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SUMMARY

We conducted a survey to determine the prevalence of known and theoretical exposure risks
for cryptosporidiosis among selected New York City residents. Subjects were recruited from
outpatients attending either a practice for persons with HIV infection (n = 160), or other
medical practices (n = 153), at The New York Hospital-Cornell Medical Center. Despite a
greater concern for waterborne infection, 82 % of HIV-infected subjects reported consuming
municipal tap water compared to 69 % of subjects from other medical clinics (OR 2:1, 95%
CI 1-2-3-6, P = 0-006). Although 18% and 31 % of subjects, respectively, denied any tap water
consumption at home or work, all but one from each cohort responded positively to having at
least one possible alternate source of tap water ingestion such as using tap water to brush teeth
or drinking tap water offered in a restaurant. 78 % and 76 % of subjects, respectively, had at
least one potential risk for exposure other than municipal water consumption, such as
swimming in pools or contact with animals. Our findings indicate that it is possible to stratify
the population into subsets by the amount of tap water consumed. This suggests that an
observational epidemiologic study of the risk of contracting cryptosporidiosis from everyday

tap water consumption is feasible.

INTRODUCTION

The protozoan Cryptosporidium parvum can be trans-
mitted to humans from several different sources,
including drinking water, contact with infected
humans and animals, consumption of contaminated
food, and swimming in pools and fresh water [1-16].
Any activity where there is the potential for ingestion
of material contaminated by even a small amount of
faeces from infected humans or animals [1-5, 16-18§]
could pose a risk. However, the relative importance of
these routes of transmission in causing sporadic
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cryptosporidiosis remains unknown. The largest
cryptosporidiosis outbreaks [19-23], the best known
of which resulted in 403000 cases in Milwaukee,
Wisconsin in 1993 [21], have been attributed to
contaminated municipal drinking water, prompting
concern over the safety of day-to-day water con-
sumption.

However, apart from such outbreaks, transmission
of Cryptosporidium from public water supplies has
yet to be demonstrated, either because the risk is small
and not investigated or because the association
between sporadic human cryptosporidiosis and water
consumption has simply escaped detection. Recog-
nition of sources of exposure is difficult since a
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relatively small inoculum may be sufficient to cause
disease; DuPont and colleagues observed sympto-
matic infection in 3 of 8 (37-5%) healthy volunteers
who ingested an intended dose of 100 Cryptosporidium
oocysts [24]. Cryptosporidium oocysts are highly
prevalent in surface and treated waters as documented
in more than 25 published studies [3]. Oocysts
(0-003—4-74/1) have been found in 5-6-87-1 % of source
waters sampled in the United States and Canada, and
0-002-0-015 oocysts/l have been detected in
3-8-40-1% of drinking water samples in the United
States, Canada, and Scotland [3]. Pathogen moni-
toring of New York City source waters also revealed
low-level contamination with Cryptosporidium oocysts
in approximately 2% of samples [25, 26]. Whether
oocysts detected in water are viable, infective for
humans, or present in sufficient number to cause
human disease is not clear [1-5, 18].

Human cryptosporidiosis is increasingly recognized
as a major public health problem. Infection in healthy
individuals, though self-limiting, may be protracted
and result in substantial morbidity. Cryptosporidiosis
is more severe in immunocompromised persons
including those with congenital immunodeficiency,
and those taking exogenous immunosuppression for
neoplastic disease or after organ transplantation; in
patients with AIDS, it is frequently chronic, de-
bilitating, and even fatal [27]. There is as yet no
known effective anticryptosporidial therapy [28].
Therefore, delineation of the risks of acquiring the
infection, and development of preventive strategies,
are of paramount importance.

As a step toward understanding the epidemiology
of human cryptosporidiosis, we conducted a survey of
160 HIV-positive outpatients, and 153 subjects from
various other medical practices with a presumed low
likelihood of HIV-infection, in order to characterize
drinking water consumption patterns and the preva-
lence of other possible sources of exposure to
Cryptosporidium.

METHODS

The survey consisted of a comprehensive question-
naire. Subjects were drawn from among adult,
English-speaking, New York City residents seen in
outpatient practices affiliated with The New York
Hospital-Cornell Medical Center, a large urban
health care centre. All patients awaiting or having just
completed scheduled appointments were approached
by an interviewer who explained the study. After
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signing informed consent, those agreeing to par-
ticipate were either surveyed then or later by tele-
phone.

One hundred and sixty known HIV-positive sub-
jects drawn from among patients at the Center for
Special Studies, a primary care practice for HIV-
infected individuals, were interviewed between August
and December 1994 (Group A). A second cohort
(Group B) consisted of 153 subjects recruited, without
inquiry about HIV status, from ambulatory practices
(general medicine, nephrology, and otorhinolaryn-
gology) expected to have a low prevalence of HIV
infection, who were surveyed between December 1994
and January 1995. Only one member per household
was surveyed.

