, in subclinical
toxoplasmosis, infected children are partially
or totally frec of symptoms during early life,
but often become symptomatic with brain and
eye lesions during their early school years
(Miller et al., 1967; Stagno, 1980; Wilson ct
al., 1980; Koskiniem ¢t al., 1989).

Toxoplasma gondii infection has a world-
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wide distribution and varies markedly among
different populations. It ranges from 10%
among Navajo Indians and Austrahians to 50%
in the United States and Brazil and 90% 1n
Paris (Feldman, 1982; McCabe & Remington,
1988}). Frequencies as high as 1 per 750
livebirths have been reported in United States
(Alford et al., 1975). In areas where sero-
conversion rates range from 3-5% during preg-
nancy, the prevalence of congenital infection
has becen estimated to occur in 4.0 to 6.4/
1,000 livebirths (Frenkel, 1985; Papoz et al.,
19806).

Prevalence rates of mental retardation have
varied according to the classification system
usced. For mild mental retardation (intelligence
quotient between 50 and 70), rates of 5.6 to
30.5/1,000 have been described. Higher rates
in children by school age, adolescents, and
young adults are reported (Kiely, 1987).

Previous 1nvestigations of the prevalence
of 7. gondii infection among chiidren with
cerebral damage reported Relative Risk esti-
mates of 3.5 when comparing neuropsychiatric
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patients and healthy children (Elias et al.,
1960), of 7.4 when comparing children with
congenital cercbral defects and controls with-
out central nervous system diseases (Tha-
lhammer, 1961, 1962), and of 2.3 when com-
paring mentally retarded children with those
from the general population {Al-Saffar &
Najim, 1965). However, none of these studies
attempted to wdentify risk factors for toxoplas-
mosis 1nfection.

In Sdo Paulo, Brazil, a survey of post-
partum women age 15-44 years showed a
prevalence rate of 747 per 1000 women (Sabin-
Feldman). Congenital toxoplasmosis rates were
estimated as 16 per 1000 live births regardless
of clinical disease and 5 per 1000 live births
for symptomatic congenital toxoplasmosis
based on these results (Castilho, 1976). A study
of 1032 blood samples of neonates (2-5 days)
conducted 1n Rie de Janeiro, Brazil, revealed
15 (1.4%) to be IgM positive (indirect immu-
nofluorescence) and were considered as being
potential risk for congenital toxoplasmosis
(Coutinho et al., 1983).

The present case-control study was carried
out to investigate the association of toxoplas-
mosis with mental retardation 1n an area with
a high prevalence of T. gondii infection. Risk
factors associated with toxoplasmosis infection,
either acquired or congenital, and their pos-
sible relationship with other risk factors for
mental deficiency were studied.

MATERIALS AND METHODS

Cases consisted of mentally retarded stu-
dents attending the Instituto Pestalozzi, a pub-
lic school for children with learming disabihi-
ties in Belo Horizonte, Minas Gerais, Brazil,
in 1985. They were referred by public or pri-
vate schools or the community for special
education. All of the 450 students attending
class were identified from a list provided by
the school. Nonc of them had a previous diag-
nosis of congenital toxoplasmosis in their
medical records.

Controls were students without learning
problems attending an elementary/middle pub-
lic school (1st through the 9th grade) located
in the neighborhood (same city block) of the
Instituto Pestalozzi during the same time pe-
riod. They comprised a total of 395 students
chosen by simple random sampling from each
classroom.
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Matemal interviews were conducted by
trained interviewers using a pretested, stan-
dardized questionnaire designed to obtain in-
formation about several risk factors for mental
retardation. Questions addressing risk factors
for 7. gondii infection 1in both mother and child
imnmcluded residence in rural areas, contact with
soi1l or amimals, and ingestion of raw milk and
meat. The questions were designed to differ-
entiate a possible congenital from an acquired
infection. Information on socioeconomic sta-
tus consisted of annual income per capita: US$
400 or less and over US$ 400. Educational
level defined as four years or less of schooling
and occupation of the household head was used
In a three grade score to validate the informa-
tion about imcome.

