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School of Medicine, 60 College Street, New Haven, Conn. 065101, W. J.
Hierholzer, F. deP. Pinheiro, A. S. Evans, J. P. Woodall, E. M. Opton, J. E.
Emmons, B. S. West, G. Edsall, W. G. Downs and G. D. Wallace. Evidence
for persistence of infectious agents in isolated human populations. Am J
Epidemio! 100 :230-250, 1974.-More than 900 members of three Carib
and four Kayapo Indian tribes, living on the periphery of the Amazon basin,
have been studied for immunity to various viral, bacterial and protozoal
agents. These tribes are isolated from the main Brazilian culture, and severa I
had remained hostile and dependent on stone tools until less than 10 years
prior to the study. The prevalence of antibodies to herpesvirus types 1 and 2,
Epstein-Barr virus, cytomegalovirus, varicella and hepatitis B antigen was
very high in every tribe studied. The age of acquisition of immunity was lower
than in previously studied cosmopolitan communities. These agents seem to
maintain a very stable relation with their host populations. Antibodies to
measles, mumps, rubella, influenza Ao, A2 and B, parainfluenza 1., 2 and 3
and poliovirus 1 were nearly or totally absent from one or more tribes. When
these antibodies were found in anyone who had not been outside the tribial
area, they were usually found in nearly everyone over a specific age. These
agents seem to maintain an unstable relation with their hosts, appearing only
when introduced from the outside and then disappearing again. There was
no evidence of smallpox in any tribe. Antibodies to the arboviruses (yellow
fever viruses, Ilhéus, and Mayarol were found with high frequency in certain
areas. Prevalence of antibody to these viruses increased gradually with age,
suggesting endemicitv of a different arder from that of the herpes group vi-
ruses. Antibody to Toxoplasma was absent from children but was frequently
present in older adults. Antibody to treponema had a very high prevalence in
the Kayapo tribes 'without evidence of pathology, suggesting that the para-
site present in these communities was well adapted to its host. Malaria and
tuberculosis, on the other hand, caused extensive and severe morbidity and
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INTRODUCTION

Since the studies ofPanum on measles in
the Faroes (1) and of Paul and Freese on
the common cold in Spitzbergen (2), it has
been clear that many infectious agents do
not persist in small isolated communities
but must be reintroduced from larger pop-
ulations at the onset of every epidemic. On
the other hand, Hope Simpson (3) found
that varicella-zoster vírus remained en-
demic in a small population in the Shet-
land Islands. Expressed in quantitative
terms, it has been estimated that at least
200,000 people would be needed to sustain
measles vírus (4, 5), but that a population
of 2000 sustained varicella vírus.

Population groups of the size needed to
sustain measles vírus first arose with the
development of urbanized societies only
4000-5000 years ago. It seems improbable
that agents dependent on large aggrega-
tions of the people could have existed in
their present form prior to that time. Only
those microorganisms which, like varicella,
can exist in small groups, and those which,
like yellow rever vírus, have a non-human
reservoir, are likely to have played a role in
the development of mankind through his
much longer evolutionary history.

The purpose of this study is to determine
which of our modem disease agents are
able to persist in small, isolated communi-
ties. The emphasis has been placed on
viruses. because specific, durable serologic
reactions more commónly follow vírus in-
fection than infection with more complex
organisms, and these have provided our
best index of past history. For this study, it
was necessary to identify population
groups sufficiently isolated that viruses
were rarely introduced from the outside.

Island populations have served this pur-
pose in the past, but with improved means
of communication, most common viruses
are introduced to even the most isolated
islands every few years (6-9). Mufson and
associates (10-12) and Brown and Taylor-
Robinson (13) have studied various iso-
lated African tribes and found serologic
evidence of recent infection with alI but a
few of the viruses for which they tested. In
contrast, however, Neel et aI. (14) found
little or no influenza antibody in one South
American Indian tribe and we found no
serologic evidence of influenza, measles, or
mumps in another such tribe (15). The
present report is an extension of our earlier
study (66) of seven tribes living on the pe-
riphery of the lower Amazon basin. Gen-
erally, these groups are sufficiently iso-
lated to have been protected from many
diseases. They offer a further advantage in
the reconstruction of man's heritage of
disease, in that they are still hunters and
gatherers, as were alI men through most
of their evolutionary history.

When Dane or very few positive serologic
reactions were found with a vírus known to
induce a 10ng-lived response, one could not
tell whether that vírus was incapable of
maintaining itself in the community, or
whether the vírus had Dever been intro-
duced to the community. However, when a
high proportion of the population over a
specific age had antibody, while very few
persons below that age gave specific reac-
tiDOS, it was quite certain that the agent
had been introduced but that it had died
out or become inactive since the birth of
the youngest immune person. Conversely,
if high antibody prevalence lates were
found even in very young children, or if the
proportion of the immune population in-
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threatened destruction of their host populations. Tetanus antibodies were
virtually absent.
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creased steadily with increasing age, one
could be quite confident that the vírus was
suriviving within the community.

POPULATIONS STUDIED AND SPECIMENS USED

The tribes under consideration varied
greatly in size and in the duration of their
contact with civilization (table 1). The
Ewarhoyana and Kaxuyana were both
remnants of much larger groups. These
tribes moved to the Tiriyo village in 1970
and 1966, respectively, and it was there
that the specimens were collected (figure
1).

The Xikrin tribe split from the Gorotire
about 1900 and was scattered into ~everal
8mall groups between 1930 and 1962. The
Kuben Kran Kegn represent the product
of a later split of the Gorotire, having
separated in 1936.

