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Abstract

Considered a zoonosis of utmost importance, cryptosporidiosis has a worldwide distribution and can 
infect mammals, birds, reptiles, and amphibians. It is caused by a highly resistant protozoan present 
in the environment and can cause death in immunosuppressed individuals and pups, as well as in 
farm animals such as cattle and sheep, generating losses. The aim of this study was to investigate 
the presence of Cryptosporidium spp. in sheep feces from the farms of Western Paraná, which have 
different management styles, and compare the results with their respective management methods. One 
hundred and forty-four stool samples were collected (69 from Property 1 and 75 from Property 2) and 
analyzed using a fecal smear on slides after staining by the modified Ziehl-Neelsen method. Samples 
tested positive by this method were subjected to nested PCR and the products obtained were sent for 
sequencing to determine the species. While 82.60% of the samples from Property 1 were tested positive, 
only 36% of the samples from Property 2 were tested positive. On analyzing the sequencing data, it 
was observed that the Cryptosporidium species of samples from Property 1 showed high similarity 
to Cryptosporidium xiaoi and those from Property 2, to Cryptosporidium ubiquitum. The reason for 
divergence in results can be attributed to differences in management systems adopted by each property, 
thus showing the importance of detecting carrier animals, as they can contaminate the environment, 
especially the water sources, and spread the disease to humans and other animals.
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Resumo

Considerada uma zoonose de extrema importância, a cryptosporidiose possui distribuição mundial 
e pode infectar mamíferos, aves, répteis e anfíbios. É causada por um protozoário muito resistente 
no ambiente, podendo gerar mortes em indivíduos imunossuprimidos e filhotes, principalmente em 
animais de produção como bovinos e ovinos, gerando prejuízos. O objetivo desse trabalho foi pesquisar 
a presença de Cryptosporidium spp. em fezes de ovinos de propriedades rurais do Oeste do Paraná, 
que possuem manejos diferenciados e comparar os resultados encontrados com o respectivo manejo. 
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Foram coletadas 144 amostras de fezes, sendo 69 da Propriedade 1 e 75 da Propriedade 2, analisadas 
pelo esfregaço de fezes em lâminas após a coloração pelo método de Ziehl-Neelsen modificado. 
As amostras positivas por esse método foram submetidas à Nested-PCR sendo os produtos obtidos 
enviados ao sequenciamento para a determinação da espécie. A Propriedade 1 apresentou positividade 
em 82,60% das amostras, enquanto a Propriedade 2 obteve 36% de amostras positivas. Foi encontrada 
alta similaridade para Cryptosporidium xiaoi na primeira propriedade e Cryptosporidium ubiquitum na 
segunda propriedade. A divergência nos resultados pode ser comprovada pela diferente forma de manejo 
adotada em cada propriedade, mostrando a importância de detectar os animais portadores, uma vez que 
estes podem contaminar o meio ambiente, especialmente os cursos d’água, e promover a disseminação 
da doença para outros animais e para o homem.
Palavras-chave: Cryptosporidium ubiquitum. Cryptosporidium xiaoi. Nested-PCR. Ovinos. Ziehl-
neelsen.

Introduction

Protozoa of the genus Cryptosporidium 
(Eucoccidiorida: Cryptosporiidae) are obligate 
intracellular parasites, affecting mainly the intestinal 
epithelial cells, but can also infect the urinary 
and respiratory tracts of the host (XIAO; FAYER, 
2008). They usually cause enteric injury, leading 
to diarrhea due to bad absorption, which can be 
observed through the clinical signs of the disease-
dehydration, abdominal pain, apathy, anorexia, 
and progressive weight loss (JERVIS et al., 1966; 
ODONOGHUE, 1995).

Diarrhea, the main symptom, is usually associated 
with individuals who are young, immunosuppressed, 
or both. In sheep, clinical signs are more common 
in animals between six and 28 days old (ORTEGA-
MORA; WRIGHT, 1994; MARTINEZ et al., 2001; 
QUILEZ et al., 2003).