Assessment of the nutritional status included
weight, height, triceps skinfold thickness, arm,
thorax and head circumference, and clinical
signs of malnutrition according to standard-
1zed critena (Jellife, 1966). The diagnosis of
T. gondii infection was made using the indi-
rect immunofluorescent antibody test (IFA) for
both IgG and IgM (Camargo, 1966) using the
criterion of a positive titer as =2 1:16 (Camargo,
1966; Feldman, 1982; Frenckel, 1986). All scra
were tested in a masked fashion. An indirect
ophthalmoscopic examination was conducted
in a subsample of 230 cases and 173 controls
who were chosen by simple random sampling.
The severnity of mental retardation was based
on intelligence quotient (IQ) and the etiologi-
cal diagnosis of the mental deficiency, Data
were collected from the psychological service
records of the Instituto Pestalozzi. The IQ) test
was previously conducted as a psychological
screenming admittance to the Institute, All inter-
views, clinical exams, and blood sample draw-
ings were performed during the same visit for
cach participant, and the examiners were not
aware of the results of T. gondii IFA test.

Data analysis was performed using Statis-
tical Package for Social Sciences (SPSS, 1990)
and GLIM (Healy, 1988). Anthropomctry was
analyzed comparing the variables among the
two groups and with a standard population
(Marcondes et al., 1982). Relative Odds and
95% confidence intervals were calculated
(Lilienteld & Lilienfeld, 1980; Kleinbaum et
al., 1982; Schlesselman, 1982; Rothman, 1980)
to detecrmine the association between selected
potenhial nisk factors and T. gondii infection or
mental retardation. Stratified analysis and lo-
gistic regression techniques were employed as
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the approaches to i1dentify confounders
(Kleinbaum et al., 1982; Rothman, 1986:
Greenland, 1989). In the logistic regression
techniques (Hosmer & Lemeshow, 1989) the
mental retardation was the outcome vanable
and the Relative Odds for T. gondii infection
alone was calculated. For each potential con-
founder, a model was constructed and the
Relative Odds of being mentally retarded was
determined. Each model consisted of T. gondii
infection and the potential risk factor as inde-
pendent vanables. The vanable was consid-
ered a confounder if the magnitude of the Rela-
tive Odds change with and without control of
the potentially confounding variable (Green-
land, 1989).

Evaluation of effect modification was per-
formed using either stratified or logistic re-
gresston approaches, For the additive risk
modcl, stratified analysis was adopted. For the
multiplicative risk model, both approaches were
used. In the logistic regression, the Wald test
was obtained to determine whether the inde-
pendent variables or interaction terms were
significantly related to the outcome, The like-
lithood ratio test was used to assess the good-
ness of fit of the model.

RESULTS

Complete data were collected for over 95%
of the sample, and there were no significant
differences in completion between cases and
controls. The refusal rate was less than 0.5%.
The severity of mental deficiency among cases
revealed that 55% had moderate to mild men-
tal retardation (IQ 50 to 90) and 45% were
markedly mentally retarded (IQ below 50).

Demographic characteristics of cases and
controls are shown 1n Table 1. The mean age
was similar but cases were more often male
and nonwhite (p < 0.01). There was a sigmfi-
cant difference 1n socioeconomic status between
cases and controls {p < 0.01); the majonty of
both groups were of low sociocconomic status
(less than U.S. § 400.00 per capita per year).
No significant differences were found for other
variables related to general living conditions.
Thirty-seven percent of cases compared to 76%
of controls lived in the school neighborhood
area (p < 0.01). Cases were moderately stunted
as assessed by anthropometric criteria and had
a higher proportion of clinical signs related to
malnutrition.

