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During July-August 1977, an outbreak of acute diarrhea occurred in an
unusually isolated population, lhe Tiriyó Indians, who live in lhe north of Pará,
Brazil, near lhe border with Surinam. Diarrhea was reported by 157 (70%) of
lhe 224 Indians living in lhe village during lhe epidemic. There was one fatal
case in a one year old child. Rotavirus was detected by electron microscopy
in one fecal specimen collected from an acute case of diarrhea. Seroconver-
sions were noted in 127 out of 168 (75.6%) paired serum samples tested for
rotavirus antibody by counter-immunoelectrophoresis. With immunofluores-
cence based neutralization tests, rotavirus serotype 1 (Birmingham) was
shown to be associated with lhe outbreak. The infection also boosted type
3 antibodies but this was most apparent in persons with pre-existing type 3
titers and lhe boost was not as great as with type 1. Ali age groups were af-
fected. The proportion symptomatic was greatest in young children.

diarrhea; disease outbreaks; Indians, South American; rotavirus

Following the demonstration by Bishop
et aI. (1) of rotavirus in thin sections of
epithelium of duodenal mucosal biopsies
from children with gastroenteritis, in Au-
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stralia, several reports (2-5) have indi-
cated that rotavirus has a worldwide dis-
tribution. In Brazil rotavirus virions were
first detected in 1976 (6) in recaI speci-
mens of two children from Belém, Pará,
with acute gastroenteritis. Subsequently
rotaviruses were found to be a major
cause of infantile diarrhea in São Paulo,
Brazil (7).

The agent usually affects children
under tive years of age (8), although occa-
sional rotavirus infections have been de-
scribed in adults (9). Iri this report we dis-
cuss an explo'Sive outbreak of diarrhea as-
sociated with rotavirus infection, which
occurred in 1977 in an isolated Indian
population living in the village of Tiriyó,
north Brazil. A large number of cases oc-
curred in a short time and symptoms were
so severe, especially in children, that a
medical relief team was flown to the vil-
lage. A Brazilian Air Force group arrived
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on July 22 and in a period of three days
treated 47 lndians for acute diarrhea. A
research team from the Belém institute
visited in August 11-18 and again in
September 13-21.

MATERIALS AND METHODS

The Tiriyó lndians belong to the Carib
linguistic group. At the time of the out-
break there were 224 lndians living in
three villages; 154 belonged to the Tiriyó
tribe, 62 to the Kaxuyana tribe and 8 to
the Ewarrhoyana tribe. The population
receives regular medical help from a
nurse, who lives in the principal village,
and from periodic visits by an Air Force
doctor. The main viII age, called Missão
Velha, is located on the right bank of the
Paru do Oeste river, in the north of Pará
State, cIo se to the Surinam border, 1 °57'N,

55°49'W (figure 1). Two other smaller vil-
lages (Missão Nova and Paimeru) are
situated within a radius of 20 km of the
main village. Contacts between the In-
dians living in these villages were fre-
quent.

Fecal samples were collected from 11
acute cases during the August visit and
stored in liquid nitrogen; they were alI
examined for viral and parasitologic
agents, but only two for bacterial patho-
gens. The examinations for rotavirus
were by electron microscopy, using the
method of Flewett et aI. (10) and for
rotavirus antigen by a modification of the
"crossed" electrophoresis method of
Spence et aI. (11). .

Sera had been collected for other pur-
poses in March 1977, before the outbreak.
Post-epidemic sera were taken from 72

FIGURE 1. Map of the State of Pará, Brazil, showing the location of the Tiriyó village.
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Indians during our visit to the village in
August 1977 and during the September
visit serum samples were collected from
the whole population at risk. Sera were
kept at -2() C until examined. Paired
serum samples from 168 persons were test-
ed for rotavirus antibodies by counter-im-
munoelectroosmophoresis (CIEOP) tech-
nique and indirect immunofluorescence
test (12). Paired serum samples to be
examined by CIEOP were diluted one-
half in Dulbecco's buffer and tested
against a suspension of rotavirus kindly
supplied by Dr. L. Spence diluted one-
half in saline. This procedure was basi-
cally the same as Spence's method for de-
tection of rotavirus antigen in feces (11).

Neutralizing antibodies were measured
in 16 paira of gera using the three
serotypes of human rotavirus described
by Thou1ess et aI. in 1978 (13, 14).

methods appropriate for gram negative
organisms. No viruses were isolated by
inoculation of 11 specimens into Vero and
HEp2 cells and into suckling mice.
Rotaviruses were detected by CIEOP and
electron microscopy in one recai sample,
but the serotype of this rotavirus could
not be determined by neutralization tests
because ofthe low number offluorescence
foci produced in LLCMK2 cells.

Serology. The results of the 168 paired
gera studied by CIEOP are summarized in
table 1. lt can be seen that seroconver-
sions were detected in 127 (75.6 per cent),
stationary levels of precipitating an-
tibodies w~re found in 7 (4.2 per cent), and
34 (20.2 per cent) were negative in both
pre- and post-epidemic samples.

