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Abstract
Cattle are an important source of zoonotic species of Cryptosporidium for humans. The aim of this study was 
to investigate the presence of Cryptosporidium, identify the species and determine the risk factors relating to 
environment, animals and management among dairy calves in eight Brazilian states. A total of 408 fecal samples 
from calves aged 1-60 days were analyzed. An epidemiological questionnaire was completed. Sample screening was 
performed using Ziehl-Neelsen technique and the positive samples were subjected to nested PCR. Cryptosporidium 
species were identified by means of the PCR-RFLP technique, using SSPI, ASEI and MBOII enzymes. The Ziehl-Neelsen 
technique showed that 89.7% (35/39) of the farms and 52.9% (216/408) of the samples were positive. Through nested 
PCR, these protozoa were detected in 54.6% of the samples. The 56 samples subjected to PCR-RFLP presented 
Cryptosporidium parvum. There was higher prevalence of the parasite in animals aged 7 to 28 days (62.6%). Diarrhea, 
ages between seven and 28 days and a spring water source were factors associated with the risk of infection. The 
calf hutch-type management system was associated with reduced infection. These findings demonstrate the high 
level of Cryptosporidium spp. circulation in cattle herds and the predominance of the species C. parvum.
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Resumo
O gado é uma fonte importante de espécies zoonóticas de Cryptosporidium para o homem. O objetivo deste estudo 
foi investigar a presença de Cryptosporidium, identificar a espécie e determinar os fatores de risco relacionados 
ao meio ambiente, aos animais e ao manejo em bezerros leiteiros em oito estados brasileiros. Um total de 408 
amostras fecais de bezerros, com idade entre 1 e 60 dias, foram analisadas. Um questionário epidemiológico 
foi preenchido. A triagem das amostras foi realizada pela técnica de Ziehl-Neelsen, e as amostras positivas 
foram submetidas à “nested” PCR. As espécies de Cryptosporidium foram identificadas pela técnica de PCR-RFLP, 
utilizando-se as enzimas SSPI, ASEI e MBOII. A técnica de Ziehl-Neelsen mostrou que 89,7% (35/39) das fazendas 
e 52,9% (216/408) das amostras foram positivas. Por meio de nested PCR, esses protozoários foram detectados 
em 54,6% das amostras. As 56 amostras submetidas à PCR-RFLP apresentaram Cryptosporidium parvum. Houve 
maior prevalência do parasita em animais de 7 a 28 dias (62,6%). Diarreia, idade entre sete e 28 dias, e fonte de 
água mineral foram fatores associados ao risco de infecção. O sistema de manejo do tipo “casinha” para bezerros 
foi associado à redução da infecção. Esses achados demonstram o alto nível de Cryptosporidium spp. em circulação 
nos rebanhos bovinos e o predomínio da espécie C. parvum.

Palavras-chave: Fatores de risco, Cryptosporidium parvum, bovinos de leite, Brasil.
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Introduction
Cryptosporidium spp. are the causative agents of cryptosporidiosis, an important zoonosis that affects both 

humans and animals, with worldwide distribution (Chalmers & Davies, 2010). Their oocysts are highly resistant to 
environmental conditions and disinfectants, including chlorine and most compounds used for water treatment 
(Duhain et al., 2012). This resistance allows these protozoa to remain viable for long periods in the environment 
and in water (Thompson et al., 2008).

Nearly 40 species of Cryptosporidium are known and about 20 of them have been reported in humans, among 
which Cryptosporidium hominis and Cryptosporidium parvum are responsible for most infections (Ryan et al., 2014; 
Khan et al., 2018; Ryan et al., 2018). Several species of Cryptosporidium have been found verified in cattle, but 
C. parvum, Cryptosporidium andersoni, Cryptosporidium bovis and Cryptosporidium ryanae have been most frequently 
identified. Cattle are important reservoirs for these parasites, contributing to environmental contamination and 
can host the zoonotic species C. parvum (Xiao, 2010; Holsback et al., 2018).