The questionnaire included items on: (1) demo-
graphic characteristics; (2) sources of drinking water;
(3) exposures other than day-to-day water consump-
tion; (4) reasons for using alternatives to municipal
water; (5) and exposure to counselling or media
coverage on risks for cryptosporidiosis. The range of
information sought can be seen from Tables 1-4.
Subjects in Group A were also asked about their HIV-
related medical history.

Drinking water was defined as water consumed as a
beverage or used to mix drinks or reconstitute juice;
water heated for use in hot beverages was excluded
because heating water above 72 °C for 1 min in-
activates Cryptosporidium oocysts [29]. ‘Tap water’
was defined as water consumed directly from a tap
without filtration or boiling. The proportion of a
subject’s home drinking water coming directly from a
tap, filtered or boiled before use, or from commercially
bottled water, at the time of interview, was recorded.
Tap water consumption at work, and at second
residences such as summer homes, was also docu-
mented. Subjects who said they drank no water
directly from a tap were asked questions about other
sources of tap water, such as that consumed at friends’
homes, restaurants, or in ice cubes since Crypto-
sporidium oocysts can withstand some degree of
freezing [29].

Exposure to risks other than municipal water
consumption were scored as present or absent during
the 6 months prior to interview. These risks are
defined as ‘recognized’ and ‘potential’. ‘Recognized
risks’ are activities that have been implicated in
cryptosporidiosis outbreaks, e.g. swimming in pools
or attending day-care centres, and activities ack-
nowledged to be high risk, e.g. sexual activity
involving oral-anal contact. ‘Potential risks’ include
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Table 1. Demographic characteristics, by study cohort

Cohort
Group A Group B
Characteristic n =160 (%) n =153 (%)
Sex
Female 44 (28) 100 (65)*
Male 116 (72) 53 (35)
Age
< 30 years 20 (12) 52 34)t
31-50 years 126 (79) 55 (36)
> 50 years 14 (9) 46 (30)
Mean +S.D. 39+ 8 years 41+ 16 years
Ethnicity
Black 46 (29) 48 (31)
Hispanic 31(19) 9(6)i
White 77 (48) 82 (54)
Other 6(4) 14 (9)
Education
No high school degree 25(16) 14 (9)
High school degree 35(22) 25 (16)
Post high school education 100 (62) 112 (73)

Significant differences between cohorts.
* Sex, P < 0:0001.

1 Age under 31 or over 50, P < 0-0001.

1 Hispanic ethnicity, P = 0-0004.

other activities in which exposure to Cryptosporidium-
contaminated faeces is possible, e.g. contact with pets
[1, 30] or soil [11], but which have yet to be proven as
sources of human cryptosporidiosis.

Subjects who drank water other than that taken
directly from a tap were asked the duration and
reasons for their use of alternatives. All subjects were
asked whether they had heard of cryptosporidiosis or
had ever been diagnosed as having this infection. They
were also asked if they had seen or were aware of a
two-part series on Cryptosporidium in New York City
municipal water shown in September and October
1994 on the prime-time news feature programme
‘Dateline NBC’. Group A subjects were asked
whether they had received counselling on water or
food consumption. In addition, they were asked their
last CD, lymphocyte count and to list active and prior
opportunistic infections.

Data were compiled in database format and
prevalence frequencies analysed using Foxpro 2.5
(Microsoft Corp.). Correlations between exposures,
demographic features, and other parameters such as
motives for tap water avoidance, were evaluated by
chi-squared methodology using the Mantel-Haenszel
test or, when appropriate, the Fisher exact test (Epi
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Info 5, Centers for Disease Control and Prevention).
Differences in the prevalence of exposures between
cohorts were further evaluated by logistic regression
analysis (SAS, SAS Institute Inc.) to control for
demographic characteristics. The study was approved
by the New York Hospital-Cornell Medical Center
Institutional Review Board.

RESULTS
Demographics

The demographic features of Group A (HIV clinic)
and Group B (other clinics) are summarized in Table
1. Group A was 72 % male while Group B was only
35% male (P < 0-0001). Although the mean age in
each cohort was similar, there was a much narrower
distribution around the mean in the HIV-infected
cohort. In the latter, there were significantly fewer
subjects in the < 30 or > 50 year age group than in
Group B (21% vs. 64%, P < 0-0001). In addition,
there were significantly more Hispanic respondents in
Group A than Group B (19% vs. 6% ; P = 0-0004).
These differences are addressed in the comparisons of
risk factor prevalence between cohorts that follow.
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Table 2. Tap water consumption

Cohort

Group A (%)  Group B (%)

Tap water exposure n =160 n =153
At home
Drink tap water 119 (74) 98 (66)
Percentage from tap
100 28 (18) 34 (22)
76-99 44 (28) 27 (18)
S51-75 12 (8) 18 (12)
26-50 10 (6) 4(3)
1-25 25 (16) 15(9)
Drink NO tap water 41 (26) 55 (34)*
At home, work, or second residence
Drink NO tap water 28 (18) 47 3DF
Drink NO tap water and NO tap water
used
As ice 17 (11) 25 (16)
At restaurants 20 (13) 29 (19)
At friends’ homes 14 (9) 25(16)
For washing/preparing foods 503) 9(6)
For brushing teeth 3(2) 1(<1)
As ice, at restaurants or friends’ homes 11 (7) 19 (12)
For any of the above uses 1(<1) 1(<1)

* OR 1:63 95% CI 1-:004-2-6, P = 0-048.
+ OR 209, 95% CI 1-23-3-54, P = 0-006.