TABLE |

Demographic characteristics of cases of mental
retardation and controls
{(Belo Horizonte, MG, Brazil, 1985)

Cases Controls
(haracteristics?
n=450 n= 395
Mean age (vears) 450 (13.1) 395 (13.3)
Proportions (%)
Sex
Males 302 (68.3) 188 (48.3)
FFemales 140 (31.7) 201 {(51.7)
Ethnic gmupd
White 204 {46.4) 315 (8l1.4)
Black 72 (16.4) 19 ( 4.9)
Mulatto 164 (37.3) 53 (13.1
Sociceconomic statusd
Lower educatijonal level 2 435 (98.9) 340 (88.5)
Lower income~¢ 388 (98.7) 265 (84.1)

a. actual n may vary because of missing information.

b: defined as equal or less than four years of schooling
and occupation of the head of household.

c: defined as equal or less than US$ 400.00 annual
income per capita.

d. significant at .05 level: X2 heterogeneity.

Fifty five percent of cases and 29% of
controls had a positive 1FA-IgG test for T,
gondii. The crude Relative Odds was 3.0 (95%
Cl 2.2-4.0). The majority (99%) of those test-
ing positive from both groups had titers-
<1:1024, with the geometric mean titer being
1:64 for cases and 1;46 for controls. All IFA-
[gM tests were negative. Infection rates did
not vary markedly by age among cases (the
difference observed for the group = 20 years
was not statistically significant), being similar
to the average rates reported for adults in
Brazil. In the control group, an increasing trend
was observed trom 15 years on (the difference
observed between 5-9 and 10-14 age groups
was not statistically significant); one could
expected rates similar to the cases for older
controls if they were avatlable (Table II).

The frequency of 7. gondii infection was
equally distributed among the cases despite
known etiological diagnoscs. It was slightly
but not significantly greater in those classified
as having mild to moderatc mental retardation
compared to severe cases. Only one of the
mentally retarded students (0.2%) could be
identified as having signs of congenital
toxoplasmosis based on scrological (IFA-1gG
equal 1:256) and clinical findings (micro-
cephaly, retinochoroiditis, and mental defi-
ciency).
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TABLE 11

Age-specitic seropositivity of Toxoplasma gondii
intection 1n cases of mental retardation and controls
{Belo Horizonte, MG, Brazil, 19835)

Percent with 7. gondil infection?

Age Cases Controls

{years) (+/n) G {(+/n) P
5-9 { 36/ 69) 52.2 ( 25/ 88) 28.4
10-14 (123/217) 56.7 ( 44/179) 24 .6
15-19  ( 69/122) 6.6  ( 42/112) 37.5
2 20 ( 16/ 37y 43.2 {0) —
Total (244/445) 5.8 (111/379) 29.3

a:defined as IFA-IeG 2 |16

The crude and adjusted Relative Odds for
selected risk factors for mental retardation are
listed on Table III. Significant risks consisted
of maternal age > 30 years, race (non-white),
low socioeconomic status, and gender. Medi-
cal nsks during pregnancy included maternal
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history of infection being misdiagnosed, threat-
ened abortion, and hypertension. Absent or
inadequate prenatal care represented a high
health care risk. Mentally retarded children
were more likely to have a history of labor
and delivery exceeding 6 hr, prematurity, low
birthweight, and birth outside of a hospital.
According to maternal reports, they were more
likely to have suffered from anoxia, jaundice
and transitional neonatal problems related to
respiratory distress, and to have had seizures
and meningitis, A history of either maternal or
paternal alcohol abuse and a family history of
epilepsy were also risk variables.

Potential risk factors for congenital or ac-
quired T. gondii infection are presented in
Table IV. The mothers of mentally retarded
children appeared to have an increased risk for
factors related to maternal exposure such as
the presence of cats 1n a household during the
pregnancy, and higher exposure to soil or gar-
dens. Mentally retarded children did not ap-
pear to be at increased risk from contact with

TABLLE 111

Health related risk factors for mental retardation among cases and controls. Crude and adjusted refative odds
(RO} for Toxoplasma gondii infection (Belo Horizonte, MG, Brazil, 1985)

Risk I'actors?

