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SUMMARY

Cryptosporidium oocysts are commonly detected in surface-derived drinking water. However, the
public health significance of these findings is unclear. This study compared serological responses
to two Cryptosporidium antigen groups for blood donors and college students using chlorinated
and filtered river water vs. ground-water sources. The surface water received agricultural and
domestic sewage discharges upstream. Participants from the surface-water city had a higher
relative prevalence (RP) of a serological response to the 15/17-kDa antigen group (72-3 vs. 52:4 %,
RP=1:36, P<0-001) and to the 27-kDa antigen group (82:6 vs. 72:5%, RP=1-14, P <0-02).
Multivariate logistic regression analysis found that the people with a shorter duration of residence
or drinking bottled water also had a lower seropositivity for each marker. Use of private wells
was associated with a higher prevalence of response to the 15/17-kDa markers. Seroconversion to
the 15/17-kDa antigen group was more common in the residents of the city using surface water.
These findings are consistent with an increased risk of Cryptosporidium infection for users of
surface-derived drinking water compared with users of municipal ground-water-derived drinking
water. Users of private well water may also have an increased risk of infection.

INTRODUCTION

Cryptosporidium oocysts have been detected in source
and treated drinking waters in the United States and
elsewhere [1-3]. Enhanced enteric disease surveil-
lance, initiated following detection of oocysts, has
not often detected elevated rates of infection or of
symptoms compatible with infection at the time
[4—6]. Reasons for not finding elevated health risks
in these exposed communities are unclear. A pre-
vious study suggested that a low rate of drinking-
water-attributable infection (e.g. 1/1000 per year)

* Author for correspondence.

https://doi.org/10.1017/50950268803001341 Published online by Cambridge University Press

along with difficulties in diagnosing and reporting
cases of cryptosporidiosis probably accounts for low
rates of detectable disease [7].

It is possible that many oocysts detected in drink-
ing water are not viable or infectious for humans.
Alternatively, Cryptosporidium infections may not
result in overt or clinically detectable illness for a
substantial proportion of the population. If people
are regularly exposed to drinking water with low
concentrations of oocysts, the risk of symptomatic
illness or the severity of illness from infection may
even be reduced because of protective immunity [8].
Since surveillance systems for Cryptosporidium infec-
tions generally focus on the recognition of clinically
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detected disease (cryptosporidiosis), little information
is available on the occurrence of unrecognized and
asymptomatic infections.

Estimating the risks of infection and understanding
risk factors for illness among those infected are criti-
cal to understanding the aetiology of this disease
and the public health importance of various environ-
mental factors responsible for the transmission of
Cryptosporidium. Studies suggest that, even during
cryptosporidiosis outbreaks, illnesses may occur in
only a small proportion of the people infected [8—12].
Unfortunately, even less is known about the incidence
of Cryptosporidium infection or cryptosporidiosis in
non-outbreak situations.

Since Cryptosporidium infection elicits a serological
response in most infected humans [9], surveys for the
presence of this response can be used to estimate
the prevalence of previous Cryptosporidium infection
in populations [13, 14]. Other studies have tracked
serological responses in people intentionally or unin-
tentionally exposed to Cryptosporidium oocysts [8, 15,
16]. Recent studies have focused on responses to a
15/17-kDa and a 27-kDa antigen group [8—19]. Sero-
logical responses to these two markers appear to be
specific for Cryptosporidium infection [9]. Infection
usually elicits a serological response to these antigen
groups that peaks [4—6] weeks after infection [17, 18].
The 15/17-kDa marker declines to baseline levels
prior to the infection within 4—6 months following
infection while the 27-kDa marker remains elevated
for 6-12 months [17, 18].

A previous study found a higher prevalence of
antibody responses to both antigen groups and a
higher rate of seroconversion to both Cryptospori-
dium antigen groups in people who drink water de-
rived from a surface vs. underground source [19].
Questions raised by this previous study were whether
this finding applied only to one pair of cites and the
characteristics of one water treatment system; and do
other factors increase or reduce the risk of infection?
This study replicates an earlier study, comparing the
prevalence of serological responses to 15/17-kDa and
27-kDa Cryptosporidium antigen groups in people
who use surface vs. ground water.

