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Quantiﬁcation of Giardia and Cryptosporidium in surface
water: a risk assessment and molecular characterization
M. O. Bataiero, R. S. Araujo, A. C. Nardocci, M. H. Matté, M. I. Z. Sato ,
M. S. Lauretto and M. T. P. Razzolini

ABSTRACT
This study aimed to estimate the annual probability of Giardia and Cryptosporidium infection for a
population supplied by contaminated drinking water sources. Parasites were quantiﬁed by the
USEPA Method 1623.1/2012. Annual risk was estimated using the quantitative microbial risk
assessment (QMRA) approach. Genotyping was performed using speciﬁc primers based on the 18S
rRNA gene for Cryptosporidium and gdh gene for Giardia. Giardia was detected in 83.3% of the
samples (<0.1 to 8.6 cysts/L) and Cryptosporidium in 37.5% (<0.1 to 2 oocysts/L). In general, annual
risk values for Giardia were 1 log higher when compared with those obtained for Cryptosporidium.
Giardia intestinalis A and B were present as well as C. hominis and C. parvum. The lack of protection
measures for the water supply catchment point put the population’s health at risk. The results
provide data to support decision-makers to take actions to improve environmental quality resulting in
a positive impact on consumers’ health.
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INTRODUCTION
Contaminated drinking-water supplies are a public health

A signiﬁcant portion of Brazilian water sources utilized

concern worldwide, especially in areas with poor sanitation

for public supplies are compromised by sewage discharges

in which the population is exposed to waterborne pathogens

that carry pathogens and, therefore, pose risks to human

that cause health problems (WHO ). According to the

health. Moreira & Bondelind () ran an extensive litera-

Brazilian Institute of Geography and Statistics, water

ture review on global waterborne outbreaks between 2000

supply services have a wider coverage than the sewage col-

and 2014. The authors reported that surface raw water con-

lection services; only 40% of municipalities have a sewage

tamination was the probable cause of 13 outbreaks in this

disposal system of which only 40.8% is treated (Ministério

period, with etiological agents including Cryptosporidium

das Cidades/Ministry of Cities ).

and Giardia.
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MATERIALS AND METHODS

diarrhoeal diseases (ADD), Giardia and Cryptosporidium,
have been of great concern for public health. Rosado-

Sampling and characterization of the study area

García et al. () carried out a review referring to waterborne pathogens in Latin America and cited that Brazil

Sampling was performed in the intake point of a drinking

leads the reports of waterborne pathogens in South

water treatment plant (DWTP), which supplies drinking

America. Several studies have shown Giardia and Crypto-

water for a population of 35,000, approximately (CETESB

sporidium occurrence in surface water sources used by

). The treatment process applied is as follows: pre-oxi-

public water systems after treatment (Sato et al. ;

dation

followed

by

pre-chlorination,

pre-alkalization,

Burnet et al. ; Ramo et al. ). Franco et al. ()

coagulation/ﬂocculation, ﬂotation, slow sand ﬁltration,

found Cryptosporidium in two sources of water with

chlorination, ﬂuoridation and alkalization. Samples (n ¼

frequencies of 42.8% and 85.7% and Giardia in 100% of

48) were collected weekly from May 2013 to May 2014.

surface water samples analyzed.

Two 10-litre bottles were used, one addressed to parasite

Sato et al. () surveyed Giardia and Cryptosporidium in

enumeration and the second one to molecular assays.

surface water used as drinking water sources by public water
systems in four densely urbanized regions of São Paulo State,
and also estimated the probability of infection. Giardia was

Giardia and Cryptosporidium quantiﬁcation

detected in 49.5% of the samples (n ¼ 206), while Cryptosporidium was in 9.2%, with maximum concentrations of 97.0

Parasites were quantiﬁed according to USEPA Method

cysts/L and 6.0 oocysts/L, respectively. Annual risk of Giardia

1623.1

infection, for adults and children, ranged from 0.29% to

concentrated through FiltaMax® foam ﬁlter (IDEXX®) and

2.47% and from 0.08% to 0.70%, respectively, while for Crypto-

immunomagnetic separation was performed with Dynal Dyna-

sporidium it ranged from 0.15% to 0.29% for adults and from

beads®Crypto-Giardia Combo reagents and equipment. The

0.04% to 0.08% for children.

dissociation of the complex beads was performed by heat

The most important concern in water supplies contaminated with these parasites is the source of contamination
and their resistance to the disinfection process of chlorination, usually used in DWTPs (WHO ).

(USEPA

).