Considered a zoonosis of utmost importance, 
cryptosporidiosis has a worldwide distribution and 
can infect about 170 species of animals including 
mammals, birds, reptiles, and amphibians (SANTÍN, 
2013; XIAO; FAYER, 2008; BOUZID et al., 2013). 
Currently, about 26 species of Cryptosporidium spp. 
have been established (ICZN) and 40 genotypes that 
infect humans, animals, or both, described (RYAN 
et al., 2014; SLAPETA, 2013).

Cryptosporidiosis ranked fifth among the 24 
most important parasites transmitted by food, in the 
global ranking published in 2012 by the Food and 
Agriculture Organization (FAO) and World Health 

Organization (WHO) (FAO/WHO, 2014). The 
primary medium of transmission is through drinking 
contaminated water and proximity to humans and 
infected animals. Currently, the importance of 
this genus to human and animal health has been 
underestimated (RYAN et al., 2014).

Material and Methods

The Ethics and Animal Use Committee (EAUC), 
UFPR, Palotina, approved the project under the 
Protocol 14/2014.

One hundred and forty-four stool samples were 
collected directly from the rectum of sheep from 
two sheep farms in western Paraná-69 samples 
from Property 1 and 75 samples from Property 2. 
Property 1 is located in the city of Cascavel, Paraná, 
Brazil, and has approximately 75 animals in semi-
extensive management. Property 2 is located in the 
city of Toledo (30 km away from Property 1) in the 
same state and has approximately 200 sheep, again 
in semi-extensive management.

The samples were placed in clean containers 
with screw caps, and labeled with the animal 
number, age, sex, and stool appearanceconsistency. 
The samples were kept refrigerated until processing, 
which occurred on the same day of collection.

In the laboratory, about 5 g of feces was diluted 
in 40 ml of water and passed through a sieve gauze 
to remove the solid particles. Next, a small sample 
of the liquid was centrifuged for 2 minutes at 2,500 
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rpm, and the supernatant discarded. Slides were 
prepared using the pellet.

After drying, modified Ziehl-Neelsen staining 
method was performed (ORTOLANI, 2000). The 
slides were examined under the oil immersion 
objective lens of a light microscope, with a total 
magnification of 1000 x.

Genomic DNA extraction and Polymerase Chain 
Reaction (PCR) were performed for the samples 
tested positive by the modified Ziehl-Neelsen 
method for Cryptosporidium spp.

The Macherey-nagel NucleoSpin Tissue 
commercial kit was used for genomic DNA 
extraction. Next, a double polymerase chain reaction 
(nested PCR) was performed, according to the 
protocol described by Macarisin et al. (2010), but 
without bovine serum albumin (BSA). The amplified 
products were visualized by electrophoresis on a 
1.5% agarose gel.

Two samples were selected, one from each 
property, for sequencing the genetic material. 
The sequencing of the samples was carried 
out by ACTGene Analysis Molecular Ltda. 
(Biotechnology Center, UFRGS, Porto Alegre, 
RS) using the automated sequencer AB 3500 
Genetic Analyzer, equipped with capillaries of 
50 cm and POP7 polymer (Applied Biosystems). 

The DNA templates were labeled using 2.5 
pmol each of primers XIA2F and XIA2R 
(5′-GGAAGGGTTGTATTTATTAGATAAAG-
3′/5′-AAGGAGTAAGGAACAACCTCCA-3′) 
and 0.5 µL of the BigDye Terminator v3.1 Cycle 
Sequencing Standard reagent (Applied Biosystems) 
in a final volume of 10 µL. The labeling reactions 
were performed in a thermocycler LGC XP Cycler 
with an initial denaturation step at 96°C for 3 min 
followed by 25 cycles of 96°C for 10 s, 55°C for 5 s, 
and 60°C for 4 min. Once labeled, the samples were 
purified by precipitation with 75% isopropanol 
and washing with 60% ethanol. The precipitated 
products were diluted in 10 µL of Hi-Fi formamide 
(Applied Biosystems), denatured at 95°C for 5 
min, cooled on ice for 5 min, and electro injected 
into an automated sequencer. The sequencing data 
were collected using the Data Collection 2 program 
(Applied Biosystems) with parameters Dye Set “Z”; 
Mobility File “KB_3500_POP7_BDTv3.mob”; 
BioLIMS Project “3500_Project1”; Run Module 
1 “FastSeq50_POP7_50cm_cfv_100”; e Analysis 
Module 1 “BC- 3500SR_Seq_FASTA.saz”.