Drinking water

Tap water consumption patterns within each cohort
are presented in Table 2. Thirty-four percent of
subjects in Group B, and 26 % of subjects in Group A,
reported drinking no tap water at home (OR 1:63,
95% CI 1:004-2-60, P = 0-048). Of subjects drinking
no tap water at home, Group B subjects (47/55, or
85 %) were more likely to consistently avoid tap water
at work or a second residence than Group A subjects
(28/41, or 68%; P = 0-04). Thus, when considering
all drinking water consumption at home, work, and
second residence, a significantly higher proportion of
subjects in Group B (31 %) avoided tap water than in
Group A (18%, OR 2:09, 95% CI 1-23-3-54, P =
0-006). This difference between cohorts remains
statistically significant in a logistic regression analysis
stratified by sex, age, ethnicity, and level of education
(adjusted OR 274, 95% CI 1-:51-4-97, P = 0-001).
Alternative water sources for those subjects who
drank no tap water at home, work, or a second
residence, are shown in Figure 1. Group A subjects
were more likely to drink boiled water than those in
Group B (39% vs. 13% respectively; P = 0-008).
Subjects in Group B were significantly more likely to
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Fig. 1. Alternative drinking water sources among subjects
who drank no tap water at home, work, or second residence.
Some subjects: more than one source. [F, Group A (n =
28); W, Group B (n =47). * P = 0-02; ** P = 0-008.

drink filtered water than those in Group A (36 % vs.
11% respectively; P = 0-02). Because many home
filtration systems are ineffective in removing Crypto-
sporidium oocysts from tap water, we compared both
cohorts with respect to the subset of subjects who
reported drinking neither tap nor filtered water at
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Table 3. Analysis of subjects drinking no tap water at home, work, or

second residence, by demographic group

Cohort (%)

Characteristic Group A Group B
Total* 28/160 (18) 47/153 (31)
Sex

Female 3/44 (7) 27/100 (27)

Male 25/116 (22)§ 20/53 (38)
Age

< 30 years 6/20 (30) 14/52 (26)

31-50 years 21/126 (17) 12/55 (22)

> 50 yearst 1/14(7) 21/46 (46)||
Ethnicity

Blacki 5/46 (11) 20/48 (42)

Hispanic 8/31 (26) 3/9(33)

White 14/77 (18) 16/82 (20)9

Other 1/6 (17) 8/14 (57)
Education

No high school degree 4/25 (16) 6/14 (43)

High school degree 2/35(6) 7/25 (28)

Post high school education 22/100 (22) 34/112 (31)

Significant difference between cohorts.

* Group B versus Group A, all subjects: OR 2-09, 95% CI 1-23-3-54, P = 0-006.
+ Group B versus Group A subjects aged > 50: OR 109, 95% CI 1-8-664, P =

0-009.

i Group B versus Group A Blacks. OR 59, 95% CI 2-1-16:4, P = 0-0008.
Significant difference between groups within cohort.

§ Males versus females in Group A: OR 3-8, 95% CI 1-2-12-3, P = 0-03.

| Age > 50 years versus age < 50 in Group B: OR 2:6, 95 % CI 1-:3-5-4, P = 0-009.
9 Whites versus all others in Group B: OR 0-31, 95% CI 0-15-0-63, P = 0-001.

home, work, or a second residence. Although subjects
in Group B were significantly more likely than those
in Group A to avoid drinking water directly from the
tap, there was no significant difference between
cohorts in the subset who drank neither tap nor
filtered water: 30 (20 %) in Group B versus 25 (16 %)
in Group A.

Tap water avoidance

Among those subjects responding as drinking no tap
water at home, work, or second residence, the number
who reported that they were consistent in consuming
no tap water in other forms (e.g. ice) or in other
locations is shown in Table 2. Nineteen subjects, 42 %
of those drinking no tap water or 12 % of all subjects,
in Group B, and 11 subjects, 46 % of those drinking
no tap water or 7% of all subjects, in Group A,
reported they never consumed tap water at friends’
homes, restaurants, or in ice cubes. Only one subject
from each cohort, or < 1% of all subjects surveyed,
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reported they never drank tap water at or outside of
home or work, nor used tap water for making ice,
brushing their teeth or preparing foods that would be
eaten without cooking.