Brieﬂy,

water

samples

were

dissociation. The slides were stained using ﬂuoresceinconjugated

monoclonal

antibodies

for

both

parasites

0

(Waterborne, New Orleans, USA) and DAPI (4 ,6-diamidino2-phenyl-indole, Sigma). The (oo)cysts were identiﬁed and

Since not all species of Cryptosporidium and Giardia

counted by immunoﬂuorescence reaction and conﬁrmed by

genotypes are human pathogens it is necessary to identify

DAPI ﬂuorescence and DIC (differential interference contrast

those that cause human disease.

microscopy)

using

an

Olympus

B52

epiﬂuorescence

A giardiasis outbreak in Bergen, Norway, between 2004

microscope equipped with bright ﬁeld, phase contrast DIC

and 2005, indicated that most isolates of Giardia intestinalis

and epiﬂuorescence optics. Negative and positive control

were related to subgenotype BIII with recognized zoonotic

slides were also prepared. The recovery efﬁciency of the

potential. According to the authors a leakage of sewage

method was determined by spiking 10 L puriﬁed water samples

from a residential area was the likely source of contami-

with EasySeed, according to the instructions of the manufac-

nation of water resources (Robertson et al. ), while

turer (BTFbio, Australia). The detection limit (DL) of 0.1 (oo)

Widerström et al. () reported an outbreak of Cryptospor-

cyst/L was calculated considering the volume of sample

idium hominis in Sweden associated with public water

concentrated (10 L) and that the entire packed pellet was

supply.

assayed. The recovery rate was obtained according to USEPA

This study aimed to estimate the annual probability of

1623.1 (). The second sample was carried out until the

infection for both parasites and to genotype Giardia and

step of dissociation of the complex beads and (oo)cysts

to identify species of Cryptosporidium in surface water

and, then, for running the molecular analysis as described in

used as drinking-water supply.

the section below on Giardia and Cryptosporidium genotyping.
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Dose–response model

The annual risk of infection by water ingestion was esti-

The exponential dose–response model was used for both

mated using the quantitative microbial risk assessment

parasites, where the probability (k) was modeled as a tri-

(QMRA) approach, considering the parameters as follows.

angular distribution with values of 0.01982 (CI 95% of
0.009798–0.03582) for Giardia (Rose et al. ) and of

Concentration of Giardia and Cryptosporidium in raw
water
Parasite concentrations (Table S1 in the Supplement, avail-

0.00419 (CI 95% of 0.0022 to 0.0085) for Cryptosporidium
(Dupont et al. ).

Ingestion rate

able with the online version of this paper) were modeled
and the best-ﬁtted distribution for each parasite was

The water ingestion rates for the southeast region Brazilian

chosen for risk assessment. Considering samples below the

population were modelled on the basis of the Kahn &

DL, an adapted version of the maximum likelihood

Stralka () study, which provided mean and 90th percen-

method for left-censoring was used, which has the advan-

tiles of total water ingestion based on body weights (mL/kg/

tage of precluding the need to assume arbitrary values for

day). These estimates were multiplied by the weighted aver-

samples below the DL (Govaerts et al. ). Log-normal,

age of body weights in São Paulo State (IBGE ), to

gamma and Weibull distributions were adjusted using the

provide the mean and 90th percentile estimates for daily

R package ﬁtdistrplus (Delignett-Muller & Dutang ),

water ingestion per person (mL/day). A log-normal distri-

while the triangular distribution was adjusted using a rou-

bution was ﬁtted for each age category: children under 5

tine

were

years old (meanlog ¼ 6.36, sdlog ¼ 0.40) and adults over 18

considered viable and infectious. The genotypes of the pro-

years old (meanlog ¼ 7.22, sdlog ¼ 0.36), yielding average

tozoa parasites were not considered for the calculation of

daily ingestion of 0.62 L/d for children (90th percentile of

the risk of infection because samples were collected at the

0.93 L/d) and 1.5 L/d for adults (90th percentile of 2.2 L/d).

developed

by

the

authors.

All

(oo)cysts

same time but analyzed separately for the quantiﬁcation
and for the genotyping of the parasites.

