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From June 22 through September 30, 1981, stool specimens from 522 Hopi and Navajo
outpatients were cultured because of diarrheal illnesses at the Keams Canyon Indian
Health Service Hospital, Arizona. Campylobacter jejuni was isolated from the specimens
of 26 (5%) of the patients. This pathogen was found as frequently as Shigella in'patients
younger than 2 years or older than 20 years, but was significantly less common in the 2-
to 20-year age group (P<.000001). Campylobacter enteritis was indistinguishable clin-
ically from shigellosis in adult patients, but in children younger than 5 years, a rectal
temperature higher than 380C (100.50F) was significantly more common with Shigella
than with Campylobacter infection (P = .003). In a field study of 20 families, we found that
households with a case of Campylobacter enteritis were more likely than age- and com-
munity-matched controls to own farm animals (P = .05), but were not more likely to own
household pets. C jejuni is less common than Shigella as a cause of summer seasonal
diarrhea and dysentery among the Hopi and Navajos; the striking differences in the age-
specific rates of these two infections suggest different routes of transmission.
(Engleberg NC, Correa-Villasenor A, North CQ, et al: Campylobacter enteritis on Hopi
and Navajo Indian reservations-Clinical and epidemiologic features. West J Med 1984
Jul; 141:53-56)

Indian Health Service physicians report 45 to 66 new

visits for "bacillary dysentery" per 10,000 Indian
population per year, with the highest rates reported
from southwestern tribes.1 Before the recognition of
Campylobacter jejuni as a common invasive enteric
pathogen, it was assumed that these dysenteric illnesses
were due principally to Shigella infection.2 Because the
symptoms of bloody diarrhea or fever are reported by
most patients with Campylobacter enteritis, the clinical
illness associated with this pathogen is often indistin-
guishable from shigellosis.3-5 Because Indian Health
Service case reports are based on clinical impression,
we suspected that part of the excessive "dysentery"

morbidity could be attributed to Campylobacter en-

teritis.
During the past decade, C jejuni has been associated

with 3% to 14% of cases of clinical diarrhea in studies
from developed countries.3-8 In these clinic-based
studies, C jejuni was most commonly associated with
diarrhea in young adults and was relatively less com-

mon in infants and young children. Identification of the
organism in stool specimens of healthy persons was

rare." In contrast, studies from developing countries
suggest a much higher prevalence and a different age

distribution of C jejuni infection. In Bangladesh, C
jejuni was most commonly found in stool specimens
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from infants and young children who had diarrhea and
was also found in specimens from 17.7% of healthy
children.9 These conflicting studies suggest that the
epidemiology of Campylobacter enteritis differs in de-
veloped and developing countries. Because the epidemi-
ology has not been described in an American Indian
population, we designed this study to measure the pro-
portion of cases of clinical dysentery associated with C
jejuni among Indian patients, to define the age groups
that are predominantly affected and to determine
whether C jejuni and Shigella infections could be dis-
tinguished by clinical criteria or patient characteristics.

The study was conducted at the Keams Canyon In-
dian Hospital in northeastern Arizona, an Indian Health
Service facility that serves about equal populations of
Hopi and Navajos. Traditionally, the Hopi are village-
dwelling agriculturalists,'0 whereas the Navajo live in
scattered family encampments and are principally en-
gaged in raising sheep or cattle in close proximity to
their dwellings." These farm animals are potential hosts
for C jejuni.12 Human Campylobacter infections have
been associated with infection of household pets13 and
with drinking unpasteurized milk from dairies with in-
fected cows.4 Using cases identified by fecal culture at
the hospital outpatient clinics, we conducted a con-
trolled field investigation to determine how environ-
mental and life-style factors-particularly contact be-
tween humans and animals-may have influenced the
occurrence of C jejuni infection on these two reserva-
tions.