The proportion of subjects who reported drinking
no tap water at home, work, or second residence is
stratified by demographic group in Table 3. Subjects
in Group B were more likely to drink no tap water
than those in Group A (31 % vs. 18 %, respectively, of
all subjects; OR 2:09, 95% CI 1-23-3-54, P = 0:0006)
irrespective of gender, ethnicity, educational level,
and among persons > 30 years of age. The difference
in the percentage of subjects avoiding tap water in
Group B relative to Group A was greatest among
black subjects (42 % vs. 11 %, respectively, OR = 59,
95% CI 2:-1-16-4, P = 0-0008) and persons > 50 years
of age (46% vs. 7%, respectively, OR 109,
95% CI 1-8-66-4, P = 0-009).

Within each cohort, males were more likely to
avoid tap water than females, and this was statistically
significant within Group A (22 % of males vs. 7% of
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Fig. 2. Reasons for use of alternatives to tap water part or all of the time. [, Group A (n = 141); W, Group B (n = 131).

* P = 0:0002; ** P = 0-01.

females, OR 3-8, 95% CI 1-2-12-3, P = 0-03). Within
Group B, white subjects were significantly less likely
to avoid tap water than persons of black, Hispanic or
other ethnicity (20 % vs. 44 %, respectively, OR 0-31,
95% CI 0-15-0-63, P = 0-001). Subjects in Group B
aged 50 or older were significantly more likely than
younger subjects to drink no tap water (46 % vs. 24 %
respectively, OR 2:6,95 % CI 1-:3-5-4, P = 0-009). Edu-
cational level was not associated with tap water
avoidance in either cohort.

Factors associated with tap water avoidance

The reasons given for choosing alternatives to tap
water are shown in Figure 2. Significantly more
subjects in Group A indicated concern about infection
as a factor in their choice of drinking water source
(39% vs. 18%, P =0-0002), while respondents in
Group B were more likely to cite concerns about
chemicals (21% vs. 9%, respectively, P = 0-01).
Subjects in Group A indicating concern for infection
were significantly more likely to avoid drinking tap
water at home or work than those not citing concern
about infection: 19 of 55 (35%) versus 12 of 93
(11%), respectively (OR 4-1, 95% CI 1-9-9-0, P =
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0-0004). Among subjects using no tap water for
drinking purposes at home or work, 19 (69 %) subjects
from Group A, but only 12 (26 %) subjects from
Group B, cited concern for infection as a motivating
factor (P = 0-0003).

Subjects who had received counselling on food or
water consumption, or who had viewed or heard the
September 1994 ‘Dateline NBC’ programme on
Cryptosporidium in water supplies, were no more
likely than others to avoid drinking tap water.
However, there was a surge in the number of subjects
using boiled drinking water in Group A between June
and November, 1994. Seventeen of 40 subjects (43 %)
who stated they used any boiled drinking water began
doing so in this period, during which time there were
a number of reports and editorials in the local media,
in addition to the televized ‘Dateline NBC’ report.
Nine of the 17 (53 %) stated concern about waterborne
infection. However, only 3 of 17 (18%) drank no
water directly from the tap at home, work, or second
residence, a rate no different than that in the Group A
cohort as a whole. There was no similar surge in
boiled water use in Group B, nor of filtered nor
bottled water in either cohort.

Within Group A, there was no correlation between
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Table 4. Number (%) of subjects who engaged in activities with potential to transmit Cryptosporidium,
stratified by cohort and tap water consumption

Group A cohort Group B cohort

Subsets drinking Subsets drinking

All All
subjects > 50% No subjects > 50% No
n=160 tap water tap water n =153 tap water  tap water
Exposure (%) n=284 (%) n=28 (%) (%) n=79 (%) n=47 (%)
Contact with animals
Any 96 (60) 56 (67) 14 (50) 83 (54) 45(57) 23 (49)
Visit to pet shop 68 (43) 39 (46) 12 (43) 51(33) 28(35) 14 (30)
Handling cat litter box 34 2DF 23278 1 (4§ 7(1Dt  8(10) 4(9)
Visit to veterinarian’s ofc 28 (18) 14 (17) 8(29) 21 (14) 13(17) 49
Puppy or kitten at home 25 (16)T 12 (14) 5(18) 11 (DT 5(6) 4(9)
Farm* 12 (8)F 6(7) 3(11) 25(16)t 13(17) 8 (17)
Petting zoo* 12 (8) 6(7) 2(7) 503) 2(3) 3(6)
Dog pound 8 (5) 2(2) 1(4) 2(1) 2(3) 0
Dog/cat show 2(1) 1(1) 0 1(1) 1(1) 0
Swimming*

In swimming pool 42 (26) 23 (27) 6 (21) 55@36) 31(39) 12 (26)
In lake or river 12 (8) 6(7) 1(4) 8 (5) 5(6) 24
Travel to developing country* 24 (15)  12(14) 7 (25) 28 (18)  13(17) 11 (23)
Cared for person with diarrhoea* 19(12) 10(12) 14 13 (8) 5(6) 24)

