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EPIDEMIOLOGICAL ASPECTS OF TOXOPLASMOSIS IN SCHOOLCHILDREN
RESIDING IN LOCALITIES WITH URBAN OR RURAL CHARACTERISTICS
WITHIN THE CITY OF RIO DE JANEIRO, BRAZIL
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Immunofiuorescence tests (IF) for toxoplasmosis were performed on a total of 608 school-
children in elementary and junior high grades. 166 being in the Bonsucesso district {an urban
region of Rio de Janeiro) and 442 children from locations within the lowlands of Jacarepagua
(with rural characteristics). All the TF-IgM were nonreactive, whilst 416 schoolchildren { 68.4%)
were 1F-IgG serum-reactive (21:16). The percentages of serum-reactives in Jacarepagud were
significantly higher than in Bonsucesso, both as regards the total number of schoolchildren
(p<0.001), as also when subdivided according to the age-grades from six to eight years
(p < 0.001) or from twelve to fourteen {p < 0.05). Both in Jacarepagua and in Bonsucesso, the
prevalence of reactions in the 12 to 14 year age-grade was significantly greater than in the 6 t0 &
year age-grade (p < 0.001 in both cases). Expressively larger prevalences of serum reactions were
found in Jacarepagud among schoolchildren who preferred eating raw or undercooked meat, as
well as among those having cats as pets, this occurred equally in the 6 to 8 year and in the 12 to 14
vear agegrades. In Bonsucesso, the only significant difference was in the 6 to 8 year age-grades
that had cats as pets. Thus, it has been verified that the risk of infection is greater and more
precocious (n localities with rural characteristics than in urban regions.
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Toxoplasma gondii Nicolle & Manceaux,
1909 is cosmopolitanly distributed, capable of
infecting a great number of species of animals,
inciuding man {Aptetal., 1973; Frenkel, 1935).
It is estimated that from 25 to 30% of the
world’s population bas been exposed to infec-
tion by this protozoan (Lobel & Kagan, 1978).

Human transmission of so-called acquired
toxoplasmosis is generally connected with
eating raw or undercooked meat, containing
the parasite’s cysts (Jacobs et al., 1960; De-
smonts et al., 1965; Coutinho et al., 1982b}). On
other hand, it has been verified — after the
studies by Hutchinson et al., 1970; Frenkel et
al., 1970: Hutchinson et al., 1971; Work, 1971;
Deane et al., 1971 — that the domestic cat and
other felidae may complete a gametogonic
sexual cycle in the epithelial cells of the mu-
cous membrane of the small intestine, culmi-
nating in the discharging of immature oocCysts
together with the felines’ feces. On the ground,
the oocysts sporulate and gencrally become
mature and infectious within 3 to 4 days
(Frenkel, 1972). Contacts with cats, or the
taking of water and/ or raw foods (greenstuffs,
fruits, etc.} contaminated by feces containing
oocysts, are considered important forms for
transmitting toxoplasmosis to persons and
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animals (Dubey et al., 1970; Wallace, 1973;
Fayer & Frenkel, 1979, Coutinho et al., 1982a).

Several factors have been described as capa-
ble of influencing the prevalence of persons
who are serum-reactive or show skin test
hypersensitivity to 7. gondii. Under appropnate
conditions, humidity and temperature favor the
evolution of ococysts on the ground and conse-
quently the transmission of toxoplasmosis to
various mammls, including man (Ruiz et al.,
1973 Ruiz & Frankel, 1977, Frenkel & Ruiz,
1981; Coutinho et al., 1982a). It also possi-
bilitates the cat-rodent transmission cycle
(Deane et al., 1971 ; Wallace et al., 1972; Cou-
tinho et al., 1982a) that appears to be impor-
tant in nature. The occupations of persons and
their eating habits as regards the ingestion of
raw or undercooked meat (the presence of
viable cysts) may favor transmission of the
parasite {(Kimball et al., 1960: Desmonts et al.,
1965:; Coutinho et al., 1982b).

