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Cryptosporidium in small water systems in Puerto Rico:
a pilot study
Guy Robinson, Harvey A. Minnigh, Paul R. Hunter, Rachel M. Chalmers
and Graciela I. Ramírez Toro

ABSTRACT
A pilot study was undertaken to investigate the occurrence of Cryptosporidium in four very small
drinking water systems supplying communities in rural Puerto Rico. Water samples (40 L) were
collected and oocysts were concentrated by calcium carbonate ﬂocculation, recovered by
immunomagnetic separation and detected by immunoﬂuorescence microscopy. Cryptosporidium
oocysts were identiﬁed in all four systems. This is the ﬁrst report of evidence of the potential public
health risk from this chlorine-resistant pathogen in Puerto Rican small water systems. Further work is
warranted to fully assess the health risks that Cryptosporidium and other protozoa pose to
populations served by community-managed small drinking water systems.
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INTRODUCTION
The protozoan Cryptosporidium is a well-documented cause

prevalence of infection and incidence of disease remains

of waterborne gastroenteritis and outbreaks (Baldursson &

unknown, despite a Cryptosporidium hominis outbreak in

Karanis ). In developed countries, risks from Cryptospor-

2007 with 107 laboratory-conﬁrmed cases linked to a rec-

idium and other waterborne pathogens in large water

reational water park (Hlavsa et al. ). There are no data

systems managed and operated by water authorities is

on Cryptosporidium occurrence in small water systems on

lower than in independent supplies, where management of

the island.

water quality is poor or non-existent (Hunter et al. ;

Puerto Rico is politically and economically linked to the

Hunter et al. ). More than 150 million people in high-

United States and as such the majority of water supplies are of

income countries, mainly in rural areas and already possibly

high quality due to management by the island’s water and

disadvantaged by geographical and economic isolation, are

wastewater authority (PRASA) within the United States

at increased risk of exposure to waterborne pathogens

Environmental Protection Agency water treatment rules. At

because of the lower regulatory standards applied (Bridge

least 200 of the 370 recorded small water supplies (serving

et al. ). Human cryptosporidiosis has been reported

<3,300 persons) are operated by local communities. Treat-

worldwide and is endemic in tropical countries (Fayer

ment, when present, is limited to (often inconsistent)

). In Latin America and the Caribbean, the prevalence

chlorine disinfection (Minnigh & Ramírez Toro ). A posi-

range of cryptosporidiosis has been reported as 4–60%

tive impact of educational intervention, leading to improved

(Lindo et al. ; Raccurt et al. ). In Puerto Rico, the

water management and chlorine treatment operation, has
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been demonstrated by reduction in diarrhoeal disease

December 2010 and transported to the laboratory in San

(Hunter et al. ) but residual risk may remain from chlor-

Germán (approximately 130 km) at ambient temperature.

ine-resistant pathogens like Cryptosporidium.
There are several standard methods for the detection of

Recovery and detection of Cryptosporidium

Cryptosporidium in water samples, and selection depends
on the type of water and resources available. As cartridge ﬁl-

Calcium carbonate ﬂocculation, recovery and detection of

ters are very expensive, a cheaper alternative for a proof-of-

Cryptosporidium were undertaken as described in Anon

concept study is calcium carbonate ﬂocculation (Vesey et al.

(). Flocs were allowed to settle overnight before

), incorporated in standard methods ISO 15553 (Anon

dissolving, combining and concentrating further by centrifu-

) and ‘The Microbiology of Drinking Water – Part 140

gation.

(Anon ).

immunomagnetic separation (IMS) (Dynal, Life Technol-

Cryptosporidium

oocysts

were

recovered

by

To investigate the occurrence of Cryptosporidium in

ogies, Foster City, CA, USA) and 50% was deposited onto

small water systems in Puerto Rico, we undertook a mini-

single microscopy slides with 9-mm wells (Life Technologies,

mally-funded proof-of-concept sample survey.