Contact with person who has 14 (9)% 5(6) 4 (14) 2 (Hi 1(1) 0
cryptosporidiosis*
Childen under 3 years old at home* 12 (8) 11 (13) 1(4) 15(10) 10(13) 3(6)
Faecal-oral sexual contact* 159 10(12) 2(7) 1 (Di 1(1) 0
Consumption of lake, stream or river 50) (1) 0 3(2) 1(1) 0
water*
Gardening 39(24)  17(20) 7 (25) 24 (16)  12(15) 6(13)
Camping 6(4) 1(1) 1(4) 8(5) 709) 1(2)
Consumption of unpasteurized dairy 503) 1(1) 1(4) 1(1) 0 0
products
Consumption of unwashed fruits or 50) 2(2) 14 3(2) (1) 2 (4)
vegetables
Subjects with one or more non-tap water
exposure risks
Recognized exposure risks 91 (57) 52(62) 14 (50) 91 (60) 49 (62) 24 (51)
Recognized and potential exposure risks 125 (78) 67 (80) 20 (71) 116 (76) 61 (77) 32 (68)

* Recognized risk for transmission.

T P < 0-02 between cohorts.

i P <001 between cohorts.

§ P < 0-01 between subjects drinking and avoiding tap water.

CD, lymphocyte count, or having a history of
opportunistic infection, and avoiding tap water
consumption (data not shown).

Exposures other than municipal water

Rates of exposure to selected ‘recognized’ and
‘potential’ environmental sources of Cryptosporidium
transmission, other than municipal water consump-
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tion, are presented in Table 4. Recognized risks are
denoted by an asterisk. Group A and B cohorts were
similar in the percentage of subjects with one or more
non-tap water exposure risks: 78 % of Group A and
76% of Group B had at least one recognized or
potential exposure; 57% and 60% of each cohort,
respectively, had at least one recognized exposure.
While the two cohorts had similar prevalences to
most exposures, there were a few differences. Subjects
in Group A were significantly more likely to have had
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contact with a person with cryptosporidiosis (OR 7-2,
95% CI 2:0-26:6, P =0-003), to have engaged in
sexual activity involving oral-anal contact (OR 157,
95% CI 3-4-73-7, P = 0-0005), to have handled a cat
litter box (OR 2-2, 95% CI 1-2-4-0, P = 0-015) or to
have a puppy or kitten at home (OR 24,
95% CI 1-2-5-0, P = 0:02). Subjects in Group B were
more likely to have visited a farm (OR 24,
95% CI 12-4-9, P =0-015). These differences re-
mained statistically significant in a multivariate
analysis adjusting for the demographic composition
of each cohort.

Future investigation of the risk of acquiring
cryptosporidiosis from drinking municipal water
could be confounded by other putative sources of
exposure. In order to evaluate the potential for such
confounding factors, we calculated whether subjects
who consistently avoided drinking tap water were any
more or less likely to engage in other activities that
could expose them to Cryptosporidium than subjects
who drank substantial amounts of tap water (Table
4). We defined tap water ‘avoiders’ as the subset of
subjects who drank no tap water at home, work, or a
second residence, and tap water ‘users’ as the subset
who obtained at least half of their home drinking
water directly from the tap. Conditional on these
definitions, there were no significant differences in the
prevalence of other exposures between tap water
‘users’ and ‘avoiders’ in Group B. Within Group A,
only one statistically significant association was
found: tap water ‘avoiders’ were significantly less
likely than tap water ‘users’ to have changed a cat
litter box in the 6 months prior to interview: 4% vs.
27% respectively (OR 0-10, 95% CI 0-02-0-55, P =
0-008). There was no association between tap water
consumption and total number of non-tap water risks
per subject.

DISCUSSION
Demographics

The Group A and Group B cohorts differed sig-
nificantly in gender, age distribution, and percentage
of Hispanic subjects. However, the observed dif-
ferences between cohorts in the prevalence of tap
water avoidance and of non-tap water risk factors
were independent of demographics, as determined by
univariate and multivariate analysis.

The preponderance of males and persons aged
31-50 in Group A was representative of the practice
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base from which it was drawn, and is consistent with
the continued significant proportion of homosexual
males, and young-to-middle-age adults, in New York
City’s HIV-infected population. The high proportion
of females in Group B derives from the predominantly
female patient base of one practice from which
subjects were recruited.

Study subjects were recruited from among indi-
viduals seeking outpatient medical care. These out-
patients may have more medical illnesses or may be
more health conscious relative to the population at
large, which includes persons who do not routinely
seek medical care. While we feel that our study
population is a fairly broad representation of New
York City residents, these issues must be considered
in extrapolating our findings to the City population as
a whole.

