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-Summary.

.Resultsof a serologic survey for Toxoplasma gondii among 408
Ticuna lndians from tive villages in western Brazil are presented and
compared with lhe results of 61 non-lndian inhabitants of lhe town of
Codajas, Amazonas. lndirect hemagglutination antibody titers ~ 64 were
found in 39% of lhe Ticuna population as compared to 77% of lhe Codajas
population. Prevalence rales of titers ~ 256 were 20.3% for Ticunas and
39.3% for Codajas. Prevalence rales of titers ~ 256 in Ticuna villages
where dietary habits were most variable were higher and more similar to
those ofnon-lndian populations than were lhe prevalence rales ofthis titer
range in villages where the animal food source was predominantly fish.
INTRODUCTION

Toxoplasma gondii has been shown to be almost cosmopolitan in distributiDo, and numerous serologic surveys have revealed that infection with this
parasite is common in both man and animaIs. Classically, exposure to
T. gondii has been linked to close association with domestic cats or the
consumption of poorly cooked meat. During the course of investigations
into filarial infections of the Ticuna lndians in westem Brazil, the decision
was made to determine the prevalence of antibodies to T. gondii among
these people, a population group which, due to personal habits and some
degree of geographic isolation, has minimal contact with those factors
normally associated with transmission of this parasite.
The Ticunas comprise agroup ofapproximately 20,000people, 10,000of
whom live in Brazil. The majority of these live in the state of Amazonas
near or along the maio axis of the Rio Solimôes (west Amazon) from its
junction with the Rio lca to the Colombian border (Fig. 1). This area can be
best described as tropicallowlands (0-100 m above sea leveI). The climate
is warm and humid with abundant rainfall duri!1g most months of the year,
but with a definite wet season characterized by continuous raios and
occasional flooding.
The Ticunas are accultured in many respects, and most have gathered
into villages that are associated with major waterways. Agriculture and
animal husbandry are not genera]ly practiced. A few stray chickens were
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Fig. 1. Map of Brazil showingarea of
study(circle)in the stateof Amazonas.

observed in two villages and one village had some pigs. Dogs and cats are
not kept. The Ticuna diet by preference consists almost entirely offish and
manioc. This diet is supplemented during infrequent periods of poor fishing
by the meat of monkeys, small deer, and paca. With the exception of one
village, distances from cattle rearing areas prohibit consumption of beef.
METHODS
Approximately 10% of lhe population in each of tive Ticuna vilIages was sampled. Blood
was drawn into sterile vacuum tubes, allowed to clot, and lhe serum separated into 2 ml
aliquots and frozen at -200 until tested. Since participation was voluntary and lhe adults
were hesitant to coax their children to submit to venipuncture, there is an unfortunate lack of
data for Ticunas less than ten years old. In order to provide apointofreference with another
population living in lhe same geographic area and under similar conditions of climate and
topography, serum specimens were colIected from non-Indian inhabitants of Codajas, a
rural town on lhe Rio Solimões near lhe city ofManaus. These sera were tested concurrently
with those from lhe Ticuna population.
A total of 408 Ticuna sera and 61 Codajas sera were tested using a modification of lhe
indirect hemagglutination (lHA) test as described by Chordiet ai. (1965). Twofold dilutions
ot: sera, beginning at 1:32, were prepared in microtiter plates. The first dilution served as
heterophile antibody control, and commercialIy obtained Toxoplasma sensitized sheep
erythrocytes (Industrial Biological Labs, RockvilIe, MD) were added to lhe second (1:64)
through lhe seventh (1 :2048)dilutions. gera that were reactive at lhe final dilution were not
tested at higher dilutions; therefore, these titers are expressed as being ~ 2048.

RESULTS

Figure 2 shows lhe frequency distribution of lHA titers for lhe total sample
population from alI five Ticuna villages and the town of Codajas. At lhe
screening dilution of 1:64, approximately 60% of the Ticuna population
showed no antibody titer to T. gondii as compared to on1y22.9% non-reac-
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Fig. 2. Toxoplasma lHA titer distributions for the town of
Codajas and combined populations of Ticuna villages.

tives among the inhabitants of Codajas. The line demonstrating Ticuna titer
distribution declines steadily until there is a slight peak representing 6.4%
of the population at titers ~ 2048. The majority of gera (68.9%) from
Codajas were reactive in the titer range 128-512, with the line peaking at a
titer of 128 (34.4% of population).
Table I lists each Ticuna village and the titer distribution and prevalence
rate of titers ~ 256 for each population. The geometric mean reciprocal
titer (GMRT) was calculated according to Paul and White (1973). The
villages ofNova ltalia and U mariaçu exhibited the highest GMR T's and the
greatest percentage of titers ~ 256. ln Umariaçu only 38.0% of the gera
were reactive at the screening dilution of 64, but 74.3% of these reactive
gera (28.3% of the total number of gera)was titered to dilutions ~ 256. ln
Nova ltalia 62.1% of reactive gera (36.7% of the total gera) titered ~ 256.
The large numbers of high titers in these two villages have shifted the
GMRT for the total Ticuna population to a higher value than would be
expected in view of the low preval,ence of reactive gera (40.4%) in the
population as a whole. The preval~nce rate of titers ~ 256 for the total
Ticuna population was 20.3% as compared to 39.3% for Codajas. The
relatively low GMR T (226)for Codajas is a result of the large percentage of
gera reactive at a dilution of 1: 128.
The age composition of the total Ticuna sample population and the
prevalence of non-reactive « 64) gera, gera with titers ~ 256, and the
GMRT for each age group are listed in Table 11. The lack of data from
individuais in the 1-9 year group makes it impossible to draw conclusions
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TABLEI
PREVALENCEOFTOXOPLASMAREACTORS
AMONG