Table 2 shows a comparison of the re-
sults of 102 paired gera tested both by
CIEOP and indirect immunofluorescence.
The results of 22 pairs in which the pre-
epidemic indirect immunofluorescent test
titer was greater than 160 are not in-
cluded. The two tests agreed in 66 per
cent of the specimens but the indirect
immunofluorescent test yielded slightly
more positives than the CIEOP testo

Neutralization tests results are present
in table 3. AlI post-epidemic specimens
were positive for both types 1 and 3 anti-
body, but the tJpe 1 post-infection titers
were considerably higher, especially
when persons without pre-existing titer
are compared.

Epidemiology. According to the reports
of the Air Force medical team, an lndian
was flown from Belém to Tiriyó, on J une
29 with acute diarrhea a few days before
the beginning of the epidemic. A few days
after bis arrival, bis one year old son de-
veloped diarrhea. lt was algo reported
that people from a neighboring family de-
veloped diarrhea at that time. After these
events the epidemic spread rapidly. After
its peak in late July, the epidemic de-
clined quickly, and two and one-half
weeks after its peak only a few acute
cases were occurring. Table 4 shows that

RESULTS

CZinicaZ findings. Clinical observations
made by the Air Force medical team, dur-
ing the peak of the epidemic, indicated
that the gastroenteritis was most se vere
in young children. Watery stools, rever
and vomiting were prominent signs and
most of this age group became dehydrated
in a few hours after the onset of symp-
tomBo Many adults were algo affected.
There was a paucity of clinical data be-
cause ofthe small size ofthe medical team
and the large number of cases during the
peak ofthe epidemic. As theoutbreak was
declining at the time of the first research
visit, there was no chance to examine the
clinical course of the disease. Neverthe-
less, one acute case was seen by us with
watery diarrhea and severe dehydration
associated with bronchopneumonia.
Rotavirus was detected in a recaI speci-
men from this case by CIEOP and by elec-
tron microscopy.

EtioZogic agents. BaZantidium coZi was
found in two recaI samples out of 11 tested
from acute cases. No bacterial pathogen
was found in two specimens tested by

izalethcarmo
Linha
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TABLE 1

Precipitating antibodies for rotauirus in paired sera from 168 lndians
detected by counter-immunoelectroosmophoresis*

Total 127 34 7 168
* X2 = 4.2820 with one degree of freedom; 0.05 > p.> 0.01.
t Negative to positive or weak line to strong line.
:j: Similar patterns in both samples.

T ABLE 3

Neutralizing antibodies against Birmingham serotypes 1, 2, 3

Pre Post
Serum Age FA§ FA§

2 3

:I: :I:

:I: :I:

:I: 80

:I: :I:

:I: 640

:I: :I:

:I: :I:

:I: :I:

:I: :I:

20 :I:

:I: 20

:I: >160
:I: >160
:I: 640
20 80
:I: >160

3

K 274
T 252
T 249t
K 290
T 153*
T 253
T 47
T 58
T 115
T 48
T7
T8*
T 14*
T22*
T 15t
T 45*

5
9

10
15
16
17
25
29
33
38
41
45
46
46
51
51

<1:5
<1:5

1:40
20

<1:5
<1:5

20
<1:10
<1:5
<1:5
<10
>160
>160
>160

10
>160

:j:
:j:

1280
:j:
160
:j:
:j:
:j:
:j:
20

:j:
:j:
:j:
:j:
160
:j:

>2560
2560

>2560
>2560

2560
160

80
1280

320
160

>2560
160
160
640
320

1280

640
160
320
160

2560
80

160
320

80
80

1280
640

80>2560

320
2560

>1
>1
>1
>1

>1
1

>1
1
1
1

>1
>1
>1
>1
>1

* Heterotypic pre-immune gera have antibodies to type 3.

t Homotypic pre-immune gera have antibodies to type 1.
:I: Starting dilution-either <1:20 or <1:80 depending on amount or serum available.
§ Fluorescent antibody.

60
60
60
60
80
60
60
60
60
60
60
60
60
60
60
60

1 1 2

82
42

3

Yes
No
No information

4
3

TABLE 2

A comparison of rotavirus antibodies foundin 102 paired sera examined by
counter-immunoelectroosmophoresis (CIEOPJ and the indirect-immunofluorescence techniques

lndirect immunofluorescent test
CIEOP

Seroconversions Stationary levels Negatives Total

63 8 5 76
2 2 4

16 4 2 22

Seroconversion
Stationary leveI
Negatives

7 102Total 81 14

Diarrhea at the time
   of the outbreak Convensions+

Paired sera
Negatives Stationary +

Total

15
19 
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TABLE 4

lncidence of diarrhea in 224 lndians according to age

100
87
69.7
56.7
80

sera were not included. Infection by
rotavirus (seroconversions) occurred in alI
age groups. The proportion of clinically
apparent infections was 70 per cent or
more in alI ages. Inapparent infections
were most frequent in persons 11-40
years old.