Drinking water

Both cohorts were heterogeneous with respect to the
sources and treatment of water used for drinking.
Substantial subsets, 18 % of Group A subjects and
31% of Group B subjects, denied use of water directly
from the tap for drinking purposes. However, iso-
lation from exposure to tap water was nearly never
absolute in our subjects, as many of those not drinking
tap water at home or work did so when visiting
friend’s homes or restaurants, and all but one subject
from each cohort had at least some exposure, as in
brushing teeth or washing foods. In addition, this
survey may not have captured other sources of
exposure to municipal water such as showering or in
foods or beverages prepared outside the home.
Though tap water avoidance may never be absolute,
variation in the amount of water consumed from a tap
versus other sources of drinking water indicates that
an observational study designed to assess the quantity
of water consumed from various sources could be
useful in assessing the risk of acquiring crypto-
sporidiosis, and other waterborne infections, from
drinking municipal tap water. Indeed, risk of infection
has been shown to increase in step-wise fashion with
progressively greater estimated tap water consump-
tion in at least one outbreak of waterborne crypto-
sporidiosis [2, 22]. Quantification of the actual volume
of municipal water consumed, not included in our
questionnaire, would be optimal, but the accuracy in
obtaining volume estimates could be questionable.
A significant proportion of subjects avoiding direct
consumption of tap water in Group B, and to a lesser
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extent in Group A, did drink tap water after treatment
with a point-of-use filter. As the effectiveness of home
filtration systems in removing pathogens varies
[18, 31], in many cases filtered water may have been
equivalent to tap water in risk for Cryptosporidium
transmission. Since most respondents could not at the
time of interview specify the type of filtration system
employed, we were not able to assess the contribution
of ineffectively filtered water to exposure risk on an
individual basis. However, there was a significant
subset of subjects in each cohort who drank neither
tap nor filtered water, and would therefore be
relatively free from such exposure. If people who filter
tap water at home are included in a study to assess the
risk of cryptosporidiosis from drinking water, those
persons with filters that effectively remove Crypto-
sporidium must be distinguished from those that do
not. This would require comprehensive documen-
tation of the types and models of point-of-use filters
used. Even so, factors such as improper filter use
could still be confounding.

Factors associated with tap water avoidance

An unexpected finding was that significantly more
subjects avoided drinking tap water in Group B than
in Group A. The difference between cohorts was most
pronounced among black subjects and subjects over
50 years. The higher rate of tap water avoidance
among blacks and persons over 50 in Group B was
independent of gender or educational level attained
and is unexplained.

Cryptosporidiosis poses a particularly great health
risk to persons with AIDS, for whom infection can be
chronic and fatal. Significantly more respondents in
Group A cited concerns about infection risk as a
reason for using alternatives to tap water, and these
subjects were significantly more likely to avoid
drinking tap water than those citing no concern about
infection. In addition, subjects in Group A were more
likely to boil their drinking water, consistent with an
effort to limit exposure to waterborne pathogens. A
surge in the use of boiled water within Group A
occurred during a period of increased media coverage
of the risk of waterborne cryptosporidiosis, suggesting
that such programs may be influential in modifying
behaviours in this population. However, among the
new boiled water users, the percentage who con-
sistently avoided tap water at all times was no different
than among others in the cohort. As indicated by data
derived from outbreak investigations, the protective
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effect of consuming safe water only part of the time
may be limited [5, 31].

Males in Group A were significantly more likely to
avoid tap water than females. It is possible that this
reflects greater awareness and response to potential
infection risks among the gay community, possibly
through interaction with peers or support groups such
as Gay Men’s Health Crisis. However, there was no
association within Group A between decreased CD,
count, a history of opportunistic infection, nor a
history of infection prevention counselling, and
likelihood of avoiding tap water. Thus, awareness of
more advanced immune compromise, and formal
counselling on infection prevention, apparently had
limited impact on tap water consumption.

Overall, there are indications in this survey that
subjects in Group A were more concerned about
waterborne infection than Group B subjects, and that
this had some impact on their exposure to municipal
water. However, for many of these subjects, the
behavioural response was only a partial reduction in
tap water consumption, and the rate of tap water
avoidance in Group A was actually lower than that in
Group B.

Exposures other than municipal water

This survey indicates that, in addition to municipal
water consumption, exposure to other possible risks
for cryptosporidiosis are common. The majority of
subjects in both cohorts had at least one risk for
exposure to Cryptosporidium other than tap water.
In Group A, there was a correlation between
drinking tap water and only one of the many potential
exposure risks queried: subjects drinking no tap water
were significantly less likely to have changed a cat
litter box in the 6 months prior to survey. This may be
an indication that Group A subjects who are avoiding
tap water are also following the widely publicized
recommendation that HIV-positive individuals limit
their contact with cats, which often carry the
opportunistic pathogen Toxoplasma gondii, and which
are also susceptible to Cryptosporidium infection [30].
Though there was no association between most of
the exposure risks queried and municipal water
consumption, it is possible that behaviours will change
in response to concerns about infection risk, par-
ticularly with ongoing media attention to crypto-
sporidiosis. Non-tap water exposure risks could
potentially confound any observational or inter-
ventional epidemiologic study of the relationship
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between municipal water consumption and crypto-
sporidiosis unless appropriate controls are incor-
porated.