The present work evaluates the prevalence
of elementary and junior high students that
are serum-reactive to Toxoplasma. It has been
verified that in localities of rural characteristics,
the risk of infection among schoolchildren
was greater and more precocious than in urban
locations. In this connection, both the presence
of cats as pets and the eating of raw or underco-
oked meat appeared to have been intluential
factors.
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MATERIAL AND METHODS

In order to detect the anti-Toxoplasma an-
tibodies, blood samples of 608 schoolchindren
in Rio de Janeiro were taken in heparinized
capillary tubes (Inlab-Sio Paulo, Brazil). After
centrifugation (centrifuge for micro-hematocrit,
Danon/IEC Division) the plasma was diluted in
a phosphate buffer solution (PBS), pH 7.2,
starting at 1:16 and sucessively, at a rate of 4
to 1:4096, in accordance with the technique
described by Coutinho et al. (1983).

The antigen used for the immunofluores-
cence tests (IF) was a sample of Toxoplasma
isolated from a human congenital case and
maintained by a series of passages in mice.

The fluorescent sets (human anti-IgM and
anti-IgG ) were manufactured by Biolab-Méricux,

having diluted in PBS-Evan’s Blue at the mo-

ment of using.

An optical microscope (Carl Zeiss) with in-
cidental ilumination by mercury-vapor lamp
(HBO-200, Oram) and a BG-12 filter was used
to read the indirect immunofluorescent reac-
tions.

166 schoolchindren, out of the 608 student
that were examined, went to the Municipal
School in Bonsucesso, an urbanized suburb of
Rio de Janeiro. The remaining 442 school-
children were from three Municipal Schools,
in the localities of Pau da Fome, Rio Pequeno
and Camornm, within the lowlands of Jacare-
pagud. These localities still reveal rural charac-
teristics, such as the raising of domestic animals
(cats, dogs, pigs, goats, chickens, cattle, etc.);
unpaved roads; inadequate water supply and
sewerage systems. The constant presence of a
great number of household cats, according to
the local residents, was to limit the rodent po-
pulation.

The ages of the schoolchildren ranged from
six through fourteen years. Preference was
given to study only the limited six to eight and
twelve to fourteen year-old children groups so
that possible differences in the prevalences of
serum-reactive schoolchildren, related to the
greater or shorter period of living in the locali-
ties, be more clearly revealed. Thus, 166
schoolchildren in Bonsucesso and 442 in
Jacarepagud were studied, Their distribution

according to sexes and age-grades are shown in
Tables I and II.

It was possible to obtain conclusive infor-
mation from 113 schoolchildren in Bonsucesso
and 202 students in Jacarepagud in order to
investigate the presence of household cats and
to determine the eating of raw or undercooked
meat.

Test x* was used for the statistical analysis

WILSON J.5. SOUZA ET AL.

of the IF-IgG results, the differences having
been considered significant when p < 0.05.

RESULTS

All the 608 IF-IgM for toxoplasmosis were
non-reactive up to a 1:16 dilution.

Table 1 shows the results of the [F-IgG dis-
tributed according to schoolchildren’s sexes in
the two studied localities. Statistical analysis de-
monstrates that there were no significant dif-
ferences as regards the sexes in the results of
the IF-IgG’s (Table I). This datum permitted
that the schoolchildren be grouped thereafter
irrespective of sexes. Thus, it was verified that
the prevalence of serum-reactive schoolchildren
in Jacarepagua (IF-IgG = 16-256 or = 1024)
was significantly greater than that found in
Bonsucesso (p << 0.001).

When the schoolchildren were subdivided
according to the age-grades (Table [I), statis-
tical analysis of the IF-lIgG results demonstra-
ted that: a) equally in Bonsucesso and in Jaca-
repagud the prevalence of serum-reactives in
the 12 to 14 year-old group was significantly
greater (p < 0.001 and p < 0.001, respec-
tively) than in the 6 to 8 year age-grade; the
number of serum-reactives in Jacarepagud was
stastitically higher (p < 0.001) than in Bonsu-
cesso in the 6 to & year-old group, there
having been a greater prevalence of high anti-
body titers in the IF-IgG (> 1024) of this age-
-grade in Jacarepagud (p < 0.01) as compared
to Bonsucesso (13.1% x 4.7% — Table II); b)
with reference to the 12 to 14 year-old scho-
olchildren, the results of the IF-IgG tests
between those living in Jacarepagud and those
from Bonsucesso showed smaller — although
still statistically significant (p < 0.05) — dif-
ferences. However, the percentages of higher
titers (= 1024) were similar in the two regions
(6.8% x 6.2% — Table II).

