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This study carried out a survey about enteropathogenic agents in domestic cats’ shelter
as a stage of investigation for the intermittent chronic diarrhea. Individual fecal samples
from 39 cats with free access to the external environment were submitted to parasitological
examination, parvovirus, and coronavirus by PCR, and Cryptosporidium spp., Giardia spp.
and Tritrichomonas foetus by real-time PCR. From the cats evaluated, 30 (76.9%) were
positive for one or more enteric agents, and coinfections were observed in 11 cats samples
(28.2%). Helminth eggs were observed in 48.7% of cats (19/30), 16 (41%) were positive for
parvovirus or coronavirus and 25.6% (10/30) were infected by protozoa. From the positives
for protozoa, five cats were positive to T. foetus (12.82%). The first finding of this protozoan
through PCR was in the southern Brazil, and the second was in the whole country. Chronic
diarrhea in cats may be multifactorial in shelter animals where the population density is
high and the control of parasitic, and viral infections are deficient. Moreover, it is due to
poor hygiene conditions in these shelters. The factors associated with the proliferation of
infectious diseases in shelters are correlated with new pathogens infections such as T. foetus.

INDEX TERMS: Enteric agents, cat shelter, chronic diarrhea, Southern Brazil, coinfection, Tritrichomonas
foetus, intestinal parasitosis, gastrointestinal disorders, parasitoses.

RESUMO.- [Deteccido de agentes enteropatogénicos  Amostras fecais individuais de 39 gatos, com livre acesso ao

associados a diarreia cronica em um gatil no Sul do
Brasil.] Uma pesquisa de agentes enteropatogénicos em
gatos domésticos de um abrigo foi realizado como etapa da
investigacdo das causas de diarreias cronicas intermitentes.
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ambiente externo, foram obtidas para pesquisa de helmintos
através do exame parasitologico, investigacdo de parvovirus
e coronavirus e de Cryptosporidium spp., Giardia spp. e
Tritrichomonas foetus através de PCR em tempo real. Dos gatos
avaliados, 30 (76,9%) foram positivos para algum ou mais de
um destes agentes entéricos. Desses, 11 (28,2%) apresentaram
co-infec¢des parasitarias. Ovos de helmintos foram observados
em 48,7% dos gatos (19/30), 16 felinos (41%) foram positivos
para parvovirus ou coronavirus e 25,6% (10/30) estavam
infectados por protozoarios. Dos positivos para protozodrios,
cinco apresentaram Tritrichomonas foetus (12,82%), um
organismo pouco relatado no Brasil, sendo este o primeiro
relato de detecgio deste protozoario através de PCR em fezes
de gatos no Sul do Brasil e o0 segundo no pais. A diarreia cronica
em gatos pode ser multifatorial em animais de abrigo onde
a densidade populacional é elevada e os meios de controle
parasitario e viral sao deficitarios, além das condi¢des de
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higiene precarias. Os fatores associados a proliferacao de
doengas infecciosas em abrigos promovem o surgimento de
infecgdes por novos patdgenos como o Tritrichomonas foetus,
até entdo pouco relatado no Brasil.

TERMOS DE INDEXACAO: Agentes enteropatogénicos, diarreia cronica,
gatil, Sul do Brasil, co-infec¢do, Tritrichomonas foetus, parasitoses
gastrointestinais, viroses gastrointestinais, parasitoses.

INTRODUCTION

Diarrhea is a common clinical sign that affects dogs and cats
living in shelters and densely populated places. Factors such
as overcrowding, stress, inappropriate diets and hygiene
conditions associated with precarious vaccination predispose
to the emergence of diseases caused by multiple agents
and some emerging diseases (Pesavento & Murphy 2014).
Infectious diarrhea in cats is a common problem and is
associated with viral causes (feline parvovirus, Panleucopenia,
feline enteric coronavirus), bacterial causes (Campylobacter,
Clostridium perfringens), those caused by protozoan (Giardia
duodenalis, Tritrichomonas foetus, Cryptosporidium spp., and
Cystoisospora spp.) and those caused by helminths such as
Toxocara cati, (Pedersen 1991, Cook 2008) Toxascaris leonina,
Ancylostoma spp., Strongyloides spp. Young cats with access
to the street are commonly affected, which makes definitive
diagnosis difficult (Cook 2008).