Cryptosporidium parvum mainly affects cattle between one and three weeks of age (Langoni  et  al., 2004; 
Cruvinel et al., 2020). However, animals older than one month and adults can also be affected by other species 
of Cryptosporidium (Meireles, 2010; Toledo et al., 2017; Díaz et al., 2021). Infection occurs via the fecal-oral route, 
either directly or indirectly (Ryan et al., 2014). Humans and animals become infected through direct contact with 
infected people and animals (Xiao, 2010), or through contact with manure, contaminated water or contaminated food 
(Mawly et al., 2015). Animals affected by cryptosporidiosis develop diarrhea, dehydration and growth retardation, 
and their condition may progress to severe enteritis or even to death (Fayer et al., 1990).

The rate of occurrence of cryptosporidiosis is usually higher in dairy cattle due to the intensive rearing system, 
which favors contact between animals and increases transmission of the parasite (Martins-Vieira et al., 2009). In Brazil, 
its prevalence ranges from 3% to 64% (Feitosa et al., 2004; Oliveira et al., 2007; Sevá et al., 2010; Meireles et al., 2011; 
Silva et al., 2011; Lima et al., 2013; Silva et al., 2013; Coelho et al., 2016; Toledo et al., 2017; Holsback et al.,-2018; 
Cruvinel et al., 2020). Most of these studies were conducted in states where herds are mainly composed of dairy cattle, 
i.e. in Rio Grande do Sul, Paraná, Santa Catarina, Minas Gerais and Goiás (IBGE, 2017). The presence of this parasite in 
herds leads to significant economic losses, including the cost of treatment; reduced feed conversion with consequent 
lower growth rate; lower production; and losses due to animal death (Gunn & Stott, 1997; Jacobson et al., 2018).

The objective of this study was to evaluate the presence and identify the species of Cryptosporidium in dairy 
calves in herds in eight Brazilian states and determine possible factors associated with infection.

Material and Methods

Sampling and epidemiological questionnaire
From July 2016 to June 2017, 408 fecal samples were obtained from calves aged between one and 60 days. 

These samples were received from 39 dairy cattle farms, from a total of 40,612 animals that were symptomatic 
or asymptomatic regarding diarrhea. All of these farms had a history of diarrhea in young calves. The farms were 
located in 33 municipalities in eight states in the southern, southeastern, northeastern and central-western regions 
of Brazil. The states selected for this survey account for 80% of the country’s milk production (IBGE, 2017).

Animals on these farms were selected randomly and feces were obtained from the selected animals by a 
veterinarian, taken directly from the rectum using sterile plastic gloves. These samples were stored at 4 °C. 
An epidemiological questionnaire was completed by a person who was responsible for the herd on each farm. 
This contained questions relating to the environment (water source; and different species in the same place); 
management (husbandry system for cows and calves; dairy feeding systems; weaning age; and milk supply); sanitary 
and reproductive management (quarantine; herd replacement; and reproductive system); characteristics of the 
animals (age and sex); and samples sent (characteristics of the animals’ feces).

Staining, storage and diagnosis
The samples were screened using the modified Ziehl-Neelsen technique (Henriksen & Pohlenz, 1981) on fecal 

smears, which were then read under an optical microscope with 40x objective lens. Samples that were positive 
for the presence of Cryptosporidium spp. were classified according to the number of oocysts, such that one cross 
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meant up to three oocysts observed per slide; two crosses meant up to five oocysts per field; three crosses meant 
five to 10 oocysts per field; and four crosses meant more than 10 oocysts per field (Robert et al., 1990). Afterwards, 
positive samples were placed in 2 mL microtubes and stored at -20 °C.

DNA extraction
All Ziehl-Neelsen-positive samples were subjected to further molecular analysis, in which DNA was directly 

extracted from fecal samples using a commercial kit (NucleoSpin Tissue®, Macherey-Nagel, Düren, Germany). This 
was done following the protocol recommended by the manufacturer for fecal samples, but with the addition of 
three cycles of freezing (-80 °C for 10 min) and thawing (56 °C for 5 min) before the lysis step, in order to promote 
rupture of the oocysts (Wells et al., 2015).

