Mem. Inst. Oswaldo Cruz, Rio de Janetro, Vol. 87 (1): 73-79, jan./mar. 1992

THE EPIDEMIOLOGICAL SIGNIFICANCE OF CHAGAS' DISEASE IN WOMEN
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Little is known about the risks associated with Trypanosoma cruzi infection in non-pregnant
and pregnant women. From a limited number of studies it appears that in rural areas, parasite
rates and rates of serological positivity are similar in both sexes, Abnormal ECG tracings are
consistently more frequent in men suggesting that immunity to T. cruzi may be different in
females. Complications arising from Chagas' disease in pregnancy are only infrequently re-
ported. Evidence for increased risk of abortion or prematurity is inconclusive except in cases
of congenital infection. Most cases of congenital Chagas' disease have been reported from non-
endemic areas and there is a suggestion thal parasitemic episodes during pregnancy may
influence pregnancy outcome. Preliminary evidence indicates that chronic infection can result
in in-utero sensitization via passively acquired maternal antibodies. The review concludes that
maternal T. cruzi infection carries risks for the child and these warrant systematic research
because of their public health significance.
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The epidemiology of any infection reflects
the interactions of exposure and host immu-
nity in relation to age — and perhaps, also to
gender. Patterns of parasitic infection and dis-
ease in females are rarely considered sepa-
rately from those in males, even though the
potential consequences in women may be more
serious if infection has an adverse effect on
maternal health or outcome of pregnancy. The
triatomine vectors of Chagas’ disease colonise
dwellings and live 1n close contact with the
human population so that exposure, in endemic
areas, may be intense from an early age In
both males and females. In spite of early ex-
posure, only a relatively small proportion of
infected people go on to develop chronic dis-
ease. Hudson & Hindmarsh (1985) consider
that a biphasic progression of disease is ob-
served in many patients who eventually de-
velop chronic Chagas’ disecase. Progression
from one stage to the other may be different
in males and females. Indeed, cardiac pathol-
ogy and associated mortality are reported to
be lower in women despite the fact that preg-
nancy could trigger an alteration in celi-medi-
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ated immunity to Trypanosoma cruzi and ex-
acerbate cardiac disease — as might other fac-
tors such as age, nutritional status or inciden-
tal disease (Krettli, 1977; Hoff & Boyer, 1985).

This paper does not deal with the immu-
nology of Chagas’ disease but looks at avail-
able epidemiological and clinical studies relat-
ing to infection in non-pregnant and pregnant
women, and on pregnancy outcome. The pri-
mary literature on Chagas’ discase epidemiol-
ogy 1s weak, especially in relation to preg-
nancy and pregnancy outcome. Nonetheless, i1t
is considered important that the potential long-
term effects of infection and disease in women
should be highlighted, because interventions
which reduce infection in women are also likely
to have an effect on children bomn to them.

PATTERNS OF INFECTION AND MANIFESTATION
OF DISEASE BY SEX

Infection — Comparing the prevalence of
parasitemia in males and females in fieid stud-
1es 1s difficult because xenodiagnosis and/or
culture techniques are required to detect
parasitemias which are only readily observed
In the acute phase. I. cruzi infection of many
years duratton is a low-load parasitosis which
produces a nearly consistent Jow level of
parasitemuia (Santos-Buch & Acosta, 1985). As
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a result, there are very few field studies in
which prevalence of parasitemia has been de-
fined. Hoff et al. (1979) were able to detect
23/116 patients with 7. cruzi parasitemia in a
cross sectional survey in Castro Alves, Brazil,
and they found no apparent differences be-
tween males and females.

Age-specific serological reactivity was simi-
lar in both sexes in Castro Alves, Brazil (Mott
et al., 1976), and in Belen, Venezuela (Puigbo
et al., 1966) although in Brazil, females over
age 10 years had higher geometric mean titres
than maies.

Given that exposure to infected triatomine
bugs 1s unlikely to differ by sex, it is not sur-
prising that infection rates appear to be similar
in males and females.

