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SUMMARY

Tri-County Health Department investigated an outbreak of cryptosporidiosis linked to a

community swimming pool. A cohort study was conducted in 37 persons who were invited to the

pool party; 12 (57%) of 21 attendees had primary cryptosporidiosis infection. Risk factors for

illness included swimming, getting water in mouth, and swallowing water. The pool met

chlorination guidelines and used UV light irradiation, a supplemental disinfection technology that

inactivates Cryptosporidium. A follow-up survey of the cohort was completed 7–8 weeks after the

pool party; four (25%) of 16 non-attendees had secondary cryptosporidiosis infection. The

median duration of illness, including patients with recurring symptoms, was 26 days. Clinical

response rate to nitazoxanide, a therapeutic agent, was 67%. This study is unique because it

describes a cryptosporidiosis outbreak from a well-maintained community swimming pool

using supplemental disinfection. It also reports information on disease burden and treatment

response.
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Cryptosporidiosis, a parasitic disease that causes

watery diarrhoea, affects 1–2 persons/100 000 popu-

lation annually in the USA [1]. Faecal–oral trans-

mission of Cryptosporidium occurs through ingestion

of contaminated drinking or recreational water, con-

sumption of contaminated food, or contact with

infected persons or animals [2, 3]. The typical incu-

bation period for cryptosporidiosis is 7 days (range

1–12 days). Cryptosporidium oocysts are highly re-

sistant to chlorine disinfection and can survive for

days in water with recommended residual chlorine

levels (1–3 ppm) [4]. Because of its chlorine resistance,

environmental stability, and low infectious dose,

Cryptosporidium is the leading cause of gastroenteritis

outbreaks associated with chemically treated swim-

ming venues in the USA [2, 5]. Nitazoxanide, the only

licensed treatment for Cryptosporidium-induced diar-

rhoea, was Food and Drug Administration-approved

for use in children aged 1–11 years in 2002 and in

persons aged o12 years in 2004 [6, 7].

In August 2006, a parent notified Tri-County

Health Department (TCHD), Colorado, USA, of

children experiencing gastrointestinal symptoms; the

only common exposure was a birthday party held at

an indoor community swimming pool. We investi-

gated the outbreak to identify the illness aetiology

and implement environmental control measures.

After Cryptosporidium was identified, TCHD received
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additional notifications about household trans-

mission and persistent symptoms after treatment. In

response, we conducted a descriptive follow-up survey

to assess disease burden and treatment response. This

report describes the outbreak investigation and fol-

low-up survey.

A cohort study was conducted among 37 persons

from eight households who were invited to the

pool party. Initial telephone inquiries determined

that those not attending had experienced no gastro-

intestinal illness. All 21 attendees completed an

internet-based questionnaire assessing food and pool

exposures and illness status; 95% completed the sur-

vey within 2–3 weeks of the pool party. A primary

cryptosporidiosis case was defined as diarrhoea (three

or more loose stools per day), vomiting, or abdominal

pain/cramping that occurred 1–12 days after the pool

party in an attendee. Twelve (57%) primary cases

were identified in 21 attendees with a median incu-

bation period of 6 days (range, 3–9 days) (Fig. 1).

Eighty-three percent of primary cases occurred in

children (median age 7 years, range 5–38 years).

According to the initial questionnaire, the median ill-

ness duration was 6.5 days, but 7/12 patients reported

still being sick. Self-reported symptoms included

watery diarrhoea (100%), abdominal cramps (92%),

nausea (83%), fatigue (83%), loss of appetite (83%),

fever (50%), vomiting (33%), and body aches (33%).

One patient aged 7 years was immunocompromised.

To assess risk factors for cryptosporidiosis, we cal-

culated unadjusted relative risks (RR) by using SAS1

version 9.1 (SAS Institute Inc., USA) and P values

and 95% confidence intervals (CI) by using exact

non-parametric procedures available in StatXact1

version 7 (Cytel Inc., USA). The risk for illness was

greater in attendees who had entered the pool and in

swimmers who got water in their mouth or swallowed

water (Table 1). Illness was not associated with any

food items served at the party.

A follow-up survey of the cohort was conducted

7–8 weeks after the pool party. Thirty-three (89%)

of 37 persons from 7/8 households completed a

telephone-based questionnaire assessing secondary

transmission, symptom duration, and treatment. A

secondary cryptosporidiosis case was defined as diar-

rhoea, vomiting, or abdominal pain/cramping that

occurred >12 days after the pool party in a non-

attendee. Four (25%) secondary cases (three adults,

one child) from two households were identified in 16

non-attendees with onset 18–27 days after the pool

party (Fig. 1).

Of the 15 (11 primary, four secondary) crypto-

sporidiosis patients who completed a follow-up sur-

vey, 80% reported having recurring symptoms and

the median illness duration including relapses was

26 days (range 10–42 days). Thirteen patients (four

adults, nine children) who sought medical care were

treated with age-appropriate dosages of nitazoxanide

[7] ; none were hospitalized. Of nine immunocom-

petent patients (four adults, five children) who were

symptomatic at the start of treatment, the median

time from treatment initiation to diarrhoea resolution

was 5.0 days (range 3–18 days). Six of nine immuno-

competent patients reported diarrhoea resolution by

day 7 of treatment for a 67% clinical response rate ;

two of the remaining three patients received a second

round of nitazoxanide. The immunocompromised

child had diarrhoea resolution on day 14 of treatment.