Risk calculation

Log10 removal by the treatment process

The daily risk of infection (Pi) was calculated using the
equation:

Removal efﬁciency of protozoans by the conventional treatment processes was modeled on the basis of a two-year

Pi ¼ 1  exp (k C IR 10TR )

(1)

classic study conducted by Nieminski & Ongerth ().
Giardia and Cryptosporidium (oo)cyst removal by ﬁltration
at a full-scale water treatment plant and a pilot plant both
operated under conventional treatment and direct ﬁltration
regimes. We considered only removal data from conventional treatment and grouped samples from both full-scale
and pilot plants, as Student’s t-test did not show signiﬁ-

where:
k ¼ dose–response model parameter;
C ¼ concentration of parasites ((oo)cysts/L);
IR ¼ ingestion rate (L/day);
TR ¼ log10 treatment removal.

cance between log10 removal means (p > 0.05). The log10

Monte Carlo simulation was performed using the R

removal efﬁciency yielded a normal distribution with

computing environment (R Core Team ), where each

mean and standard deviation ﬁtted from grouped raw

scenario consisted in drawing 365 values for k, C, IR,

data: (3.37, 0.62) for Giardia and (2.78, 0.67) for

TR and computing the corresponding value of Pi(j) accord-

Cryptosporidium.

ing to Equation (1). Annual risk of infection (Pa) is

Downloaded from https://iwaponline.com/ws/article-pdf/578419/ws019061823.pdf
by guest

1826

M. O. Bataiero et al.

|

Giardia and Cryptosporidium (oo)cysts in water and risk assessment

Pa ¼ 1 

|

19.6

|

2019

50 -AAG.GAG.TAA.GGA.ACA.ACC.TCC.A-30 (Xiao et al.

computed by:
365
Y

Water Supply

), which ampliﬁed a fragment of 826 bp. PCR cycling con(j)

[1  Pi ]:

(2)

j¼1

ditions were as described above, except for a 58  C annealing
temperature. Nested PCR ampliﬁed fragments were puriﬁed
using a commercial kit (Ilustra GFXTM PCR DNA and Gel

This procedure was repeated 50,000 times to provide

Band Puriﬁcation, GE® Healthcare, UK) and subjected to

the distribution of annual risk and the corresponding

sequencing in an external laboratory (Genomic Engenharia

values of empirical mean, median and 95-percentile. The

Molecular, São Paulo, Brazil). The 826 bp sequences were

uncertainties

via

aligned (Bioedit Sequence Alignment Editor) and subjected

correlation

to BLAST (Basic Local Alignment and Search Tool) analysis

coefﬁcient between each parameter and the computed

for comparison with available sequences of Cryptosporidium

infection risk.

in the GenBank database (http://www.ncbi-nml.nih.gov/

sensitivity

were

analysis,

evaluated
measuring

and

characterized

the

rank

genbank).
Giardia and Cryptosporidium genotyping
Molecular analysis of Giardia
Extraction of genomic DNA from Giardia cysts and Cryptosporidium oocysts was performed using the commercial
®

For conﬁrming the presence of assemblages A and B of

kit (Qiagen, Venlo, the Nether-

Giardia intestinalis the primers used were those described

lands) according to the instructions provided by the

by Ulloa-Stanojlović et al. (). For detecting the assem-

manufacturer with modiﬁcations in heating time with

blage A of G. intestinalis a 170 bp fragment from the gdh

buffer lysis, which was carried out at 95  C for 10 minutes

gene was ampliﬁed with the forward primer GiaAF 50 -

for all samples, and storage of puriﬁed DNA in a freezer at

CGG.GCT.ATG.GCG.CTG.TC-30 and the reverse primer

QIAamp DNA Stool Mini

GiaAR 50 -TTG.TCG.ACA.ATG.GTC.CCG.T-30 . For assemblage



20 C until the time of use.

B, a 143 bp fragment was ampliﬁed with the forward primer
GiaBBF 50 -GAT.ATT.GGC.GTC.GGC.GG-30 and the reverse

Molecular analysis of Cryptosporidium

primer

GiaBBR

50 -AGC.TCC.ATA.CCC.TGT.GGC.CT-30 .

Genotyping was performed by nPCR (nested polymerase chain

Reactions were performed using SYBER® Green Master

reaction) and sequencing, using speciﬁc primers based on the

Mix (Applied Biosystems®), with 5μL of template DNA to

18S rRNA gene for Cryptosporidium, followed by sequence

a ﬁnal volume of 25μL. Samples were ampliﬁed in One

analysis of the ampliﬁed product. Brieﬂy, the ﬁrst nPCR reac-

Step Plus – Real Time PCR System (Applied Biosystems™),

tion was performed using external primers: forward SCL150 -

using

CTG.GTT.GAT.CCT.GCC.AGT.AG-30

pre-established

conditions

for

SYBER®Green

CPB-

Reagent, fast run (40 minutes), followed by analysis of melt-

(Coupe

ing curves. In order to determine the speciﬁcity of real-time

et al. ), amplifying a fragment of approximately 1,035 bp.