The Kaxuyana had had contact with nut
collectors for many years. They had num-
bered about 400 persons prior to a severe
measles epidemic in 1924. This epidemic
left only 80 to 90 persons alive, and the
tribe has never recovered its numbers. The
Xikrin, too, suffered from a series of epi-
demics in 1962 and 1963 that reduced their
population from 164 to 86. Measles epi-
demics were recorded in Gorotire and
Kuben Kran Kegn in 1962. A rubella
epidemic occurred in Tiriyo in 1963. Epi-
demics characterized as "grippe" had af-
fected alI the tribes except, perhaps, the
Ewarhoyana, for whom our history covered
a period of only a few weeks.

The home territory of the Ewarhoyana,
Kuben Kran Kegn and Tiryo was savannah
country with riverine forest belts. The
other tribes lived in continuous tropical
forest. AlI used a slash and burn agricul-
ture, with manioc the dominant crop of the
northem tribes and sweet potatoes most
important south of the Amazon. The Goro-
tire, Kaxuyana and Kuben Kran Kegn
villages were accessible by river most of the
year, and the Xikrin were accessible. for a
few months. Air strips capable of handling
light planes existed at each village except
the Ewarhoyana and Kaxuyana. Several
Indian Service and missionary personnel
lived at Gorotire, Kuben Kran Kegn and
Tiriyo. Single missionaries lived at Mek-
ranoti and Xikrin at the time the collec-
tions were made.

Specimens available from the Mekranoti
and the Xikrin represent essentially the
whole population over one year of age of
these tribes. The Tiriyo collection includes
nearly alI members of the tribe who lived in
Brazil, plus a number of young men who
visited from Surinam. The collections from
the other tribes represent themembers who
happened to be near the central village on
a particular day and these collections often
under-represented young hunters. Very
young children may siso be under-repre-
sented in these collections.

Except for very young children, no spe-
cific data on age were available in any of
these tribes. Age estimates in table 2 are
based on the opinion oftwo or more observ-

Ewarhoyana 14 1970 1970 Carib 16
Gorotire 400 1937 1965 Kayapo (Ge) 17
Kaxuyana 40 1725 1970 Carib 16
KubenKranKegn 300 1955 1970 Kayapo(Ge) 17
Mekranoti 190 1958 1969; 1972 Kayapo (Ge) 18
Tiriyo 1000 1951 1966; 1970 Carib 19
Xikrin 123 1962 1970; 1972 i Kayapo (Ge) 20
New Haven, Conn. 250,000 1957 21

Population No. of members Initiation ot f Pteaceful Date of specimen Linguistic group Reference
con ac

BLACK ET AL.

TABLE 1

Populations studied and dates of specimens
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ers and take into account the estimated
ages of the relatives of each individual.

SeTa from Connecticut cities are in-
cluded in certain key tests as representa-
tive of modero urban communities. The
New Haven collection was made before
poliomyelitis, measles, mumps or rubella
vaccine were distributed. The sample is
balanced by social class and by age (21).

Herpes simplex. Aplaque reduction test
in Vero cells was used with Nahmias' type
1 strain E 377 (22) and Gudnadottir's type
2 strain X 263 (23). Vírus suspension con-
taining 100-200 plaque-forming units per0.1 

ml was incubated with equal volumes of
serial serum dilutions for 1 hour at roam
temperature. Two-tenths ml ofthemixture
was placed on drained culture sheets and
incubated for 1 hour at 37 C. Cultures were
fed with 5 ml Eagle's medium, with 10 per
cent calí serum and with 0.2 or 1 per cent
human gamma globulin (Merck "Gam-
magee") for types 1 and 2, respectively,
and were incubated 3 days. They were then
drained and were stained with 1 per cent

METHODS

Serologic methods were as used pre-
viou~ly (15) except as noted below. AlI
tests were quantitative, although only a
single leveI was chosen as the dividing line
between positive and negative in table 3.
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FIGURE 1. Map of a section of northem Brazil indicating home territory of tribes studied.



Mantoux test was used for tuberculin skin
testing, using five units of purified protein
derivative. Skin tests were read in 48-72
hours for a positive reaction of 10 mm or
more.

Malaria. Spleens were palpated with the
subject in a prone position. Blood smears
were examined for parasites after staining
with Geimsa.

Tetanus. Tetanus toxin neutralization
was measured as mouse antitoxic units
(30).

RESULTS

General. The serologic data and other
information on disease prevalence are sum-
marized in table 3. For convenience, these
data have been grouped in classes accord-
ing to the epidemiologic pattern suggested
by distribution of positive test results.

Class I is comprised of those agents to
which antibody was found in a high propor-
tion of specimens from every tribe tested. If
age differentials in antibody prevalence
were found, the differential was confined to
the lowest age brackets. This group in-
cludes alI members of the herpesvirus
taxon included in the study. Hepatitis B is
also classed with this group, because the
proportion of specimens positive was high

crystal violet in 0.1 M citric acid. Plaques
were then counted. An 80 per cent reduc-
tion was considered significant.

Epstein-Barr virus (EBV). Viral capsid
antibody was deterI1;lined by indirect
fluorescent test of Renle and Renle (24),
using EB3 cells as the source of antigens.
Screening tests were made at 1:5 serum
dilution. The results were read independ-
ently by two observers. Every fourth speci-
men was a known positive or known nega-
tive control serum.

Hepatitis B. Repatitis B antigen and
antibody testing was initially done with a
two-dimensional double immunodiffusion
(micro-Ouchterlony) test (25). Where ade-
quate sela were available, confirmatory
testing was done with the more sensitive
solid phase radioimmunoassay (26). Speci-
ficity testing for the radioimmunoassay
was conducted by methods outlined by
Alter et aI. (27). Standard reagent specific
sela and subtyping (28) were generously
provided by our colleague, Dr. G. L. Le-
Bouvier.

Confirmatory anti-hepatitis B antibody
testing was done by the passive hemag-
glutination technique (29) on alI speci-
mens.