Nested Polymerase Chain Reaction (nPCR)
Fragments of interest from the 18SSU rRNA gene, containing 823 to 840 base pairs, were amplified using 

nested PCR (nPCR). The following mixture was used in the first reaction: 1x Invitrogen® PCR buffer; 200 μM of 
dNTPs; 2.5 mM of MgCl2; 400 nM of each primer (forward and reverse); 1.25 U of Platinum® Taq DNA polymerase; 
400 ng of nonacetylated bovine serum albumin (BSA); 2.0 μL of extracted DNA; and ultrapure water to complete 
the volume up to 25 μL. The product of the first reaction was diluted in 50 µL of ultrapure water to prepare for 
the second reaction. In the second reaction, the forward primer 5′-GGAAGGGTTGTATTTATTAGATAAAG-3′ and the 
reverse primer 5′-AAGGAGTAAGGAACAACCTCCA-3’ were used, following the same protocol used in the first reaction. 
The amplification conditions for both reactions were as follows: 5 minutes at 95 °C, followed by 35 cycles of 45 s 
at 94 °C (denaturation), 45 s at 55 °C (annealing), 60 s at 72 °C (extension) and 5 minutes at 72 °C (final extension) 
(Xiao et al., 2001). Ultrapure water was used as a negative control, and C. parvum DNA was used as a positive control.

The nPCR products were subjected to electrophoresis on 1.5% agarose gel (Agarose, LGC Biotechnology) stained 
with SYBR Safe® (SYBR Safe, Invitrogen, Waltham, MA, USA). The bands were read in a photodocumenter under 
ultraviolet light excitation.

PCR-RFLP
To characterize Cryptosporidium species, samples that were found to be positive through nPCR, with the degree 

of positivity in the Ziehl-Neelsen technique of three or four crosses, were selected for the restriction fragment 
length polymorphism (RFLP) technique. The enzymes used to cleave the product from the second nPCR reaction 
were SSPI, ASEI and MBOII (Feng et al., 2007; Xiao et al., 1999). The reactions were carried out using a mixture of 
5 µL of the DNA product, 1X NEB® buffer, 5U of the restriction enzymes SSPI and MBOII, 6U of the enzyme ASEI 
and ultrapure water to make up a total volume of 20 µL. The cleavage time was two hours at 37 °C and 15 minutes 
at 65 °C, for enzyme inactivation. Afterwards, the reactions were subjected to electrophoresis on 2.5% agarose gel 
stained with SYBR Safe® and were photodocumented. Subsequently, the band patterns obtained were compared 
with images contained in the Cryptodb database (http://www.cryptodb.org).

Statistical analysis
For the purpose of screening the variables for entry into the simple and multiple logistic regression model, bivariate 

exploratory analysis was performed using Yates-corrected chi-square or Fisher’s exact tests. The significance level used 
for selecting variables for the multiple model was 20%. With these selected variables, the final model was obtained 
by means of multiple logistic regression analysis with a significance level of 5%. For the univariate and multivariate 
analyses, the EpiInfo™ epidemiological and statistical package (version 7.2.2.6; CDC, Atlanta) was used, and the strength 
of the association was estimated by means of odds ratios (ORs) and their respective 95% confidence intervals (CI).

Results
Out of all the 408 samples, Cryptosporidium was detected in 52.9% (216/408) of the samples screened. The parasite 

was found on 89.7% (35/39) of the farms. Among the samples that were found to be positive through screening 
with the Ziehl-Neelsen technique, molecular analysis was done using nPCR and 54.6% (118/216) of them presented 
Cryptosporidium DNA (Figure 1).
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Regarding the locations of the farms, the samples originated predominantly from the southeastern and southern 
regions, which accounted for 56.4% and 33.3% of the farms analyzed, respectively. The average herd size was 
1,041 (± 1,057; range 80-4,200); 78.9% of the farms reported having milk production greater than 250 liters/day; 
and on 82.0% of them the weaning age was between 60 and 90 days. In 74.4% of the farms, new animals inserted 
into the herd had origin in the own farm. Also on 74.4% of the farms, use of an artesian well as a source of water 
for the animals was reported. Among the calves, 71.5% of them were aged between seven and 28 days, and 86.1% 
were female. Presence of diarrhea was described in 53.7% of the animals (Table 1).