Patients and Methods
Cultures for C jejuni6 and Shigella, using standard

methods, were done in all patients with diarrhea seen
at the Keams Canyon Hospital or field clinics between
June 22 and September 31, 1981. All Campylobacter
isolates were biochemically confirmed by the Enteric
Bacteriology Section, Enteric Diseases Branch, Division
of Bacterial Diseases, Center for Infectious Diseases,
Centers for Disease Control, Atlanta."2 Cases of diar-
rhea that were reported to the Indian Health Service
surveillance system by hospital staff physicians as cases
of "bacillary dysentery" were reviewed to determine,
retrospectively, what proportion were associated with
C jejuni or Shigella.

The age, sex and tribe of all patients in whom stool
cultures were done during the study period were de-
termined by medical records personnel, using the pa-
tient's identification number from laboratory logbooks.
The medical records of all patients with Campylobac-
ter-positive cultures were reviewed to record the staff
physician's clinical observations at the time the speci-
men was obtained-that is, patient's body temperature,
appearance of the stool and results of stool micro-
scopic examination. The findings from these records
were compared with those of 37 patients with Shigella-
positive cultures (29 Shigella flexneri, 8 Shigella sonnei)
during the same period who were selected if they had
negative cultures for Campylobacter, they lived within
the service area of Keams Canyon Hospital and their

medical records were available for review at the hos-
pital.

In the period June 22 to September 11, 1981, we
visited the homes of Campylobacter-positive patients
who were residents of the Hopi Reservation or the
surrounding Navajo Reservation communities of Low
Mountain, Jeddito, Whitecone and Pinon within ten
days of the initial clinic visit. At each household, we
interviewed all available family members using a pre-
tested questionnaire to record any recent diarrheal ill-
nesses in household contacts and to collect information
about the home environment, including the ownership
of and contact with domestic animals, the presence or
absence of indoor plumbing and patterns of household
water use. We determined total household water use in
homes lacking tap water by noting the volume of water
storage containers and the stated frequency of refilling.
Rectal swab specimens were collected from adult
household members who gave informed consent and
from assenting minors whose parents gave consent.
Rectal swab specimens were also collected from house-
hold animals with consent of the owners.
To evaluate potential household risk factors, we se-

lected controls from among Keams Canyon Clinic pa-
tients without diarrhea seen during the same time period
as persons ill with C jejuni and Shigella infections.
Controls were matched by age group (4 years and
younger, 5 to 14 years, 15 to 44 years and 45 years
and older) and by community of residence. Matching
by community also matched for tribe. Control-families
were visited and interviewed by the same methods used
for case-families.

Results
C jejuni was identified in the stool specimens of 26

(5.0% ) of the 522 patients who had diarrhea during
the surveillance period, 6 (6.7%) of the 89 patients
reported to have had bacillary dysentery and 20
(4.6% ) of the 433 patients who had diarrhea but not
bacillary dysentery. Shigella was identified in speci-
mens of 13.4% of all patients with diarrhea, 25.8%
of the patients with bacillary dysentery and 10.9% of
patients with diarrhea but not bacillary dysentery. Pa-
tients reported to have bacillary dysentery were sig-
nificantly more likely than all other diarrhea patients to
have Shigella identified in their feces (X2 = 13.0; P<
.001). The clinical impression of bacillary dysentery
was not associated with isolation of Campylobacter
(X2 = 0.3).

Campylobacter was found most frequently in the
stool specimens of children younger than 2 years and
of adults older than 20 years (Table 1). In children
younger than 2 years, the rates of Campylobacter and
Shigella isolation were not significantly different; how-
ever, Shigella was identified ten times more often than
Campylobacter in patients 2 to 14 years of age, a sig-
nificant difference when compared with younger chil-
dren (P =.002; x2). Campylobacter was more common
in Navajo (6.3%) than in Hopi patients (3.4%), par-
ticularly among patients aged 10 years or older; how-
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ever, these tribal differences were not statistically
significant (Table 2).