Overall, 88 per cent of the tribe had
some evidente of infection; 9.5 per cent,
however, did not manifest seroconversion
and may have had some other disease,
and 26.6 per cent of persons with serocon-
version reported having had no diarrhea
and may have experienced asymptomatic
infections.

Total 70157/224

* Diarrheic Indiansltotal at risk.

DISCUSSION

The present account may be compared
to a 1964 epidemic (15) in the Truk dis-
trict of the mid-Pacific which has recently
been reported to have been caused by an
untyped rotavirus. The attack rate in
Truk was greatest in children under tive
years old; this was algo true in Tiriyó but
here the difference in age-specific attack
rate was small. It seems likely that the
Truk population had had experience with
the agent a few years before the described
epidemic and that some older persons had
prior immunity. In Truk, children of less
than one year were less severely affected
than children 1-5 years old; in Tiriyó the
most severe cases and death occurred in
infants less than one year old. It seems
probable, therefore, the Truk infants had
some protection from maternally derived
antibody. It has been suggested (16) that
IgA is more important than IgG in pre-
venting disease by enteric viruses. Chrys-
tie et aI. (17) have reported that breast-
fed children were less susceptible than
bottle-fed children to rotavirus infection.
The relevant immunity in Truk may
therefore have been acquired postnatally.
The overall attack rate of gastroenteritis
in Truk, 20.7 per cent, was much lower
than in Tiriyó, 70 per cent; but if only
children one to tive years old are com-

157 (70 per cent) ofthe 224 lndians at risk
during the outbreak reported having had
diarrhea in July or August 19770 AlI age
groups were affectedo The highest inci-
dence of diarrhea was among children be-
tween 0-5 years of age with a second
peak in adults 41 or more years old. There
was no difference between the clinical
attack rate of Missão Velha and Missão
Nova (68.2 per cent); in Paimeru it was
100 per cento

Table 1 shows that seroconversions by
CIEOP were detected in 82 (81 per cent) of
101 paired sera from lndians who had
diarrhea during the outbreak; in addition
42 (65.6 per cent) of the 64 paired sera
from lndians who said they had no
diarrhea showed seroconversions. No in-
formation was obtained from three ln-
dians who had seroconversions for ro-
taviruso The stationary levels of precip-
itating antibodies were from four diar-
rheic lndians and three asymptomatic
persons. The data in table 1 were an-
alyzed by 2 x 2 contingency tables; a X2
test with the Yates correction showed
that the difference in rate between pa-
tients with diarrhea (82/101) and those
who did not have diarrhea (42/64) was
significantly different at the 95 per cent
leveI.

Figure 2 shows the distribution of 158
cases according to age and seroconversion
by CIEOP. The three cases lacking clini-
cal information and the seven with sta-
tionary levels of antibody in their paired

Age group (years) Total 

   <1 5/5* 
 1 - 5 47/54 
 6 - 10 30/43 
11 -40 55/97 
    41 20/25  

 41 20/25              

%  

izalethcarmo
Linha

izalethcarmo
Linha

izalethcarmo
Linha
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~ 

No Se,oconve'sion

1 -5 6 -10 11-40 ~ 41 TOTAL

28 40 72 18 158

FIGURE 2. Seroconversions for rotavirus, by counter-immunoelectroosmophoresis in 158 South American
lndians grouped according to age.

commonest cause of nonbacterial gas-
troenteritis in children (8). Nevertheless,
other publications (19-21) described
epidemic outbreaks caused by this agent.
The rotavirus outbreak in Tiriyó affected
alI age groups, probably because few of
the older persons had had previous type 1
rotavirus infection. While alI ages were
affected, the symptoms were most pro-
nounced in young children.

Because specific data on signs and
symptoms were collected by retrospective
history, errors may be common and
episodes separate from those associated
with this epidemic may have been in-
cluded. It seems improbable, however, that
the adults who delivered the histories
would have remembered their children's
problems better than their own. The age
difference in proportion of apparent dis-
ease is therefore probably a minimal es-
timate.

Asymptomatic infections by rotaviruses
in adults and newborn have been reported
previously (17, 22). In our investigation

pared, the apparent attack rate was not
very different, 62 per cent and 87 per cent,
respectively.

The epidemic in Tiriyó was unusual ep-
idemiologically because the symptoms
and seroconversion occurred in alI age
groups. The epidemic was explosive, af-
fecting possibly 88 per cent of the popula-
tion. Children were particularly prone to
se vere disease. The nurse of the village
said that "the floor of the nursery was to-
tally covered with feces from children"
during the peak of the outbreak.

We believe that the very poor hygienic
conditions of the tribe accounted for the
explosive spread of the diarrhea. The
river was used for washing both them-
selves and their utensils and the vírus
may have been spread by contamination
of food and water. During July-August
the climate is dry and the leveI of the
water in the river is low.

Kapikian et aI. (18) designare rotavirus
infection as a sporadic infantile gastroen-
teritis, and it has been considered the
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role in their etiology, but because these
isolated populations only have sporadic
contact with urban man the epidemic pat-
terns may be atypical of those in urban
areas.
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