Among the variables analyzed from the epidemiological questionnaire applied, a spring water source, diarrhea, 
age between 7 and 28 days and the production system were factors associated with the presence of Cryptosporidium 
(Table 2).

Among the 118 nPCR-positive samples, 56 were selected for characterization of the Cryptosporidium species by 
means of the RFLP technique, according to the degree of positivity in the Ziehl-Neelsen technique (three or four 
crosses). All the samples analyzed were compatible with C. parvum.

Discussion
This study demonstrated that Cryptosporidium is present in many Brazilian states, with overall frequencies 

similar to or higher than in other studies around the world (Cruvinel et al., 2020; Holsback et al., 2018; Toledo et al., 

Figure 1. Frequency of Cryptosporidium spp. in dairy calves with diarrhea in Brazil and its states, diagnosed by means of Ziehl-
Neelsen and nPCR, from July 2016 to June 2017. Note: A – Map of Brazil showing the relative representativity of n fecal samples 
according to its states, considering N to be the total number of samples collected. B – Map of Brazil showing the frequency of 
Cryptosporidium spp. in fecal samples through Ziehl-Neelsen diagnosis, relative to all samples obtained in the country, organized 
according to its states. C – Map of Brazil showing the frequency of Cryptosporidium spp. in fecal samples through Ziehl-Neelsen 
diagnosis, relative to its states. D – Map of Brazil showing the frequency of Cryptosporidium spp. in fecal samples through nPCR 
diagnosis, relative to its states. States: CE – Ceará; GO – Goiás; MG – Minas Gerais; SP – São Paulo; RJ – Rio de Janeiro; PR – Paraná; 
SC – Santa Catarina; RS – Rio Grande do Sul.
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2017; Coelho et al., 2016; Delafosse et al., 2015; Díaz-Lee et al., 2011). The variations in the frequencies observed 
between the studies may be associated with age, sample size, management practices, study design or different 
diagnostic techniques (Hatam-Nahavandi et al., 2019).

In the present study, all the farms analyzed reported having presence of diarrhea in their dairy herds and, when 
evaluated for the presence of Cryptosporidium, 89.7% (35/39) of the farms showed a positive result. Although it is 
not possible to conclude that on these farms, Cryptosporidium was the only causative agent of diarrhea, we would 

Table 1. Simple logistic regression analysis on the association of exposure variables with presence of Cryptosporidium spp. 
oocysts, evaluated using the Ziehl-Neelsen technique, in fecal samples from calves on dairy farms in eight states in Brazil (samples 
collected from July 2016 to June 2017).

Exposition Variables Positive Samples/Total 
(%) OR (CI95%) p-value

Region

Southeast 150 / 266 (56.4) - 0.150

South 37 / 83 (44.6) -

Northeast 15 / 35 (42.8) -

Midwest 14 / 24 (58.3) -

Milk Production

Up to 50 liters / day 27 / 56 (48.2) - 0.563

>250 liters / day 180 / 337 (53.2) -

Age Range

0-|7 days* 25 / 107 (23.4) 1

7-|28 days 174 / 278 (62.6) 5.2 (3.3-9.1) <0.001

>28 days 3 / 4 (75.0) - -

Gender

Female 180 / 330 (54.5) 1.3 (0.7-2.4) 0.394

Male 25 / 53 (47.2)

Diarrhea

Yes 134 / 212 (63.2) 2.5 (1.7-3.8) <0.001

No 73 / 183 (39.9)

Calves Production System

Little house* 64 / 144 (44.4) 1

Collective 71 / 121 (58.6) 1.8 (1.1-2.9) 0.028

Chain 70 / 119 (58.8) 1.8 (1.1-2.9) 0.027

Water Source – Spring

Yes 94 / 148 (63.5) 1.9 (1.3-2.9) 0.001

No 122 / 260 (46.9)