Tuberculosis. The standard intradermal

Ewarhoyana 9 O 1 2 4 2 O O O
Gorotire 219 7 31 54 55 41 31 O O
Kaxuyana 27 O 5 9 5 6 1 O 1
Kuben Kran Kegn 57 10 18 8 6 6 4 1 4
Mekranoti:

1969 95 7 9 31 18 14 9 7 O
1972 169 36 25 38 26 20 18 6 OTiriyo: c

1966 156 10 23 18 42 33 19 8 3
1970 95 2 11 17 28 18 11 4 2

Xikrin:
1970 109 21 13 25 31 16 O 1 2
1972 118 30 13 24 35 14 O 1 1

Individual Indians 939 109 132 193 201 145 118 28 13
% Distribution 11.6 14.1 -20.6 21.4 15.5 12.6 3.0 1.4

New Haven, Conn., 115 9 25 18 25 13 11 ~ 14

1957
% Distribution 7.8 21.8 15.6 21.8 11.3 9.6 12.2

Population Total 0-4 5-9 10-19 20-29 30-39 40-49 50-59 60+

234 BLACK ET AL.

TABLE 2

Serum specimens by age (years)



~

~ ;};; fõ~ ~ ~ ~~~> .

:!§
flu o;:;; :9 :9 ~~~ '2 f
z z .'" '15 '15 '15 !2 .~

i c
;};; ~~'i)~~~~ ~~~~~~"'~QQ~:8:;; =i~~~ ~~~... g ~

-= ~ g.

<] ~ i;j~~~:;;lili §gj!§~~~~~~~~~~ liiliiliilii~ ~~~!:: ] !.!
:;3 "'j

f + ~ ~ ...~!;;~ = :~
.-~ B 'z <~ .z := Q,

~ o O)O)O)O).!... Z ~ ~ s Q,~NNNN.. ..~o;; .a "
a. ~ o:"õ
% ~;};; ~ ~ ~§~ Q~~~ ~ i ~]
.S Q .! j!

~ ~ ~ ~ ~ ~~~ $$$i! ~ :i ~i
ti ~

~ :;3 ~ ~~~ ~~ Q"'~ .~g ~~~~~ ~~~ ~ ~~
.~ ~ .; ~ iE
~ ~~ Zo ~~~ gg !;;~~ ~~~ i~~m~ ~~~ ~ .~]~ ~ ~... --

.c >. ~c~ I o o:
;) =;:J

:~ ~ ~!::'i)~ ~~ MQ~~~~Q:9QQi~~ !;;~~~~ ~~~Q § ~i

~ ] a]a
~ ~ >< ~ s~~~ ~~ ~~~~~a;a;a;a;a;~~~ ~~~~~ ~~~:;; :~ ~~
~e 1 ~t

M ~~ c g 5;,

~~ ~Q.H c + ~ 8 CQ QQ"'OQQQ é .~.
.~ c -o >. ~ ,

111 .-o ~ ..'..
-< o... ..: < E-o "O oS ~ ..~ :;

~;S ~ .c "":
~ Q. ~ ~ ~~ '... ...O) ~ O) O) O) O) O) ~ O) ~ ~.2 ~ Q,
Qjo -..,,"...Q. B .,~
~ ~ + ~ O)...MN...~Q...QQ Q ~ a~
-c ~ O) ~"""M...'" ..'"..

.c >. o: "cE ~ ..-5.-
~ ~ ~ ~ ~~?~~~~~~~ ~ t ~i
'. a c e
~ o
i o ~ ;;~'i)~~Q~ .~~o)M~N~QQ~~~ ~~~g~ ~ ...8. ~ i
~ >. r.. .!~...:s U ""'~
~ ~ O.~QM~"""'" .~...MMM~~MM"""'" ~~~~Q O) ~ ~ t]Z M~M~~~~ ~...~~~~~~~~ ~ ~ ~ ] ..:c >. ~ ~ ~ ~ ~..' .~ co :..
E ...,~..a.. = ~:Jo: ~>'" ..e~
~ a:~~ ~~~ ~~QOQQQQQQ QQQQ~ ~ c'""2 :§~'z ~ ~... ;s ~=
~ ~ .J ~ ~ ~;
~ ~~ ;:J f.: °e,.~ < .,.-'"' ~< o: -< ~>

...~x <Qt~ r.. '>.B
~ ZZ~~~:,;~ ~~=~~~~~~~zzz ~~~~! t~~~ ~ ~~

!Q,~ .~ "
:=~oP~C-I ~ < f:;3=Q

~~ "'c-IM Q, Q, ~~~"õ
~ f: f: ., ~ ~ ~ 5 ~ ~ .5 ~ ]
~ ~ ~ Q Eo."""'~c .!!.!!.~ c c c ~ ~ +- ~ .,.~

Z 9'~ ~., Q,Q, > ~ e eo" .E-o

5 a ~ ~ ~~ ccC~<~~"'c-I'" ~ c.; .~+-f.-"c ., ~ ~., > ó' >" ~ o o I'..';; .;; ~ c .~ ,~ ~ ~ ~ ~ ~ ~ ~ " e ~ o! .B +- .B]. ~"3 c w ~ ~
~ 11 ~ ~ =i ,~ ,~ 1. ~ a. ~ ~ "ã c c ~ =.~.~'S ~"e" Q, c ~ .1: "

ã. ""C C w .~,~.~ ccc> cc.s -'" > 9.": Q, Q,~ c ~ a c c c ~ " " ".~.~.~ 53 ~ >. >. >. ~ -8.~ -S
i~"~~c~"~~"~~~~~~~~õõõ~~~c~oi~~c~~xx~u>~~]~~~~~~~.s~~~~~]><~<E-o~~~~E-o

U U U U

INFECTlOUS AGENTS IN ISOLATED HUMAN POPULATlONS 235



relative to that which has been found with
the same tests in other population groups
and because this high late occurred in alI
age categories.

