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Highlights

Cryptosporidium canis oocyst found in feces of a dog seroreactive for Leishmania spp.

Asymptomatic C. canis infection in a dog.

100% genetic identity with C. canis previously found in human feces. 

Abstract

In this study, we investigated the occurrence and characterized molecularly Cryptosporidium oocysts 

in feces of dogs seroreactive for Leishmania spp. We hypothesized that the clinical staging of canine 

visceral leishmaniasis (CVL) influences the occurrence and intensity of Cryptosporidium spp. oocyst 

shedding in feces from the canine host due to the immunosuppression induced by Leishmania infantum. 

Fecal samples from 101 dogs with anti-Leishmania spp. antibodies detected by Dual-Path Platform 

(DPP®) immunochromatographic test (Biomanguinhos) and/or enzyme-linked immunosorbent assay 

(Biomanguinhos) were concentrated by the centrifuge-sedimentation method in water-ethyl acetate. The 

sediments were submitted to the technique of negative staining with malachite green and observed under 

an optical microscope (400× magnification). The occurrence was 0.99% (95 confidence interval 0.00%-

2.93%). A single Cryptosporidium oocyst was found in one of the samples examined by microscopy, 

and the result was confirmed by nested-PCR. The amplicon sequence showed 100% genetic identity 

with Cryptosporidium canis. The dog presented the following clinical signs suggestive of CVL: cachexia, 

generalized alopecia, pale colored gingival mucosa, splenomegaly, and onychogryphosis. We conclude 

that there is no evidence that the oligosymptomatic and symptomatic clinical staging of dogs seroreactive 
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for Leishmania spp. influenced the occurrence and intensity of C. canis oocyst shedding in the canine host.

Key words: Cryptosporidiosis. Epidemiology. Leishmaniasis. One health. Zoonosis.

Resumo

Neste estudo, nós investigamos a ocorrência e caracterizamos molecularmente oocistos de 

Cryptosporidium em fezes de cães sororreativos para Leishmania spp. Nossa hipótese era que o 

estadiamento clínico da leishmaniose visceral canina (LVC) influenciasse na ocorrência e intensidade de 

eliminação de oocistos de Cryptosporidium spp. em fezes do hospedeiro canino devido à imunossupressão 

induzida por Leishmania infantum. Amostras fecais de 101 cães com anticorpos anti-Leishmania spp. 

detectados pelo teste imunocromatográfico Dual-Path Platform (DPP®) (Biomanguinhos) e/ou ensaio 

imunoenzimático (Biomanguinhos) foram concentrados pelo método de centrífugo-sedimentação em 

água-acetato de etila. Os sedimentos foram submetidos à técnica de coloração negativa por verde 

malaquita e observados ao microscópio óptico (ampliação de 400x). A ocorrência foi de 0,99% (intervalo 

de confiança de 95%: 0,0 - 2,93%). Um único oocisto de Cryptosporidium foi encontrado em uma das 

amostras examinadas por microscopia, e o resultado foi confirmado por nested-PCR. A sequência do 

amplicon apresentou 100% de identidade genética com Cryptosporidium canis. O cão apresentava os 

seguintes sinais clínicos sugestivos de LVC: caquexia, alopecia generalizada, mucosa gengival pálida, 

esplenomegalia e onicogrifose. Concluímos que não há evidências de que o estadiamento clínico 

oligossintomático e sintomático de cães sororreativos para Leishmania spp. influencie na ocorrência e 

intensidade de excreção de oocistos de C. canis em fezes do hospedeiro canino.

Palavras-chave: Criptosporidiose. Epidemiologia. Leishmaniose. Saúde única. Zoonose.

Introduction

Cryptosporidium spp. is an important 
protozoan for One Health. The pathogen 
has been studied more since the 1980s 
because it causes severe and potentially fatal 
chronic diarrhea in patients with acquired 
immunodeficiency syndrome (AIDS) (Fayer, 
2008). In 1993, in Milwaukee, the pathogen 
was responsible for the largest outbreak of 
waterborne disease in the history of the United 
States of America, where about 403,000 
people were infected (Mac Kenzie et al., 1994). 
Subsequently, in 2004, cryptosporidiosis was 
included in the Neglected Diseases Initiative 
of the World Health Organization due to 
its severity and close relationship with the 

deficiency of basic sanitation and the low 
purchasing power of the population at risk 
(Assis et al., 2013; Savioli et al., 2006). On the 
other hand, the relevance of Cryptosporidium 
spp. for companion animals is still uncertain.