POPULATIONS

OF 5 TICUNA

VILLAGES

No.
Vil/age

Prevalence

tested <64

Vila Betania
Campo Alegre
Belem do
Solimões
Nova Italia
Umariaçu
Total
Codajas

64

128

256

512

1024 ~2048

rale ~256 GMRT'"
(per cent)

77
117

58
69

5
23

4
9

5
8

3
I

O
I

2
6

12.9
13.7

220
190

73
49
92
408
61

39
20
57
243
14

12
5
4
49
2

9
6
5
33
21

4
4
7
28
11

5
3
5
17
10

2
4
5
12
2

2
7
9
26
1

17.8
36.7
28.3
20.3
39.3

190
370
452
242
226

* Geometric Mean Reciprocal Titer (titers < 64 excluded from calculation)

AND

TABLE II
AGE COMPOSITION
OF SAMPLE POPULA TION
PREV ALENCE
OF REACTORS ~ 256 AND < 64 FOR EACH

AGE

GROUP
Age
group
1-9
10 -19
20- 29
30 -39
40 -49
~
50

% Total
sample

% < 64

% ~ 256

1.0
16.1
23.8
18.0
17.5
23.6

100
71.2
58.2
66.2
63.9
51.5

O
15.2
18.4
17.6
19.4
22.7

GMRT
=
133
106
118
128
115

= Titers < 64 not included in GMRT calculations. GMRT: see Table I.

about the age at which significant levels of antibody to T. gondii first
appear. In ali ages above 10years the prevalence of non-reactive sera and
the GMR T remain fairly constant.
DISCUSSION
With a few exceptions, a high prevalence of Toxoplasma infection can be
expected among peoples inhabiting tropical regions (Wallace, 1976). Previous surveys in Brazil (Riccardi and Sandoval, 1975; Walls and Kagan,
1967)have indicated that this parasite is transmitted more efficiently in lhe
northern part of lhe country, i.e. lhe moist Amazon lowlands. Walls and
Kagan (loc. cit.) found a 55% prevalence rale of titers ?: 256 in army
recruits from lhe state of Amazonas. Ticuna lndians in roughly lhe same
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age group (20-29 years) show a significantly lower prevalence rate of
18.4%. The same age group in the town of Codajas shows a prevalence rate
of 53% for this titer range, a result almost identical to that of Walls and

Kagan.

lt must be assumed that Ticuna culture and habits are largely responsible
for the low Toxoplasma prevalence rate in this group of lndians as compared to other populations in the west Amazon region. The presence of
individuaIs with antibody titers?; 2048indicates recent T. gondii infection
among the Ticunas. The fact that infection is not more common in these
people can be attributed to their dietary preference for fish and the unimportance of hunting and animal husbandry to their culture and economy.
Divergence from this pattern, as in Umariaçu where accessibility of large
non-Indian population centres has resulted in availability of a varied meat
diet and Nova ltalia where hunting and keeping ofdomestic animais piar a
more significant economic role, is correlated with an increased Toxoplasma infection rate in these vilIages. The results from these vilIages are
similar to the results from the town of Codajas, whereas the titer distributions from the other Ticuna vilIages reflect exposure to T. gondii but a low
transmission efficiency in these particular populations.
After a study of the Toxoplasma titers of Amerindians from the Xingu
Park in central Brazil, Baruzzi (1970)concluded that 'civilized habits do not
influence the prevalence of antibodies to Toxoplasma'. Several studies
have pointed out that one ethnic ,group often influences the prevalence of
human infection in a given geopgraphic area (WalIace, 1976; Zaman and
Goh, 1969; Tan and Zaman, 1973). WalIace et ai (1974) ruled out the
possibility of inherited resistance factors in different Tahitian populations
and concluded that dissimilar cultural patterns and habits account for
variation in infection rates in different ethnic groups living in the same area.
Based upon data from Ticuna populations, it can be concluded that customs and culture, especially as relatedto diet, can alter the prevalence of
T. gondii infection in areas where this parasite is normalIy common.
The authors wish to express appreciation to the U .S. Army Medical Research and
Development Command and the Brazilian Ministry ofHealth for their support ofthis'study.
Address request for reprints to CPT James K. Lovelace, Division of Communicable
Diseases and Immunology, Department of Immunology, Walter Reed Army Institute of
Research, Washington, D.C. 20012.
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