Class 11 agents include the viruses of
measles, rubella, mumps, parainfluenza 1,
2 and 3, influenza A and B, and poliomyeli-
tis. Antibodies to these viruses were either
totally missing or had very low frequency
in some tribes, but in other tribes showed
very high prevalence lates in persons over a
specific age. We infer that these are viroses
which were not present prior to introduc-
tion from larger communities and which
spread readily when introduced but which
do not persist in these small communities
after a sharp epidemic.

The prevalence of antibodies against the
arboviroses varied considerably from one
tribe to another, but where the overall
prevalence was substantial, a clear age
gradient was apparent with increasing
prevalence in older people. These viroses
infect forest animaIs as well as man, so that
in examining the human population, we
looked at only one portion of this picture.
Isolation from other human populations
would not isolate the Indian tribes from
these viroses. We surmise from the age
pattem of antibody that the viroses had
been active in these communities at vari-
Qus times over the years but not generally
in the form of intense epidemics. They are
identified as Class 111. The distribution of
Toxoplasma antibody algo depended on age
and this disease probably algo belongs with
this class.

In Class IV are agents that cause pro-
tracted disease with extended infectious
periods. Resolution of epidemic pattems
from available data is difficult because the
time required for the complete epidemic
cycle would be proportionally longo Immu-
nity to tuberculosis and malaria is not
sufficiently solid to prevent reinfection and
the epidemic pattems would be quite dif-
ferent from those of the viros diseases.

Tetanus is uniqu~ in that infection with

this agent might involve such a high mor-
tality rate that absence of antibody cannot
be taken to indicate that the disease is
absent.

In the section that follows, selected data
on individual diseases are examined with
respect to age and titer distribution.

Class I

Herpes simplex. Herpes simplex type 1
antibody was found in a high proportion of
the sera from alI tribes tested (figure 2). As
noted by Buddingh in bis study of New
Orleans children (31), few low titers were
encountered; thus minor differences in sen-
sitivity of the test have little effect on the
proportion recorded positive. The propor-
tion of the Indian sera positive was higher
for alI age groups in alI three major tribes
than in our own urban series tested by the
same method or in published series tested
by different methods (31, 32). Neverthe-
less, there remained a clear relationship
between antibody prevalence and age in
children of the Indian tribes. Fifty per cent
of the children acquired herpes antibody
by two years of age and 75 per cent by
four years in the Kayapo tribes. It took a
little longer in the Tiriyo.

The distribution of herpes type 2 anti-
body was closely correlated with that of
type 1 both by age (table 4) and by
individual specimens. Very few specimens
qualified as "type 2" sera by Nahmias'
criterion that only sera with higher titer
agaipst type 2 than type 1 are clearly
indicative of type 2 infection (22). AI-
though most type 2 titers were lowe~ than
type 1 in alI age groups, the difference was
smaller in the older age groups, and many
reli into Nahmias' "Intermediate" class
(i.e., type 1 titers O to 3 times the type 2)
(table 4). There was no sharp change in
prevalence of these relatively high type 2
antibody titers after puberty, such as
might be characteristic of an infection
acquired by venereal transmission. It is
impossible to say whether this change in

236 BLACK ET AL.
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AGE IN YEARS

I Number tested in eoch oge brocket ,

Mekronoti .--~ 24 7 20 8 t9 17 tO 6 ~

Tiriyo e-e 6 2t 7 7 39 3t 16 tO

Xikrin 0""-0 t4 13 7 7 13 6

New Hoven 0-0..0 9 23 6 t2 10 tI 10 tO

FIGURE 2. Prevalence of neutralizing antibody to herpes simplex type 1 in three lndian tribes and one urban
population. ln this and subsequent figures, the number or tests incorporated in each point is given in the table
below.

TABLE 4 the data on high risk populations studied
Herpes simplex vírus type 2 neutralizing antibody. by Nahmias (22) and by Rawls (33).

Number tested and percentage o~ type 2 titers within EBV. A previous report (15) indicated
1.. 3 01 type 1 tlter that 67 per cent of the Tiriyo had EBV

Ali Indiana NewHaven antibody. At the time those tests were
Age No. % No. % made, this population had one of the

0-4 30 17 9 O highest proportions of positive sela on
5-9 27 35 23 O recordo The sensitivity of the method has

10-14 9 46 6 O been substantially increased in the present
15-19 14 50 12 O study, and 98 per cent of the Tiriyo were
20-29 21 67 21 4.8 found positive. Similar prevalence lates
30-39 9 67 10 O ..
40+ 14 36 10 20 were found m each of the other tnbes

tested, including the recently contacted
Ewarhoyana. The percentage EBV anti-

relative titer was the result of superinfec- body nega tive was too small to permit
tion with type 2 virus of type 1 positive analysis of individual tribes by age, and
persons, or if it simply represents a broad- even after data from the tive tribes were
ening of the type 1 response with prolonged pooled, it was doubtful whether any evi-
antigenic stimulation. No corresponding dence of tbe age of acquisition of immunity
broadening was observed in the New could be detected (table 5). Overall, 98.3
Haven population. The number of interme- per cent of the 291 specimens were re-
diate titer ratios was low in New Haven, as corded as positive, but even under two
might be expected from extrapolation from years of age 95 per cent of 19 sela had



Age (years)
%+ %+

among remote populations in both Africa
and South America has led LeBouvier to
suggest that this may have been the "an-
cient subtype" (39).

The increasing antibody prevalence with
increasing age in children, and the rela-
tively high incidence of antigen carriage in
the youngest age group suggest early infec-
tion and high endemic lates of hepatitis B
in these people. One individual of the
Xikrin tribe demonstrated antigen pres-
ence on both occasions tested, suggesting
the occurrence of chronic carriage and an
endemic means of continuance of this in-
fection in these groups.