Dogs are mainly infected by 
Cryptosporidium canis, while Cryptosporidium 
parvum and Cryptosporidium hominis are 
responsible for > 90% of cryptosporidiosis in 
humans (Feng et al., 2018). Furthermore, from 
a clinical point of view, the majority of infected 
dogs remain asymptomatic dogs remain (Abe 
et al., 2002; Cui et al., 2018; R. C. A. Thompson 
et al., 2008), but immunosuppression seems 
to be a predisposing factor for the clinical 
manifestation of cryptosporidiosis in the 
canine host  (Cui et al., 2018). 
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Canine visceral leishmaniasis (CVL) 
is a disease with a high prevalence in Brazil. 
In endemic areas, anti-Leishmania spp. 
antibodies are detected in up to 40% of 
the canine population (Peixoto et al., 2015). 
Leishmania infantum infection can lead to 
immunosuppression in dogs, especially in 
advanced stages of the disease (Gonçalves 
et al., 2019; Toepp & Petersen, 2020). We 
hypothesized that this immunosuppression 
could contribute to Cryptosporidium spp. 
infection in dogs. Our objective was to 
evaluate the occurrence and to characterize 
Cryptosporidium spp. oocysts in fecal samples 
from dogs seroreactive for Leishmania spp. 
and to compare them with results obtained 
from epidemiological surveys conducted in 
geographic regions not endemic for CVL.

Material and Methods

Ethics statement

This research was approved by the 
Ethics Committee on Animal Experimentation 
of the Universidade Federal do Tocantins, 
under protocol 23101.002955-2018-0.

Sampling and procedure

The non-probabilistic convenience 
sampling method was used in this study. 
Fecal samples from 101 adult dogs (< 1 
year old) domiciled or stray captured by 
the Zoonosis Control Center (ZCC) of the 
Municipality of Gurupi, Tocantins, Brazil, 
were collected in 2018. All animals showed 
anti-Leishmania spp. detected by the Dual-
Path Platform immunochromatographic 
test (DPP®, Biomanguinhos) and/or enzyme 

linked-immunosorbent assay (ELISA, 
Biomanguinhos). Dogs were classified into 
two groups: oligosymptomatic (n = 23) and 
symptomatic (n = 78), according to criteria 
by Mancianti et al. (1988). The following 
clinical signs were considered suggestive 
of CVL: weight loss or cachexia, pale 
mucous membranes, lymphadenomegaly, 
splenomegaly, hepatomegaly, 
onychogryphosis, alopecia, hyperkeratosis, 
skin ulcers, seborrheic dermatitis, epistaxis, 
uveitis, and keratoconjunctivitis sicca 
(Koutinas & Koutinas, 2014).

Immediately after euthanasia of the 
seroreactive dogs, as recommended by the 
Brazilian Ministry of Health (Ministério da Saúde 
[MS], 2014), fecal samples were collected 
directly from the rectum, by enterotomy, and 
separated into two aliquots. One aliquot was 
maintained in 5% (mass/volume) potassium 
dichromate at 4ºC for microscopy and the 
other was frozen at -20 ºC in a 1.5 mL DNAse 
and RNAse-free microcentrifuge tube for 
molecular analysis.

Microscopy

Fecal samples maintained in 5% 
potassium dichromate were concentrated and 
purified using the water-ether centrifugation 
technique (Meloni & Thompson, 1996). 
Ethyl acetate was used instead of ethyl 
ether because it is cheaper and less toxic. 
Subsequently, a drop of the sediment was 
submitted to the technique of negative 
staining by malachite green (Elliot et al., 1999) 
and observed under a conventional optical 
microscope with 400× total magnification. 
Only the sample that was positive based on 
microscopy was analyzed molecularly. 
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DNA extraction and nested-PCR (nPCR)

Genomic DNA from the microscopy-
positive fecal sample was extracted using the 
commercial GenElute® Stool DNA Isolation 
Kit (Sigma-Aldrich, USA), according to the 
manufacturer’s instructions. nPCR was used 
to amplify a ~800 bp fragment of the 18S rRNA 
gene from Cryptosporidium sp. (Xiao et al., 
2000). The positive and negative controls for 
the reaction were C. parvum genomic DNA and 
ultrapure water, respectively. The amplified 
fragments were visualized by electrophoresis 
on a 1.5% agarose gel stained with GelRed® 
(Biotium, USA). Reactions were performed 
using Platinum® PCR Supermix (Invitrogen, 
USA), with 200 nM of each primer and 2.5 µL 
of target DNA. The samples were subjected to 
initial DNA denaturation at 94°C for 3 minutes, 
followed by 39 cycles of denaturation at 
94°C for 45 seconds, annealing at 55°C for 
45 seconds, and extension at 72°C for 60 
seconds; there was a final extension at 72°C 
for 7 minutes. The same reaction conditions 
were used in the primary and secondary 
reaction.