Medical records were obtained for 21 of the 23 pa-
tients who had diarrhea and in whom Campylobacter
was the only bacterial pathogen identified in their stool
specimens. When these 21 cases were compared with
37 Shigella-positive cases, there were no statistically
significant differences in the clinical presentations. Staff
physicians empirically treated patients in both groups
with antimicrobials with similar frequency (62% and
80%, respectively). When children and adult patients
were considered separately, differences in the clinical
presentations became apparent. Only 6 (40% ) of the

TABLE 1.-Campylobacter jejuni and Shigella spp Isolations
From 522 Outpatients Who Had Diarrhea, by Patients' Age,

Keams Canyon Indian Health Service Hospital,
June 22 to September 30, 1981

Stool
Specimens
Cultured

Age Group Number

0-11 mo ...... 153
12-23 mo ...... 56
2- 4 yr.. 51
5- 9 yr. 27
10-14 yr. 23
15-19 yr. 15
20-39 yr. 71
40-59 yr. 58
60+ yr .. 54
Unknown .. 14

TOTAL ....... 522

Positive
for

C jejuni
Number (Percent)

8* ( 5.2)
5 ( 8.9)
2 ( 3.9)
1 ( 3.7)
0 (...)
0 (...)
3* ( 4.2)
3 ( 5.2)
2* ( 3.7)
2 (14.3)

Positive
for

ShigeLa
Number (Percent)

7* ( 4.6)
9 (16.1)

17 (33.3)
7 (25.9)
10 (43.5)
1 ( 6.7)
4* ( 5.6)
9 (15.5)
6* (11.1)
0 (...)

26 ( 5.0) 70 (13.4)
*One patient in each group had both C jejuni and Shigella flexneri.

TABLE 2.-Campylobacter jejuni Identified in Hopi and
Navajo Patients With Diarrhea, by Tribe and Age Group

Positive isolates/Tested
Hopi Navajo

Age Group Number (Percent) Number (Percent)

<10 yrs ...... 6/118 (5.1) 8/135 (5.9)
>10 yrs ...... 2/66 (3.0) 6/77 (7.8)
Al1* .......... 8/233 (3.4) 17/268 (6.3)

*Includes patients of unknown age.

TABLE 3.-Animal Ownership by Ten Households of
Campylobacter Enteritis Patients and

Matched Control Households

Case- Control-
Households Households

Animals Number Number

Pets .... .... 8
Dogs ........ 7
Cats ..... ... 6

Farm animals ........ 7*
Poultry ........ 2
Sheep ........ 3
Goats ........ 2
Cows ..........0
Horses ........ 2
Rabbits ........ 2

All animals ........ 9

*P=.05, McNemar's test.

8
8
6
1*
1

11
1
0
9

15 Campylobacter-positive children younger than 5
years were febrile at presentation (temperature 38.1°C
[100.5°F] or higher) compared with 13 (100%) of 13
Shigella-positive children in the same age group (P=
.003; Fisher's exact test, two-tailed). Campylobacter-
positive children also had a lower median rectal tem-
perature (38°C [100.4°F]; range 35.9°C to 39.9°C)
than did Shigella-positive children (39.7°C [103.4°F];
range, 38.1°C to 40.2°C; P= .0005; Mann-Whitney U
test). The median oral temperatures for patients aged
5 years and older were similar in the two pathogen-
specific groups (37.7°C [99.9°F]). In children younger
than 5 years, there was also some evidence (though not
statistically significant) to suggest that Campylobacter-
positive patients were less likely than Shigella-positive
patients to have gross blood in the stool (P=.06) or
more than ten polymorphonuclear leukocytes per high-
power field on fecal examination (P =.06). The clinical
illness associated with S flexneri and S sonnei infections
were similar by all measured criteria.