METHODS
Subject recruitment

We recruited 184 people residing in a city that uses
filtered and chlorinated drinking water obtained from

https://doi.org/10.1017/50950268803001341 Published online by Cambridge University Press

a river that receives animal and treated human faecal
waste. We also recruited 309 people from three other
cities (n=108, 81, 183) that use ground-water sources.
Participants were recruited from blood donors at
volunteer blood collection facilities and a college
located in one of the ground-water cities. The city of
residence and source of drinking water were elicited.
Each study participant signed a letter of consent and
completed a questionnaire at the time of enrolment.
This questionnaire enquired about demographic
characteristics, such as age, gender, residence location,
drinking water source (municipal surface water,
municipal ground water, or private well water), family
size and the number of children and young children
in the household. In addition, participants were
questioned about other potential exposures to Crypto-
sporidium, such as untreated water consumption,
contact with pets, young pets, livestock, caring for
persons with diarrhoea, international travel, swim-
ming, and day care or other child exposures. The
questionnaire also asked about the occurrence of
diarrhoea in the last 2 months that lasted for 4 or
more days. A study identification number was as-
signed to each participant. Thus, the participant/
sample were anonymous to the study team. Sera were
collected at the time the participant completed the
first questionnaire. Sera were collected from April to
the end of July, 1999.

Follow-up sera collection

Sera were again collected at the next visit for blood
donation or during a follow-up clinic for blood sam-
pling or donation. Since the delay between blood
samples differed by site, only sera drawn within 90 to
180 days of the first blood sample were considered for
the seroconversion analysis.

Western blot procedures

Sera were analysed by immunoblot to measure IgG
serological response to the 15/17- and 27-kDa antigen
groups. The methods have been described elsewhere
[13, 14]. The intensity of the serological responses
to the 15/17- and 27-kDa antigen groups were digitally
analysed by an IS-2000 Digital Imaging System (Alpha
Innotech, San Leandro, CA, USA). The image is
captured using a high-performance CCD camera and
the system calculates the pixel density of the manually
selected band of the immunoblot. This allows the in-
tensity of the serological response on the immunoblot
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to be quantified. Due to limited resources, it was not
possible to blind the microbiologist to the origin of the
samples. However, use of the computer to measure
detection and the intensity of responses minimizes the
risk of introducing operator bias.

Statistical analysis

The IgG results for each specimen were standardized
by taking the ratio of the response intensity for the
unknown sample to the response intensity of a posi-
tive control serum contained on each blot. The IgG-
positive control serum was obtained from individuals
with a strong serological response to both antigens.
The response approximated the intensity of responses
observed from several individuals with laboratory-
confirmed cryptosporidiosis. The same positive con-
trol serum preparation was used for all blots. An
extensive quality control effort was conducted analys-
ing replicate samples. We have previously analysed
the intensity of responses using a Tobit model. How-
ever, it is unclear how to interpret coefficients derived
from the Tobit model [19]. To simplify the interpret-
ation we, instead, conducted multiple logistic re-
gression analysis, using four definitions of a positive
response, based on the intensity of the response. The
positive responses were defined as: >0%, >10%,
>20% or >30% of the positive control. The preva-
lence risk ratio of a serological response was esti-
mated from the relative prevalence of serological
responses. Multivariate logistic regression analysis
of the observed serological response intensities was
conducted using SAS.

Seroconversion was defined as a change in the
intensity of serological responses greater than 10 % of
the positive control. Changes were classified as posi-
tive if the response increased by more than 10 % and
as negative if the response decreased by more than
10%. If the follow-up response changed by less
than 10% of the positive control, it was classified
as remaining the same. Limited data from previous
studies suggest that response to both markers in-
creases rapidly following infection, peaking near
4 weeks’ post-infection and declining thereafter [20].
However, population surveys suggest that rates of
decline may be slower in individuals with repeated
previous exposures [14].

RESULTS

Sera were collected from 496 individuals. Ages ranged
from 20 to greater than 60 years with 20 % less than
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age 30, 16 % aged 60 years or greater and 39 % aged
45-59 years. Sixty per cent were female and 98 % were
white. The majority (53%) had some college edu-
cation and 70% were married. Sera were obtained
from four sites. There were 183 participants from
the surface-water city (37% of all participants) and
the other three ground-water sites contributed 120
sera (24 %), 108 sera (22 %) and 81 sera (17 %).