Clinical disease — It is estimated that only
about 20% of asymptomatic patients with no
significant pathological changes are at risk of
developing extensive clinical tissue injury later,
and only about 30% of hearts studied at au-
topsy show evidence of myofiber parasitism,
It 1s considered that pathologic changes pro-
duced by 7. cruzi infection may be the result
of the size and frequency of the inocula, ge-
netic susceptibility of the host, tissue tropism
or rate of proliferation of the infecting strain
or, most particularly, the degree of immuno-

logical response the infection may evoke
(Santos-Buch & Acosta, 1985).

A number of studies show that certain le-
sions associated with chronic heart disease
occur less frequently in women. Oliveira et al.
(1981) found the male/female ratio of apical
ancurism In necropsy reports to be 739:339,
Although apical aneurism is not itself a cause
of death, its presence is significantly linked
with cardiac death and is a sign of a poor
prognosis. In a study by Widmer & Azevedo
(1972) there was a significant difference in the
frequency with which leishmanial parasites
were found in the heart muscles of female
patients. The mean age at death was similar
for male and female patients and no obvious
selection bias could be identified. The authors
suggested that certain host enzymes necessary
for parasite development might be sex-linked.

In longitudinal studies in Castro Alves, Bra-
z1l, abnormal electrocardiogram (ECQG) trac-
ings were significantly more frequent in
seropositive men than women despite similar
age-specific rates of seroreactivity (Maguire et
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al., 1983). When the same population was
followed up after nine years to assess the de-
velopment of ECG abnormalities in sero-
negative and seropositive individuals, it was
found that seropositives developed abnormal
ECGs twice as frequently as seronegatives
(Mota et al., 1990). While there was little
difference between seronegative males and
fermales in the rate of development of an ECG
alteration, amongst seropositives, the rate for
males was 32.3/1000 person years (PYs) com-
pared to 21.1/1000 PYs for females. Ventricu-
lar conduction defects developed more fre-
quently in seropositive males (11.2/1000 PYs)
than in seropositive females (9/1000 PYs) as
did frequent or multiform ventricular extrasys-
toles (4.8 vs 2.4/1000 PYs, respectively). There
was no difference in age-adjusted mortality
rates by sex and seropositivity, but in
seropositive individuals with an initial abnor-
mal or borderline ECG, the mortality rate at
age 40-59 was 20.4/1000 PYs in males com-
pared to 11.2/1000 PYs in females. Other, non-
controlled studies, have indicated differential
mortality by sex, tn favour of females
(Forichon, 1975; Pereira, 1984).

In Goiadnia, central Brazil, a population-
based case-control study amongst unskilled
workers also found that the risk of ECG alter-
ations of any kind was greater in males, as
was the risk of left anterior hemiblock (Zicker
et al., 1990). These associations were stronger

amongst seropositive than amongst seronegative
subjects.

The consistent pattern seen in these studies
with regard to heart disease is not observed for
the megasyndromes. A radiological study in a
selected hospital population (Rezende, 1975)
and a community study in N. E. Brazil (Mota
et al., 1984) found the disease more frequently
in males but the differences were not signifi-
cant.

In summary, there 1s good evidence that
females show less evidence of heart disease,
suggesting a difference in immunological re-
sponse by sex. There are, however, geographi-
cal differences in relation to the age of onset
of clinical disease which indicate that other
factors also affect disease rates.

MATERNAL HEALTH AND INFECTION DURING
PREGNANCY

Chinical status associated with pregnancy
— Acute maternal infections are rare in preg-
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nancy since, in most endemic areas, the acute
stage occurs in childhood and is frequently
asymptomatic (Teixeira et al., 1978). Only eight
acute cases have been reported in pregnancy.
All of the women recovered but in five cases,
congenital transmission occurred (Bittencourt,
personal communication).