PCR reactions in detecting G. intestinalis A and B, genomic

The reactions were incubated in a thermocycler (Mastercycler

DNA (gDNA) from other microorganisms was used as nega-

and

reverse

DIAGR50 -TAA.GGT.GCT.GAA.GGA.GTA.AGG-30



®

gradient, Eppendorf ), as follows: initial denaturation at 94 C

tive controls, including Cryptosporidium parvum, Giardia

for 5 minutes, followed by 40 cycles of denaturation at 94  C

muris, Escherichia coli and Ascaris suum. The detection



for 45 seconds, annealing at 60 C for 45 seconds, extension

ability of primers at different DNA concentrations (sensi-

at 72  C for 90 seconds, and a ﬁnal extension at 72  C for

tivity) was assessed by submitting to real-time PCR

10 minutes. For removing possible amplicon inhibitors,

reactions serial 10-fold dilutions of each target fragment con-

1,035 bp fragments were submitted to 10-fold dilutions

taining the sequences of speciﬁc sizes used in the assays. The

(1:10, 1:100, 1:1,000 and 1:10,000). The second reaction

whole validation procedure was performed in accordance

was

performed

using

internal

primers:

forward

0

5-

GGA.AGG.GTT.GTA.TTT.ATT.AGA.TAA.AG-30 and reverse
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compared with Giardia (Table 1). Figure 1 presents the
sensitivity analysis of simulated parameters for annual

Giardia were detected in 83.3% (40/48) of the samples from

risk for both parasites, in which parasite concentration

the catchment point before the DWTP, with concentrations

and removal efﬁciency play the main role in risk

ranging from < 0.1 to 8.6 cysts/L (Table S1), while for Cryp-

computation.

tosporidium it was 37.5% (18/48) with concentrations from

Giardia intestinalis genotype A was detected in 33.4%

<0.1 to 2 oocysts/L (Table S2). (Tables S1 and S2 are avail-

(16/48) and genotype B in 16.6% (8/48) of all the samples

able with the online version of this paper.)

analyzed; both were detected in the same sample on three

Giardia and Cryptosporidium concentration data were

occasions, and, when combined, were observed in almost

adjusted. For both parasites the log-normal distribution

half of the samples (21/48) (Table S1). Other genotypes

yielded the best ﬁtting, with mean and standard deviation

besides A and B could be present but the focus of this

(SD) of 1.05 and 2.2 cysts/L for Giardia and 0.15 and 0.33

study was on the G. intestinalis genotypes A and B.
Regarding Cryptosporidium, out of 48 water samples

oocyst/L for Cryptosporidium.
The distribution of the estimated annual risk of infection

analyzed by nPCR, the parasite was detected in 37.5%

(mean, median and 95-percentile) by direct ingestion of

(18/48) (Table S2), in which it can be observed that

treated water in adults (over 21 years old) and children

C. hominis was identiﬁed in four samples and C. parvum

(under 5 years old) is shown in Table 1.

in ﬁve samples, but at different times. All these sequences

Results show that annual risk values for adults were
lower

Table 1

by

|

around

1 log

for

Cryptosporidium

when

were deposited in GenBank under Accession Numbers
KX151732 and KX151740.

Mean, median and 95th percentile of annual risk of infection pppy (per person per year) by Giardia and Cryptosporidium in adults (over 21 years old) and children (under 5 years
old) by direct ingestion of treated water, 2013–2014

Adults
Annual risk of infection (Pa)

Children

Mean

Median
2

95th percentile
2

2

Giardia

1.3 × 10

1.3 × 10

1.9 × 10

Cryptosporidium

2.2 × 103

2.0 × 103

3.6 × 103

Figure 1

|

Mean

4.1 × 10

Median
3

6.3 × 104

95th percentile
3

7.5 × 103

5.3 × 104

1.2 × 103

3.6 × 10

Sensitivity analysis of the simulated parameters for annual risk of infection by Giardia and Cryptosporidium due to ingestion of drinking water.
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The removal of Giardia and Cryptosporidium in conventional water treatment may be insufﬁcient to ensure

The presence and concentration of (oo)cysts of Giardia and

infection risk reduction by these pathogens, and the need

Cryptosporidium at the intake point of a DWTP reinforces

is evident to prevent the degradation of water sources and

the data published by other studies conducted in urban

to establish a risk management process for providing more

streams in Brazil (Fernandes et al. ; Sato et al. )

effective sanitary barriers, from the catchment to the tap.