In the household studies, diarrheal illnesses occurred
in 4 (8%) of the 53 household contacts of cases and
in 1 (2%) of the 49 household contacts of controls
(P =.4; x2). Cultures were done in 6 of the 28 children
younger than 15 years but none were positive for C
jejuni. We also did cultures in nine cats, six dogs, eight
sheep and five trapped rodents. The cultures of one cat
and two dogs were positive for C jejuni.

In the ten case-households and ten matched con-
trols, we found no association between cases and
ownership of any single animal species; however, case-
households were significantly more likely than controls
to own farm animals (poultry, cattle, sheep, goats,
horses or rabbits) (P= .05; McNemar's test). Owner-
ship of household animals (dogs or cats) was similar
in case- and control-households (Table 3).

Only 2 of the 20 households had indoor tap water
(both were control households). The remaining 18
households obtained water from closed wells. If an
estimate of 60 gal per household per day (based on
community water system readings) is assumed for the
two controls, then the median daily water use was less
in case-households (8.0 gal) than in control-house-
holds (14.4 gal, P=.04, Wilcoxon test). Likewise, if
homes with tap water are considered to have unlimited
"storage" capacity, median household water storage
capacity was less in case-households (47 gal) than in
control-households (65 gal, P = .04).

Discussion
During the summer of 1981, C jejuni was identified

in the stool specimens of 5.0% of Hopi and Navajo
outpatients who had diarrhea, a frequency of isolation
similar to that reported in other US populations.3-5
During the same period, Shigella was found in 13.4%
of our patients. Because geography and economics
make routine follow-up difficult, antimicrobials are
often used empirically by Indian Health Service phy-
sicians. An analysis of cases of diarrhea by the phy-
sician's clinical impression suggests that the reported
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diagnosis of bacillary dysentery was associated with
subsequent identification of Shigella, but was not pre-
dictive of Campylobacter infection. We therefore com-
pared culture-proved cases of Campylobacter and
Shigella enteritis to determine whether these infections
could be distinguished on clinical grounds. Although
we found no distinctive clinical features of Campylo-
bacter infections, the diagnosis of shigellosis was
strongly favored if the patient was between 2 and 14
years of age or had fever on presentation. For adults
older than 20 years, the frequency of isolation of the
two pathogens did not differ significantly, and there
were no distinguishing clinical features.

In the ten households of Campylobacter-positive pa-
tients, diarrheal illness occurred in only 8% of house-
hold contacts; without knowing the source of infection
for the index cases, however, the interpretation of this
finding is difficult. In a recent study in Colorado, Blaser
and associates interviewed and cultured specimens from
household contacts within 48 hours of the identification
of a Campylobacter case; 15% reported a diarrheal
illness, and the stool specimens of 8 of the 12 ill con-
tacts were positive for C jejuni.'5 In the only ill contact
from whom we obtained a specimen, culture was nega-
tive for C jejuni, and the diarrhea attack rate in our
case-households was not significantly different from that
in control-households. Because we allowed up to ten
days to locate the case-families, recall bias may have
occurred in some instances, causing an underestimate of
the household attack rates.
The association between cases and the ownership of

farm animals probably explains why infection was more
common in Navajo than in Hopi patients. Animals may
be a source of infection for humans through direct
contact or by ingesting unpasteurized milk or improper-
ly cooked foods.3"4 In this study, Campylobacter ill-
ness was not associated with household dogs, puppies,
cats or kittens. Unpasteurized milk is not available at
any of the reservation stores; families that own cows
or goats do not milk them for home use. Although
locally slaughtered mutton is frequently eaten, it is
stewed thoroughly in most preparations. However,
cross-contamination of cooking utensils or cutting sur-
faces by raw meat is a possible mechanism of trans-
mission. Alternatively, transmission could occur during-
direct contact with farm animals, such as during the
handling or shearing of sheep.
The association between low household water use or