It appears that women in the indeterminate
and chronic stages of infection have unevent-
ful pregnancies (Bittencourt, 1988). In a study
comparing fetal-maternal morbidity in sero-
positive and seronegative mothers living within
a 35 km radius of an urban hospital in Cordoba,
Argentina, the only pregnancy complications
observed which were significantly higher in
seropositive women were polyhydramnios and

varicose veins {Hernandez-Matheson et al.,
1983).

Parasitemic episodes during pregnancy —
Pregnancy-associated recrudescence of para-
sitemia has yet to be definitively demonstrated.
Szarfman et al. (1975a) reported increased
levels of T. cruzi specific IgM in chronically
infected mothers, although this antibody 1s
usually found only in the acute phase of the
disease. Using xenodiagnosis, efforts to deter-
mine the incidence of parasitemia during preg-
nancy have yielded contradictory results
(Biocca & Sequeira, 1972; Storn1 & Bolsi,
1979). Bittencourt et al. (1988) screened 71
chronic chagasic pregnant women on whom a
variable number of xenos were performed. In
this study the same patients were used as a
control group after delivery and no significant
differences were observed between pregnant
and post-natal women. The authors nonecthe-
less concluded that there was considerable risk
of parasitemia occuring during pregnancy as
38/77 (49.3%) mothers screened had parasi-
temia on at least one occasion. Ten (11%) had
three or more positive xenos during gestation
and one of these mothers had a congenitally
infected baby. It was suggested that the more
frequent and persistent the parasiterma, the
more probable was congenital infection.

In a recent study of ten congenitally in-
fected babies and their mothers — all of whom
were in the chronic stage — sera fom all the
mothers whose offspring were infected were
found to have IgM antibodies as detected by
ELISA, 1n contrast to none of the mothers
delivering healthy children (Reyes et al., 1990).
In these tests, soluble extracts from cultured
epimastigotes of 7. cruzi were used as anti-

gens, but when recombinant 7. cruzi antigens
were used, only two mothers were positive for
IgM antibodies. These findings were difficult
to explain but emphasize the importance of
individual antigens for antibody detection.

MATERNAL INFECTION AND OUTCOME OF PRE(G-
NANCY

Abortion, stillbirth and low birthweight —
Some authors have considered Chagas’ dis-
case to be a cause of second trimester abortion
(Castilho & Da Silva, 1976) but Bittencourt
(1984) found no difference in the abortion rate
of chagasic and non-chagasic women. Mater-
nal Chagas’ disease may increase the risk of
prematurity but the distinction between pre-
maturity and fetal growth retardation is not
always clearly made (Castilho & Da Silva,
1976). Bittencourt (1984) has reported no in-
crease in pre-term delivery (less than 37 weeks
gestation) in chagasic mothers unless the In-
fant was congenitally infected. Abortions and
stillbirths are frequently reported in cases of
congenital infections and several studies have
shown congenital infection to occur more fre-
quently in fetuses weighing <2000 gm (Howard
& Rubio, 1968; Bittencourt et al., 1972; Azogue
et al., 1985). A higher frequency of stilibirths
was also observed in women with a previous

history of congenital transmission (Bittencourt,
1984).

Most congenitally infected cases present
with low birthweight, and some of these are
small-for dates (Stagno & Hurtado, 1971; Vieira
et al., 1983). In experimental work in mice
with chronic 7. cruzi infection, intra-uterine
growth retardation has been observed in the
absence of congenital infection (Carlier et al.,
1987). The cause of fetal growth retardation
was unclear since placental modification was
not indicated. Controlled studies on the fre-
quency of low birthweight in otherwise healthy
children born to seropositive and seronegative
women living in endemic areas would be
needed to confirm this association.

