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virtue of aide visits. A design that would have allowed
agreement to participate prior to randomization was not
deemed feasible in the City-Hospital clinic environment, but
is an obvious further research step.
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Waterborne Giardiasis at a Mountain Resort:
Evidence for Acquired Immunity

GREGORY R. ISTRE, MD, THOMAS S. DUNLOP, G. BARRY GASPARD, AND RICHARD S. HOPKINS, MD

Abstract: In November 1981, an outbreak of waterborne giar-
diasis occurred at a popular ski resort in Colorado. Stratification of
illness by consumption of municipal tap water showed a striking
dose-response, with an attack rate of 42 per cent among persons
who drank six or more glasses of water per day. Filtered water
samples revealed Giardia cysts in specimens both before and after
treatment, and several deficiencies were found in the water treat-
ment facility. Residents who had lived in the area >2 years had a
lower attack rate for illness than short-term residents. (Am J Public
Health 1984; 74:602-604.)

Introduction

One of the first recognized waterborne outbreaks of
giardiasis in the United States occurred in Aspen, Colorado,
in 1965'; since then, other communities have reported simi-
lar outbreaks.2-4 In Colorado, outbreaks of waterborne
giardiasis have been reported with increasing frequency in
the past several years.

Acquired immunity to Giardia has been postulated for
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humans,56 but epidemiologic evidence for immunity has
been scarce. We recently had the opportunity to investigate
an outbreak of giardiasis at a mountain resort in Colorado
with evidence suggesting possible acquired immunity to
Giardia.

Background
Aspen Highlands, a community of about 165 persons, is

situated near the base of the Aspen Highlands ski area in the
White River National Forest approximately 4 km north of
the city of Aspen. The community water supply was taken
from a creek passing near the base of the ski area.

In early December 1981, the Aspen-Pitkin Environmen-
tal Health Department received several telephone reports of
diarrhea among residents of Aspen Highlands. There were
no reports of illness among town of Aspen residents. A team
of local and state health department investigators began an
epidemiologic study of the problem in Aspen Highlands.

Methods

After initial interviews with ill persons had revealed no
common meals or exposures, we administered question-
naires by telephone on December 2-5 to Aspen Highlands
residents, and questioned a small sample of Aspen city
residents who lived in the nearby area.*

Stool specimens preserved in 10 per cent formalin-saline
and in polyvinyl alcohol were obtained from a sample of ill
and of well persons interviewed and were examined micro-

*City residents were served by a city water supply.
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TABLE 1-Attack Rate for Diarrhea of 27 days, by Average Daily Water
Consumption, Colorado, 1981

Water consumption Per Cent
(glasses/day) Diarrhea/Total Attack rate

0 0/6 0
1 1/12 8.3
2 4/22 18.2
3 3/15 20.0
4 2/7 28.6
5 0/9 0
6 3/7 42.9
-7 5/12 41.9

Unknown 2/20 10.0
TOTAL 20/110 18.2

Chi square for trend = 5.7, p < 0.01.

scopically for parasites by standard technique.7 Five persons
with diarrhea at the time of the survey also had specimens
taken for culture for Salmonella, Shigella, and Campylobac-
ter, collected 4-10 days after onset of diarrhea.

During the epidemiologic investigation and while the
water treatment facility was still in operation, specimens of
raw creek water and post-treatment water were filtered
through 1-micron filters and examined for cysts of G.
lamblia; this analysis was performed with modifications of a
standard technique.8**

In January 1982, a team of state and Environmental
Protection Agency (EPA) engineers dismantled the Aspen
Highlands water-treatment facility to determine flaws in the
operation and design of the system.

Analysis of the relationship between water consumption
and illness was done using the calculator program for linear
trend of Rothman and Boice.9

Results
Of the estimated 165 persons living in Aspen Highlands,

we were able to locate and interview 110 (67 per cent).
Twenty (18.6 per cent) fit the case definition of diarrhea
(three or more unformed stools/day, lasting seven days or
more). By comparison, none of 16 city of Aspen residents
interviewed had been ill. Onsets of illness peaked in early
November and had subsided by early December. All cases
had diarrhea; 35 per cent had abdominal cramps, 30 per cent
had vomiting, 25 per cent had excessive gas, and 20 per cent
had bloating. Stool examinations showed that eight of nine ill
persons who were tested were positive for G. lamblia,
compared with four of 17 non-ill persons from Aspen High-
lands (p < 0.01 by Fisher's exact test). None of seven
persons from the city of Aspen had a positive stool examina-
tion for Giardia. All bacterial cultures were negative for
Salmonella, Shigella, and Campylobacter.

Analysis of water consumption history among Aspen
Highlands residents showed a striking dose-response rela-
tionship (Table 1) with no illness among those who did not
drink town water, and an attack rate of over 40 per cent in
persons who drank six or more glasses of tap water per day.