With reference to the 3135 schooichildren
investigated as regards the presence of house-
hold cats and/or their habits of eating raw or
undercooked meat, it was demonstrated that:
a) of 113 student living in Bonsucesso, 22
(19.5%) did have cats, and 45 (39.8%) ate
raw or undercooked meat; b} of 202 students
living in Jacarepagud, 74 (36.6% had cats and
66 (32.7%) ate raw or undercooked meat. The
presence of cats in the homes, in Jacarepagud,
occurred with more significative frequency
that in Bonsucesso (p < 0.01), whilst the
eating of raw or undercooked meat was simi-
lar between the schoolchindren from both lo-
calities (p < 0.1). However, the fact should be
stressed that it was not rare for several fami-
lies in Jacarepagud to slaughter animals (pigs,
goats, chickens, game, etc.) for their own
consumption.
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TABLE I

Results of the indirect immunofluorescence tests (IF-1gG) for toxoplasmosis in schcooichildren from Rio de
Janeiro, according to their sex and the area where they lived

Total of Total of
Distribution of Titres (IF-IgG) serum tests
reactive (z216) (100%)
Area Sex SN * 16-256 =1024
No. (%) No. (%) No. (%) No. (%)
BONSLCEsso Masculine 3B (45,2)* 42 (50,0) 4 (4,8) 46 (54.8) 34
Feminine 40 (48.,8) 37(45.1) 5 (6,1) 42 (51,2) 82
Sub-total 78 (47,0) 79 (47.6) 9 (5,4) 88 (53,0) 166
Jacarepasudi Masculine 5E(22,5) 152 (66,9} 24 (10,6) 176 (77,5) 227
pag Feminine 63(29.,3) 132 (61.,4) 20( 9.3) 152 (70.7) 215
Sub-total 114 (25.,8) 284 (64.3) 44 ( 9.9) 328 (74.,2) 4472
Total 192 (31,63 363 (59.7) 53( 8,7) 416 (68,4) 608

* Serum negative at 1:16 dilution

Statistics analysis: Bonsucesso (sub-totals) x Jacarepagua (sub-totals) = p < 0.001; Bonsucesso = masculine x fe-
minine p 2> 0.7; Jacarepagud = masculine x feminine p = 0.3.

TABLE Il

Results of the indirect immunofluorescence tests (IF-IgG) for toxoplasmosis in schcoolchildren from Rio de
Janeiro, according to the age grades and the area where they lived

Total of Total of
Distribution of Titres (IF-1gG) SET UM tests
Age reactive (2216) (100%)
Area grade SN * 16-256 = 1024
(vears)
Na. (%) No. (%) No. (%) No. (%)
Bonsucesso 6- 8 54 (63.5) 27 (31,8) 4 47 31 (36,5) 85
12-14 24 (29.6) 52 (64,2) 5 (6,2) 57 (70,4) 31
Sub-total 78 (47,00 79 (47,6) 3 (5.4} 88 (53,0) 166
Jacare . 6- 8 80 (36,0) 113 (50.,9) 29 (13.1) 142 (64,0) 222
acarepagud 12-14 34 (15,5) 171 (77,7) 15 (6,8) 186 (84,5) 220
Sub-total 114 (25,8) 284 {64.,3) 44 (9.9) , 328 (74,2) 4472
Total 192 (31,6) 363 (59.,7) 53 (8,7) 416 (68,4) 608

