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PIIYSICIANS at the Public Health Service
Indiani Hospital on the Cherokee North

Carolina Indian Reservation diagnosed several
cases of severe clinical ascariasis in children in
1964-63 and recorded the death of a child caused
by what was believed to be an overwhelming
infection with Ascaris luIrdbricoides. A prelim-
inary survey in one part of the reservation in
1963 indicated that 50 percent of the children
were infected with Ascaris worms.
To determine the prevalence of the round-

worm anid other intestinal parasites in the
Cherokee population, a collaborative study in
1965 between physicians at the hospital and the
Parasitology Section of the National Commu-
nicable Disease Center, Public Health Service,
was initiated. Because of logistical problems in
obtaining specimens from persons living in the

Dr. Healy is chief of the Helminthology and Proto-
zoology Unit, Parasitology Section, Laboratory
Division, National Communicable Disease Center,
Public Health Service, and Miss Gleason is in charge
of the unit's Protozoology Diagnostic and Research
Laboratory. Dr. Bokat, now in private practice in
Brunswick, Maine, was formerly service unit direc-
tor of the Cherokee Indian Hospital, Cherokee, N.C.
Dr. Pond, who is currently at the James Buchanan
Brady Urological Institute, Johns Hopkins Hospital,
Baltimore, Md., served as staf physician at the
hospital. Miss Roper is a public health nurse at the
Cherokee Indian Health Station, Cherokee.

mountainous area of the reservation, it was
decided to examine stool specimens from chil-
dren attending the elementary school close to the
hospital. Moreover, the 655 children in the ele-
mentary school would represent a sample of the
approximately 5,000 residents of the reserva-
tion. More important, such examinations would
indicate the prevalence of intestinal parasites in
the group most likely to be affected by any spe-
cies of clinical importance.

Materials and Methods

One-half pint waxed cardboard cartons
labeled with eaclh child's name were distributed
to the chlildren at the elementary sclhool alonig
with instructions to bring a stool specimen, pref-

erably a morning one, on the following day. The
cartons were collected at the school from each
pupil in the morning, and all specimens were
processed within 6 hours. The stools were pre-
served in 10 percent formalin; those which were
watery, loose, or soft were also placed in poly-
vinyl alcohol (PVA) fixative (1). When all the
stools of a particular day lhad been preserved, a
direct saline and iodine wet mount of the for-
malinized sediment was examined, as well as a
subsequent formalin ether (FE) concentration
(2). The stools preserved in PVA were stained
with Wheatley's trichrome (3) and examined
for protozoan trophozoites.
To determine the correlation betwveen sero-

positivity and etiological results, serrum speci-
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mens were collected from as many children as
possible and tested for antibody to Entamnoeba
histolytica and A. litmbricoides. Results of the
Ascaris serology will be reported elsewhere. The
amebiasis serology was conducted by using
tanned, sensitized sheep red blood cells in the in-
direct hemagglutination test of Keissel and asso-
ciates (4) as modified by Milgram and associ-
ates (5). The tests were run in microtitration
plates, and titers of 1: 128 or greater were con-
sidered positive. The antigen employed in the
test was a sonicated, loyphilized extract of E.
histolytwca strain DKB, grown with MNyco-
plasma organisms. Stock cultures of the amebae
had been furnished by Dr. William K. Lewis,
University of California, Los Angeles.

Results
Stools were submitted by 631 children (302

boys and 329 girls), representing 96 percent of
the 655 students enrolled in the elementary
school.
Helminths. The impression of the hospital

physicians that Ascaris infections were commoln
in the school population was borne out by the
observation that 49 percent of the children were
infected with the worms. The overall prevalence
of A.-lumbricoides and the other intestinal para-
sites is shown in table 1. Among the other
helminths, only Trich7uris trichiura was pres-
ent to a considerable degree (38 percent). All
the Ascaris and Triehuris eggs were detected in
the direct wet mount or FE concentrate with the
exception of a single infertile Ascaris egg found
in the PVA stained slide of a stool specimen
from an 11-year-old boy. A greater number of
hookworm infections would have been detected
if a more sensitive technique, such as the culture
method of Harada and Mori (6), had been em-
ployed. Pinworm infections are not generally
detected by stool examinations, but the few cases
that were detected are included in the results.
Although only 14 children had positive Entero-
binus vermicularis infections, 92 percent were
infected with one or more parasites; in only one
of the infections caused by E. vermicularis, did
such eggs represent the sole parasitic stages
recovered.