Foster City, CA, USA). The remaining 50% was saved for
attempted molecular characterisation. Cryptosporidium
oocysts were stained with a ﬂuorescein isothiocyanate

METHODS

(FITC)-labelled antibody (Crypto-Cel, Cellabs, Brookvale,
Australia) and sporozoite nuclei were stained with 40 ,60 -dia-

Study sites and sampling

midino-2-phenylindole (DAPI) (Sigma, Ronkonkoma, NY,
USA) (Anon ). Slides were examined using an epiﬂuores-

Four very small water systems (A–D) within the municipality

cence microscope and oocysts showing typical, conﬁrmatory

of Patillas, south-east Puerto Rico, were selected (Table 1

features (size, internal contents including up to four sporo-

and Figure 1).

zoites) were enumerated as oocysts per litre.

A total of 36 raw water samples (40 L, collected in 4 ×

Recovery from matrix-spiked samples was monitored: an

10 L carboys) were taken at the point of intake to the water

additional 10 L carboy of water from each of Systems A–C

system during different weeks between September 2009 and

and one from each storage tank at System D was seeded

Table 1

|

Characteristics of small water systems studied

Attribute

System A

System B

System C

System D

Households

200

175

250

75

Population

800

700

1,000

300

Landscape

Forested, mountains

Forested, mountains

Forested, mountains

Forested, mountains

Upper watershed
land use

Fishing and hunting;
pasture; wildlife

Some residences; wildlife

No housing; wildlife

Cattle; wildlife

Source water

Surface

Ground and surface

Surface

Surface

Storage tank(s)
(litres)

113,500

378,500 and 170,500

227,000

113,500 and 113,500

Distribution piping

40 cast and ductile iron

Mostly 40 ductile iron;
some 2–4’ PVC

Mostly 2–40 PVC

Mostly 2–40 PVC; some 4–60
cast and ductile iron

Treatment

Chlorine

Chlorine

Chlorine

Chlorine

Trained operatorsa

CAP (enhanced)

CAP (enhanced)

40 hours provided by
local government

CAP

a

CAP – Part of the Cooperativa de Acueductos de Patillas (Hunter et al. 2010) providing volunteer operator training in basic sciences, mathematics and water treatment operation.

CAP (enhanced) – providing about 1,200 hours training, including disinfection and continued support.
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Map of Puerto Rico showing the location of the municipality of Patillas (shaded area) (http://commons.wikimedia.org/wiki/File:Locator_map_Puerto_Rico_Patillas.png#).

with a mean of 286 (SD 69) oocysts (EasyPC, BTF, Sydney,

RESULTS

Australia), accurately enumerated by 10 counts, and the recovery rate calculated following processing as described above.

The mean Cryptosporidium oocyst recovery from ﬁve matrix

Although not approved for seeding water samples in regulat-

spikes was 168 (59%, range 118–202, SD 35). All systems

ory laboratories, the EasyPC oocyst suspension was used due
to cost restrictions in this minimally-funded pilot study. To

Table 2

|

check the concentration of the suspension remained stable,

Frequency of detection and concentration of Cryptosporidium oocysts in
samples from four small water systems in Puerto Rico

the EasyPC suspension was counted prior to each spike.
Cryptosporidium DNA was extracted and attempts

Number of oocysts seen in
50% of the IMS concentratea
(oocysts/litre)

System A
(N ¼ 11)

System B
(N ¼ 10)

System
C (N ¼ 6)

System
D (N ¼ 9)

as described previously (Chalmers et al. ; Robinson

0 (<0.05)

8

7

1

8

et al. ).

1 (0.05)

2

2

1

0

2 (0.10)

1

1

2

1

3 (0.15)

0

0

0

0

4 (0.20)

0

0

2

0

Total number of positive
samples

3

3

5

1

made to characterise the species at the SSU rRNA gene,

Statistics
The null hypothesis that median of counts of Cryptosporidium
did not differ between water systems was tested using the Kruskal–Wallis test for independent samples, using SPSS version 18.
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were positive for Cryptosporidium on at least one occasion

large systems, do not have appropriate treatment, is of

(Table 2). Overall sample positivity was 12/36 (33%) with

concern.

