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INTRODUCTION
Diarrhea is a common problem in feline medicine, especially 
from an infection (Bai et al., 2023). Identifying gastrointesti-
nal pathogens in cats is crucial because of the damage caused 
to the host’s health and the zoonotic potential of certain spe-
cies (VEYNA-SALAZAR et al., 2023). However, obtaining 
a definitive diagnosis, especially in chronic and intermittent 
diarrhea cases, is often difficult in clinical practice because 

of the wide variety of pathogens and the absence of specific 
clinical symptoms.

Among the various gastrointestinal parasites, protozoa 
play an important role, mainly due to their pathogenicity 
and high prevalence in domestic animals (Dall´agnol et al., 
2010). Giardia duodenalis and Cryptosporidium spp. are 
examples of intestinal protozoa distributed worldwide and 
frequently found in cat feces. In addition, certain species of 
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Cryptosporidium spp. and strains of G. duodenalis can infect 
humans and cause diseases (Enbom et al., 2023). Clinical signs 
of these infections are non-specific and have been associated 
with chronic diarrhea in many cases (Thompson; Palmer; 
O’handley, 2008). 

According to the Instituto Pet Brazil (IPB) estimates, the 
cat population in Brazil is more than 27 million (IPB, 2023). 
Once cats are adopted as pets, their contact with humans 
increases, raising the possibility of pathogens such as G. duo-
denalis and Cryptosporidium spp. being transferred to humans.

Thus, this study aimed to report the occurrence of intesti-
nal protozoa, G. duodenalis, and Cryptosporidium spp., in diar-
rheal cats from Campo Grande, Mato Grosso do Sul, Brazil.

MATERIALS AND METHODS

Sampling and molecular analysis

The convenience sample used in this study was initially col-
lected for the investigation of Enterocytozoon bieneusi by Prado 
et al. (2019). This study was approved by the Animal Ethics 
Committee of Universidade Federal de Mato Grosso do Sul 
(protocol number: 787/2016).

Sixty fecal samples from diarrheal cats domiciled in 
the municipality of Campo Grande, Mato Grosso do Sul, 
Brazil, were analyzed in this study. The samples were col-
lected from private residences and veterinary clinics between 
2016 and 2017. 

The cat’s age ranged from 45 days to 17 years. All samples 
(approximately 8 g each) were placed in clean containers and 
immediately sent for processing to a molecular biology labo-
ratory at a veterinary hospital. Aliquots of the samples (1 g) 
were transferred to 1.5 mL polypropylene tubes containing 
500 μL of 0.9 % sterile saline solution and stored at −20 °C 
until DNA extraction. 

DNA was extracted as described previously (PRADO 
et al., 2019). Briefly, 300 μL of the fecal suspensions stored 
in microtubes were centrifuged (10,000 x g for 10 min). 
After discarding the supernatant, the pellet was suspended in 
500 μL of 20 % Sodium Dodecyl Sulfate (SDS), and 10 μL 

of Proteinase K (20 mg/mL) was added. The suspension was 
homogenized using a vortex mixer and incubated at 65 °C 
for 10 min. Then, 400 μL of chloroform was added, and the 
suspension was vortexed again, after which 300 μL of protein 
precipitation solution (5 M potassium acetate, 11 % glacial 
acetic acid) was added. The microtubes were centrifuged 
(10,000 × g for 10 min), and the supernatant was trans-
ferred to a new 1.5 mL microtube. One milliliter (1 mL) of 
ethanol was added to precipitate the DNA. After another 
centrifugation step (10,000 × g for 5 min), the superna-
tant was discarded, and the pellet was washed with 1 mL 
of 70 % ethanol. The samples were centrifuged for 2 min 
(10,000 × g), and the pellets were allowed to dry at room 
temperature. Then, 100 μL of nuclease-free water was added 
for DNA elution. Sample analysis using a BioPhotometer 
Plus spectrophotometer (Eppendorf; Hamburg, Germany) 
showed a DNA concentration ≥25 ng/μL and a ratio of 
260/280 nm ≥1.75.

The epidemiological database used in the initial research 
(sex, age, outdoor access, presence of feline contactants, con-
sistency of feces, frequency of diarrhea, and clinical signs of 
onset) was applied in this study. 

Polymerase chain reaction and sequencing 

Polymerase chain reaction (PCR) was performed using prim-
ers and parameters specific to each agent. Negative (ultrapure 
water) and positive controls (G. duodenalis and C. parvum) 
DNA previously characterized–Genbank accession numbers 
EF175936 and MZ044900, respectively) were used in each 
batch reaction.

For Cryptosporidium spp., a nested PCR was used to 
amplify 826–864 base pairs (bp) of the rRNA 18S subunit 
(XIAO et al. 1999). To detect Giardia spp., a semi-nested 
PCR method described by Read; Monis; Thompson (2004), 
which delimits a fragment of approximately 432 bp of the 
glutamate dehydrogenase gene (gdh), was used. The primer 
sets used are listed in Table 1.