Protozoa. Sixty-seven (11 percent) of the
children were found to be passing cysts, tropho-
zoites of E. histolytica, or both. One-third or

Table 1. Prevalence of intestinal parasites
in stool specimens from 631 Cherokee
Indian elementary school children

Specimens positive
Parasite

Number Percent

Helminths:
Ascaris lumbricoides -312 49
Trichuris trichiura -- 240 38
Hookworm -19 3
Trichostrongylus species 1 (1)
Enterobius vermicularis 14 2

Protozoa:
Entamoeba histolytica -67 11
Entamoeba hartmanni -220 35
Entamoeba coli - 251 40
Endolimax nana -289 46
Iodamoeba bWtschli -34 5
Giardia lamblia -59 9
Dientamoeba fragilis 68 11
Trichomonas hominis -72 11
Chilomastix mesnili -19 3
Unidentified protozoa 7 1

1 or more parasites 579 92
No parasites found 52 8

1 0.2 percent.

more of the children harbored the commensal
amebae-Entamroeba hartmnanni, Entamoeba
coli, and Endo-limax nana. Protozoa were de-
tected in seven stool specimens, but specific iden-
tification was not possible because of poor fix-
ation or paucity of organisms. No parasitic or-
ganisms were detected in 52 (8 percent) of the
631 stools examined.
The prevalence of six parasite species in boys

and girls is compared in table 2. Analysis of the
data indicated no difference by sex in parasiti-
zation by Ascaris (154 males, 158 females) or by
Trich,uris (112 males, 128 females). The number
of hookworm infections was too small for ade-
quate comparison (eight males, 11 females). In
the stools of 37 boys and 22 girls, the pathogenic,
or potentially pathogenic, protozoan Giardia
lam blia (7) was found. Specimens from 37
boys and 31 girls were positive for Dientamweba
fragilis, a parasite with questionable capacity
to cause symptoms (8). Although the preva-
lence of E. histolytica, G. lam,blia, and D. fra-
gilis appears greater in males than in females,
an analysis of parasitization by sex was not pos-
sibl.e. Stools from botlh sexes were examined
after FE concentration, but there was a dispro-
portionately larger number of PVA stained
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slides from boys (62) than from girls (50). The
data, therefore, are biased in favor of stool
specimenis from boys.
The prevalence of the parasites in the chil-

dren by school grade is presented in tables 3-5.
Even though Ascaris and Trichuris were more
prevalent in the lower grades (table 3), at least
one-third of the children in the higher grades

also harbored roundworms and whipworms. Re-
sults in the category "no parasites found" in-
clude examinations for helminths and protozoa.
The largest number of stools with no parasites
found were from children in the fourth, sixth,
and seventh grades, a result indicating no spe-
cific pattern and certainly no evidence of a dim-
inution of infection in the older children.

Table 2. Prevalence of selected parasites in stool specimens from 631 Cherokee Indian
elementary school children, by sex

All children Boys Girls
Parasite

Number Percent Number Percent Number Percent

Ascaris lumbricoides - 312 49 154 49 158 51
Trichuris trichiura -240 38 112 47 128 53
Hookworm-19 3 8 42 11 58
Entamoeba histolytica- -67 11 39 58 28 42
Giardia lamblia -59 9 37 63 22 37
Dientamoeba fragilis - 68 11 37 54 31 46

Table 3. Percentage of 631 Cherokee Indian elementary school children with helminth
parasites, by school grade

School grade Overall
Parasite preva-

1 2 3 4 5 6 7 8 lence

Ascaris lumbricoides ---------------------- 57 56 52 51 60 42 37 33 49
Trichuris trichiura ----------------------- 40 51 36 39 42 29 29 30 38
Hookworm -0 2 5 1 5 5 4 4 3
Trichostrongylus-0 0 0 0 1 0 0 0 (1)
Enterobius vermicularis -1 3 5 3 2 2 0 3 2
No parasites found2_--------------------------------------- 4 8 5 14 4 11 15 7 8

Number of students -95 101 64 80 84 62 75 70

1 0.2 percent.
2 Includes protozoa and helminths.