Crude RO (95% CI) Adjusted RO (95% CI)®

FPrenatal

Maternal age 22 30 years

Race (non white)

Csender {male)

.ow socloeconomic status?
Misdiagnosed infection during pregnancy
Threatened abortiond

Hy pertension during pregnancy
Absent or inadequate prenatal care
Family history of cpilepsy
Maternal smoking (2 5 cigareties/day)
Maternal aicohol abuse®

Paternal alcohol abuse€

Perinatal

Duration of labor > 6 hours

Birth outside hospital

Low birthweight (<0 2500¢)

Short gestational interval
Asphyxia/hyvpoxia

Jaundice _
Transitional neonatal problems/
Postnaral

History of sclzures

History of meningoencephalitis

1.8(1.3- 2.4) 1.7 (1.3- 2.4)
5.1(3.6- 7.0) 48(3.4- 6.7)
2.3(1.7- 3.1) 2.3(1.7- 3.1)
20.1 (8.1 - 64.5) 18.1(7.0 - 54.0)
3.6(1.9- 6.7) 3.3(1.8- 6.5)
31(¢1.2- 5.7 3.1(1.7- 5.8)
1.5 (1.1~ 2.2) 14(1.0- 2.1)
2.7(1.8- 3.9) 20(14- 2.9)
3.0(1.9- 4.7) 25(1.6- 3.9)
0.7(0.5- 1.1} 0.7(0.5- 1.2)
2.2(1.2- 4.3) 2.0(1.2- 4.0)
26(1.9- 3.5) 25¢(1.8- 31.5)
25(1.7- 3.5) 28(1.9- 4.1)
3.2(20- 4.9) 27(1.7- 4.2)
43(2.7- 6.9 4.6(2.7- 76)
5.61(2.1-18.0) 4.9(1.8-15.0)
10.6 (5.1 - 23.1) 10.7 (4.9 - 22.8)
5.7(2.3-16.7) 7.6(2.5-20.2)
44(26- 1.7) 54(28- 9.3)
3.7(26- 5.3) 4.0(2.7- 58)
4.6 (1.8-15.9) 4.2(1.5-126)

g according to timing of exposure.

b adjusted RO by T gondii infection (Weighted Mantel-Hacnszel).
¢ annual income per capita equal or less than US§ 400.00.

d.: defined as the first or second trimester bleeding,
e defined as at least two alcohotic “binges™ per week.

f-related o respiratory distress or prolonged mechanical problems.
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TABLE IV

Risk factors related to maternal and child exposuic to Toxoplasma gondii Intection among cases and controls
{Belo Horizonte, MG, 1985)

Characteristios? Cases Controls Relative Odds
(n =450) % (n = 395) % (95% CI)

Marernal exposure during current pregnancy

Cats in househoid 82 18.2 40 101 1.9(1.2-2.9
Contact with cats 60 14.7 34 8 1.5(1.0-2.4)
Lating raw or uncooked meat 132 32.8 80 25.8 1.4{(1.0-2.0)
Drinking goat’s milk 20 4.9 26 7.7 0.6(0.3-1.7)
Contact with garden or soil 235 55.7 164 44 .6 1.6{(1.2-2.1)
Child exposure

Contact with cats in household 60 18.2 33 9.2 1.1{0.8-1.6)
Lating raw or uncooked meat 120 27.9 98 256 1.1(0.8-1.%
Drinking coat’s mik 13 2.9 8 2.0 1.4(0.5-3.5)
Pica® 46 11.0 21 6.4 1.8(1.0-3.2)

a:actual n may vary slight hecause of missing value.
h. detincd as the habit of eating dirt.