Amplification products were visualized under ultraviolet 
(UV) light after agarose gel electrophoresis (2 %) and stained 

Table 1. Primer sets used to amplify DNA fragments of Cryptosporidium spp. and Giardia spp. from cat feces from Campo Grande, Mato 
Grosso do Sul state, Brazil

Pathogen Reaction Primer set Reference

Cryptosporidium spp.
First 

F 5’-TTCTAGAGCTAATACATGCG-3’
R 5’-CCCTAATCCTTCGAAACAGGA-3’

Xiao et al. 1999
Second 

F 5’-GGAAGGGTTGTATTTATTAGATAAAG-3’
R 5’-AAGGAGTAAGGAACAACCTCCA-3’

Giardia spp.
First 

F 5’-TCAACGTYAAYCGYGGYTTCCGT-3’
R 5’-GTTRTCCTTGCACATCTCC-3’ Read; Monis; 

Thompson, 2004
Second 

F 5’-CAGTACAACTCYGCTCTCGG-3’
R 5’-GTTRTCCTTGCACATCTCC-3’



91Acta Veterinaria Brasilica September 17 (2023) 89-94

Zoonotic protozoa in diarrheic cats from the midwest of Brazil

with GelRed (Biotium; Fremont, CA, USA) according to the 
manufacturer’s instructions.

For DNA sequencing, the amplicons were purified with 
a Clean Sweep PCR purification reagent (Thermo Fisher 
Scientific; Waltham, MA, USA) according to the manu-
facturer’s instructions, and subsequently sequenced in both 
directions by the dideoxy method (SANGER; NICKLEN; 
COULSON, 1977) in an ABI 3130 automated sequencer 
(Applied Biosystems; Waltham, MA, USA). After processing 
the electropherograms, consensus sequences were obtained 
using BioEdit v.7.2.5. Species identification was performed 
with the aid of the BLASTn program (available at http://blast.
ncbi.nlm.nih.gov/Blast.cgi) based on a search for homology 
with DNA sequences available in GenBank.

Phylogenetic analysis to  
identify the giardia assemblage

Multiple DNA alignments were performed to determine the G. 
duodenalis genotype, and a phylogenetic tree was constructed 
based on the neighbor-joining method using the MEGA 6 
program (TAMURA et al., 2013). Bootstrap resampling (1000 
replicates) was performed to statistically support the reliabil-
ity of the nodes on the trees (Felsenstein, 1985). Trypanosoma 
grayi was used as an outgroup.

Statistical analysis 

The association between clinical and epidemiological variables 
and the presence of infection was evaluated using Fisher’s exact 
test with a significance level of 5 %. 

RESULTS
Of the 60 fecal samples analyzed, 1.67 % (1/60) were posi-
tive in the PCR assay for G. duodenalis. In contrast, 6.67 % 
(4/60) of samples tested positive for Cryptosporidium spp. 
No co-infections were observed between the protozoa inves-
tigated in the study.

DNA sequencing of the amplicons and subsequent anal-
ysis identified the species G. duodenalis and C. felis. In the 
phylogenetic analysis using the Giardia DNA sequence 
identified in this study and the sequences of different assem-
blages, clustering with assemblage B segregated from the 
others was observed, which was supported by a high boot-
strap value (Figure 1). The DNA sequences were deposited 
in GenBank under accession numbers MH155187 (G. duo-
denalis) and MH137200, MH137201, MH118292, and 
MH118293 (C. felis).

Due to the low infection frequency observed for Giardia 
spp., the significance of the association between clinical and 
epidemiological factors and infection was evaluated only for 
C. felis. In this analysis, a significant association was observed 
only for the sex variable (Table 2).

DISCUSSION
Zoonotic protozoa in cats have received increased attention in 
recent years because of the increasing number of cats kept as 
pets and their consequent proximity to humans. This favors 
the exchange of infectious agents between species, which is 
important from a zoonotic perspective, especially in immuno-
compromised individuals (Llorente et al., 2006; Muthusamy et 
al., 2006; Guadano Procesi et al., 2022; Enbom et al., 2023). 

Giardiasis is an intestinal disease affecting millions of peo-
ple and animals worldwide. The disease is caused by protozoa 
of the G. duodenalis complex, whose member’s present limited 
morphological and remarkable genetic variability. This spe-
cies is divided into eight distinct genetic assemblages (A–H); 
however, only assemblages A and B are epidemiologically 

Table 2. Evaluation of the association between Cryptosporidium 
felis infection and clinical/epidemiological factors in diarrheal 
cats in the municipality of Campo Grande, MS, Brazil

Variable Category
Cryptosporidium felis

p-value
Positive Negative

Sex
Male

Female
0
4

35
21

0.0259*

Age
≤1 year
>1 year

3
1

40
16

0,5556

Outdoor 
access 

Yes
No

2
2

12
44

0.2245

Feces 
consistency

Pasty
Liquids

3
1

41
15

0.7129

Clinical signs 
onset

Acute
Chronic

1
3

26
30

0.6199

Frequency 
of diarrhea

Normal
High

3
1

25
31

0.2570

* Significant association by Fisher’s exact test.

Figure 1. Phylogenetic tree constructed with sequences of the 
glutamate dehydrogenase gene of Giardia duodenalis available 
in Genbank and the sequence obtained in this study (arrow); the 
number at each knot corresponds to the bootstrap percentage; the 
scale represents the number of replacements per site of sequence

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
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