Table 4. Percentage of 631 Cherokee Indian elementary school children with protozoan
parasites, by school grade

School grade Overall
Parasite preva-

1 2 3 4 5 6 7 8 lence

Entamoeba coli -40 41 39 34 48 47 33 37 40
Endolimax nana -52 37 50 49 51 29 43 56 46
Iodamoeba bitschli -0 5 3 5 7 3 9 11 5
Giardia lamblia -14 11 9 6 10 13 6 4 9
Dientamoeba fragilis -18 7 8 9 12 11 15 6 11
Chilomastix mesnili -5 3 6 0 2 5 1 1 3
Trichomonas hominis -9 8 6 12 20 16 8 11 11
Unidentified protozoa - 0 0 3 0 5 3 3 0 1

Number of students -95 101 64 80 84 62 75 70
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Table 5. Percentage of 631 Cherokee Indian elementary school children with Entamoeba
histolytica and Entamoeba hartmanni and the amebic prevalence rate, by school grade

School grade Overall
Parasite prevalence

1 2 3 4 5 6 7 8

Entamoeba histolytica -S 6 9 14 14 8
Entamoeba hartmanni ---- 37 26 33 36 38 37
E. histolytica and E. hartmanni combined --39 26 34 40 43 38
Amebic prevalence rate -91 64 77 69 74 69

Number of students -95 101 64 80 8462
Amebiasis hemagglutination test positive (percent)'-l_ 2 2 2 1 1 2

13 13
28 51
35 56
64 81

75 70 -

4 1

11
35
39
74

2

1 Indirect HA titers 1: 128 or greater.

The seven species of protozoa in table 4 oc-
curred without any appreciable diminution
through the eighth grade. E. coli and E. nana
were more prevalent than the other five species.
E. histolytica organisms were found in 67

children (339 boys, 28 girls) -an 11 percenit prev-
alence rate (table 5). Forty-three (64 percent)
of the E. histolytica infections were diagnosed
from cysts found in the FE concentrates; seven
(11 percent) were diagnosed from organisms
found in both PVA stained slides and FE con-
centrates; 17 (25 percent) were diagnosed in
the PVA stained slide only.

Distribution of the E. histolytica throughout
the school grades was constant, with more infec-
tions in the older children (in the seventh and
eighth grades) than in the younger ones (in
the first, second, and third grades).
Of particular significance was the observation

of an "amebic prevalence rate" (APR) of 74
percent. The APR, first described by Brooke and
associates (9), is calculated by considering in-
fections with one or more of the four amebae
(E. histolytica, E. coli. E. hartawnmni, and E.
qianrt) as an "amebic", infection. Since the four
organisms have comparable but not identical
capabilities of surviving in the environment and
are transmitted by ingestion of cystic stages,
they are indicative of fecal contamination.
Amebasis serology. Serum specimens were

collected, from 617 childreni. Specimens were ob-
tained from all but one of the 67 children whose
stools were positive for E. histolytica. The fol-
lowing summary of the correlation between
etiological and serologic positivity in the 617
children is taken from a table in a previous
study by Healy (10).

Test results
E. histolytica in stools, IHA test

positive --

E. histolytica in stools, IHlA test
negative

No E. histolytica in stools, IHA
test positive -

No E. histolytica in stools, IHA
test negative _

Nui

Total- 6

>luber Percent

2 0. 3

64 10. 4

10 1. 6

141 87. 7

i17 100.0

Ninety-eiglht percent of the 617 seirIumils were
negative for ameba antibody. Only two (0.3 per-
cent) of the serum specimens were positive with
the corresponding E. histolytica found in the
stool specimens, whereas 10 (1.6 percent) of the
serum specimens were positive without demon-
stration of the amebae in the stool specimens.
Organisms recovered in stool specimens from
children with positive IHA titers are listed in
table 6.