Class 11

Measles. No measles antibody was found
in any member of the Mekranoti when
their tribe was first tested. The one mem-
ber of the Ewarhoyana who was positive
was algo uniquely positive for rubella,
mumps and parainfluenza antibody, and
the only member of the three Carib tribes
with Rh negative blood (40). It seems
probable that this individual had joined
the tribe from some other group and had
been exposed to vírus infections elsewhere.
The three Xikrin who had measles anti-
body had lived and worked for a time with
Neo-Brazilian nut collectors, and the few
Tiriyo who had measles antibody were alI
young adults, the most mobile age group
(figure 3). We conclude this pattern indi-
cates that measles vírus had never spread
within any of these tribes. Infections in-
curred outside the tribal territory were not
carried back with the retuming traveler in
a state infectious for fellow tribesmen.

The other three tribes tested for measles
antibody alI had high prevalence lates in
the adults and low lates in young children.
In Gorotire, specimens were collected 3
years after a measles epidemic, and alI but
one person over the age of. three years had
antibody. In Kuben Kran Kegn, 10 years
had elapsed since the last recorded epi-
demic, and 80 per cent of the adults but

<2 19 95 126 11
2-4 37 97 640 19
5-9 37 97 898 32

10-14 21 100 32 57
15-19 39 100
20-24 24 96 120 86
25-29 36 100 335 88
30-39 42 93 517 91
40-49 23 96 160 96
50+ .13 100

antibody. This remaiJ;ls one of the earliest
acquisition rates recorded and is distinctly
accelerated rei ative to the situation in the
Connecticut urban community of Danbury
(34).

Cytomegalovirus and varicella. The
complement fixation tests for cytomegalo-
vírus and varicella do not measure stable
antibody (35, 36), so it must be presumed
that many persons who were recorded as
negative had had experíence with the vírus
in the pasto

There was a minor inverse relationship
between cytomegalovirus antibody preva-
lence and age suggestive of waning titers
after infection early in life. No correlation
could be shown with varicella, where
nearly as many children as adults had
antibody. The overall antibody prevalence
rates are similar to those observed in open
populations (37).

Hepatitis B. The results of hepatitis B
antigen and antibody testing are shown in
table 6. Rates for both hepatitis B antigen
and antibody are higher than those re-
ported for industrialized populations, al-
though antigen prevalence does not reach
those highest levels previously reported for
several lndian and tropical populations
(38).

Subtyping of antigen positive sera re-
vealed only the antigen combination
"adw." The finding of this antigen subtype

TABLE 5

Number tested andpercentage of sera positive (+) for
EBVantibody by fluorescence test
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FIGURE 3. Prevalence of measles HI antibody. E, M, X & T represents combined data for tribes with very low
prevalence (Ewarhoyana, Mekranoti, Xikrin and Tiriyo, respectively.)

only two children under 10 years old had studies in island populations (7, 41, 42), we
antibody. In Kaxuyana, no history was believe that the measles epidemics com-
available, and everyone over the age of 9 monly involve essentially everyone in an
years had measles antibody and no one affected viii age. The unaffected Kuben
under 9 years had antibody. Kran Kegn may have been away at the

On the basis of the high rates in adult time of epidemic. It is algo evident the
G.orotire and Kaxuyana and by analogy to vírus does not commonly persist in a latent



infectious form after an epidemic. Children
bom later remain without their own anti-
body to the disease.

Rubella. There was a history of a rubella
epidemic among the Tiriyo in 1962 or 1963.
Specimens collected in 1966 and 1970 pro-
vided serologic confirmation of this epi-
demic and evidence that the vírus was not
active in the community after 1963 (table
7). Ninety-three per cent of the specimens
from persons bom before 1961 had rubella
hemagglutination inhibition (HI) anti-
body, whereas there was only one uncon-
firmed positive titer in specimens from
children bom after 1963.

Rubella HI antibody was found in only
one member of the Xikrin or Mekranoti
tribes.

Poliovirus. The neutralization test for
poliomyelitis is not altogether type spe-
cific; infection with one type sometimes
gives antibody to another type (43). There-
Core, some positive reactions are to be
expected against types with which there
has been no experience. Furthermore, some
live vaccine had been distributed among
the Tiriyo making antibody prevalence in
that tribe irrelevant to the present study.

Type 1 poliovirus neutralizing antibody
was found in very few persons of any age in
Mekranoti, only in persons over the age of

20 in Xikrin (with two exceptions) and,
with one exception, only in persons over 12
years of age in Kuben Kran Kegn (figure
4). This antibody was found in alI Kuben
Kran Kegn 18 years or older, but in only
half the adult Xikrin. Twenty years prior
to the date of specimen collections, the
Xikrin were living in small scattered
groups, whereas the Kuben Kran Kegn
were in a consolidated village.

Type 2 poliovirus antibody was very
widely distributed in alI age groups of the
Mekranoti, Xikrin and Kuben Kran Kegn.
However, prevalence of this antibody was
low in the Tiriyo and what was found may
be attributable to vaccine-derived immu-
nity.

Type 3 poliovirus antibody was absent
from children under age 5 in Xikrin (with
one exception) but was found in older age
groups, including 11 of 13 children aged 5
to 9. In Kuben Kran Kegn, the cut-off for
type 3 antibody was about 10 years of age.
In Mekranoti, it was prevalent in alI age
groups.

Mumps and parainfluenza. The HI anti-
bodies induced by mumps and by the
parainfluenza viruses are neither as spe-
cific nor as durable as the antibody sys-
tems described above. On several occa-
sions, paired serum specimens showed
boosts in titer against one or another of
these viruses that were confined to persons
who already had detectable antibody (44).
Reconstructions of the history of the tribes
with respect to these viruses must, there-
Core, be more limited and more tenuous.