Congenital infection — Risk factors for con-
genital infection are still poorly understood.
For a proportion of women, infection of the
placenta will occur 1n the absence of congeni-
tal infection (Bittencourt, 1984). Cases of con-
genital infection have been reported largely in
offspring of women who have not lived in an

endemic area for a number of years (Howard
& Rubio, 1968; Hoff et al., 1978; Azogue et
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al., 1985). In Bahia, Brazil, studies of con-
genital cases have been largely based on
samples and autopsy data from urban hospi-
tals. In one study, 58% of a non-selected
sample originated from rural areas of the state
of Bahia, but at the time of the study they
were living in the city of Salvador (Bittencourt
et al., 1985a). Dias (1979) working in a pre-
viously endemic area where vector mediated
transmission had been interruped for several
years, did not find cases of congenital infec-
tion in more than 300 children of chagasic
mothers. However, his study did not exclude
the possibility of congenital transmission as it
1s possible that most, or all of the infected
conceptuses died in utero since abortions were
not recorded.

There 1s very little information on the fre-
quency with which congenital Chagas’ occurs
in endemic areas. In the Moro-Moro popula-
tion of Bolivia, a 63% seropositivity rate was
recorded in children less than one year of age
and this led the authors to conclude that con-
genital transmission occurred frequently in this
population (WHO, 1983). The age distribution
of the 11 children less than one year was not
given but in children less than six months of
age it is likely that seropositivity reflected the
transmission of maternal antibodies (Miles et
al., 1975; Breniere et al., 1983; Moya et al.,
1989). Micro concentration techniques alone
were used for detection of parasitemia which
may account for the apparent absence of cir-
culating parasites in older children. Artecaga-
Fernandez et al. (1989) suggested that con-
genital transmission should be most frequently
observed in endemic areas where a much higher
proportion of mothers are exposed to infec-
tion. Serological studies in Castro Alves have
failed to detect infections in children under
one year of age (Mott et al., 1976) but inves-
tigations in other endemic areas are needed for
comparison since both the risk and severity of
congenital infection are known to vary by re-
gion.

Bittencourt found the highest proportion of
congenital cases between 19 and 26 weeks ges-
tation 1 conceptuses weighing <1,000 gms
(1988). In Bolivia the largest number of con-
genital cases was found in newborns weighing
between 1,000 and 2,500 gms with a gesta-
tional age between six and eight months (26-
37 weeks) (Azogue et al., 1985). No positive
cases were found before the sixth month of
gestation in Bolivia. Asymptomatic congenital
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cases have been reported and it is believed
that in these cases the child was infected late
in pregnancy and mounted an active immune
response. The asymptomatic form of the con-
genital disease is especially prevalent in Ar-
gentina (Moya, 1977) but may not be readily
detected at birth. The diagnosis of congenital
infection by ELISA detection of [gM antibody
may yield false negative results. In a recent
study (Reyes et al., 1990) only 50-60% of
congenital cases were detected by ELISA. The
use of recombinant antigens to detect specific
IgM and new IgG specificities raised the de-
tection level to 90%. The new IgG specifici-
ties observed most frequently were against a
shed acute phase antigen (SAPA), generated
during the acute phase of infection in the fe-
tuses but not in their chronically infected
mothers.

It 1s not yet clear what events lead to trans-
mission, although possible factors include re-
crudescence of infection associated with
changes in maternal immunity (possibly influ-
enced by parity or gestational age), and other
host factors such as age (Bittencourt, 1984)
and placental sufficiency. It has been demon-
strated experimentally that transplacental trans-
miussion of 7. cruzi could only be achieved in
mice if the reticulo-endothelial system of the
antmals was first depressed by treatment with
thorium dioxide, indicating that phagocytic
efficiency of the placenta is an important fac-
tor in the barrier effect (Delgado & Santos-
Buch, 1978).

A number of studies have related risk of
transmission to characteristics of the infecting
parasite strain. In experimental work in mice
Andrade (1982) observed that the incidence
and degree of placental parasitism during acute
infection varied with different strains.
Bittencourt et al. (1985b) showed that strains
of T. cruzi that were enzymatically indistin-
guishable could behave differently in respect
to transplacental transmission. Four congenital
cases, all infected by 7. cruzi stocks 1dentified
as 22, were associated with very different
degrees of severity of infection and prognosis.
These observations suggest that characteristics
of both host and parasite play a role in placen-
tal transmission of 7. cruzi.