Short-term residents (less than two years) had a signifi-
cantly higher attack rate for illness than longer-term resi-
dents (Table 2, relative risk = 4.5; 95% C.I., 1.3 to 16.2). In
addition, the low attack rate for long-term residents did not

**Charles Hibler, Colorado State University, personal communication.

TABLE 2-Attack Rates for Diarrhea of 27 days, Stratified by Water
Consumption and Length of Residence at Aspen Highlands,
Colorado, 1981

Water Consumption* Residence (years) ill (%) Well Total

0-2 glasses/day s2 4 (18) 18 22
>2 1 (6) 17 18

- 3 glasses/day -2 12 (34) 23 35
>2 1 (7) 14 15

Overall Mantel-Haentzel Chi = 2.33, p < 0.01 (one-tailed test), Relative Risk of illness
in short-term residents compared to long-term residents = 4.54 (95% C.l., 1.3 to 16.2).

'Information conceming water consumption not available for two ill persons and 18 well
persons.

vary with amount of water consumed, while it did in short-
term residents.

Review of plant records showed that a pump transfer-
ring finished water to the holding tank had malfunctioned
during the last week of October 1981, resulting in a drop in
water pressure, a subsequent increase demand on the sys-
tem, and much shorter chlorine contact times. Our calcula-
tions (based upon the probable waterflow and the fixed rate
of chlorination available) estimate that chlorine residual had
dropped below 0.5 ppm during this time.

Examination of the water treatmient plant revealed
several deficiencies, including a fixed-rate chlorinator that
could not keep pace during titnes of increased demand, lack
of pre-treatment by chemical coagulation, erosion of the
dual-media filter by water falling from the inconi't settlng
tank, and the presence of fine sand mediuim in thle clear-well
of the plant (a holding station for post-treatment water). A
detailed report of these findings will appear elsewhere.***

Two beaver dams were present 3 km upstream from the
water intake for the treatment plant. Filter s' ecimens of raw
and finished water both contained numerous cysts of Giar-
dia.

Discussion
Beavers may have been the source of Giardia for this

streamn, but we were unable to trap beaver at the damsites
due to the heavy snowfall which preceded this investigation.
During a survey in 1978 performied by the Wildlife Division,
US Department of Agriculture, beaver captured in Maroon
Creek upstream from Aspen Highlands were shown to be
excreting cysts of Giardia.'0 Other outbreaks have been
linked to streams probably contaminated by beavers shed-
ding Giardia.2,l

This outbreak is one of the few in which a clear dose-
response exists for water consumption and attack rates for
clinical illness. While it is possible that ill persons could have
given biased responses for water consumption, falsely inflat-
ing their actual intake, we attempted to minimize this bias by
limiting the question to the period before the onset of
diarrhea for those who had been ill. Based upon our calcula-
tions, for the trend to have been due to bias in reports of
water consumption, ill persons would have had to overesti-
mate their water consumption by 1 '/2-2 glasses per day, while
well persons gave accurate estimates.'2

The lower attack rate among long-term residents of the
area suggests that those residents had some degree of
acquired immunity to Giardia. Animal studies have shown

***Karlin R: Unpublished data.
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evidence for acquired immunity to Giardia.'3'14 An investi-
gation of an outbreak of giardiasis in Vail, Colorado in 1978
showed findings similar to those of this study, with clinical
attack rates for giardia-like illness inversely related to length
of residence in that community.t Among campers involved
in an outbreak in Utah in 1974, persons who had had
previous exposure to mountain stream water had a signifi-
cantly lower attack rate for giardiasis than persons who had
not drunk stream water.6 Some of the deficiencies in the
Aspen Highlands water treatment facility were probably
present in the months or years preceding the outbreak,
allowing ample exposure for Giardia infection among resi-
dents using this water supply in the past.

Chemical addition to induce flocculation is necessary to
remove particles the size of Giardia.tt Proper filter mainte-
nance might have decreased the magnitude of this outbreak,
but probably would not have prevented it, since, without
chemical addition and flocculation, the dual-media filter
would not have been adequate to trap Giardia cysts.
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The Relationship between Weight-Height Indices
And the Triceps Skinfold Measure among Children Age 5 to 12
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Abstract: This study examines several weight for height indi-
ces-Quetelet's index W/H2, W/H, and Rohrer's index W/H3-for
their appropriateness in estimating adiposity among young children.
Data were obtained for a sample of 1,668 children age 5-12 residing
in Forsyth County, North Carolina. Although W/H2 was found to be
the most useful of these indices, the results suggest that no index,
including the tricep skinfold measure, can be considered completely
satisfactory in estimating adiposity among children. (Am J Public
Health 1984; 74:604-606.)
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Relative weight and skinfold measurements have been
used frequently among adults and children to estimate
adiposity. Both classes of measures have limitations,"S but
the research to date has suggested that skinfold measure-
ments are the best of the non-laboratory methods currently
in use. 6'4 Measures of relative weight cannot distinguish
between adiposity, muscularity, or oedema.5 Skinfold mea-
surements are frequently used as one criterion for testing the
usefulness of various measures of relative weight in estimat-
ing adiposity among children and adults.1620

Despite the overall superiority of skinfolds when ap-
plied to adults, the best of the relative weight tneasures
Quetelet's Index (W/H2) generally correlates highly with
skinfold thicknesses and laboratory measurements of body
fat. 15,17-23 Indices of relative weight are simpler to obtain and
appear to be useful in providing a general assessment of
obesity among groups in field studies, and in estimating
obesity for individuals in the clinical setting.

The potential usefulness of weight for height indices
among children is not clear, however, since they have not
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