* Serum negative at 1:16 dilution

Statistics analysis: Bonsucesso: age grade of 6-8 years x 12-14 years = p << 0.001;Jacarepagua: age grade of 6-8
vears x 12-14 years = p < 0.001; Age grade of 6-8 years: Bonsucesso x Jacarepagua = p <.0.001; Age grade of
12-14 years: Bonsucesso x Jacarcpagua = p <<0.05.
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TABLE I1I

Results of the indirect immunofluorescence tests (IF-1gG) for toxoplasmosis in schoolchildren from Rio de
Janeiro, according to the area where they iived, the age grades, and their habits of eating raw
or undercooked meat

o - R —

Habit of eating raw or Total of No habit of eating raw Total of
undercooked meat tests or undercooked meat teses
Age - ( 100%) - (100%)
Arca grade SN* = 16 SN* 216
{years) e
No. (%) No. (%) No. (%) No. (%)
Bonsucesso 6- 8 12(66.7) 6 (33,3) 13 29 (74 ,4) 13 (25,6) 39
- 12-14 8 (29.6) 19 {70.4) 27 4 (23,5} 13 (76.5) 17
Total 20 (44 ,4) 25 (55,6) 45 33 (58,9) 23141,1) 56
Jacarepagud 6- 8 2 (10.0) 18 (90,0) 20 24 (45.3) 29 (54.7) 53
12-14 5(10,9) 41 (89,1) 46 10 (28,6) 25 (71.4) 35
Total 7(10.6) 59 (89.4) 66 34 {3K.,6) 54 (61.4) B8

T e - - rEE—— . s . A AT A LiEm s — TR __m'L . -—r—a

*Serum negative at 1:16 dilution
Statistics analysis: according to the habit of eating x no habit of cating raw or undercooked meat for each area,
and each age grade
Bonsucesso (6- 8 years):p 0.5 Jacarepagud (6- 8 yeurs): p <0.01
(12-14 years): P > 0.7 (12-14 years): p <0.05

TABLE IV

Results of the indirect immunoftuorescence tests {1F-IgG) for toxoplasmosis in schoolchildren from Rio de
Janeiro, according to the area where they lived, the age grades, and presence or absence ot cats as pets

Presence of cats Total of Absence ot cats Total of
Age tests tosts

Area grade SN * > 16 (100%) SN * =16 (100%)

(years)
No. (%) No. (%) No. (%) NO. (%)

B msucess 6- 8 3 (37.5) 5(62.5) 8 29 (74.4) 10 (25.6) 39
ONSULESSO 12-14 4 (28.6) 10 (71.4) 14 4(23.5) 13(76.5) 17
Total 7 (31.8) 15 (68,2} ¥, 33 (58.9) 23 ¢41.1) 56
Jac .. 6- 8 2 (7.4) 25 (92.6) 27 94 (45.3) 29 (54.7) 53
ararcpagua 12-14 5 (10.6) 42 (89,4) 47 10¢28.6  25(71.4) 33
Total 7 (9,5) 67 (90,5} 74 34 (38.6) 54 (61.4) 88

*Serum negative at 1:16 dilution
Statistics analysis: according to the presence X absence of cats as pets for cach areu, and each age grade
Bonsucesso (6- 8 vears): p <.0.05 Jacarepagua {6- 8 vcars): p <<0.001

{12-14 years): P > 0.07 (12-14 years): p <_0.05
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Results of the indirect iImmunofluorescence tests (IF-IgG) for toxoplasmosis in schoolchildren from Rio de
Janeiro, accerding to the area where they lived. the age grades, alimentary habits, and presence of cats as pets

Habit of eating raw or Total of No habit of eating raw Total of
undercooked meat and/or tests or undercooked meat tests
Ago presence of cats (100%) and absence of cats {100%)
Area grade , .
(years) SN 216 SN 216
No. (%) No. (%) No. (%) No. (%)
Bonsucesso 6- 8 i3 (56.5) 10 (43,5) 23 29 (74,4)  10(25,6) 39
S 12-14 10 {29,4) 24 (70.6) 34 4(23,5) 13 (76,5) 17
Total 231(40,3) 34 {59.,7) 57 33(58.,9) 23(41,1) 56
[T——— 6- 8 4 (10,0) 36 (90,0) 40 24 (45,3) 29 (54,7 53
Pag 12.14 7 49,5) 67 (90.5) 74 10 (28,6)  25(71,4) 15
Total il (9,6) 103 (90.4) 114 34 (38,6) 54 (61,4) 88