Bittencourt (1984) followed one patient dur-
ing four gestations and transmission occurred
in two alternate pregnancies. The risk of con-
genital infection being repeated in subsequent
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pregnancies indicates the importance of larger
studies on women with a history of congenital
transmission.

Intra-uterine infection and fetal sensitiza-
tion — The suggestion that intra-uterine infec-
tion with 7. cruzi might induce the synthesis
of anti-heart antibodies by the fetus during the
fetal and perinatal period (Szarfman et al.,
1975b) 1s now considered doubtful. However,
this does not preclude the possibility that the
passage of other humoral factors of maternal
sera may lead to sensitization. [n-utero sensi-
tization via passively acquired maternal anti-
body should be considered as it has been ob-
served in the offspring of a small sample of
chagasic women in Brazil (Eloi-Santos et al.,
1989). Cord blood moncnuclear cells exhib-
ited strong proliferative responses against
idiotypes expressed on antibodies prepared
from the mothers” serum, especially early preg-
nancy serum. This was the first preliminary
experimental evidence that children born of
mothers with chronic infections are born pos-
' sessing anti-Id reactivity. This study, if con-
firmed in a larger sample, underlines the im-
portance of a better understanding of maternal
irmmune status during pregnancy and how this
relates, not only to congenital infection, but
also to disease susceptibility within population
groups. The importance of maternal-fetal in-
teractions 1s supported further by evidence of
family clustering.

Family clustering of infection has been ob-
served In an endemic area, and 10% (20/203)
households had five or more seropositive indi-
viduais (Mott et al., 1976). The rate of
seropositivity and median age of scropositives
varied according to the serological status of
parents. The authors suggested that the immu-
nological response of children of seropositive
mothers differed from that of children of
seronegative mothers, and that various mater-
nal-fetal immunologic interactions could ac-
count for this. Family clustering of cardiovas-
cular disease was also observed in Goidnia,
Central Brazil (Zicker et al., 1990). An asso-
ciation between a sibling history of heart dis-
ease and left anterior hemiblock was consid-
cred consistent with studies suggesting a ge-
netic component in the determinant of Chagas’
heart disease — but could also indicate mater-
nal-fetal sensitization. Longitudinal studies in
Castro Alves indicate that risk for develop-
ment of heart disease 1s bimodal, with pcaks at
age 10-19 years and 30-39 years (Mota et al.,

1990). The authors suggested that some indi-
viduals develop cardiac abnormality after a long
latent period. Evidence that the age of onset of
clinical disease is linked to in-utero sensit-
tsation (or asymptomatic congenital infection)
is speculative, but remains a possibility.

CONCLUSIONS

From the foregoing review it can be con-
cluded that there are still many questions to be
answered about the specific risks of infection
In women, especially in pregnancy. To answer
these would require a shift of emphasis to more
epidemiological studies - perhaps an unlikely
event with the current emphases on operational
studies for improved vector control and basic
immunological research (although this rarely
includes the immunology of human pregnancy
infection or the implications of sex differences).
Even if vector control is successful, it will still
leave a large reservoir of seropositive women,
and the risk to the offspring of these women
should be known. Moreover, congenital infec-
tion maintains a reservoir of infection and a
transmission mechanism which continues after
vector control. It has already contributed to
the establishment of Chagas® discase as an
urban, as well as a rural problem.

Congenital transmission tends to be re-
garded as an epidemiologically unimportant
result of infection with 7. cruzi but this is not
the case. In the State of Bahia, Brazil, there is
nearly one case of congenital infection per
1,000 babies and prevalence among migrant
women from rural areas living in Salvador was
10.9% (Bittencourt et al., 1985a). The corre-
sponding figures are much higher in Bolivia
where maternal infection rates constitute a
serious health problem. It is likely that much
could be learnt about the factors predisposing
to clinical disease if more attention were given
to infection patterns in women -pregnant and
non-pregnant.
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