Only two of the Mekranoti, the eldest
member of the tribe and one who had
traveled most widely, had mumps anti-
body, and these had only a titer of 1: 10, a
value which may be nonspecific (45). Ti-
ters greater than 1: 10 in the Tiriyo collec-
tion were confined to sela from persons
over 17 years old, and in the Xikrin were
limited to persons over 6 (figure 5). How-
ever, even over these ages, the proportion
positive and the average titer of positive
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TABLE 7

Number tested and percentage of seTa positive (+) for
rubella HI antibody

Danbury. Tiriyot Xikrin and
Ale Conn.* Mekranoti

No. %+ No. %+ No. %+

1-4
3 378 ~.2 17 29 16 O
3-4 488 32.0

5-9
5-6 488 37 .37-8379 46.2 19 79 17 O

1~14 80 68 8 100 18 O
15-19 17 71 8 100 35 3
20--29 160 73 46 98 51 O
30-39 39 69 26 92 24 O
40-49 14 93 11 O
50+ 8 88 10 O

* Data from McCollum et ai. (64).
t Tiriyo ages a8 of 1966. three years after reported rubella

epidemic.
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specimens was low relative to that found in assurance when these viruses were last
New Haven. The number of specimens active in each of these tribes, but it is clear
from Gorotire children under age 5 was too that the prevalence of antibody is unusu-
small to give meaningful data, but the ally low in alI of them. ln contrast to these
distribution of positive tests and titer in results, Parrott et aI. (46) found that most
older Gorotire was indistinguishable from children in their Washington, D.C., study
that in New Haven. Most Kuben Kran had neutralizing antibody against these
Kegn adults had mumps antibody in mod- viroses by their fourth birthday, and Tay-
erate titer and most children did noto lor-Robinson (47) reported 100 per cent of

Parainfluenza 1 antibody was found in adult sera from various countries positive
very few Tiriyo of any age and none under for alI three viruses by the RI testo
20 (figure 6). ln the Xikrin, too, there was Influenza. Very few persons had anti-
no evidence of parainfluenza 1 under age body to any of the influenza antigens used
17, but it was commonly found in persons in our tests. No one had influenza B
of 30 to 40 years. antibody. The fact that influenza A2 was

Parainfluenza 2 was frequently found in slightly more common than Ao confirms
Xikrin of alI ages, but was almost entirely the supposition that the tribes have been
absent from the northem tribes (figure 7). less isolated since 1957 than they were
Parainfluenza 3 was present in most Kax- earlier. These results echo similar findings
uyana sera but relatively few Tiriyo or by Neel et aI. in the Xavante lndians ofthe
Xikrin. ln the latter tribes, positive results Mato Grosso who were devoid of influenza
were found at alI ages, but high titers were A2 antibody and had a very low prevalence
almost entirely confined to specimens from of influenza B antibody (14).
adults. Smallpox; No pock scars indicative of

lt is not possible to state with any varíola were seen in any member of any
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tribe. Vaccinia had not been administered
to the Northern tribes, the Xikrin or the
Mekranoti.

Class 111

Group B arbovirus. Yellow rever vírus
accounted for most of the Group B ar-
bovirus antibody in Tiriyo and Xikrin,
although broad group reactionswere com-
monly found. Ilhéus HI antibody was
sometimes found without antibody to other
members of the group and may have been
chiefly responsible, with yellow rever for
the group-specific reactions characteristic
of multiple infections. Ilhéus was the most
commonly encountered member of the
group in Kuben Kran Kegn, Gorotire and
Mekranoti. Yellow rever HI antibodies
were algo found in a small proportion ofthe
latter two tribes, and the specificity of
these reactions was confirmed by neutral-
ization tests. There were no yellow.rever
positive specimens from Kuben Kran
Kegn. Tests for antibody to St. Louis
encephalitis and Bussaquera were algo car-

ried out, but specific reactions were not
observed.

Antibody to yellow fever is known to be
maintained for many years without re-
exposure (48) and, hence, it is reasonable
to assume that the pattems observed rep-
resent cumulative life-time histories.
There was a steady progression toward
increasing antibody prevalence with in-
creasing age in each of the tribes studied
(figure 8). There was no evidence of a
sudden increase in prevalence at any one
age bracket that mighi indicate a major
epidemic in the pasto The curves suggest
that these viroses are endemic as a group
and that the chances that any one person
has encountered them are proportional to
bis life span.

Arbovirus group A. Mayaro antibodies
were the most frequently encountered of
the group A arboviros HI antibodies in alI
tribes studied. There was some broadening
of the response to include other members of
the group in Tiriyo. This seemed to be
attributable to activity of some memqer of
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the Venezuelan equine encephalitis vírus
subgroup (15).

There is less information on the durabil-
ity of antibody titer against these viruses
than against the group B arboviruses. Ex-
cept in the Tiriyo, where prevalence of
group A arbovirus antibody reached very
high levels in the older adults, there
seemed to be leveling of antibody preva-
lence after childhood (figure 9). This may
indicate that these viruses were not active
in the area more than 20 years ago, but it
may be antibody levels tend to falI below
the measurable threshold some years after
initial infection in the areas where only one
member of the vírus group is active. In
children, the incidence of positive speci-
mens increased with age in a regular man-
ner, suggesting vírus endemicity in recent
years. .

Toxoplasma. Antibodies to Toxoplasma
gondii were absent floro children under 5
years of age in the Tiriyo and under 15 in
the Mekranoti and Xikrin but they were

100

""q.

found in adults with increasing frequency
as age increased. This pattern contrasts
with that found by Neel et aI. (14) in the
Xavante where toxoplasma antibody was
prevalent in alI age groups, and with that
found by Wallace et aI. (65) in New Guinea
where antibodies were found only if do-
mestic cats were present. There are no
domestic cats in the tribes we studied but
various wild cats are hunted for prestige
and food. Insofar as we could determine,
the only point at which adults of both
sexes might be exposed to uncooked cat
products is in the process of butchering.