Discussion
Since our survey was concerned wit,, intesti-

nal parasites in elementary school children, no
reference can be mnade to the extent of parasit-
ism in the population of the Cherokee Indian
Reservation. Direct examination of a single stool
specimen and examination after FE concentra-
tion probably resulted in detection of all of the
Ascaris infections and the majority of the Tri-
cehuris. The same cannot be said for the intesti-
nal protozoa. Although all specimens were sub-
jected to direct and FE concentrate examina-
tions, only 112 of the 631 stools were preserved
in PVA and subsequently examined after tri-
chrome staining. The possibility of more wide-
spread protozoani infections is suggested by ta-
ble 7, which shows the parasite prevalence in the
siblings of tlhree families.
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Eleveni reports of parasitism amolng North
American Indians have been published (11-21).
The present study was concerned only with ele-
mentary school children from 6 to 16 years of
age, wlhereas most other surveys have included
all age groups. Ascaris eggs were reported in
only tllree other studies (13,14,20); in the study

by Fournelle anid associates (20), Ascaris eggs
were found in only one of the 855 stools
examined.
A recent survey of intestinal parasitism in the

Southeast was conducted by Jeffery and associ-
ates (22) in a coastal area of South Carolina in
Beaufort County among a rural Negro popula-

Table 6. Parasites recovered from 12 Cherokee Indian elementary school children with positive
titers for amebiasis in the indirect hemagglutination test

Child's age, IHA
sex, and titer Parasites found
grade

7, F, ist 1:236 Ascaris lumbricoides, Trichuris trichiura, Entamoeba histolytica, Endolimax nana.
8, M, 1st- 1:128 A. lumbricoides, T. trichiura, Entamoeba hartmanni, E. nana.
8, MI, 2d -- 1:236 A. lumbricoides, T. trichiura, E. hartmanni, Trichomonas hominis.
7, F, 2d-- 1:128 A. lumbricoides, T. trichiura, Entamoeba coli, E. nana.
8, M, 3d -- 1:128 A. lumbricoides.
10, F, 4th - 1:256 A. lumbricoides, E. coli, E. nana, lodamoeba biitschlii, T. hominis.
11, M, 5th-- 1:128 A. lumbricoides, T. trichiura, E. histolynica, E. coli.
12, M, 6th-- 1:128 Unidentified flagellate.
12, F, 7th-- 1:128 No parasites found.
14, M, 7th-- 1:128 A. lumbricoides, T. trichiura, E. hartmanni.
14, F, 7th-- 1:128 T. trichiura, E. coli.
14, F, 8th-- 1:128 E. coli, E. hartmanni, E. nana.

Table 7. Occurrence of parasites among Cherokee Indian elementary school children from
three family groups

Parasites I

Sibling's sex and age
Al Tt Eh Ehart Ec En Ib Df GI Th Cm

Family A:
Boy, 7 -

Girl, 8-
Girl, 10
Boy, 11-
Boy, 13 -

Boy, 14 ----

Family B:
Girl, 6 --

Girl, 8 -- ------

Girl, 10 -- - -

Boy, 11 --

Girl, 12 ----

Girl, 15 -

Family C:
Boy, 6-
Girl, 8--
Girl, 11- -

Girl, 13 ----

Girl, 14-

x
x
x
x
x

x
x
x
x
x
x

x
x
x
x
x

x
x
x
x
x
x

x

x

x

x

x x

x
x

x

x
x
x
x
x

x x

x
x x

x

x

x

x
x
x

x

1 Key: Al-Ascaris lumbricoides
Tt-Trichuris trichiura
Eh-Entamoeba histolytica
Ehart-Entamoeba hartmanni
Ec-Entamoeba coli
En-Endolimax nana

Ib Iodamoeba bitschlii
Df-Dientamoeba fragilis
GI-Giardia lamblia
Th-Trichomonas hominis
Cm-Chilomastix mesnili.
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tion. They examined family units and found the
following overall prevalence of parasites from
212 stools: Ascaris 64 percent, Trichuris 37 per-
cent, E. histolytica 1.4 percent, F. coli 32 per-
cent, E. nana 10 percent, Iodamoeba bUitschlii
0.5 percent, Trichomonas homrini.s 0.5 percent,
Chilomastix qnesnili 1.4 percent, and G. lamblia
8 percent. Prevalence for E. hartmanni and D.
fragilis was not given.
In the age groups comparable to those of the