TABLE V

Litect modification between Toxoplasma gondri and selected risk factors for mental retardation. Distribution
of cases of mental retardation and controls within subgroups of socioeconomic status and toxoplasmosis
infection (Belo Horizonte, MG, Brazil, 1985)

Sociogconomic Toxoplasmosis Cascs Controls Relative Odds
statusé infection” 1
High No 3 50 1.0¢
Higch Yoy 2 16 2.1
Low No 174 178 16.3
Low Yes 208 76 45.64

a: defined as high > US$ 400.00 and low < £S$ 400 .00 annual income per capita,

b:defined as IFA-IgG =2 1:16.
¢ teference group.

¢ risk model based in the joint cffect of the two risk factors with an approximate X% test of significance
Additive risk model: expected Relative Odds = 17.4 (p = 0.00017)
MVootniphicative risk model: expected Relative Odds = 34 2.(p = 0.76)

cats or ingestion of oocysts from dirt

(pica).

According to the two approaches proposed
to 1dentity confounders, all variables of Table
[II and IV were examined as potential con-
founders., The Relative Odds of being men-
tally retarded for each vanable was compared
to the Relative Odds of mental retardation
adjusted by T. gondii infection. For all vari-
ables the adjusted Relative Odds did not differ
from the crude Relative QOdds, and the Rela-
tive Odds of mental retardation given infec-
tion with 7. gondii was 2.9 (95% Cl| 2.0-4.5)
either in the bivariate or logistic regression
analysis. The same variables above were
analysed for effect modification. There was a
significant positive interaction between infec-

tion and low socioeconomic status (p < 0.001)
according to the additive risk model {(Table V)
and a negative interaction between toxoplas-
mosis and threatened abortion (p = 0.0383)
according to the multiphicative risk model,
confirmed by stratified and multiple logistic
regression (Table VI, Table VII, respectively).

The ophthalmoscopic examinations showed
significantly higher proportions of retino-
choroiditis (4.9%) and optic nerve atrophy
(6.2%) in mentally retarded cases than in con-
trols (1.2 and 0.6% respectively). The Relative
Odds were 4.3 (95% CIl 1.0-40.3) and 11.2
(95% CI1 1.7-474.1), respectively. Retinocho-
rotditis and optic nerve atrophy were only
diagnosed in children with positive serology
for T. gondii infection. A more detailed de-
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TABLE VI

Litect modification between Toxoplasma gondii and selected tisk factors for mental retardation. Distribution
of cases ot mental retardation and controls within subgroups of reported threatened abortion and
toxoplasmosis infection {Belo Horizonte, MG, Brazil, 1985)

Threatened Toxoplasmosis Cases Controls Relative Odds
abortion? infection? n

No No 161 225 1.0¢

No Yes 91 89 3.0

Yes No 29 s} 5.1

Yes Yes 24 8 4.2d

g defined as the first or sccond trimester bleeding.
h:defined as IV A-IgG 2 1:16.
¢ reference group.

d 1isk model based in the joint efiect of the two risk factors with an approximate X* test of signiticance.
Additive risk model: expected Relative Odds = 7.1 (p = (1.3).
Multiplicative risk modet: expected Relative Odds = 15.3 (p = 0.03).

TABLE VI

Fttect moditication between Toxoplasma goadii and selected risk factors for mental retardation. Multiple
regression coefticients {standard errors) and relative odds (95% contidence interval) of mental retardation tor
toxoplasmosis infection {TOX0O) and threatened abortion group {ABORT) (Belo Horzonte, MG, Brazil, 1985)

Mental Retardation

bactor fstimated coctticient

b value Relative Odds

(SE) {95%. CIl)
TOXO (yes)? 1.098(0.1647) 0.0000 2.9(2.2- 4.1
ABORT (yes)? 1.623 (0.4125) 0.0000 51¢23-11.4)
TOXO effect ABORT -1.288 (0.5944) 0.0307 4.2(1.9- 9.6)

a: toxoplasmosis infection JFA-1gG = 1:16)
b detined as tirst or second trimester bleeding

scription 1s published elsewhere (Figuciredo ct
al., 1989).

