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ABSTRACT In an effort to understand the unusual cy-
togenetic damage earlier encountered in the Yanomama In-
dians, plasma samples from 425 Amerindians representing 14
tribes have been tested for hemagglutination inhibition anti-
bodies to the human JC polyoma virus and from 369 Amerinds
from 13 tribes for hemagglutination inhibition antibodies to
the human BK polyoma virus. There is for both viruses highly
significant heterogeneity between tribes for the prevalence of
serum antibody titers >1y40, the pattern of infection suggest-
ing that these two viruses only relatively recently have been
introduced into some of these tribes. Some of these samples,
from populations with no known exposure to the simian
polyoma virus SV40, also were tested for antibodies to this
virus by using an immunospot assay. In contrast to the
findings of Brown et al. (Brown, P., Tsai, T. & Gajdusek, D. C.
(1975) Am. J. Epidemiol. 102, 331–340), none of the samples
was found to possess antibodies to SV40. In addition, no
significant titers to SV40 were found in a sample of 97
Japanese adults, many of whom had been found to exhibit
elevated titers to the JC and BK viruses. This study thus
suggests that these human sera contain significant antibody
titers to the human polyoma viruses JC and BK but do not
appear to contain either cross-reactive antibodies to SV40 or
primary antibodies resulting from SV40 infection.

In 1969, we undertook to determine a baseline for cytogenetic
damage in the cultured lymphocytes of individuals from two
remote villages of Yanomama Amerindians, with the expec-
tation of low levels of damage in this unacculturated, nonin-
dustrialized population. To our surprise, 23 among a total of
4,969 cells scored showed a picture of extreme cytogenetic
damage (1). We later termed these abnormal cells ‘‘rogue
cells,’’ now arbitrarily defined as cells containing five or more
exchange-type aberrations for which precise karyotypic iden-
tification of the origin of the aberrant chromosomes is usually
impossible (2). Within the next several decades, similar cells
were reported in cytogenetic studies of selected populations in
England, Japan, and the former Soviet Union (2–11), albeit,
with one exception (5), never with a frequency approaching the
original observation.

Because the simian polyoma virus 40 (SV40) had been
shown to produce similar damage in cultured human fibro-
blasts (12–15), the possible role in these cytological findings of
infection with two well known human polyoma viruses, the JC
virus (JCV) and the BK virus (BKV), was investigated (16). It
was found that antibody titers against these two viruses were
significantly elevated in persons in whom rogue cells were

detected, the anti-JCV titers more so than the anti-BKV titers.
Furthermore, inoculation of cultured human fetal brain cells
with JCV produced chromosomal damage in the early post-
inoculation cell divisions similar to that produced by SV40 in
the early divisions of inoculated cultured human fibroblasts.
On the basis of these observations, we hypothesized that a
newly acquired infection with JCV (or, possibly, BKV) or
reactivation of an existing infection was at least one cause of
the appearance of rogue cells in the peripheral circulation (16).

The cytogenetic studies of the Yanomama were only one
aspect of a much broader multidisciplinary study of various
Amerindian tribes of Central and South America carried out
between 1962 and 1986. In the course of these studies, a plasma
bank encompassing samples from some 16 different and widely
scattered tribes was established. The primary objective of the
present study has been to return to the population in which
rogue cells were first discovered and explore the frequency and
distribution of seropositives for the two human polyoma virus
now seen as possible causative agents. We report the results of
antibody detection in samples from 425 individuals from the
Yanomama and 13 other tribes with respect to anti-JCV and
369 individuals from the Yanomama and 12 other tribes with
respect to BKV. It is argued that the frequency and distribution
of positive titers to JCV and BKV and the level of the positive
titers are consistent with the thesis that these viruses are only
now reaching some of these populations, with our original
cytogenetic observations possibly attributable to a first or early
experience of these two Yanomama villages with the virus.
These findings create an interesting paradox because the
recent studies of Agostini et al. (17) suggest a quite high
frequency of the Asian type of JCV infection in certain North
American Amerindian tribes.