Conclusions

This study characterizes potential exposure risks for
Cryptosporidium among selected cohorts of New York
City adults. Direct consumption of municipal water
varied greatly among individuals in both groups, with
distinct subsets using no tap water for drinking
purposes at home or work. However, when other
sources of water ingestion were assessed, absolute
avoidance of tap water was rare. In addition, most
subjects had other potential risks for exposure to
Cryptosporidium.

The association between sporadic cryptosporidial
infection and environmental exposures is poorly
understood. Concerns have recently focused on low
levels of Cryptosporidium oocysts in municipal water
supplies in New York City as well as a number of
other places; though no association with sporadic
cryptosporidiosis has been made, costly measures to
decrease contamination are under consideration
[25, 26]. Public health experts agree that studies to
investigate the association of cryptosporidiosis with
exposures such as municipal water are needed;
interventional studies and observational studies have
been proposed [1, 17, 18]. The heterogeneity in mu-
nicipal water consumption revealed in this study
supports the feasibility of observational studies to
investigate this association. The finding that potential
non-municipal water exposures are common, and that
at least one may correlate with degree of municipal
water consumption, supports epidemiologic investi-
gation of these risks themselves, as well as controlling
for them in evaluating the risk from municipal water.
Observational studies, such as those with case-control
or cross sectional designs, could investigate multiple
risks.

The finding of different tap water consumption
patterns between the two cohorts, as well as between
certain demographic groups in this study, suggests
epidemiologic studies would also need to control for
these patient characteristics.

Until the risks for sporadic cryptosporidiosis are
better defined, broad preventive recommendations
will be less effective than focusing on those exposures
that appear to have the greatest risk. Immuno-
compromized patients, especially those with HIV
infection, should be counselled that certain activities,
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such as handling young livestock, swimming in fresh-
water bodies or public pools, any human contact with
potential faecal-oral exposure, and consumption of
municipal water during a boil-water advisory or in
regions with poor sanitation, are recognized risks
[1, 2, 18]. The potential but unknown risk from other
exposures, including municipal water consumption
under normal circumstances, should be discussed, but
providing specific recommendations is difficult and
must be individualized.

ACKNOWLEDGEMENTS

We are indebted to the following individuals and
departments at The New York Hospital-Cornell
Medical Center for their assistance in this project: Dr
Jonathan Jacobs, Laura Damson and staff of the
Center for Special Studies; Dr Michael Giordano,
Glenda Frasier and staff of the Cornell Clinical Trials
Unit; Dr Charles Bardes, Althea Scott and staff of the
Cornell Internal Medicine Associates; Dr Lisa
Bardack and Dr Louis Arrone of the Women’s Health
Center; Dr Jhoong S. Cheigh, Allison Lemanski, and
staff of the Rogosin Institute; Dr W. Shain Schley and
staff of the Department of Otorhinolaryngology; and
Dr John Ladetto.

We are also grateful to Dr Martin Lesser for
assistance with statistical issues, and to Elizabeth
Wood and Tatiana Pechtchanski for help with
database management; all are staff of the General
Clinical Research Center at The New York Hospital—
Cornell Medical Center.

This investigation was supported in part by the
Division of Parasitic Diseases, Centers for Disease
Control and Prevention, Atlanta, Georgia, and Public
Health Research Grant RR00047 from the General
Clinical Research Centers program of the Division of
Research Resources, National Institutes of Health.

REFERENCES

1. Juranek DD. Cryptosporidiosis: Sources of infection
and guidelines for prevention. Clin Infect Dis 1995; 21:
S57-61.

2. Meinhardt PL, Casemore DP, Miller KB. Epidemio-
logic aspects of human cryptosporidiosis and the role of
waterborne transmission. Epidemiol Rev 1996; 18:
118-36.

3. Rose JB, Lisle JT, LeChevallier M. Waterborne
cryptosporidiosis: incidence, outbreaks, and treatment
strategies. In: Fayer R, ed. Cryptosporidium and
cryptosporidiosis. Boca Raton, FL: CRC Press, 1997:
93-109.


https://doi.org/10.1017/S095026889800123X

10.

11.

12.

13.

15.

18.

. Casemore DP, Wright SE, Coop RL. Cryptosporidiosis

—human and animal epidemiology. In: Fayer R, ed.
Cryptosporidium and cryptosporidiosis. Boca Raton,
FL: CRC Press, 1997: 65-92.

. Marshall MM, Naumovitz D, Ortega Y, Sterling CR.

Waterborne protozoan pathogens. Clin Microbiol Rev
1997; 10: 67-85.

. Ravn P, Lundgren JD, Kjaeldgaard P, et al. Noso-

comial outbreak of cryptosporidiosis in AIDS patients.
BMJ 1991; 302: 277-80.

. Diers J, McCallister GL. Occurrence of Crypto-

sporidium in home daycare centers in west-central
Colorado. J Parasitol 1989; 75: 637-8.

. Cordell RL, Addiss DG. Cryptosporidiosis in child care

settings: a review of the literature and recommendations
for prevention and control. Pediatr Infect Dis J 1994;
13: 310-7.