Assuming that the seroconversion rate of
negative adult females 1s between 3 and 5% 1n
the reproductive age years in Brazil (Frenkel,
1985; Papoz et al., 1986) and using this study
crude Relative Odds (3.0) for toxoplasmosis,
the population attributable nisk or e¢tiological
fraction (Rothman, 1986) was estimated to
range from 6.0 to 9.0%, suggesting the amount
of mental retardation possibly associated with
T. gondii infection,

DISCUSSION

The present study indicates that there 1s an
important association between mental retarda-
tion and 7. gondii infection with a threefold
increased Odds of toxoplasmosis in mentally
retarded students compared to controls. This
association was not modified by selected vari-
ables which are considered risk factors for men-

tal deficiency, but interacted negatively with
threatened abortion and positively with low
socloeconomic level,

Since the Instituto Pestalozzi was the pub-
lic referral center for students with learning
disabilities, and the control group was sclected
from a public school in which the main admis-
sion criteria was residence in the school neigh-
borhood, the observed large difference in place
of residence was consistent with the fact that
approximately 60% of cascs were referred from
ditferent schools located in several parts of the
city of Belo Horizonte after approximately two
years of regular education,

The findings of a larger proportion of males
and students belonging to a lower sociocco-
nomic status among cascs are consistent with
previous reports (Papoz et al,, 1986). A con-
siderable proportion of non-whites among the
mentally retarded participants may be due to a
relationship between skin color and socioeco-
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nomic status, which has already been described
in Brazil (Alvim, 1958}, The majonity of risk
factors for mental deficiency related to the time
of exposure are consistent with the literature
regarding different risks at various stages of
development (Smith & Simons, 1975; Hagberg
et al.,, 1981; Kiely, 1987).

Several sources of potential bias exist, Psy-
chological records were available for cases
assuring an accurate classification for the cases.
Although mentally retarded students could have
been included 1in the control group, this
misclassification, if present, would affect the
risk i1n the opposite direction, lowering the
estimates,

Recall bias ts classically described 1n case-
control studies, especially in the field of ma-
ternity outcome (Raphael, 1987; Coughin,
1987). In an attempt to reduce recall bias,
several approaches were adopted during the
design of the questionnaire, training of inter-
viewers, and cellection of data. Both the nter-
viewer and respondent were masked to the
rescarch hypothesis and irrelevant exposures
were Included in the protocel to reduce the
likelihood of hypothesis guessing by either
interviewer or the respondent, The inclusion
of the specific questions concerning the knowl-
edge of disease and risk factors for infection
revealed that almost 90% of the respondents
had no prior information about toxoplasmosis,
The majority (60%) of the mothers of cases
were unawere of their child’s mental retarda-
tion, suggesting that recall bias was less likely
to happen. However, this finding raises con-
cern about the quality of maternal history.
During the analysis step, the differential of
misclassification of exposure between cases and
controls was similar dcspite the severity of
mental retardation, suggesting again, that there
was not an overestimation of exposure.

The ascertainment of exposure has already
elicited a long discussion in the literature.
According to some authors the only way, to
tdentify patients with congenital toxoplasmosis
1s to perform reliable antibody screening dur-
ing pregnancy {Koskiniemi et al., 1989). How-
cver others have stated that reasonably apphed
serologic tests are usually diagnostic (Frenkel,
1990). They focused on children and regions
where there 1s no evidence of infection from
the environment. The IgG test is uscful for
general serologic diagnosis, especially in a high
risk population and the IFA test 1s considered

simpler and more readily available than the
dye test, with titers in good qualitative agree-
ment with those obtained in the reference test
(Frey & Sever, 1991), The IFA-IgG seroposi-
tivity has assumed to be lifelong, and a posi-
tive test 1s generally interpreted that the per-
son has acquired a Toxoplasma infection in
the past. Furthermore, the nisk for acquired
infection before adolescence 1s expected to be
lower than thereafter (Druten et al., 1990). Fail-
ure to demonstrate IgM antibodies using the
[gM-IFA test can occur in sera from patients
with the acute acquired infection duc to an
inhibitory effect of high titers of IgG antibod-
1cs to Toxoplasma n these sera. This situation
has been found mostly n infected newborn,
duc to a high concentration of maternal 1gG
{Remington & Desmonts, 1990). Since in this
study, 99.2% of all students had IgG-IFA titers
less than 1:;1024, which 1s considered low ti-
ters and suggestive of chronic infection, as
discussed above, the likelihood of false-nega-
tive seems to be very low,