The second objective of this study stems from the fact that
Brown et al. (18) reported that, among a collection of sera
samples from remote, unacculturated tribal populations ‘‘with
no possibility of having received any SV40-contaminated
vaccine or having contacted SV40-infected primates’’ (ref. 18,
p. 337), 14 of 40 sera with BK hemagglutination inhibition (HI)
antibody titers $80 exhibited significant titers of SV40 neu-
tralizing antibody, as did 6 of 111 sera with titers #20. The
sample included an unspecified number of Amerindians. These
positive findings were regarded as spurious because of sero-
logical cross-reactivity. Recently, however, reports of the
detection with the PCR technique of SV40 DNA in certain
human tumor tissues has reopened the discussion of whether
SV40 may have infected some human populations (19–25).
Others, however, using a highly sensitive plaque reduction
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assay, have failed to detect antibodies to SV40 or detect SV40
DNA in similar human tumors (26). Furthermore, no increase
in the incidence of various cancers has been observed in the
United States after administration of an early polio vaccine
accidentally contaminated with SV40 (27, 28). Currently,
discussion of the possible presence of SV40 DNA in some
human tumors is vigorous (29). The present collection offers
an opportunity to attempt to reexamine previous observations
(18) regarding serological cross-reactivity within the polyoma
virus family. To this end, we have tested the plasma of 165
members of the present sample for the presence of antibodies
to SV40. We also have tested, for contrast, a sample of 97 adult
Japanese previously found with the HI technique to average
rather high titers for antibodies to JCV and BKV (16) for the
presence of antibodies to SV40. The results of these tests also
do not support either the thesis of serological cross-reactivity
between simian SV40 and the human JC and BK viruses used
in these tests or the thesis that SV40 has infected these
populations.

SUBJECTS AND METHODS

Subjects. The locations of the 14 tribes from which the
plasma samples were obtained are shown in Fig. 1. The two
samples of Pano-speakers are presented as representing sep-
arate tribes because of the marked heterogeneity within this
linguistic subdivision. Our publications on these tribes (see
Table 1) reference evidences of contact and admixture with
non-Amerindians as a surrogate measure of contact with
cultures known to be infected with JCV and BKV.

The ages of these Indians are seldom a matter of exact
record and, for the most part, have been estimated in the field.
For the purposes of this study, it should be emphasized that
these are ‘‘young’’ populations. For instance, in the Yano-
mama, on whom the most complete demographic studies have
been performed, the average estimated age for the total
population was 15 (39). Because blood samples were seldom
drawn from children ,5 years of age, the age of the average
Yanomama in the sample was '20 years, with very few
individuals .50, and this same figure is generally applicable to
the members of the other tribes sampled.

Methods. The presence of antibodies against JCV and BKV
was determined as described in detail in Neel et al. (16), using
the HI technique. With respect to testing for the presence of
antibodies to SV40, the methodology of Heberling and Kolter
(40) was used. It should be noted that SV40 does not hemag-
glutinate erythrocytes as the human and rodent polyoma
viruses do. In brief, viral antigen was prepared from SV40-

infected monkey cells, was titrated by plaque assay, and was
blotted onto 0.45-mm pore size nitrocellulose sheets. The
nitrocellulose sheets were submerged into nonfat dry milk or
other blotting agents in PBS containing 0.01% antifoam A
(Sigma) and 0.0001% merthiolate. The sheet was placed on
blotting paper saturated with PBS-Tween 20. Sera were diluted
in PBS and were applied by saturating absorbent paper strips
onto the nitrocellulose sheet over the test antigen. The samples
were submerged in goat antihuman IgG conjugated with
alkaline phosphatase for 1 hr at 37°C. After thorough wash-
ings, the alkaline phosphatase substrate, naphthol AS-MX
phosphate with fast red, was applied, and the color reaction
was monitored. Controls consisted of uninfected cell culture
antigens and known positive and negative sera. The assay was
done by the Simian Diagnostic Laboratory, Virus Reference
Laboratory, San Antonio, TX, which uses such assays for
screening colonies of nonhuman primates for SV40 infection.
A negative sample was defined as absence of reactivity on the
blotted filter at a 1:5 dilution.

RESULTS

Tables 1 and 2 present the basic findings with respect to JCV
and BKV. The tribes are listed in the order in which the
samples were collected between 1966 and 1986. Note that, for
the Piaroa, data are available for JCV antibodies but not for
BKV. Some 53% of the samples were characterized by what
conventionally are considered to be significant titers against
JCV ($1y40), and 60% were characterized by similar titers
against BKV. However, inspection of the data suggests so
much tribal heterogeneity that an average value across tribes
is of little meaning. For instance, all tested members of four of
the more acculturated tribes (Baniwa, Kanamori, Boruca, and
Cuna) exhibited significant titers to BKV. This impression is
confirmed by a x2 test for heterogeneity (see Table 2). Because
of a paucity of entries in some cells of Table 1, for the analysis,
all titers $1y40 have been grouped. The statistical computa-
tions used the SAS 6.07 (SAS Institute, Carey, NC). A value of
0.5 has been substituted in cells with zero entries. There is
enormous heterogeneity in the tribal data with respect to
presence of significant titers.