. Levine JF, Levy MG, Walker RL, Crittenden S.

Cryptosporidiosis in veterinary students. ] Am Vet Med
Assoc 1988; 193: 1413-4.

Lengerich EJ, Addiss DG, Marx JJ, Ungar BLP,
Juranek DD. Increased exposure to cryptosporidia
among dairy farmers in Wisconsin. J Infect Dis 1993;
167: 1252-5.

Sayers GM, Dillon MC, Connolly E, et al. Crypto-
sporidiosis in children who visited an open farm. CDR
Rev 1996; 6: R140-4.

Millard PS, Gensheimer KF, Addiss DG, et al. An
outbreak of cryptosporidiosis from fresh-pressed apple
cider. JAMA 1994; 272: 1592-6.

Centers for Disease Control and Prevention. Foodborne
outbreak of diarrheal illness associated with Crypto-
sporidium parvum. MMWR 1996; 45: 783-4.

. Sorvillo FJ, Fujioka K, Nahlen B, Tormey MP,

Kebabjian R, Mascola L. Swimming-associated crypto-
sporidiosis. Am J Pub HIth 1992; 82: 742-4.
MacKenzie WR, Kazmierczak JJ, Davis JP. An
outbreak of cryptosporidiosis associated with a resort
swimming pool. Epidemiol Infect 1995; 115: 545-53.

. Centers for Disease Control and Prevention. Outbreak

of cryptosporidiosis at a day camp — Florida, July—
August 1995. MMWR 1996; 45: 442-4.

. Centers for Disease Control and Prevention. Address-

ing emerging infectious disease threats: a prevention
strategy for the United States. Atlanta, GA: U.S.
Department of Health and Human Services, 1994.
Centers for Disease Control and Prevention. Assessing
the public health threat associated with waterborne
cryptosporidiosis: report of a workshop. MMWR 1995;
44: 1-19.

https://doi.org/10.1017/5095026889800123X Published online by Cambridge University Press

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Survey of risks for cryptosporidiosis 367

D’Antonio RG, Winn RE, Taylor JP, et al. A
waterborne outbreak of cryptosporidiosis in normal
hosts. Ann Intern Med 1985; 103: 886-8.

Hayes EB, Matte TD, O’Brien TR, et al. Large
community outbreak of cryptosporidiosis due to con-
tamination of a filtered public water supply. N Engl J
Med 1989; 320: 1372-6.

MacKenzie WR, Hoxie MS, Proctor ME, et al. A
massive outbreak in Milwaukee of Cryptosporidium
infection transmitted through the public water supply.
N Engl J Med 1994; 331: 161-7.

Bridgman SA, Robertson RMP, Syed Q, Speed N,
Andrews N, Hunter PR. Outbreak of cryptosporidiosis
associated with a disinfected groundwater supply.
Epidemiol Infect 1995; 115: 555-66.

Goldstein ST, Juranek DD, Revenholt O, et al.
Cryptosporidiosis: an outbreak associated with
drinking water despite state-of-the-art water treatment.
Ann Intern Med 1996; 124: 459-68.

DuPont HL, Chappell CL, Sterling CR, Okhuysen PC,
Rose JB, Jakubowski W. The infectivity of Crypto-
sporidium parvum in healthy volunteers. N Engl J] Med
1995; 332: 855-9.

Okun DA, Craun GF, Edzwald JK, Gilbert JB, Rose
JB. New York City: to filter or not to filter? ] Am Wat
Wks Assocn 1997; 89: 62-74.

Ashendorft A, Principe MA, Seeley A, et al. Watershed
protection for New York City’s supply. ] Am Wat Wks
Assocn 1997; 89: 75-88.

Soave R, Didier ES. Intestinal parasitic infections:
cryptosporidiosis and microsporidiosis. In: TC
Merigan, JG Bartlett, D Bolognesi, eds, The textbook
of AIDS medicine, 2nd edn. Baltimore: Williams &
Wilkins. In press.

Blagburn BL, Soave R. Prophylaxis and chemotherapy:
human and animal. In: Fayer R, ed. Cryptosporidium
and cryptosporidiosis. Boca Raton, Florida: CRC
Press, 1997: 111-28.

Fayer R, Trout J, Nerad T. Effects of a wide range of
temperatures on infectivity of Cryptosporidium parvum
oocysts. J Euk Microbiol 1996; 43: 64S.

Bennett M, Baxby D, Blundell N, Gaskell CJ, Hart CA,
Kelly DF. Cryptosporidiosis in the domestic cat. Vet
Rec 1985; 116: 73-4.

Addiss DG, Pond RS, Remshak M, Juranek DD,
Stokes S, Davis JP. Reduction of risk of watery diarrhea
with point-of-use water filters during a massive out-
break of waterborne Cryptosporidium infection in
Milwaukee, Wisconsin, 1993. Am J Trop Med Hyg
1996; 54: 549-53.


https://doi.org/10.1017/S095026889800123X