Results and Discussion

Of the 144 samples of sheep feces analyzed for 
Cryptosporidium spp., 85 were positive (Figure 1), 
which equals to a percentage of 59%. 

Figure 1. A) oocyst of Cryptosporidium spp. in blade sheep feces, stained by modified Ziehl-Neelsen method, increased 
1000X; B) nested PCR positive for Cryptosporidium spp. 1: molecular size marker (1kb); 2: positive control; 3, 4 and 
5: positive field samples; 6: Negative field sample; 7: negative control.
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Samples were collected from two properties of same sheep production way and aim. In Property 1, 

82.60% (57/69) of the samples were positive for the parasite, while Property 2 had a lower percentage of 
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Samples were collected from two properties of 
same sheep production way and aim. In Property 1, 
82.60% (57/69) of the samples were positive for the 

parasite, while Property 2 had a lower percentage of 
samples tested positive – 36% (27/75) – as shown 
in Table 1.

Table 1. Results of samples of feces in sheep for the diagnosis of Cryptosporidium spp.

Pasty Positives Negatives TotalNormal Pasty Normal

Property 1 43 14 7 5 69Total 57 (82,60%) 12 (17,39%)

Property 2 8 19 6 42 75Total 27 (36,00%) 48 (64,00%)

There was a significant difference in the results 
found when both properties were compared. This 
can be explained by the different management 
practices of the animals in the properties; although 
both use the semi-extensive system with grazing 
feeding and feed in the trough, there is a clear 
difference in hygiene, organization, and care for the 
animals. Additionally, in Property 2, the mother is 
separated from the lambs, unlike in Property 1, and 
this measure is important in controlling parasitic 
infections, especially cryptosporidiosis.

Martinez et al. (2001) also related the occurrence 
of the parasite in sheep with properties that have 
poor infrastructure, where they found that 87% of 
the lambs tested positive for the parasite.

The frequency of the parasite found in both the 
properties is higher than that reported by several 
authors such as Olson et al. (1997), Castro-Hermida 
et al. (2007), Silva (2009), Tembue et al. (2006), 
Féres et al. (2009), and Maurya et al. (2013). 
However, Property 1 showed a very high frequency 
when compared to those studies. Santín and Fayer 
(2007) found that 77.4% of the sheep from a farm in 
Maryland were positive for Cryptosporidium spp., 
a percentage similar to the one found at Property 1, 
indicating the easy transmission of the parasite in 
precarious hygiene conditions.

The fecal samples were classified by their 
consistency, divided into pasty and normal stool; 

none of the samples showed a diarrheal aspect. 
Out of the 84 positive samples, 60.71% showed 
pasty consistency. Causapé et al. (2002), Zucatto 
et al. (2015) also found a higher percentage of 
Cryptosporidium in pasty feces of sheep.

As there were few samples collected from males 
(5/69 and 0/75) and lambs (7/69 and 0/75), these 
data are irrelevant to the research. However, there 
are many adult females releasing the parasite’s 
oocysts into the environment, without showing 
clinical signs. These are potential disseminators of 
the disease among animals, especially to the young, 
as in the case of Property 1, as well as among 
humans. Several authors support this finding, 
making it necessary to separate the animals in 
maternity (SMITH et al., 2010; ORTEGA-MORA; 
WRIGHT, 1994).