Although the certainty of diagnosis of con-
genital toxoplasmosis cannot be absolutely
established by this study, there are several
associations which suggest transplacental trans-
mission. The encounter of potential risk fac-
tors for maternal 7. gondii infection previously
reported in the hiterature (Sturchler et al., 1987), .
could represent subsequent steps in the risk
cycle of maternal infection with toxoplasmosis.
The close contact with soil and gardens con-
taminated with feline feces due to the pres-
ence of cats during pregnancy could increase
the likelhood of matemnal infection. Further-
more, the lack of differences 1n characteristics
related to acquired infection between cases and
controls, including behavior, environmental and
age exposurc contributes to this hypothesis,
The consistently higher age-specific T. gondii
infection rates among cases versus controls with
no aging trend, the presence of low IgG titer
(Frenckel, 1986) and no detection of recently
acquired infection preceding the date of test-
ing evaluated by IgM tests suggests chronic
infectton, The higher proportion of mothers of
cases reporting misdiagnosed infections dur-
ing pregnancy and the consistent findings of
retinochoroiditis and optic nerve atrophy only
in subjects with 7. gondii infection and more
often 1in mentally retarded students addition-
ally leads support to this hypothesis.

The argument that mental retardation itself
may be a risk factor for acquiring toxoplas-
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mosis seems less probable in this study due to
an absence of association between T. gondii
mfection and all variables constructed for the
acquired model.

No confounding factors were identified in
this study. The results of both bivariate and
multivariate analysis did not show a change in
the nisk of T. gondii infection between differ-
ent ethnic or socioeconomic groups. Residual
confounding reclated to the use of broad cat-
egories in the income level, increasing the
danger that confounding could take place within

categorics {Greenland, 1989) seemed have not

occurred since the risk ratio was the same
when considering cven five strata in the in-
come level.

The consequence of threatened abortion
super-tmposed upon 7. gondii infection shows.
a probable negative interaction (Lilienfeld & -

Lilienfeld, 1980; Rothman, 1986} resulting in
a decrease 1n the expected risk of mental de-
ficiency, among those who were exposed to
both characteristics. Biologically, this may be
suggestive ot an effect of a selective survival:
a large proportion of infected fetuses may have
been aborted, resulting in the lack of associa-
tion between the infection and mental retarda-
tion 1n the stratum reporting threatencd abor-
tion during pregnancy.

In view of these considerations, the present
investigation provides a plausible argument for
an association of transplacental 7. gondii in-
fectton in the development of mental retarda-
tion. It also suggests that children from a high
risk population, 1dentified in this investigation
as children from lower socioeconomic status,
given transplacental 7. gondii infection, would
more hikely present with subclinical congeni-
tal toxoplasmosis, resulting in learning disabili-
ties by school age.

The importance of the proposed model can
be appraised by the attributable risk estimated
from the data. This may also be helpful in
explaining in part, the proportion of mental
deficiency presently considered as having an
unexplained cause.

The control of toxoplasmosis through pre-
vention has been discussed in the recent litera-
ture (McCabe & Remington, 1988). There is a
need to predict the effects of the infection,
particularly in countries where the incidence
or prevalence are high and the risk factors for

Waleska T. Caiaffa et al.

mental deficiency are intertwined. The study
suggests that the control of toxoplasmosis may
reduce the mcidence or the severity of mental
retardation, and future prospective studies may
confirm this findings.
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