*Serum negative at 1:16 dilution

Statistics anulysis: according to the habit of cating meat and/or presence of cats x no habit of eating meat and

absence of cats
Bonsucesso  (6- 8 years):p > 0.1
(12-14 years); P > 0.5

In Bonsucesso. as shown in Table 11, there
were no significant differences as regards the
rcactive of non-reactive 1F-IgG tests of the
age-grades, with respect to their food habits.
However, in the case of Jacarepagud — both n
the 6 10 8 year-old and the 12 to 14 year-old
groups of schoolchildren — a greater preva-
lence of serum-recactives was found among
those who ate raw or undercooked meat,
when compared to the children who did not.
This difference, however, was more clearly
defined in the 6 to & vyear-old group
(p < 0.01) than in the 12 to 14 year-old group
(p << 0.05).

According to Table TV. there wus a greater
prevalence of serum-reactives (p < 0.05) In
the Bonsucesso 6 to 8 year-old group of
children who had houschold cats, than In
those who did not have. However, this dif-
ference did not occur in the 12 to 14 year-old
group. In the case of Jacarepagud, in both
the 6 to 8 and the 12 to 14 year age-grades, a
significant association (p < 0.001 and p < 0.05,
respectively) was found between the presence
or absence of cats and a greater or lesser pre-
valence of scrum-reactives.

Tacarepugua (6- 8 vears): p <<0.001
{12-14 years): p <0.02

When analyzing the cobination of the pre-
sence of cats and the habit of eating raw or
undercooked meat {Table V) in connection
with the greater or lesser prevalence of serum-
reactives, it was demonstrated that in Bonsu-
cesso the diferences were not significant,
whiist in Jacarepagud such significance did
occur, both in the 6 to ¥ year-old age-grade
(p < 0.00I) as in the 12 to 14 year-old group
(p <0.02).

DISCUSSION

Intection by 7. gondii occurs most fre-
quently through the ingestion of the para-
site’s cysts, found in the musculature of ani-
mals (swine, cattle, etc.) and/or due to the
ingestion of oocysts sporulating on the ground
that have been discharged with the feces of
cats or other felidae.

Generally, a large -portion of the human
population becomes infected by T. gondii
during the first decade of life (Remington et
al., 1970: Coutinho et al., 1972: Frenkel &
Ruiz, 1980; Amendoeira & Coutinho, 1981),
by means of one of the above mentioned me-
chanisms. After toxoplasmic infection a cel-
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lular and humoral immune response is devel-
oped which is generally protective and tends
to last during the person’s entire life (Frenkel,
1985). Such immune response can be de-
monstrated by varous methods, prncipally
by serologic methods which are extremely
useful in laboratory diagnosis and in popula-
tional surveys on toxoplasmosis (Camargo et
al., 1977, Kagan, 1979). For such reasons
and depending on a greater or lesser exposure
to the risk of infection during the lifetime of
persons, there is a tendency towards a gradual
increase in the prevalences of persons serum-
reactives to Toxoplasma (Frenkel & Ruiz,
1981; Frenkel, 1985), according to the aging
process {(accumulated data).

In surveys carried out on populational
groups in the city of Rio de Janeiro, preva-
lences of 31.7% have been found in persons 0
to 5 years-old, 59.2% in the 6 to 10 year-old
persons, 68.9% in the 11 to 15 year-old indi-
viduals and 71.4% in the 16 to 20 year-old
persons (Coutinho et al., 1972), up to per-
centage rates that vary from 50-80% in dif-
ference adult populations, both in Rio de Ja-
neiro and other Brazilians States (Walls &
Kagan, 1967; Lamb & Feldman, 1968; Aratjo,
1970+ Baruzzi, 1970; Gomes et al., [1975:
Leser et al., 1977; Coutinho et al., 1981).