and sets a worrying scenario, which represents a health

It is crucial that there is integrated management and collab-

risk to the exposed population.

oration among the multiple agencies that have responsibility

It is interesting to note that, throughout the year, para-

for speciﬁc aspects of the water cycle, such as the environ-

sites were found frequently. A plausible explanation is the

mental agency and the surveillance institutions, advancing

fact that sources of contamination were identiﬁed during

beyond potability and the operational characteristics of the

the collection campaigns as launching sewage from a state

supply system.

penitentiary and from an irregular settlement established

The lack of an established tolerable annual risk value for

along the mainstream of the river. The samples of water col-

Brazil leads us to use the USEPA’s values for comparison.

lected at this period presented high values of turbidity

Comparing with USEPA’s annual tolerable risk (1 × 104)

(varying from 6 to 505 uT) indicating high organic load,

the values found in this study are higher by approximately

probably due to the rough treatment given to the sewage

1 log unit.

generated by the state penitentiary, which consists of

Regarding the impact on the population’s health, if it is

grating, decantation and ﬂotation. It is often veriﬁed that

assumed that the frequency of disease followed by infection

there are leakages of raw sewage towards to the river,

is in the range of 50% to 67% for Giardia and 40% to 70%

impacting the water quality and consequently the DWTP

for Cryptosporidium (Haas et al. ), we would have,

operation, which is about one mile away. At the beginning

respectively, about six and two cases of giardiasis and

of September 2013, there was observed to be an overﬂow

cryptosporidiosis in 1,000 adults (over 21 years) per year.

of the sewage treatment plant (STP) of the penitentiary, lead-

In children under 5 years, we would have, approximately,

ing to an increase in the use of chemical products by the

one case of giardiasis and cryptosporidiosis in 1,000

DWTP, which was operated in contingency during this

children each year.

period, even paralyzing its operation for several hours. The

Another aspect addressed in this study was the detection

vulnerability of treatment plants was pointed out by

of the presence of genotype and species of protozoa in

Burnet et al. (), when there are peaks of contamination

source water samples capable of causing ADD: in the case

in water supply.

of Giardia, almost half of the samples (21/48) were charac-

Regarding the annual risk estimates, the values found

terized as G. intestinalis (genotypes A and B) (Table S1)

were high (Table 1) and the sensitivity analysis (Figure 1)

and, in the case of Cryptosporidium, 18.75% (9/48) were

highlights the urgency for addressing strategies for source

successfully sequenced and characterized as C. parvum

water protection and set targets for water treatment. The

and C. hominis (Table S2). Previous studies detected geno-

need is evident for a water safety plan (WSP) implemen-

types of G. intestinalis and species of Cryptosporidium,

tation with a multiple barriers approach to prevent,

such as Araújo et al. (), whose results showed the pres-

reduce, eliminate or minimize water contamination. Think-

ence of C. hominis, C. meleagridis and C. andersoni in

ing from the perspective of the WSP it is necessary to

water sources; and Fernandes et al. () that reported Giar-

improve the epidemiological surveillance of waterborne dis-

dia intestinalis, genotypes A and B, in several sources of

eases in Brazil that would permit the establishment of

water.

tolerable risk values for setting up priorities to improve the

Also, the lack of a systematic epidemiological notiﬁca-

quality of water catchment sources and to improve health

tion of the etiological agents of the ADD is a reality in

protection.

Brazil, making it difﬁcult to establish a direct relationship
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between the presence of these pathogenic protozoa and the
occurrence of ADD in the studied area.
The genotyping/speciation analysis brought important
information that may indicate contamination of water
sources with genotypes/species affecting human health. It
is noteworthy that separate samples were collected for this
analysis (one for Method 1623 and one for the molecular
methods) and this may limit the link between the two
types of data generated from these two separated samples,
given the heterogeneity in the water column.

CONCLUSIONS
This study pointed out the human health concerns of Giardia
and Cryptosporidium circulating in the drinking-water
catchment. Besides that, the results obtained showed elevated risk infection and illness caused by these parasites
through the ingestion of (oo)cysts from drinking water,
extrapolating risk levels considered not tolerable by the
USEPA. This scenario is of concern for sanitary, environmental and health authorities, both from the perspective of
treatment and drinking-water supply, and also the degradation and contamination of the watershed, indicating that
to set a tolerable risk it would be beneﬁcial for policy
makers to deﬁne priority strategies in order to protect
water sources and furthermore human health.
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