It is notable that, even when positive, the titers are usually
low. Thus, of the 224 persons with positive JCV titers, only 12
of the titers exceeded 1y320, and, for BKV, the comparable
value was 2 among 221. By contrast, in a population of 100
relatively young Japanese (average age 23.9 6 4.5 years) tested
in the same laboratory, 28 of the 80 positive titers for JCV
exceeded 1y320, as did 13 of the 80 positive titers for BKV (16).
The difference is highly significant for both JCV (x2 5 45.33,
df 5 1, P , 0.001) and BKV (x2 5 29.21, df 5 1, P , 0.001).

Degree of Acculturation and Seropositivity. On the hypoth-
esis that an important cause of this heterogeneity could be the
degree of contact with non-Amerindians, we have divided the
tribes into two groups, namely, ‘‘less contacted’’ and ‘‘more
contacted.’’ This is a somewhat subjective decision, reached on
the basis of the historical record, field notes, and the results of
genetic typings that would reveal ethnic admixture. Some
documentation for the assignment of tribes in this respect will
be found in the references given in Table 1. It is important to
recognize that even the less contacted tribes may over the years
have experienced small and sporadic contacts with non-
Indians (compare the account in ref. 41, regarding one of the
most isolated tribes, the Yanomama). Treating tribes 1, 2, 3 as
less contacted for the JCV studies and 1 and 2 as the less
contacted for the BKV studies, a further heterogeneity x2

analysis yields the results shown in Table 2. Again, all values
$1y40 have been grouped for purposes of analysis. The ‘‘least
contacted’’ tribes are, for both JCV and BKV, homogeneous
whereas the ‘‘most contacted’’ tribes are homogeneous for
BKV but heterogeneous for JCV. The final contrast involves

FIG. 1. Locations in lower Central and northern South America of
the 14 Amerindian tribes whose plasma was tested for antibodies to
JCV and BKV. Numbers correspond to those given in Table 1.
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the pooled least contacted tribes against the pooled more
contacted tribes for the two viruses. Both contrasts result in
relatively enormous x2 values (Table 2). With respect to JCV,
the respective percentages of the titer ,1y40 group for the less
and more contacted are 73.6 and 17.2, respectively, whereas for
BKV, the corresponding values are 80.1 and 5.6. We consider
this finding a strong suggestion of the role of contact with
non-Indians in the frequency of positive titers for both viruses.

The Question of Geographic Heterogeneity in Antibody
Titers Among the Yanomama. Only with respect to the Ya-
nomama, for whom JCV typings have been performed on 175
individuals and for BKV on 146, do the data permit an
exploration of intratribal heterogeneity in titers. These persons
were drawn from 33 villages. Because, however, the number of
persons typed per village varies from 1 to 25, some grouping
of villages is necessary for a statistical analysis. Ward (ref. 42;
see also ref. 43) has published a map of the distribution of the
Yanomama villages contacted in our studies and has deter-
mined that a genetic cluster analysis appears to partition the
Yanomama into six numbered groups, occupying contiguous
geographic areas. The Yanomama appear to have expanded in
a centrifugal manner both their numbers and territory in the
past century; these six clusters are essentially descent groups.
For present purposes, we have combined Yanomama groups 1

and 2 (eastern Yanomama), 3 and 4 (northwestern Yano-
mama), and 5 and 6 (southwestern Yanomama). This results in
samples of 41, 107, and 27 persons for JCV and 35, 84, and 27
persons for BKV, as shown in Table 3. Again grouping all titer
values $1y40 for analytical purposes, the heterogeneity x2

values for the data of Table 3 are as follows: for JCV, x2 5 9.35,
df 5 2, and P 5 0.009; and for BKV, x2 5 7.83, df 5 2, P 5
0.020. For both JCV and BKV, this heterogeneity is the result
of a higher frequency of positive responders in the Eastern
(Brazilian) portion of the tribal distribution.