Our data confirm that the percentages of
serum-reactives increased in accordance with
the age-grades of the schoolchildren in the
two areas that were studied. It was also de-
monstrated that the division of age-grades,
into 6 to 8 and 12 to 14 year-olds, was appro-
priate, having permitted the statistical iden-
tification of significant differences as regards
prevalences of serum-reactives to Toxoplasma
between these two age-grades, equally Bon-
sucesso as in Jacarepagud. |

In cases of prime infection by 7. gondii,
the immunofluorescence reaction (IF) may
precociously show IgM antibodies that gener-
ally rapidly increase to titers over 1024, How-
ever, false negative results may occur in the
[F-IgM tests, due to competition with high
levels of IgG anti-Toxoplasma in the person’s
serum (Filice et al., 1980; Camargo et al.
1983).

The presence of acute toxoplasmosis within
the 608 schoolchildren under study was not
characterized since no cases of I1F-IgM = 16
were found. However, this possibility may not
be discarded since titers of IF-IgG =2 1024 were
observed. As mentioned above, such high 1gG
titers could originate false negative IF-IgM
toxoplasmosis results.

It was verified that the schoolchildren’s
food habits (eating raw undercooked meat)
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and the presence of household cats probably
were influential in transmitting 1. gondii, par-
ticulary in the Jacarepagud lowlands (areas
with rural characteristics), where the percent-
agens of serum-reactive schoolchildren were
greater than in those from Bonsucesso (an
urban area of Rio de Janeiro).

Thus, according to the results obtained and
statistically analyzed, the rsks of 7. gondii
infection were greater and more precocious in
Jacarepagua than in Bonsucesso, since the 6 to 8
year-old schoolchildren of Jacarepagud revealed
significantly higher percentagens of serum-reac-
tive tests (16-256 and = 1:1024) than those of
the same age-grade living in Bonsucesso.

The greater risk of infection for school-
children in the Jacarepagud areas should be
related to the larger quantity of household cats,
as well as to the habit of eating meat from non-
commercial sources (slaughtering of animals
raised near homes), when compared to the
schoolchildren from the Bonsucesso area, who
had lesser quantities of domestic cats and usual-
ly ate meat from cold storage commercial
sources.

RESUMO

Aspectos epidemiologicos da toxoplasmose
em escolares residentes em localidades com ca-
racteristicas urbana e rural do Rio de Janeiro,
Brasil — Foram feitos testes de imunotluores-
céncia (IF) para toxoplasmose em 608 escolares
do 19 grau, sendo 166 de Bonsucesso {drea urba-
na do Rio de Janeiro} e 442 da baixada de Jaca-
repagud {drea com caracteristicas rurais). Todas
as IF-IgM foram n3o-reagentes, enquanto que
416 escolares (68,4%) foram soro-reagentes na
IF-IgG (= 1:16). As percentagens de soro-rea-
gentes em Jacarepagud foram significantemente
superiores ds de Bonsucesso, tanto em relagdo
ao numero total de escolares, como quando
subdivididos segundo as faixas etarias de 6 a 8
anos ou de 12 a 14 anos. Tanto em Jacarepagué
quanto em Bonsucesso, a prevaléncia de reagen-
tes no grupo etdrio de 12 a 14 anos foi signifi-
cantemente maior do que no grupo de 6 a 3
anos de idade. Em Jacarepagua encontraram-se
prevaléncias significantemente maiores de soro-
reagentes entre os escolares que referiam a in-
gestio de came crua ou mal cozida, assim como
entre 0 que possulam gato; i1sto ocorreu tanto
no grupo etdrio de 6 a 8 anos comono de 1.2 a
14 anos. Em Bonsucesso sé houve diterenca
significante entre as crianc¢as de 6 a 8 anos que
possuiam gatos no domictlio. Venficou-se assim
que em drea com caracteristica rural o rnsco
de infec¢do era maior e mais precoce do que em
area urbana. |

Palavras-chave: toxoplasmose — transmissio —
sorocpidemioloma
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