Amplicon purification and molecular 
characterization

Amplicons were purified with the 
ExoSAP-IT™ PCR Product Cleanup Reagent 
kit (Thermo Fisher Scientific, USA), according 
to the manufacturer’s instructions, and 
subsequently sequenced using the ABI 
Prism® DyeTerminator 3.1, in an ABI 3730XL 
automatic sequencer (Applied Biosystems, 
USA). The sequencing reactions were 
performed in one direction, using the forward 
primer of the secondary reaction.

Alignment and translation of nucleotide 
sequences

Consensus sequences were aligned 
with CLUSTAL_X (J. D. Thompson et al., 
1997) and curated with the software BioEdit 
Sequence Alignment Editor, using as 
reference homologous 18SrRNA sequences 
downloaded from GenBank accession number 
AF112576 (Fayer et al., 2001).

Results and Discussion

The main clinical signs of CVL in our 
study were lymphadenomegaly (89.1%), 
splenomegaly (68.3%), hepatomegaly and 
onychogryphosis (both at 59.4%), alopecia 
(52.5%), skin lesions (51.5%), hyperkeratosis 
(40.6%), skin ulcers (38.6%), eye injury (53.6%), 
cachexia (30.7%), seborrheic dermatitis 
(28.7%), and keratoconjunctivitis sicca (8.9%).

A single Cryptosporidium oocyst was 
found in the fecal sample of only 1 of the 101 
dogs examined. The identity was confirmed 
with nPCR (Figure 1). The amplicon sequence 
showed 100% genetic identity with C. canis. 
The dog was adult, female, and showed the 
following clinical signs of CVL: cachexia, 
alopecia in thorax, pale gingival mucosa, 
splenomegaly, and onychogryphosis (Figure 
2). The consistency of the stool was pasty. 
Although cross-reactions between the 
antigen used for the DPP and anti-Babesia 
canis vogeli antibodies and between the 
antigen used for ELISA and anti-B. canis 
vogeli, anti-Trypanosoma cruzi, anti-Ehrlichia 
canis, and anti-Neospora caninum antibodies 
(Laurenti et al., 2014) can occur, the dog with 
the C. canis oocyst in its feces had clinical 
signs strongly suggestive of CVL.
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Figure 1. Detection of the 18S ribosomal RNA (18S rRNA) gene of Cryptosporidium canis obtained 
by nested-PCR. Lane identities: MM, 100 bp molecular weight marker; column 1: positive control; 
column 2: positive sample; column 3: negative control.

Figure 2. Macroscopic alterations in a dog with anti-Leishmania spp. antibodies detected by the 
Dual-Path Platform immunochromatographic test (DPP®) (Biomanguinhos) and/or enzyme-linked 
immunosorbent assay (Biomanguinhos) and infected by Cryptosporidium canis: A) cachexia and 
fur loss; B) pale gingival mucosa; C) splenomegaly; D) onychogryphosis.

sequencing reactions were performed in one direction, using the forward primer of the secondary reaction. 

 

Alignment and translation of nucleotide sequences 

Consensus sequences were aligned with CLUSTAL_X (J. D. Thompson et al., 1997) and curated 

with the software BioEdit Sequence Alignment Editor, using as reference homologous 18SrRNA sequences 

downloaded from GenBank accession number AF112576 (Fayer et al., 2001). 

 

Results and Discussion 

The main clinical signs of CVL in our study were lymphadenomegaly (89.1%), splenomegaly 

(68.3%), hepatomegaly and onychogryphosis (both at 59.4%), alopecia (52.5%), skin lesions (51.5%), 

hyperkeratosis (40.6%), skin ulcers (38.6%), eye injury (53.6%), cachexia (30.7%), seborrheic dermatitis 

(28.7%), and keratoconjunctivitis sicca (8.9%). 