Given the similarity in the two geographical distributions,
under certain assumptions we may choose to regard the village
data on JCV and BKV as independent tests of the hypothesis
that these two human polyoma viruses are being introduced to
the Yanomama more from the east than west, and we may
combine the two x2 values. The critical assumption is that the
viruses are being introduced independently of one another. A
less critical assumption is that the epidemiologies of the two
viruses are, for practical purposes, identical. The combined x2

5 17.28, df 5 4, and P 5 0.0017. Given the limited interaction
between distant Yanomama villages, the data are consistent
with multiple points of entry of the two viruses into the tribe,
but with relatively more positive contacts to the Brazilian east
than to the Venezuelan west.

Table 2. An analysis of the heterogeneity of the data of Tables 1 and 2 with particular reference to the apparent degree of contact
with non-Amerindians

Analysis

JCV BKV

Tribes x2 df P Tribes x2 df P

Total heterogeneity 1–14 152.54 13 ,0.01 1–14 (minus 3) 209.23 12 ,0.001
Within least contacted 1–3 5.20 2 0.07 1–2 1.13 1 0.287
Within most contacted 4–14 26.16 10 0.005 4–14 12.84 10 0.233
S least contacted vs. S most contacted 1–3 vs. 4–14 133.28 1 ,0.001 1–2 vs. 4–14 205.03 1 ,0.001

Table 1. The HI antibody titers against JCV and BKV in 14 Amerindian tribes of Central and South America

Tribe Reference

JCV titer BKV titer

,1y40 1y40 1y80 $1y160 Total ,1y40 1y40 1y80 $1y160 Total

Yanomama 30 129 34 14 6 183 122 23 4 1 150
70.49% 18.58% 7.65% 3.28% 43.06% 81.33% 15.33% 2.67% 0.67% 40.65%

Makiritare 31 17 1 1 2 21 15 3 2 1 21
80.95% 4.76% 4.76% 9.52% 4.94% 71.43% 14.29% 9.52% 4.76% 5.69%

Piaroa 32 21 2 0 0 23
91.30% 8.70% 0.0% 0.0% 5.41%

Macushi 33 2 5 8 5 20 0 2 10 8 20
10.0% 25.0% 40.0% 25.0% 4.71% 0.0% 10.0% 50.0% 40.0% 5.42%

Wapishana 33 5 6 6 4 21 2 6 8 5 21
23.81% 28.57% 28.57% 19.05% 4.94% 9.52% 28.57% 38.10% 23.81% 5.69%

Guaymi 34 6 9 8 1 24 3 7 8 6 24
25.0% 37.5% 33.33% 4.17% 5.65% 12.5% 29.17% 33.33% 25.0% 6.50%

Kraho 35 10 8 1 1 20 2 4 7 7 20
50.0% 40.0% 5.0% 5.0% 4.71% 10.0% 20.0% 35.0% 35.0% 5.42%

Northern Pano 36 0 7 3 2 12 0 4 6 2 12
0.0% 58.33% 25.0% 16.67% 2.82% 0.0% 33.33% 50.0% 16.67% 3.25%

Southern Pano 36 3 3 3 1 10 3 0 4 3 10
30.0% 30.0% 30.0% 10.0% 2.35% 30.0% 0.0% 40.0% 30.0% 2.71%

Ticuna 37 1 5 4 8 18 1 2 11 4 18
5.56% 27.78% 22.22% 44.44% 4.24% 5.56% 11.11% 61.11% 22.22% 4.88%

Baniwa 36 2 12 2 0 16 0 2 9 5 16
12.5% 75.0% 12.5% 0.0% 3.76% 0.0% 12.5% 56.25% 31.25% 4.34%

Kanamari 36 1 7 7 3 18 0 6 11 1 18
5.56% 38.89% 38.89% 16.67% 4.24% 0.0% 3.33% 61.11% 5.56% 4.88%

Boruca 38 0 3 12 3 18 0 2 5 11 18
0.0% 16.67% 66.67% 16.67% 4.24% 0.0% 11.11% 27.78% 61.11% 4.88%

Cuna 38 4 12 5 0 21 0 4 10 7 21
19.05% 57.14% 23.81% 0.0% 4.94% 0.0% 19.05% 47.62% 33.33% 5.69%