Class IV

Treponema. Only three of 50 members of
the northern tribes gave gera that were
positive by both Venere aI Disease Research
Laboratory (VDRL) test and the fluores-
cent treponemal antibody absorption FT A-
ABS testo These three persons were alI
adult; two were women.

In contrast, the prevalence of positive
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FIGURE 6. Prevalence of paraintluenza type 1 HI antibody. Data from Parrott et aI. (46) for children in
Washington, D.C., are included for comparison.
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gera in the southem tribes was very high in 11 instances, but they differed from each
(figure 10). In the Xikrin, 35 per cent, in other in 14 instances. Both were negative in
the Mekran<;>ti 54 per cent, and in the two instances. Sixteen of 32 offspring of
Kuben Kran Kegn 84 per cent of the adults positive mothers were themselves positive,
were positive by both tests. In addition to whereas only 6 of 21 offspring of negative
the specimens that were positive for both mothers were positive for both tests. How-
tests, 6.9 per cent of the specimens from ever, there was a strong age correlation
these three tribes were positive by VDRL within the offspring groups, suggesting
only and 12.2 per cent by FI'A only. The that the antibody was acquired years after
VDRL "false positive" tests were usually birth. The familial correlation could not be
low in titer and they were found most confirmed by comparison of sibs. Physical
frequently in young children. Malaria may examination revealed no evidence of con-
have caused the false positives, although genital syphilis or pinta, and only one
the rate of spleen enlargement was not lesion that might have been caused either
unusually high in false positive subjects. by yaws or by leishmaniasis.
The larger proportion positive by FT A Malaria. Examinations for splenomegaly
only were distributed by age in a pattern were carried out on members of the Xikrin
similar to reactions by both tests. and Mekranoti at the end of the rainy

The prevalence of treponemal antibody season and blood smears were prepared at
in children ofthe southern tribes was much the same time. Parasite positive smears
lower than in adults, although positive were found only in young Xikrin, and the
reactions by the two tests were noted in four infections encountered were alI Plas-
children as young as 9 years of age. There modium falciparum with scant numbers of
was no correlation of test results between gametocytes. None of these four children
spouses. Of 27 couples for whom full data had enlarged spleens. However,38 per cent
are available, both partners were positive of the Xikrin had palpable spleens. Twenty
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FIGURE 7. Prevalence of parainfluenza type 2 HI antibody.
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of these spleens were characterized as
large, 12 being at or below the umbilicus.
Among the Mekranoti, the spleen lates
were lower and the gizes smaller (table 8).

In the absence of definitive information
about possible malaria control activities,
including both insecticide spraying and
antimalarial drug administration, it is not
possible to identify a specific leveI of en-
demicity as outlined by the WHO techni-
cal committee (49). Antimalarials, includ-
ing chloroquine-treated salt, have been
widely distributed in poorly controlled but
nonetheless significant volume.

The detection of parasites only in the
young, and only gametocytes, coupled with
a significant number of large spleens, sug-
gests a high degree of malaria endemicity
in the Xikrin. The position of the Mek-
ranoti is less clear, but malaria, presum-
ably present, would appear to be at a lower
leveI of endemicity.

According to the WHO classification
(49), these spleen lates indicate that ma-
laria is hypoendemic in Mekranoti and

mesoendemic in Xikrin. However, this
classification presumes the acquisition of
immunity by adults, and the ability of the
Southem American lndian to develop suf-
ficient immunity to prevent splenomegaly
is unproved. Neel (14) has suggested that
spleen enlargement rates, such as those of
the Xikrin which Schaad (50) also found in
lndians of Surinam, may represent a much
greater burden to these people than similar
rates in faces who have more resistance to
the disease.

Tuberculosis. Tuberculosis probably
represents the most serious immediate
threat to the survival of the lndian tribes.
The increasing prevalence of positive tu-
berculin reactions and the fact that the
highest rates are found in the teen-age
group (table 9) sugges.t that this is an
infection which has not yet established an
equilibrium with its host. Nutels has dis-
cussed this problem in relation to the
Indians of the Xingu Park (51, 52), where
he also found a rapidly increasing propor-
tion of tuberculin reactors in serial tests.
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few infectious diseases. Diseases of soft
tissues have been studied in Egyptian
mummies, but these carne from a relatively
advanced culturallevel. Polunin has con-
sidered contemporary primitive societies in
Malaysia as a model for the conditions of
antiquity (54). He has emphasized the
importance of isolation of small groups in
determining disease patterns, but the pop-
ulations he studied were less isolated than
those considered in the present reporto

The fact that many common diseases
had been absent for very long periods of
time from the tribes we have studied does
by itself prove that the agents causing
them could not have persisted in these
cultures. The absence of any evidence of
smallpox, for instance, may mean that the
vírus evolved since the dispersal of these
people from the old world population cen-
ters and that it has yet to reach these
tribes. Another possibility to be considered
is a slow movement of these viruses in a
narrow stream over a large area so that
intervals appro~mating a life span might
occur between epidemics in any one tribe.
Measles has been observed to spread from

Tetanus. Antibody against tetanus, as
measured by toxin neutralization in mice,
was only found at a low leveI (0.0025 units)
in one out of77 persons in two tribes tested.

Filiariasis. The blood smears examined
for plasmodia were also scanned for filaria-
siso None was falindo This is in accordance
with nega tive findings by Schaad in Suri-
nam (50) and Neel in the Xavante (14).
Approximately one third of 187 specimens
examined were collected after dark, when
Wuchereria bancrofti, if present, might
have been active.