A single Cryptosporidium oocyst was found in the fecal sample of only 1 of the 101 dogs 

examined. The identity was confirmed with nPCR (Figure 1). The amplicon sequence showed 100% genetic 

identity with C. canis. The dog was adult, female, and showed the following clinical signs of CVL: cachexia, 

alopecia in thorax, pale gingival mucosa, splenomegaly, and onychogryphosis (Figure 2). The consistency of 

the stool was pasty. Although cross-reactions between the antigen used for the DPP and anti-Babesia canis 

vogeli antibodies and between the antigen used for ELISA and anti-B. canis vogeli, anti-Trypanosoma cruzi, 

anti-Ehrlichia canis, and anti-Neospora caninum antibodies (Laurenti et al., 2014) can occur, the dog with 

the C. canis oocyst in its feces had clinical signs strongly suggestive of CVL. 

 

 
 
Figure 1. Detection of the 18S ribosomal RNA (18S rRNA) gene of Cryptosporidium canis obtained by 
nested-PCR. Lane identities: MM, 100 bp molecular weight marker; column 1: positive control; column 2: 
positive sample; column 3: negative control. 
 

 
 
Figure 2. Macroscopic alterations in a dog with anti-Leishmania spp. antibodies detected by the Dual-Path 
Platform immunochromatographic test (DPP®) (Biomanguinhos) and/or enzyme-linked immunosorbent 
assay (Biomanguinhos) and infected by Cryptosporidium canis: A) cachexia and fur loss; B) pale gingival 
mucosa; C) splenomegaly; D) onychogryphosis. 

 

In this study, the presence of anti-Leishmania spp. antibodies was used as an inclusion criterion, 

because L. infantum can lead to immunosuppression canines (Almeida et al., 2013; Reis et al., 2009; Silva et 

al., 2013), especially in advanced stages of the disease (Gonçalves et al., 2019; Toepp & Petersen, 2020). We 

hypothesized that oligosymptomatic and symptomatic dogs seropositive for Leishmania spp. have a greater 

chance of excreting Cryptosporidium oocysts. However, the occurrence of this parasite in 0.99% (95 

confidence interval 0.00%-2.93%) is below the average of 14% found in Brazil, as reported in a systematic 

review with meta-analysis (Taghipour et al., 2020). The occurrence in this study is similar or lower than the 

occurrence of the parasite found in many epidemiological surveys carried out in regions not endemic for 

CVL (Asano et al., 2004; el-Ahraf et al., 1991; Gennari et al., 1999; Huber et al., 2005; Palmer et al., 2008; 

Santos et al., 2007; Satoh et al., 2006). 

In an experiment conducted in China, healthy dogs were immunosuppressed by treatment with 

dexamethasone (6 mg/dog) for 5 consecutive days and subsequently experimentally infected by C. canis 

oocysts. The onset of oocyst shedding and clinical signs, such as diarrhea, opaque fur, and lethargy, occurred 

on days 3 and 8 post-infection, respectively. On the other hand, challenged immunocompetent dogs did not 

show any clinical signs nor shed oocysts in feces. This confirms that immunosuppression is a risk factor for 

the clinical manifestation and oocyst shedding by dogs (Cui et al., 2018). Nevertheless, the dexamethasone 

dose used may have a greater immunosuppressive effect than that induced by L. infantum  (Poot et al., 2005). 

Hence, the immunosuppression in dogs with CVL might not be enough to increase the occurrence and 
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In this study, the presence of anti-
Leishmania spp. antibodies was used as 
an inclusion criterion, because L. infantum 
can lead to immunosuppression canines 
(Almeida et al., 2013; Reis et al., 2009; Silva 
et al., 2013), especially in advanced stages 
of the disease (Gonçalves et al., 2019; Toepp 
& Petersen, 2020). We hypothesized that 
oligosymptomatic and symptomatic dogs 
seropositive for Leishmania spp. have a 
greater chance of excreting Cryptosporidium 
oocysts. However, the occurrence of this 
parasite in 0.99% (95 confidence interval 
0.00%-2.93%) is below the average of 14% 
found in Brazil, as reported in a systematic 
review with meta-analysis (Taghipour et al., 
2020). The occurrence in this study is similar 
or lower than the occurrence of the parasite 
found in many epidemiological surveys carried 
out in regions not endemic for CVL (Asano et 
al., 2004; el-Ahraf et al., 1991; Gennari et al., 
1999; Huber et al., 2005; Palmer et al., 2008; 
Santos et al., 2007; Satoh et al., 2006).