Totals 201 114 74 36 425 148 65 95 61 369
47.29% 26.82% 17.41% 8.47% 100.0% 40.11% 17.62% 25.75% 16.53% 100.0%
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JCV and BKV as Fellow Travelers. In a previous publication,
we reported that, in a Japanese population that appears to be
hyperendemic with respect to JCV and BKV infection, there
was no significant intra-individual correlation between the
titers against these two viruses (16). This test implicitly as-
sumed universal but separate exposures and, if positive, would
have suggested cross-reactivity between the respective anti-
bodies. Such a test would be inappropriate for these Amerin-
dian populations if the thesis that the two viruses only now are
being introduced is correct because, under these circum-
stances, it would confound exposure to the virus with response
to the virus. We have, however, examined the tribal data for
apparent differences in the frequency of persons with signif-
icant titers against the two viruses. The only tribe with a
noteworthy discrepancy is the Kraho. Although in most tribes
the frequencies of positives (titer $1y40) for JCV and BKV are
quite similar, here there was a notable discrepancy, with 10 of
20 persons positive for JCV but 18 of the same 20 persons
positive for BKV (x2 5 7.62, df 5 1, P 5 0.006.). We thus
conclude, assuming similar susceptibilities to the two viruses,
that, in Central and South America in general, the two viruses
have traveled together and exposees are equally susceptible to
both viruses.

Studies on Antibodies to SV40. Inasmuch as none of the
present Amerindian populations could have had contact with
the macaque primate hosts to SV40, and none were known to
have been vaccinated against poliomyelitis with a vaccine
cultivated on monkey cells, the present study appears to
involve an ideal population in which to follow up the obser-
vations of Brown et al. (18) regarding cross-reactivity between
antibodies to JC and BK, on the one hand, and SV40, on the
other. Of the 425 Amerindian sera tested for antibodies to JCV
and BKV, 165 also were tested for antibodies to SV40 by using
the dot immunobinding assay of Heberling and Kolter (40).
None of them exhibited a titer $1y5. Inasmuch as the titers in
those Amerindians found positive to JCV and BKV were, in
general, low or moderate, these findings were not considered
a strong test for cross-reactivity. Accordingly, the study was
extended to the sample of 199 Japanese adults described in
Neel et al. (16) in which 67% of the subjects exhibited HI
anti-JCV titers $1y40, and 44% exhibited titers $1y320. For
BKV, 54% of the same sample exhibited anti-BKV titers
$1y40, and 17% exhibited titers $1y320. None of the subset
of 97 individuals tested exhibited anti-SV40 titers $1y5.

DISCUSSION

The Question of the Time Depth of JCV and BKV Infection
in South American Indians. The pattern of seropositivity for
JCV and BKV in South American Indians observed in this
study raises the possibility that these two viruses were not
present in this region before contact with the Western world.
In addition, Brown et al. (18), using the HI technique, have
reported relatively low rates of infection in seven Indian tribes
of Brazil and Paraguay with respect to BK antibodies and, in
a subset of three of these tribes, also low rates of infection with
respect to JCV. Furthermore, all nine of the Brazilian Ewar-

hoyana that they tested lacked antibodies to both JCV and
BKV. Candeias et al. (44) examined three tribes of the Upper
Xingu region of Brazil for antibodies to these two viruses with
the HI technique, finding a low frequency of positive respond-
ers to BKV in all three of the tribes but an absence of positive
responders to JCV in two of the tribes (39 and 66 tests). All of
the tribes in which antibodies were not detected had experi-
enced very limited contacts with non-Indians. These findings
would seem to support the hypothesis that these two viruses
were not present in many, if any, South American Indian tribes
before contact with representatives of Western civilization.

Sugimoto et al. (45) have subdivided JCV into nine subtypes
on the basis of the nucleotide composition of a 610-bp
sequence from the VT-intergenic regions of the virus. With
their terminology, the predominant subtype in Mongolia and
surrounding regions, the presumed area of origin for the
ancestors of the American Indian (46), is type 2. Recently,
Agostini et al. (17) have isolated JCV DNA from the urine of
66.2% of 68 Navaho Indians from New Mexico and 56.0% of
25 Flathead Indians from Montana. Of the 59 isolates of DNA
typed, 54 were type 2, rather convincing evidence of the Asiatic
origin of the ancestors of these two tribes. No serological
studies for JCV antibodies were conducted on these two tribes.
However, in Japan, where, in various studies of urban adults,
the frequency of persons with anti-JCV titers $1y40 varied
between 66 and 90% (refs. 16, 47, and 48 and quoted from ref.
49), Kitamura et al. (50) found that 37% of a sample of 82
urban adults were excreting JCV DNA in their urine. Thus, the
findings of Agostini et al. (17) imply a high level of seropos-
itivity for this clastogenic virus in these two tribes of North
American Indians.