GENERAL DISCUSSION

Populations as primitive and isolated as
those studied in this report are fast disap-
pearing and their health status might be
considered of little lasting consequence.
However, until 7000 years ago alI mankind
lived in settings sociologically much more
like those of these modern primitive survi-
vors than like any cosmopolitan commu-
nity. Efforts to reconstruct the environ-
ment in which man and his pathogens
evolved have been largely dependent on
bony remains (53), but these shed light on
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TABLE 8 TABLE 9

Evidence 01 maioria Number tested and percentage positive (+):
...tuberculin reactions 01 more than 10 mm in durotio~

Xlknn Mekranotl
Age.. .Xikrin Xikrin Merkranoti

Spleen Para.slt- Spleen Par~lt- A..ge 1970 1972 1972
palpable emla palpable emla m

1972>2 3/18 2/25 0/20 0/16 No. %+ No. %+ No. %+
2-4 2/13 1/11 0/27 0/24 >2 18 O 21 14
5-9 4/12 1/11 2/25 0/21 2-4 26 3.9 25 8 29 38

10-14 5n 0/8 2/12 0/4 5-9 16 19 14 21 25 56
15-19 9/17 0(19 2/27 0/1 10-14 9 45 9 55 12 84
20-00 17/00 0/28 3/31 0/1 15-19 15 67 18 72 26 77
30-40 3/15 0/13 1/21 0/2 20-24 13 46 17 65 17 77
40+ 1/3 0/3 1/23 25-29 15 40 18 61 15 73

OO's 12 50 14 57 23 83
Total 44/115 4/118 11/186 0/69 40's 17 59

50+ 3 33 3 33 6 50

village to village, where neighboring groups Ali ages 109 34 136 41 191 59
have been "pacified" by Neo-Brazilians.
Prior to pacification, however, peaceful diseases probably occurred in ancient peo-
contacts between tribes seem to have been pIes based on epidemiologic considerations
very limited. Raids to capture children or and historic records. There are a few spe-
wives were not uncommon, as evidenced by cific differences. Hare grouped herpes-
the number of persons who had entered zoster with the diseases of recent origino
each tribe in this way. The captives would We found it endemic in our tribes. Con-
be more likely to introduce chronic infec- versely Hare grouped poliomyelitis with
tions like .tuberculosis than diseases with a the diseases capable of surviving in a paleo-

.short infectious period like measles. lithic society.
Our fmdings in these tribes regarding the The agents that failed to persist in these

specific agents which persist are very simi- populations included alI those viruses m-
.lar to the hypotheses put forward by Hare cluded in the study which are known to
(55). He has set up postulates as to what have infectious periods lasting only a few
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days. ln addition, poliovirus, which may be
excreted for several months after infection
(56), failed to persisto There has been
earlier evidence that poliovirus dies out of
small populations after an epidemic (57).
Rubella may be excreted by infants up to
two years after infection in utero (58), but
this was apparently not sufficient to insule
its persistence. The initial rubella epi-
demic in Tiriyo conferred immunity on a
very large proportion of the population so
that the opportunity for a series of in
utero infections would be negligible.

The failure to find tetanus neutralizing
antibody in the Tiriyo and Xikrin serum
specimens is not surprising since immuni-
zation had not been practiced in these
tribes except possibly in an occasional
individual, and algo since it is generally
believed that antibodies do not alise as a
result of natural infection. To be Bule, two
recent studies (59, 60) have reported find-
ing a high incidence of tetanus antitoxic
antibodies in persons who were considered
to have had no opportunity or occasion to
be immunized. Veronesi et aI. (60) deter-
mined by "insistent" questioning that bis
subjects had not received tetanus vaccine,
but some doubt must always remain in an
area where vaccination is common prac-
tice. The present results indicate that our
populations have not been vaccinated and
that either the organism is not present in
the villages, or that in the natural course of
events antibodies are not induced to mea-
surable titer.

The viral agents that were found to
survive in the lndian tribes were confined
to those that are known to persist in the
body for very long periods after initial
infection. Herpes simplex and varicella are
known to be periodically reactivated, and
the secondary forms of the disease are
infectious. There is evidence to indicate
cytomegalovirus reactivation during preg-
nancy (61), and the same might be true of
EBV if appropriate techniques were availa-
ble to «;iemonstrate it. A hepatitis B antigen
carrier state lasting at least 2 years was

observed in the Xikrin. 1t is, therefore, not
surprising that alI of these disease agents
could maintain themselves in a population
of a few hundred persons. The very high
leveI of their endemicity is striking, how-
ever. Apparently, the disease agents spread
very effectively in these closely knit com-
munities.

The pattern of treponemal antibody
which was observed in the southem tribes
is most unusual. The sexual mores of these
tribes are more permissive than those of
the north, yet monogamy is the rule. The
total lack of any correlation between the
reactions observed in spouses suggest that
the agent was not venereally spread. The
weakness of the mother-offspring correla-
tion is algo at variance with the usual
pattem for syphilis. The high proportion of
positive FI' A tests where the VDRL was
nega tive suggests that some treponema
other than T. pallidum may have been
involved. Pinta has been reported to occur
in Kuben Kran Kegn (62); the garoe study
reported it absent from Gorotire and Xik-
riDo We found no evidence of it on detailed
examination of nearly every member of the
Xikrin and Mekranoti Dor on cursory ob-
servation of 75 Kuben Kran Kegn. What-
ever the nature of the agent causing these
reactions, it seemed to be highly adapted
to this culture.

Malaria and tuberculosis contrast with
the endemic virus and treponemal diseases
in their high morbidity. The increasing
prevalence of positive tuberculin reactions
in this and in Nutels' study (51) suggests
that tuberculosis may have been recently
introduced. We have no similar evidence
with respect to malaria, but the human
genes which are thought to confer resist-
ance to malaria are alI absent from these
populations (40, 63). Various authors have
speculated that malaria was introduced to
the New from the Old World (53). Neither
mala ria Dor tuberculosis in these villages
se em to have established the relationship
with their hosts that would provide opti-
mal opportunity for survival of the agent.
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