Water Source Stream / River / Weir / Dam

Yes 72 / 138 (52.1) 0.9 (0.6-1.4) 0.906

No 144 / 270 (53.3)

Water Source - Shallow well

Yes 4 / 4(100.0) - 0.164

No 212 / 404 (52.5)

Water Source –Artesian Well

Yes 175 / 325 (53.8) 1.1 (0.7-1.9) 0.547

No 41 / 83 (49.4)

*Reference category.
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suggest that C. parvum may be involved in the appearance of most neonatal diarrhea outbreaks. This is supported 
by the association between oocyst shedding and presence of diarrhea.

In a study carried out among 207 calves up to seven months of age, Lee et al. (2019) demonstrated the wide 
variety of etiological agents involved in calf diarrheal conditions. In Brazil, Cruvinel et al. (2020) observed associations 
between risk factors for Cryptosporidium diarrhea in calves, including the risk of Cryptosporidium infection induced 
by rotavirus infection and vice versa. In the present study, it was possible to conclude that there was an association 
between positive samples and the presence of diarrhea in calves. This clinical sign may be associated with the 
presence of Cryptosporidium itself, which leads to malabsorption due to atrophy of intestinal microvilli, or through 
association with other agents (Oliveira et al., 2012). Although Cryptosporidium infection is related to the presence 
of diarrhea, asymptomatic animals can also eliminate oocysts (Conceição et al., 2021), thus playing an important 
role as a source of environmental contamination (Thomson et al., 2017).

There was no significant association between the presence of Cryptosporidium and the sex of the animals, 
possibly because there were no differences in management or environment between the two sexes that could 
cause a difference in the risk of infection. This finding is compatible with studies such as those carried out in France 
by Delafosse et al. (2015) and in Argentina by Garro et al. (2016).

Animals of different ages are susceptible to cryptosporidiosis. However, the highest infection rate occurs 
between one and three weeks of age (Santín et al., 2004; Feitosa et al., 2008; Cai et al., 2017; Cruvinel et al., 2020). 
This was corroborated by the results obtained in the present study, which showed that animals in the range of 
seven to 28 days old were more frequently infected by Cryptosporidium spp. This age range of risk seems to be 
related to the fact that the immune system is still developing in this age group. In addition, it may be related to a 
period during which calves were separated from their mothers at birth and kept under precarious conditions of 
hygiene, and/or may be due to the presence of adults with subclinical infection, which can maintain the parasite 
in the environment through constant elimination in feces (Castro-Hermida et al., 2005; Holsback et al., 2018).

The decrease in the quantity of oocysts eliminated with increasing age is associated with maturation of intestinal 
cells and possible immunity acquired after the animal’s first exposure to the parasite (Harp, 2003; Garro et al., 2016). 

Table 2. Final model of multiple logistic regression analysis on variables that were statistically associated (P < 0.05) with the 
presence of Cryptosporidium spp. oocysts in 408 fecal samples from calves on dairy farms in eight states in Brazil (samples 
collected from July 2016 to June 2017).

Cryptosporidium spp. Final Multiple Logistic Regression Model

Exposition Variables p-value Adjusted OR (95% CI)

Water Source – Spring

No* 1

Yes 0.0000 4.19 (2.40-7.29)

Diarrhea

No* 1

Yes 0.0000 2.85 (1.76-4.61)

Age range

0-|7 days* 1

7-|28 days 0.0000 10.25 (5.48-19.16)

>28 days 0.0118 23.41 (2.01-272,13)

Calves Production System

Calf hutch* 1

Collective 0.4789 1.23 (0.69-2.20)

Chain 0.0280 1.93 (1.07-3.47)

Intercept 0.0000

*Reference category.
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It is important to note that cattle of all ages can be infected by the parasite and that adult cattle are generally 
asymptomatic carriers of some species, given that there have been reports of C. parvum in adults and healthy 
animals (Dessì et al., 2020). In this way, asymptomatic animals can be carriers, thereby contributing to environmental 
contamination and infection of newborn calves (Martins-Vieira et al., 2009).