The mean intensity of the serological responses
was higher for residents from the surface-water city
than from the three ground-water cities combined
(54:1 vs. 30:3% for the 15/17-kDa antigen group,
P <0-01; and 50-5 vs. 33:2% for the 27-kDa antigen
group, P<0-01). A serological response to the 15/17-
kDa was detected in 72:3% (95% CI 69-9-74-7) of
the people who drank surface water and in 52-4%
(95% CI 49-8-55-1) of those who used ground water.
The relative prevalence (RP) of a response to the
15/17-kDa antigen group was higher in users of
surface-derived drinking water [RP =136 (1-10, 3-58),
P <0-001, Fisher’s exact test].

Responses to the 27-kDa antigen were detected in
82:6% (95% CI 80-6-84-6) of people who obtained
drinking water from a surface source vs. 72:5% (95 %
CI 70-1-74'9) of those using ground water [RP=1-23
(1-07, 1-41), P<0-001, Fisher’s exact test]. When the
surface-water community was compared to individual
ground-water communities, there were differences in
the prevalence of serological responses by ground-
water site. One ground-water site (n=183) had a sig-
nificantly lower prevalence of serological response to
both the 15/17-kDa and the 27-kDa antigen groups
than the other two ground-water sites (P<0-001).
Another site (n=108) had a significantly lower
prevalence of responses to the 15/17-kDa antigen
group (P <0-001) and a lower prevalence of responses
to the 27-kDa antigen group, but this difference was
not statistically significant (P <0-06). No significant
differences were detected in the prevalence of detect-
able responses for either antigen group between the
surface-water community and the third well-water
community (n=281) (P>0-20).

Results of a multivariate logistic regression for
the relative prevalence of responses to 15/17-kDa are
presented in Table 1. Results for the 27-kDa antigen
group are presented in Table 2. Age, sex, family size,
contact with pets, young pets, livestock, caring for per-
sons with diarrhoea, international travel, swimming
and day care and other child exposures were unrelated
to serological responses. For both antigen groups,
people residing in a city that obtained drinking water


https://doi.org/10.1017/S0950268803001341

1134 F.J. Frost and others

Table 1. Relative prevalence of serological response to the 15/17-kDa
antigen group (based on a logistic regression model)

Intensity of response as a per cent of the positive control

Factor Any response  =>10% =>20% >30%

Male 14 1-3 1-2 12

Age 4049 years 1-3 1-2 1-5 1-7

Age 50-59 years 1-4 13 1-4 1-5

Age 60+ years 1-1 1-0 09 I-1

Children <5 1-1 10 1-1 12
years of age

Reside in a city that 2-3%* (IR) 2:4*%*% (IR)  2:2*%*(IR) 2:7** (IR)
uses surface water

Duration of 0-1* (RR) 0-1* (RR)  0-1* (RR)  0-0** (RR)
residence <2 years

Used private well 1-9* (IR) 1-:9¥* (IR)  1-7* (IR) 1-7* (IR)
for water

Regularly drank 0-5* (RR) 0-:6* (RR) 0-5*(RR) 0-5* (RR)
bottled water

Swam in last 6 months 0-9 0-8 09 09

Had diarrhoea in 0-9 0-9 09 09
last 2 months

Ate peel of fresh 0-8 09 1-0 1-1
fruits/vegetables

* P<0-05; ** P<0-01.
IR, increased risk; RR, reduced risk.

Table 2. Relative prevalence of serological response to the 27-kDa
antigen group (based on a logistic regression model)

Intensity of response as a per cent of the positive control

Factor Any response =>10% =>20% =>30%

Male 10 10 12 15

Age 4049 years 1-5 1-5 1-3 1-2

Age 50-59 years 1-6 1-7 1-4 13

Age 60+ years 0-8 09 1-0 0-8

Children <5 2-5 19 2-0 17
years of age

Reside in a city that 1-7* (IR) 1-8* (IR) 2:4¥*% (IR)  2-1** (IR)
uses surface water

Duration of 0-3* (RR) 0-3* (RR) 0-3*(RR) 0-1* (RR)
residence <2 years

Used private well 0-8 1-0 I-1 09
for water

Regularly drank 0-8 0-6* 0-8 07
bottled water

Swam in last 6 months 14 13 I-1 0-9

Had diarrhoea in 1-4 1-4 1-1 1-1
last 2 months

Ate peel of fresh 15 13 09 09
fruits/vegetables

* P<0-05; ** P<0-01.
IR, increased risk; RR, reduced risk.
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from a surface-water source have a higher relative
prevalence of a positive serological response, regard-
less of whether a positive response is defined as any
response or a response greater than 10, 20 or 30 % of
the positive control. Residing at the current address
for less than 2 years and drinking bottled water
were related to a lower relative prevalence for the
15/17-kDa antigen group (P <0-05) and residing in
the city for less than 2 years was related to lower
prevalence of response measured as greater than 10 %
of the positive control for the 27-kDa antigen group.
Users of private well water had a statistically signifi-
cant increase in the occurrence and intensity of
response to the 15/17-kDa antigen but not the 27-kDa
antigen.