In an experiment conducted in China, 
healthy dogs were immunosuppressed by 
treatment with dexamethasone (6 mg/dog) 
for 5 consecutive days and subsequently 
experimentally infected by C. canis oocysts. 
The onset of oocyst shedding and clinical 
signs, such as diarrhea, opaque fur, and 
lethargy, occurred on days 3 and 8 post-
infection, respectively. On the other hand, 
challenged immunocompetent dogs did not 
show any clinical signs nor shed oocysts in 
feces. This confirms that immunosuppression 
is a risk factor for the clinical manifestation 
and oocyst shedding by dogs (Cui et al., 2018). 
Nevertheless, the dexamethasone dose used 
may have a greater immunosuppressive 
effect than that induced by L. infantum  (Poot 
et al., 2005). Hence, the immunosuppression 

in dogs with CVL might not be enough to 
increase the occurrence and intensity of C. 
canis oocyst shedding under uncontrolled 
conditions.

The type of diagnostic technique 
used to detect Cryptosporidium spp. 
oocysts in feces can interfere with the 
results. Researchers have reported divergent 
results between microscopy and ELISA 
(Bresciani et al., 2008), between microscopy 
and immunochromatography test (Shukla 
et al., 2006), between microscopy and 
immunofluorescence antibody test (Miambo 
et al., 2019), and between microscopy and 
PCR (Alves et al., 2018; Lallo & Bondan, 2006). 
However, we have only compared our results 
to epidemiological surveys that also used 
microscopy as the diagnostic technique.

Comparisons among studies should 
be interpreted with caution, because some 
variables may interfere with the results. 
Although there is still no consensus, young 
dogs (Jian et al., 2014; Tangtrongsup et al., 
2020) immunosuppressed by coinfections 
(Miller et al., 2003; Willard & Bouley, 1999), fed 
a natural diet (Miller et al., 2003; Turnwald et 
al., 1988; Willard & Bouley, 1999), and living in 
kennels (Itoh et al., 2019; Olabanji et al., 2016) 
or in rural areas (Frizzo et al., 2016; Sevá et al., 
2010) may be more susceptible to infection 
by Cryptosporidium spp. The owner’s 
socioeconomic vulnerability has also been 
reported as a possible risk factor for infection 
in the canine host canino (Ederli et al., 2008). 
The dogs included in our study came from the 
ZCC and there was no detailed information 
about how they were cared by their owners. 

The number of samples collected from 
the same dog can also interfere on results, 
because Cryptosporidium spp. oocysts are 
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shed intermittently. The collection of three 
fecal samples on consecutive or alternate 
days can increase the sensitivity of the 
diagnostic technique (Fayer et al., 2000). 
However, this procedure was not feasible 
in our study, because dogs seroreactive for 
Leishmania spp. were euthanized immediately 
due to the inadequate conditions of the ZCC: 
Animals cannot be kept for longer than 2 days.

The nucleotide sequence obtained 
in our study showed 100% genetic identity 
with C. canis, which has also been found 
in feces from children in Peru (Xiao et al., 
2007) and Mexico (González-Díaz et al., 
2016) and patients infected by the human 
immunodeficiency virus (HIV) in Brazil (Lucca 
et al., 2009). Although C. canis is one of the 
five species found in human feces, > 90% 
of cryptosporidiosis cases in humans are 
caused by C. hominis and C. parvum (Feng et 
al., 2018).

The risk infection by Cryptosporidium 
spp. in dogs living in uncontrolled conditions 
probably has multiple causes and depends 
on the interaction between variables related 
to environmental contamination, parasite 
species, and canine host health. Prospective 
studies with a larger sample size allowing 
researchers to evaluate more dog feces 
samples with laboratory analyses in order to 
quantify the immunosuppression caused by 
L. infantum could be conducted in the future 
to test the hypothesis that CVL increases 
the risk of Cryptosporidium spp. infection 
in the canine host. Our results suggest that 
there is an association between Leishmania 
spp. mediated immunosuppression and 
Cryptosporidium spp. infection. 

Conclusion

We conclude that there is no evidence 
that the oligosymptomatic and symptomatic 
clinical staging of dogs seroreactive to 
Leishmania spp. influences the occurrence 
and intensity of C. canis oocyst shedding in 
the canine host.
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