water storage capacity and Campylobacter enteritis may

be related to inadequate amounts of water for personal
hygiene. The unavailability of water is known to pro-
mote the person-to-person transmission of Shigella,'"17
but this mode of transmission has rarely been suggested
for Campylobacter.18 Water has also been implicated
as a vehicle of transmission in a few outbreaks'9 20; it
is an unlikely source of infection on the reservations
because the cases were evenly distributed to several
communities with independent water systems (all using
ground water as a source). In general, families with
adequate home water supplies live in new housing in
village communities where farm animals are less likely
to be kept, whereas families engaged in herding or
ranching live in geographically isolated areas where
water distribution systems do not exist. Because of the
small number of households in the study, we could not
determine which of these factors was most important.

REFERENCES
1. Illness among Indian and Alaska natives, 1970-1978, US Dept of

Health, Education, and Welfare, Public Health Service, publication No.
80-12423. Government Printing Office, 1980

2. Reller LB, Spector MI: Shigellosis among Indians. J Infect Dis
1970; 121:355-357

3. Blaser MJ, Reller LB: Campylobacter enteritis. N Engl J Med 1981
Dec; 305:1444-1452

4. Blaser MJ, Wells JC, Feldman RA, et al: A multicenter study of
Campylobacter infection in the United States. Ann Intern Med 1983;
98:360-365

5. Blaser MJ, Reller LB, Luechtefeld NW, et al: Campylobacter en-
teritis in Denver. West J Med 1982 Apr; 136:287-290

6. Blaser MJ, Berkowitz ID, LaForce FM, et al: Campylobacter en-
teritis: Clinical and epidemiologic features. Ann Intern Med 1979 Aug;
91:179-185

7. Drake AA, Gilchrist M Jr, Washington JA, et al: Diarrhea due to
Campylobacter fetus subspecies jejuni: A clinical review of 63 cases.
Mayo Clin Proc 1981; 56:414-423

8. Pai CH, Sorger S, Lackman L, et al: Campylobacter gastroenteritis
in children. J Pediatr 1979; 94:589-591

9. Blaser MJ, Glass RI, Huq MI, et al: Isolation of Campylobacter
fetus subsp jejuni from Bangladeshi children. J Clin Microbiol 1980;
12:744-747

10. James HC: Book of the Hopi. New York, Viking Press, 1963
11. McDermott W, Deuscle K, Adair J, et al: Introducing modern

medicine in a Navajo community. Science 1960; 131:197-205
12. Smibert RM: The genus Campylobacter. Annu Rev Microbiol 1978;

32:674-773
13. Blaser MJ, Craven J, Powers BW, et al: Campylobacter enteritis

associated with canine infection. Lancet 1978 Nov; 2:979-981
14. Taylor DN, Porter BW, Williams CA, et al: Campylobacter en-

teritis: A large outbreak traced to commercial raw milk. West J Med
1982 Nov; 137:365-369

15. Blaser MJ, LaForce FM, Wilson NA, et al: Reservoirs for human
campylobacteriosis. J Infect Dis 1980 May; 141:665-669

16. Stewart WH, McCabe LJ, Hemphill EC, et al: The relationship
of certain environmental factors to the prevalence of Shigella infection.
Am J Trop Med Hyg 1955; 4:718-724

17. Hollister AC, Beck MD, Gittelsohn AM, et al: Influence of water
availability on Shigella prevalence in children of farm labor families. Am
J Public Health 1955; 45:354-362

18. Blaser MJ, Waldman RJ, Barrett T, et al: Outbreaks of Campylo-
bacter enteritis in two extended families: Evidence for person-to-person
transmission. J Pediatr 1981 Feb; 98:254-257

19. Waterborne Campylobacter gastroenteritis-Vermont. MMWR 1978;
27:207

20. Taylor DN, McDermott KT, Little JR, et al: Campylobacter enteritis
from untreated water in the Rocky Mountains. Ann Intern Med 1983; 99:
38-40

THE WESTERN JOURNAL OF MEDICINE566