Among residents of the surface-water city, being
married was related to the occurrence of a detectable
response to the 15/17-kDa antigen group (P<0-01,
Fisher’s exact test) whereas having some college
education or a short duration of residence in the city
was related to the absence of a serological response
to the 15/17-kDa antigen group (P<0-01, Fisher’s
exact test). Only some college education was related
to a reduced occurrence of a response to the 27-kDa
antigen group (P<0-04, Fisher’s exact test). For
residents from areas other than the city that used
surface-derived drinking water, changing residence
was related to lower prevalence of response to the
15/17-kDa and 27-kDa antigen group.

Many factors were not associated with the occur-
rence of a serological response. These included age,
the number of children, diarrhoea in past 2 months
lasting for 4 or more days, eating the peel of fruits/
vegetables, washing fruits/vegetables, livestock, pets,
small children or exposure to nappies (diapers).
Swimming, consumption of untreated surface water,
foreign travel and years of education were also not
related to the occurrence of a serological response to
either antigen group. These factors were tested using
logistic regression but were not included in the models
in Tables 1 and 2.

We obtained follow-up sera from 270 individuals
between 90 and 180 days of the initial blood sample.
There were 50 participants from the surface-water city
and 220 from the ground-water cities. These data were
displayed in Table 3. Significantly more participants
from the surface-water city had an increased intensity
of response to the 15/17-kDa marker (P <0-05) and
significantly more participants from the ground-water
cities had a decreased intensity of response to the
27-kDa antigen (P <0-05).
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Table 3. Changes in serological response intensity to
the 15/17- and 27-kDa antigen groups ( for repeat
serological analyses 90—179 days later)

Ground-water Surface-water

Marker — change communities ~community
Cases 220 50
15/17 kDa n (%) n (%)
Change less than 74 (34) 9 (18)
10 % negative
Change —10% to 102 (46) 20 (40)
+10%
More than 10 % positive 44 (20) 21 (42)
P value — any change <0-01
P value — decreased 0-26
intensity
P value — increased 0-012
intensity
27-kDa n (%) n (%)
More than 10 % negative 94 (43) 13 (26)
Change —10% to 79 (36) 23 (46)
+10%
More than 10 % positive 47 (21) 14 (28)
P value — any change 0-09
P value — decreased 0-047
intensity
P value — increased 0-95
intensity

For comparison to previous studies, the per cent of
responses by the intensity of the response is provided
in Table 4 for the 15/17-kDa antigen group and in
Table 5 for the 27-kDa antigen group. In this study,
50% of participants using surface-derived drinking
water had a response to the 15/17-kDa marker of
30% or more of the positive control. Other surface-
water sites had 19-59% of participants with re-
sponses as intense (Table 4). For the 27-kDa antigen
group, 64 % of participants had a response of 30%
or more of the positive control compared to 15-51 %
for other surface-water sites.

DISCUSSION

Findings from this study agree with those of two
previous studies that compared serological responses
of people who live in cities using surface-derived
drinking water vs. people living in cities using ground
water [19, 20]. In each study, residents of a city using
surface-derived drinking water were more likely to
have serological evidence of previous Cryptospori-
dium infection. In the current study, the higher
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Table 4. Serological responses to 15/17-kDa antigen