Cherokee school children (6-17 years), the sur-
vey of Jeffery and associates showed 60 of 74
children (81 percent) positive for Ascaris and
38 of 74 (51 percent) positive for Trzichuris.
There was no analysis of parasitization for the
protozoa by age groups. Although the sample
studied by Jeffery and associates was smaller,
both for all persons infected and for children,
these persons from South Carolina had a higher
prevalence of Ascaris (64 percent overall and
81 percent in children) than did the Cherokee
children (49 percent).
When our survey is compared with the one of

Jeffery and associates, certain differences are
noted. Our survey was conducted among Ameri-
can Indian children in western North Carolina
in the Great Smoky Mountains while the survey
of Jeffery and associates was conducted among
American Negro families in the flat coastal
plains of South Carolina.
The similar high prevalence of fecally trans-

mitted intestinal parasites in the two groups,
however, emphasizes the important point made
by Jeffery and others, that "a high incidence of
Ascaris in specific groups may not depend so
much on the climate or topography, although
certain favorable conditions are necessary, as
on the particular habits and sanitation of the
populations involved."
The survey of the Cherokee Indian children

was conducted with three goals in mind. The
first was to provide physicians of the Public
Health Service Indian Hospital with informa-
tion on the prevalence of Ascaris and other par-
asites in the school population. As suspected,
the prevalence of Ascaris infections was high,
and the amebic prevalence rate was as high as
in some tropical areas.
The second goal was to determine the suitabil-

ity of serologic tests for ascariasis and amebi-

asis. Evaluation of Ascaris serology is in prog-
ress. Results of the amebiasis serology enabled
us to evaluate the specificity of the indirect
hemagglutination (IHA) test for intestinal
amebiasis. The results of our evaluation of 617
serum samples taken from infected children in-
dicated no cross reactions with other intestinal
parasites. The 617 serums from our survey
along with the other serums tested (10) also
showed that the IHA test was of little value in
asymptomatic intestinal amebiasis. Such results
are in keeping with the concept that positive
serology is evident only where tissue invasion
has occurred, as in amebic dysentery or amebic
liver abscess. The serologic results corroborated
the experiences of physicians from the Public
Health Service Indian Hospital, who have re-
corded only rare instances of clinical amebiasis
in the Cherokee Indian population.
The third, and perhaps most useful goal, was

to document the prevalence of fecally transmit-
ted parasites. With the exception of hookworm
and pinworm, the presence of intestinal para-
sites indicates the status of a population's sani-
tation and personal hygiene. rherefore, data
on prevalence from our survey would serve as
a basis for judging any changes occurring sub-
sequently as a result of improvements in sani-
tation, intensified health education, or regimens
of drug prophylaxis directed against Ascari8 or
other parasites. For example, the effects of cer-
tain sanitary improvements that were being pro-
vided the Cherokee Indian Reservation under
Public Law 86-121 at the time of our survey
might be gauged by comparing the prevalence of
Ascaris or other parasites that we found with
the prevalence observed in a similar survey sev-
eral years from now. (Public Law 86-121 in-
cluded provisions for the construction of either
a well-built, suitably placed outdoor pit privy or
the piping in of water for use with an indoor
toilet and with facilities for washing and bath-
ing. The Indian householder was required to
contribute a certain amount of labor to initiate
the construction of either of the two kinds of
sanitary facilities.)