If the hypothesis that the JCV only now is being introduced
into the South American tribes under study is correct, this
finding would seem to require that the JCV was somehow lost
from the ancestors of the South American Indians as they
migrated south through Central America. Alternatively, the
hypothesis of a recent introduction of JCV into South Amer-
ican Indians may be incorrect, our observations simply indi-
cating a different epidemiology of the JCV in unacculturated
tribes as compared with highly contacted tribes. The data also
permit a ‘‘mixed’’ explanation: in view of the demonstration
quoted above of the Asiatic type of JCV in the Navaho of New
Mexico, the particularly high frequency of seropositives in the
highly acculturated tribes of Central America (see Table 1 and
Fig. 1) might reflect both an extension into Central America
of the JCV known to be present in North America and the
results of extensive Indian contacts with Caucasoids and
Negroids in that region. Fortunately, in time, the decision
between these various explanations should be clear. In the JCV
classification of Sugimoto et al. (45), the predominant type
encountered in Europeans has been designated ‘‘1’’ while the
predominant type encountered in Africans has been desig-
nated ‘‘3.’’ Accordingly, when JCV DNA ultimately is isolated
from the urine or lymphocytes of members of the tribes we
have studied, it would be expected to be types 1 (European) or
3 (African) if the virus only now is being introduced but type

Table 3. Geographic heterogeneity in the distribution of anti-JCV and anti-BKV titers in
the Yanomama

Titer

Area

Northwest Southwest East Total

JCV BKV JCV BKV JCV BKV JCV BKV

,1y40 29 31 80 71 12 17 121 119
1y40 10 4 15 12 9 7 34 23
1y80 2 0 8 0 4 3 14 3
$1y160 0 0 4 1 2 0 6 1
Total 41 35 107 84 27 27 175 146
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2 (Asiatic) if the viral infection predates contact with persons
of European or African origin.

There are, however, some unusual aspects to the epidemi-
ology of JCV that must now be brought under consideration.
From studies of viral subtypes within nuclear families, Kita-
mura et al. (51) and Kunitake et al. (52) conclude that, in
Japan, viral transmission is from parent to child in approxi-
mately half of the infections, the other half of the infections
originating outside the nuclear family. From the failure to
detect in Okinawans born during the occupation of Okinawa
by U.S. troops the JCV subtypes that make up the majority of
infections in Americans, Kato et al. (ref. 53, p. 875) conclude
that JCV ‘‘is rarely transmitted between human populations.’’
Our data do not contravene that suggestion because there are
no data on the events that led to the postulated introduction
of JCV into the Amerindians. On the other hand, the intimacy
of life in a village of recently contacted Amerindians exceeds
the imagination of most urban dwellers. Many Indian villages
consist of members of only three or four extended genealogies,
within which opportunities for intrafamilial transmission of the
virus should have abounded in the past if the viruses were
indeed present. Furthermore, Indian women often intermit-
tently nurse sister’s babies from an early age onwards, provid-
ing an additional possible route of viral transmission. The fact
that the frequency of positives is so low in some villages and
tribes in which the virus is present thus reinforces our sugges-
tion that the virus only recently has been introduced to these
groups and the argument of Kato et al. (53) that the virus may
not be readily transmitted.

Some Questions Raised by the Original Observation of
Rogue Cells in Two Yanomama Villages. As noted in the
introduction, our original experience with rogue cells stems
from cytogenetic studies in 1969 of the inhabitants of two
Yanomama villages (08XY, 11ABC) located in the Parima
mountain range near the Brazil–Venezuela border. This area
is regarded as the traditional heartland of the Yanomama,
from which they have expanded in all directions in the past
century. The data on the Yanomama presented in this paper
includes tests on six samples from one of these villages,
collected at the time of the chromosome studies—all six
samples exhibited titers ,1y40.