Intensity of response as a per cent of the

positive control

No. of
Site samples >0% >10% >20% >=30%
Surface United States
NHANES - SW1 [21] 107 50-5 402 280 187
NHANES - SW2 [21] 502 452 41-4 30-7 253
NHANES - SW3 [21] 186 72:6 71-1 64-0 586
Las Vegas [20] 201 49-8 46-8 41-8 363
Medford [13] 504 683 57-9 46-4 367
This study — surface 184 72-3 712 636 582
Australia — surface water
Sydney [6] 104 56-7 50-1 36'5 30-8
Melbourne [6] 104 61-5 46-2 385 346
AIDS cases [23] 298 530 49-0 362 28-2
Other — surface water
Russia [22] 108 67-6 67-6 61-1 50-0
Italy [21] 150 84-0 76-0 66-0 56:0
Ground water
This study — ground water 309 524 50-8 43-4 324
Albuquerque [20] 201 363 34-3 25-3 189
NHANES - GW1 [21] 51 47-1 25-5 157 13-7
NHANES - GW2 [21] 503 260 24-1 17-1 12-5
NHANES - GW3 [21] 120 70-0 683 583 433
NHANES - GW4 [21] 120 392 383 34-2 24-2
Table 5. Serological responses to 27-kDa antigen
Intensity of response as a per cent of the
positive control
No. of
Site samples >0% >10% >20% >=30%
Surface United States
NHANES - SW1 [21] 107 49-5 374 30-8 252
NHANES - SW2 [21] 502 47-6 389 257 16:3
NHANES - SW3 [21] 186 81-2 753 66-1 53-8
Las Vegas [20] 201 552 43-8 363 31-8
Medford [13] 504 685 60-5 54-4 49-2
This study — surface 184 826 80-4 75-0 64-1
Australia — surface water
Sydney [6] 104 60-6 43-3 30-8 24-0
Melbourne [6] 104 654 481 337 231
AIDS cases [23] 298 671 59-7 450 319
Other — surface water
Russia [22] 108 889 77-8 657 50-9
Italy [21] 150 69-3 54-0 380 30-0
Ground water
This study — ground water 309 72-5 686 553 44-3
Albuquerque [20] 201 50-8 383 264 20-9
NHANES - GW1 [21] 51 58-8 529 412 333
NHANES - GW2 [21] 503 356 27-0 181 12-5
NHANES - GW3 [21] 120 82-5 683 533 42:5
NHANES - GW4 [21] 120 65-8 49-2 367 250
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relative prevalence for residents of the surface-water
city as well as the lower relative prevalence for people
residing in the area for less than 2 years, and for people
using bottled water, suggest a local environmental
source of infection. Except for bottled water use, the
findings were consistent for responses to each antigen
group and independent of the definition of a positive
serological response (any response, >10%, >20%
or >30% of the positive control). It is possible that,
since the responses were more intense than observed
in other studies, the influence of non-drinking water
risk factors may not be apparent. This could occur
if intense responses from drinking water exposures
mask responses from other risk factors. The increased
risk of infection for private well-water users could be
due to well-water contamination or to exposure to
other sources. Although the private wells in the
study area are from deep aquifiers, it is possible that
the wells were subject to contamination from sur-
face water runoff or other sources. We were unable to
obtain detailed information about the private wells
and future studies should consider this possibility.
Alternatively, many of the private wells served rural
families with pets or domestic animals. These could
have also increased the risk of infection.

This study also agrees with a previous study [19]
that found that increased intensity of serological re-
sponses, consistent with recent infection or serocon-
version, occur relatively often and also occur more
often in users of surface-derived drinking water com-
pared to non-users. Years of repeated infections may
result in high levels of serological response that re-
main elevated for considerable periods of time. The
follow-up testing of 270 individuals over a 3—6 months
period in this study indicates that 24% had an
increased intensity of serological response to the
15/17-kDa antigen group of more than 10% of the
positive control and that 42 % of surface-water users
had an increase.

This study supports the hypothesis that users of
surface-derived drinking water are at higher risk
of endemic waterborne Cryptosporidium infection.
However, no relationships were observed between
the occurrence of symptoms consistent with crypto-
sporidiosis during the past 6 months and serological
response to either marker in this or in the previous
paired city study. It is possible that mild illness may
have been associated with a serological response but
that these symptoms would not have been recalled at
the time of blood sampling. Alternatively, it is poss-
ible that the more intense serological responses to
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the Cryptosporidium antigens among residents of the
surface-water city indicate an increased level of pro-
tection from clinically significant cryptosporidiosis
due to higher levels of endemic infections. In a review
of cryptosporidiosis outbreaks, we suggested that
previous infections may provide some level of pro-
tection against symptomatic infections, resulting in
fewer outbreaks among users of water normally con-
taminated with Cryptosporidium oocysts [10]. Given
the widespread use of surface-derived drinking water,
the role of protective immunity and the potential
implications of reducing low-dose exposure to oocysts
merits further investigation.
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