oocysts detected more often in System C (5/6 samples,

Although the operation and monitoring of municipal

83%) than in System A (3/11, 27%), B (3/10, 30%) or D (1/

systems by PRASA ensures that water supplied to the

9, 11%). The sample distribution of oocyst counts differed sig-

majority of the inhabitants is of high quality, many commu-

niﬁcantly between water systems (p ¼ 0.006) with System C

nity-operated water systems are not well monitored, serve

also yielding the highest median and range of counts.

very poor communities and are structurally prone to

Although Cryptosporidium oocysts were conﬁrmed using

environmental contamination. The potential for poor qual-

speciﬁc antibodies and identiﬁcation of typical internal struc-

ity water puts the local communities at risk from

tures, characterisation of species by polymerase chain

diarrhoeal illness. Improved education on system manage-

reaction (PCR) was not successful.

ment and operation has demonstrated a positive and
sustainable health beneﬁt in these distributions, but the
risk from protozoan parasites was not previously known

DISCUSSION

and may account for residual diarrhoea burden (Hunter
et al. ). Detection of Cryptosporidium in all four systems

We undertook a pilot study to investigate whether small

in this study suggests a potential health risk, especially

water sources in Puerto Rico are contaminated with Cryp-

where operator training is minimal such as at System C.

tosporidium. Acceptable recovery of Cryptosporidium

Unfortunately, we were unable to identify the Cryptospori-

oocysts by calcium carbonate ﬂocculation and IMS was

dium species present, which would have improved our

demonstrated from matrix spikes (mean 59%), comparable

assessment of potential public health risk. This was most

with other studies (69–79%, Vesey et al. () and 50.0–

likely due to the small numbers of oocysts in each subsample.

61.8%, Stanfield et al. ()), and within the 13–111%

Ampliﬁcation of less than a third (31.7%) of samples containing

acceptable range for regulatory water monitoring labora-

one or two oocysts using the same PCR has been reported

tories (Anon ). Although the duration of the study was

(Nichols et al. ). Nevertheless, the potential for Cryptospor-

short, trends in oocyst detection were observed; all systems

idium to enter these water systems is apparent. Wild animals

were vulnerable to contamination with Cryptosporidium,

and livestock are found upstream and human infection with

and one system (C) signiﬁcantly more so than the others.

Cryptosporidium species from these hosts has been reported

This was the ﬁrst investigation of the occurrence of Cryptos-

in other Latin American and Caribbean countries (Raccurt

poridium in small water systems in Puerto Rico. However,

et al. ; Bushen et al. ; Cama et al. ). Detection of

data from the USEPA’s Long-term Stage 2 Enhanced Sur-

a human-speciﬁc Bacteroides 16S rRNA marker in System D

face Water Treatment Rule (LT2), which monitors water

suggests sewage contamination also occurs (Ryan ).

sources used to supply populations of >10,000, show 402/

Sewage from the households within each system remains on

1,594 (25%) of samples (8.8–11 L) taken between October

the watershed in onsite structures made of cement blocks,

2008 and February 2012 were positive for Cryptosporidium

which are generally porous but are not septic systems.

(http://water.epa.gov/lawsregs/rulesregs/sdwa/lt2/upload/

The presence of Cryptosporidium in drinking water is of

cryptodatareported.csv). This is higher than that reported

concern, especially the potential risk to the health of young

nationally for the USA (7% positivity) (Ongerth ), but

children who are at most risk of increased fatality, severe

lower than the occurrence found in our study of rural

disease and sequelae (Hunter et al. ).

small water systems (33%), showing that small water systems are contaminated more frequently. Of the positive
LT2 samples, the vast majority contained single oocysts

CONCLUSIONS

from approximately 10 L of water, similar to the positive
detections in our study (Table 2). However, the frequency

This study conﬁrms for the ﬁrst time the presence of Cryptos-

of detections in small water systems which, unlike the

poridium in small water systems in Puerto Rico and potential
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risk to public health from this chlorine-resistant pathogen.
While educational intervention in communities operating
and managing their own supplies is likely to have a health
beneﬁt, studies are warranted to properly assess the extent
and sources of contamination, the exposure and health risks
in the communities supplied and appropriate interventions.
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