We are thus faced with the paradox that the villages in which
rogue cells—thought to be the result of a relatively recently
introduced virus—first were observed by us are among the
most remote in the entire tribe and the antibody titers in the
few plasma samples available from collections at the time of
the chromosome studies are nonsignificant. The relatively
sparse data on JCV transmission, on its pattern of periodic
reactivation, and on the early serological response to an
infection render critical thinking on the significance of these
observations difficult. In casting about for a possible explana-
tion for a recent introduction of the virus into this region we
found, however, that truth may be stranger than fiction. Two
missionaries (and their families), representing the New Tribes
Mission, had built homes close to one of these villages within
the year preceding the fieldwork there of J.V.N. From them,
we learned that, 7 years earlier, in 1962, the Brazilian Air
Force, as one aspect of a program to create airfields in
proximity to its borders, had flown earth-moving equipment
and a contingent of troops into this undulating savannah
country, with the objective of creating a satisfactory perimeter
airstrip. They were followed shortly by a New Tribes Mission
family. In this region, the boundary between Brazil and
Venezuela is defined as demarcating the watershed for the
Orinoco River (Venezuela) and the Amazon River (Brazil).
Two years after the airstrip was established, a proper geolog-
ical survey determined that the airstrip was in Venezuela, and
the Brazilians and the mission family of necessity withdrew.
There is no documentation of contacts of this group with the
Yanomama, but it would be unusual if there were none, these

contacts with the potential for the introduction of the two
viruses. With the withdrawal of the Brazilians, this area had not
known non-Indian contacts until the arrival of the present
missionaries. But to explain our observations concerning
rogue cells in this region of low anti-JCV titers, we must
postulate that the virus was only now becoming active in the
subjects of our study, and the activity was so recent that those
infected had not yet acquired substantial antibody levels.
Otherwise stated, we must make the unlikely postulate that we
had fortuitously selected for cytogenetic studies two villages in
which the virus was just becoming established, in consequence
of which we documented the cytogenetic response of a ‘‘virgin-
soil’’ population to the virus. An alternate explanation of our
findings is, of course, that JCV activity was not responsible for
the original cytogenetic findings in the Yanomama.

The Findings Regarding SV40 in These Tribes. The findings
of Brown et al. (18) that, in tribal populations not believed to
be exposed to SV40, approximately one-third of individuals
with anti-BKV titers $1y80 exhibited significant anti-SV40
titers created the presumption of serological cross-reactivity
between the antibodies to human and simian polyoma viruses.
(An unspecified number of the subjects of Brown et al. also
exhibited significant anti-JCV titers.) The present data, ob-
tained with different serological techniques, lend no support to
that presumption. None of the Amerindian sera showed a
reaction to the SV40 capsid antigen when the immunoblot
assay was used. It is not known, however, whether this assay is
less sensitive than neutralization assays for SV40. Considering
that some of the sera showed elevated titers to JCV, the lack
of any detectable binding to the SV40 antigen was unexpected
because there is a close amino acid homology between these
papovaviruses (54). However, there is even greater amino acid
homology between JCV and BKV, but studies of sera that show
very high titers to JCV by no means predict similarly high titers
to BKV. Also, in a separate assay format using ELISA
developed specifically for JCV and BKV (data not shown),
both the HI and ELISA methodologies revealed little cross-
reactivity among the papovaviruses. Consequently, these data
suggest that these populations of Amerindians, with no contact
with the Asiatic macaques that are the natural host of SV40 or
with human populations immunized with SV40-contaminated
vaccine, do not show antibody to SV40. In addition, members
of a Japanese population that had high titers to JCV and BKV
(16) also did not react to the SV40 antigen. Although the HI
assay used for detecting antibody to the human polyomaviruses
differs from the immunospot assay used for SV40, both
methods have been shown to correlate satisfactorily with the
results of viral neutralization tests (40, 55). These data, there-
fore, suggest that, in future epidemiological studies of the
possible introduction of SV40 into a human population, po-
tential cross-reactivity of any anti-SV40 serum with JCV or
BKV capsid protein should not be a problem. The data also
suggests that neither remote populations such as the Amerinds
described in this paper nor highly developed, urban popula-
tions such as the Japanese we studied previously (16) possess
antibodies to SV40.

Elsewhere, we have suggested that the clastogenic effects, on
some cell types, of infection with JCV may play a role in
oncogenesis (16, 56). An obvious inference is that malignancies
should be more common in populations with high JCV pres-
ence. Unfortunately, populations that appear to differ in JCV
pressure, such as relatively uncontacted Amerindians as con-
trasted with urbanized, industrialized populations, will often
differ in so many other ways from each other that it seems
unlikely that critical inferences regarding the role of JCV in
oncogenesis could be drawn from comparisons of such diverse
populations, even if the relevant data could be collected.
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