Summary
Single stool specimens, collected from each of

631 children at the Cherokee Indian Elemen-
tary School, Cherokee, N.C., were examined for
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intestinal parasites. The organisms identified
and their prevalence were as follows: Ascaris
lumbricoides, 49 percent; Trichurigs trichiura,
38 percent; hookworm, 3 percent; Entamneba
histolytica, 11 percent; Entamoeba hartmanni,
35 percent; Entamoeba coli, 40 percent; Endoli-
max nana, 46 percent; lodanweba butschb,i, 5
percent; Giardia lamblia, 9 percent; Dientam-
oeba fragillis, 11 percent; Chilomustix mesnili,
3 percent, and Trichomonas hominis, 11 percent.
Evidence of infection with one or more para-

sites was found in 92 percent of the children.
The amebic prevalence rate, which can be used
to measure the extent of ingestion of organisms
through fecal contamination, was 74 percent.
There was no difference in the prevalence of A.
rum,bricoides or T. trichiura between Indian
boys and girls. Although there was a slight re-
duction in the prevalence of some parasites (A.
lumbricoides, T. trichiura, and G. lamhlia) in
children of the higher elementary grades as
compared with the lower ones, in many cases
an equal or greater number of children in the
higher grades were parasitized with E. histolyt-
ica and E. hartmanni as compared with children
in the lower grades. In general, the survey re-
vealed a high prevalence of intestinal parasites
in children throughout the eight grades of the
school.
An indirect hemagglutination (IHA) test

for amebiasis was used to detect antibody in the
serums of 617 of the children. Results showed no
cross reactions with any other intestinal para-
sites. Only two of the serums (0.3 percent) from
children having E. histolytica in the stools were
positive by IHA; conversely, 10 of the serums
(1.6 percent) from children in whom no E.
histolytica was detected were positive. Results
of the indirect hemagglutination test indicated
that it was of little value in asymptomatic in-
testinal amebiasis. They did, however, corrobo-
rate the experience of the Public Health Service
physicians, who had rarely found cases of clini-
cal amebiasis in the Indian children.
Data obtained in the survey will serve as a

basis by which to judge the results of projected
activities designed to improve sanitation, inten-
sify health education, and provide drug prophy-
laxis for ascariasis.

REFERENCES

(1) Brooke, M. M., and Goldman, M.: Polyvinyl
alcohol-fixation as a preservative and adhesive
for protozoa in dysenteric stools and other
liquid media. J Lab Clin Med 34: 1554-1560
(1949).

(2) Ritchie, L.: An ether sedimentation technique for
routine stool examinations. Bull U.S. Army
Med Depart 8: 326 (1948).

(3) Wheatley, W. B.: A rapid staining procedure for
intestinal amebae and flagellates. Amer J Clin
Path 21: 990-991 (1951).

(4) Kessel, J. F., Lewis, W. P., Molina Pasquel, C.,
and Turner, J. A.: Indirect hemagglutination
and complement fixation tests in amebiasis.
Amer J Trop Med 14: 540-550, July 1965.

(5) Milgram, E., Healy, G. R., and Kagan, I. G.:
Studies on the use of the indirect hemaggluti-
nation test in the diagnosis of amebiasis. Gas-
troenterology 50: 645-649, May 1966.

(6) Harada, Y., and Mori, O.: A new method for cul-
turing hookworm. Yonago Acta Med 1: 177-179
(1955).

(7) Brandborg, L., et al.: Histological demonstration
of mucosal invasion by Giardia lamblia in man.
Gastroenterology 52: 143-150 (1967).

(8) Kean, B. H., and Mallock, C. L.: The neglected
ameba: Dientamoeba fragilis. A report of 100
"pure" infections. Amer J Dig Dis 11: 735-746
(1966).

(9) Brooke, M. M., et al.: Studies of a water-borne
outbreak of amebiasis, South Bend, Indiana.
III. Investigation of family contacts. Amer J
Hyg 62: 214-226 (1955).

(10) Healy, G. R.: The use of and limitations to the
indirect hemagglutination test in the diagnosis
of intestinal amebiasis. Health Lab Sci 5: 174-
179, July 1968.

(11) Owen, W. B., Honess, R. F., and Simon, J. R.:
Observations on the protozoan infestations of
American Indian children in the United States.
J Parasit 19: 178 (1932).

(12) Owen, W. B., Honess, R. F., and Simon, J. R.:
Protozoan infestations of American Indian chil-
dren in Wyoming. J Colorado-Wyoming Acad
Sci 1: 78 (1933).

(13) Owen, W. B., Honess, R. F., and Simon, J. R.:
Protozoal infestations of American Indian chil-
dren. JAMA 102: 913-915 (1934).