Bulk stool samples from seven primary and two

secondary cases were tested at the Colorado Depart-

ment of Public Health and Environment (CDPHE) or

a commercial laboratory. Four of seven samples from

primary cases were sent to the Centers for Disease

Control and Prevention (CDC) for species analysis

by polymerase chain reaction and genotyping based

on gp60 gene sequencing [8]. Cryptosporidium was

detected in all nine samples. Four samples tested at

CDC contained Cryptosporidium hominis genotype

IbA10G2.

An environmental inspection revealed that the

pool had consistently met appropriate chlorination

standards and had used UV light irradiation dis-

infection procedures and high-rate sand filtration.

Pool logs indicated non-diarrhoeal faecal incidents
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Fig. 1. Date of symptom onset for primary ( ) and sec-
ondary (%) cryptosporidiosis cases in persons invited to the

pool party, August–September 2006.
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8 days before and 5 days after the pool party. A 1-litre

backwash sample of pool water and sand filter was

collected 17 days after the pool party (before hyper-

chlorination) and tested at CDC. No parasites were

identified in the sample.

This report describes a cryptosporidiosis outbreak

epidemiologically linked to contaminated pool water

at a community swimming pool. Identification of the

same genotype of C. hominis implies a single, human

source of faecal contamination. We surmise that a

faecal incident occurred but was not reported to the

pool management. Undetected faecal incidents (in-

cluding diarrhoeal accidents and swim diaper leakage)

continue to be problematic for maintenance of a

healthy swimming environment; thus, patrons should

be educated to refrain from swimming while ill with

diarrhoea and to report all faecal incidents to pool

staff.

This study provides two unique contributions to

the literature. First, this cryptosporidiosis outbreak

occurred despite a well-maintained, state-of-the-art

pool operation system that included UV light ir-

radiation, a supplemental disinfection technology

that inactivates Cryptosporidium [9, 10]. We are not

aware of other published studies describing crypto-

sporidiosis outbreaks at recreational water facilities

that used supplemental disinfection. UV disinfection

occurs in line with the pool filtration system, so the

speed by which Cryptosporidium oocysts are in-

activated is dependent upon the pool water recircu-

lation rates. Thus, UV light technology reduces the

duration of Cryptosporidium transmission from sev-

eral days to a few hours compared to chlorination

alone. Since supplemental disinfection does not elim-

inate Cryptosporidium transmission, pool operators

should adhere to newly revised CDC disinfection

recommendations immediately after a diarrhoeal fae-

cal incident (http://www.cdc.gov/healthyswimming/).

Second, we were able to conduct a follow-up study

that provided detailed information on disease burden

and treatment response, neither of which are com-

monly reported in outbreak investigations. During

this outbreak, a high disease burden was observed

despite the availability and use of a therapeutic agent.

The 6.5-day symptom duration reported during the

initial outbreak investigation is in agreement with

the 4- to 9-day duration reported during previous

outbreaks [11, 12] ; however, the follow-up survey

revealed that the majority of patients experienced

recurring symptoms lasting more than 3.5 weeks. The

25% secondary attack rate observed in this study is

considerably higher than the 5–10% reported pre-

viously [13, 14], but was derived from a small sample

size. The elevated occurrence of secondary trans-

mission in this outbreak is probably a reflection of

Cryptosporidium’s high infectivity and the parents’

reported use of chlorine bleach and other chlorine-

based cleaning products, which are ineffective against

Cryptosporidium. To reduce household transmission,

health departments should inform the public that

cleaning with hydrogen peroxide [15] or boiling water

is recommended to inactivate Cryptosporidium.

A 67% clinical response rate for nitazoxanide was

observed during our study. Two clinical trials in

immunocompetent children and adults in Egypt

reported a 80–96% clinical response rate [16, 17].

Additionally, the time from treatment initiation to

diarrhoea resolution was 2 days longer in our study

compared with published data [16]. Although our

cohort has a small sample size and our methodology

Table 1. Risk for primary cryptosporidiosis infection in pool party attendees, August 2006

Exposed Unexposed

RR 95% CI P valueIll/Total % Ill Ill/Total % Ill

Attendees (n=21)
Swam or waded in pool 12/17 71 0/4 0 Undefined 1.3–O 0.01
Ate ice cream 7/12 58 5/9 56 1.1 0.5–2.4 0.97

Drank bottled water 4/8 50 8/13 62 0.8 0.2–1.8 0.69
Ate cake 7/15 47 5/6 83 0.6 0.3–1.3 0.15

Swimmers (n=17)
Got water in mouth* 8/8 100 0/4 0 Undefined 1.9–O <0.01
Swallowed water* 5/5 100 2/7 29 3.5 1.2–18.7 0.02

CI, Confidence interval ; RR, relative risk.
* Total number of exposed and unexposed persons does not add up to 17 because of missing data.
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is not directly comparable to the clinical trials men-

tioned above, we believe that reports from the field on

practical applications of drugs in outbreak settings

can be useful and that the efficacy of nitazoxanide in

immunocompetent cryptosporidiosis patients in the

USA should be examined in future outbreaks and in

clinical settings.

This study is subject to at least two limitations.

First, additional case ascertainment might have better

determined the extent of the outbreak beyond the

cohort of party invitees. Second, the follow-up study

was limited by sample size and lack of a comparison

group. Nevertheless, results from our study contrib-

ute to the literature by documenting disease burden

and treatment response during a cryptosporidiosis

outbreak linked to a community swimming pool

that used supplemental UV disinfection in addition

to standard procedures.
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