After sequencing the samples, it was possible 
to identify different species circulating in each 
of the properties. The species from Property 1 
showed high similarity to C. xiaoi and those from 
Property 2, to C. ubiquitum. Since only one sample 
from each property was sequenced in this study, it 
cannot be concluded that this is the only species 
of Cryptosporidium parasitizing the animals, and 
other species of the protozoa may be circulating 
in the environment. There are several species of 
Cryptosporidium that parasitize sheep, but the 
most prevalent are C. xiaoi, C. ubiquitum, and C. 
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parvum; the first is commonly found in Australia; 
the second, in America and Asia; and the third, in 
Europe (RYAN et al., 2014; YE et al., 2013).

C. xiaoi was first described in sheep in 2009 
(FAYER; SANTIN, 2009). Previously, it was 
known as C. bovis-like and was found in sheep in 
the United States (SANTÍN et al., 2007), Spain 
(NAVARRO-I-MARTINEZ et al., 2007), Tunisia 
(ELWIN; CHALMERS, 2008), United Kingdom 
(MUELLER-DOBLIES et al., 2008), China 
(WANG et al., 2010; YE et al., 2013), Norway 
(ROBERTSON et al., 2010), Australia (SWEENY 
et al., 2011), and Egypt (MAHFOUZ et al., 2014). 
In Brazil, the first report of this parasite in sheep was 
recorded in São Paulo in 2015, where it was found 
infecting 5- to 360-day-old sheep (ZUCATTO et 
al., 2015). In this study, the protozoa were found in 
adult sheep of approximately 3 years of age. 

The first report of C. xiaoi in humans was in 
patients with HIV/AIDS in Ethiopia (ADAMU et 
al., 2014), where sheep may have been an important 
source for spreading this parasite to the human 
population; there is constant and periodic contact 
of feeders with the animals and possible sources of 
disease transmission such as water and food.

C. ubiquitum has the largest number of hosts 
among the Cryptosporidium species (FAYER et 
al., 2010). It was detected in sheep in Australia 
(SWEENY et al., 2011; RYAN et al., 2005; YANG 
et al., 2009), United States (SANTÍN; FAYER, 2007; 
SANTIN et al., 2007), Belgium (GEURDEN et al., 
2008), China (WANG et al., 2010), Spain (DIAZ 
et al., 2010), Norway (ROBERTSON et al., 2010), 
UK (ELWIN; CHALMERS, 2008; MUELLER-
DOBLIES et al., 2008), and other countries. In Brazil, 
this species of Cryptosporidium has been detected by 
Fiuza et al. (2011) in the State of Rio de Janeiro and 
by Silva et al. (2014) and Zucatto et al. (2015) in São 
Paulo. Zucatto et al. (2015) found this species in 5- 
to 180-day-old sheep, however in this study it was 
found in a sheep approximately 2.5 years old.

Recently, sheep have also been implicated as 
a potential source of infection of C. ubiquitum in 

humans (LI et al., 2014). Cases of human infection 
have been reported in Canada (ONG et al., 2002; 
WONG; ONG, 2006; TROTZ-WILLIAMS et al., 
2006), New Zealand (LEARMONTH et al., 2004), 
United States (FELTUS et al., 2006; BLACKBURN 
et al., 2006), United Kingdom (LEONI et al., 2006; 
CHALMERS et al., 2009), and Slovenia (SOBA 
et al., 2006), among others. The lack of specificity 
and habitat probably contribute to the widespread 
distribution of the parasite; the protozoan is 
routinely found in clear waters, and several animal 
species release oocysts into the environment 
(JIANG et al., 2005).

As there was a high percentage of animals positive 
for the parasite and considering that Cryptosporidium 
is a parasite that is not constantly eliminated, this 
percentage may be even higher; hence, preventive 
measures should be adopted in both properties 
to prevent contamination of new animals and 
human beings. Basic measures should be taken for 
improving sanitation in the facilities, bettering water 
treatment, and separating female sheep in pre-natal 
and maternity stage from the lambs.

Conclusion

A high percentage of Cryptosporidium sp. was 
found in sheep from both properties, but Property 
1 had a higher percentage of infected sheep, 
suggesting that sanitary and preventive measures 
should be adopted to prevent the spread of the 
parasite. The presence of C. xiaoi was detected in 
Property 1 and C. ubiquitum, in Property 2.
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