(14) Spector, B. K., Hardy, A. V., and Mack, M. G.:
Studies of the acute diarrheal diseases. II.
Parasitological observations. Public Health
Rep 54: 1105-1113, June 23, 1939.

(15) Saunders, L. G.: A survey of helminth and
protozoan incidence in man and dogs at Fort
Chipewyan, Alberta. J Parasit 35: 31-34 (1949).

(16) Kelley, G. W., Jr.: Intestinal parasitism in an
irrigated community of western Nebraska.
Amer J Trop Med 4: 901-907 (1955).

(17) U.S. Public Health Service: Health services for

Vol. 84, No. 10, October 1969 913



American Indians. PHS Publication No. 531.
U.S. Government Printing Office, Washington,
D.C., 1957.

(18) Melvin, D. Ml., and Brooke, Al. M.: Parasitologic
surveys on Indian reservations in Montana,
South Dakota, New Mexico, Arizona, and Wis-
consin. Amer J Trop Med 11: 765-772 (1962).

(19) Meerovitch, E., and Eaton, R. D. P.: Outbreak
of amebiasis among Indians in northwestern
Saskatchewan, Canada. Amer J Trop Med 14:
719-723 (1965).

(20) Fournielle, H. J., Rader, V., and Allen, C.: A sur-
vey of enteric infections among Alaskan In-
dians. Public Health Rep 81: 797-803,
September 1966.

(21) Becke, D.: Enteric parasites of Indians and
Anglo-Americans, chiefly on the Winnebago
and Omaha Reservations in Nebraska. Ne-
braska State Med J 53: 293-295, June 1968;

347-349, July 1968; 380-382, August 1968; 421-
423, September 1968.

(22) Jeffery, G. M., et al.: Study of intestinal heliminth
infections in a coastal South Caroliina area.

Public Health Rep 78: 45-55, January 1963.

Tearsheet Requests

Dr. George R. Healy, Parasitology Section, National
Communicable Disease Center, Atlanta, Ga. 30333

Link Between XYY Syndrome and Criminality Not Clear
A link between the XYY syndrome-an in-

born male chromosome abnormality-and
criminal behavior is not clearly demonstrated
at this time.

This was concluded by a panel of experts
at a conference on the XYY syndrome, spon-
sored by the National Institute of Mental
Health's Center for Studies of Crime and De-
linquency, held in Chevy Chase, Md., June 19-
20, 1969.

Chaired by Dr. Park Gerald of Boston's
Children's Hospital, the conferees, including
experts in genetics, psychiatry, psychology,
sociology, and law, discussed in-depth re-
search, ethical, and social policy issues related
to the XYY syndrome.
A major focus was on development of broad

and flexible guidelines for research procedures
in studies designed to ascertain the true preva-
lence and frequency of the XYY chromosome
constitution in the general population so that
future studies can be combined and inter-
related more effectively.

Regarding various legal questions which in.
creasingly are being raised, consensus was that
presently no definite conclusions can be drawn
about the relationship between the presence
of the XYY chromosome and deviant, crim-
inal, and violent behavior. The general impres-
sion that the XYY chromosome is clearly re-
lated to criminal behavior is definitely mis-

leading, according to the specialists. They
believe that this impression has created a
public concern which is premature, since
available research evidence is not adequate to
support the assertion.

Dr. Saleem A. Shah, chief of the Center for
Studies of Crime and Delinquency, said that a
prime reason for the concern of the National
Institute of Mental Health in this area is to
obtain valid information about the prevalence
of persons with the XYY syndrome in the
general population, and to undertake careful
and systematic research to ascertain the nature
of the interactions between such chromosomal
anomalies and complex social behavior. The
shortage of information about the frequency
of such cases makes it difficult to evaluate
properly the meaning and significance of the
XYY cases which have been found among
various criminal populations. Shah expressed
concern about the strong pressures that are
being brought about in this, as yet, little un-
derstood area. Moves to change social policy
are already outpacing and are out of touch
with the present state of scientific knowledge,
he said.
A brief publication summarizing the find-

ings, conclusions, and recommendations of the
conference will be available from the Center
late in 1969.
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