In the present study, the production system was a factor associated with infection by Cryptosporidium. When 
comparing chain and collective systems with calf hutch rearing system, the first two showed a higher chance of 
presenting positive animals for Cryptosporidium in the bivariate analysis (Table 1) and just the chain system in 
the multiple logistic regression (Table 2). Probably because calf hutch rearing system prevents agglomeration 
and consequent increase in contact between animals and large amounts of organic matter. These factors are 
facilitators for transmission of the parasite. In the calf hutch system, in addition to the animals’ segregation from 
each other, there is a natural barrier formed by the pasture and the exposure of organic matter to sunlight, which 
can inactivate a portion of the oocysts present in the environment (Walker et al., 2001; Li et al., 2010; Liu et al., 
2015). Manyazewal et al. (2018) observed higher prevalence of Cryptosporidium in animals kept in an intensive 
management system than in animals raised in an extensive system. Maikai et al. (2011) stated that dairy animals 
under intensive and semi-intensive systems are restricted or confined to a small area, such that they are exposed 
to contact with other animals and susceptible to infection by the Cryptosporidium parasite. Therefore, systems that 
increase agglomeration, increase the rate of infectant oocyst elimination to the environment, which raises the risk 
of infection of other individuals.

Evaluation of the water supply on the farms analyzed showed that water from springs offered higher risk of 
infection for calves than did water from other sources. This finding corroborates what was reported by Nishi et al. 
(2009), who reported that the parasite was present in springs on indigenous lands in Paraná; by de Tiyo et al. (2015), 
who found Cryptosporidium in water from springs that was used for irrigating vegetables; and by Toledo et al. (2017), 
who detected Cryptosporidium in samples from springs that were used to supply dairy farms. Contamination of 
spring waters is generally associated with absence of forest and presence of environmental degradation in the 
surroundings, soil porosity and presence of sewers. Springs located in low parts of the farm, close to pastures or 
near precarious tanks and plumbing are also at increased risk of contamination (Branco et al., 2012). Vegetation 
acts as a barrier against the flow of organic matter and prevents erosion and the consequent contamination of 
water (Andrade et al., 2005).

The species C. parvum was found in 100% of the samples analyzed by means of PCR-RFLP. This finding may be 
associated with the age of the animals analyzed, as this species is common in young animals up to two months 
of age, and its occurrence decreases as the age of the calves increases (Meireles, 2010; Toledo et al., 2017). Other 
studies conducted worldwide have reported C. parvum as the most frequent species infecting calves up to two 
months old, with frequencies ranging from 42.2 to 51% for infected animals (Toledo et al., 2017; Delafosse et al., 
2015; Mawly et al., 2015; Smith et al., 2014; Díaz-Lee et al., 2011).

The fact that C. parvum was the only species found in the present study does not exclude the possibility of 
presence of other concomitant parasite species. Some studies have suggested that infections by C. bovis and 
C. ryanae in animals that were severely parasitized by C. parvum may have been masked in the diagnosis because 
the 18SSU rRNA analysis identifies the genus of the parasite. Consequently, it identifies the predominant species 
in the sample (Feng et al., 2007; Plutzer & Karanis, 2009). Increasing age is a limiting factor for C. parvum, but in 
older animals other Cryptosporidium species can cause subclinical infections (Åberg et al., 2020). C. parvum is the 
species with the greatest zoonotic potential, and it is one of the most frequent species worldwide, with cattle as 
an important reservoir for this species (Xiao, 2010).

Conclusion
Cryptosporidium spp. was widely disseminated in the Brazilian states evaluated. High rates of occurrence of the 

zoonotic species C. parvum bring a risk of environmental contamination, which increases the likelihood of human 
infection and outbreaks. Greater attention is needed with regard to management of calves, especially those in the 
age range of seven to 28 days, and also regarding preservation and protection of water sources and use of calf 
hutches for reducing the possibility of dissemination of the parasite.
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