There are few studies relating the agents that cause chronic
diarrheain dogs and cats kept in shelters. In a previous study
in cats, the enteric coronavirus infection was more common
than parvovirus (Sabshin et al. 2012) in cats in shelters and
accumulators (Polak et al. 2014). Parvovirus is the viral
agent most commonly found in cases of enteritis in young
felines and is an important infectious cause of diarrhea and
leukopenia in this age group, accounting for up to 25% of
cub deaths (Cave et al. 2002). In the case of feline enteric
coronavirus infection, this is an asymptomatic infection and
may be accompanied by mild and self-limiting enteritis;
however aggravations are possible, especially in the presence
of other concomitant enteropathogenic agents.

Protozoal infection can also occur with acute or chronic
diarrhea, which is already evident in cats from shelters or
accumulators (Polak et al. 2014). The most common agents
are Giardia spp., Cryptosporidium spp., and Tritrichomonas
foetus, already described as causing chronic and debilitating
intestinal infection in cats (Gookin etal. 2004). This last agent
was observed in cats living in accumulators (Polak et al.
2014), in young animals from catteries and shelters with
many animals (Tysnes etal. 2011). Recently, its first molecular
detection in Brazil has been found (Hora et al. 2017) in a cat
with persistent diarrhea. Infections with Giardia spp. have
diarrhea, nutrient absorption deficits, steatorreic stools and
consequent weightloss (De Santis-Kerr etal. 2006). Infection
with Cryptosporidium spp. can cause persistent watery diarrhea
and weight loss, and maybe severe in immunosuppressed
animals (Ballweber etal. 2009). On the other hand, nematode
parasitism, such as Toxocara spp., Ancylostoma spp. and
Trichuris spp. is often unattractive, butimmune-compromised
cubs and adults may suffer from underdevelopment and
anemia (Cook 2008).

This study aimed to identify enteropathogenic agents in
cats from a shelter with a high frequency of diarrhea, through

a parasitological examination to detect helminths and PCRs
to detect viruses and protozoal, and to reporting the first
PCR detection of Tritrichomonas foetus in cats in the south
of Brazil, as well as the co-infection of T. foetus with other
enteropathogenic agents.

MATERIALS AND METHODS

Fecal samples from 39 cats were collected from a cat shelter, which had
free access to the external environment, located in the Municipality
of Viamao, RS. The animals had a history of intermittent diarrhea, no
defined breed. Among them, there were 16 males and 24 females,
one cat less than one-year-old, and the others were adults.

For this study, fecal samples were collected individually for two
weeks. Thus, each cat was separated and kept isolated until it was
possible to obtain sample collection. The samples were conditioned
in an isothermal box and sent under refrigeration for parasitological
examination by Dennis et al. (1954) and Willis (1921) techniques
in the Laboratory of Helminthology, and conventional PCR for the
detection of parvovirus and coronavirus in the Laboratory of Virology,
both at the Faculty of Veterinary Medicine of UFRGS. An aliquot
of each sample was also sent under refrigeration for detection of
protozoa by real-time PCR (Laboratory LABSAN, Curitiba/PR).

For viral detection, each sample was stored in phosphate-
buffered saline (PBS, pH 7.4) at -20°C for further processing. The
DNA was extracted from the supernatant using a commercial
silica-based kit (Simbios Biotecnologia, Canoas/RS, Brazil), with
a previously described protocol (Boom et al. 1990) and stored
at -20°C for subsequent PCR use for parvovirus detection. Total
sample RNA was extracted from the supernatant using TRIzol® LS
(Invitrogen, USA) according to the manufacturer’s instructions and
stored at -80°C for further detection of coronavirus. For coronavirus
RT-PCR, reverse transcription was performed using Superscript®
[1I Reverse Transcriptase (Invitrogen, USA) with a final volume of
20uL and incubated for 5 minutes at 65°C with a subsequent cycle
of 1 hour at 50°C and 15 minutes at 70°C. In PCR for coronavirus,
a409bp M gene fragment was amplified using primers CCoV1 and
CCoV2 (Herrewegh et al. 1998), with an annealing temperature of
55°C. PCR for parvovirus detection amplified a 583bp fragment of
the VP2 gene using primers 555for and 555rev with an annealing
temperature of 50°C (Buonavoglia etal. 2001). PCRs were performed
using Platinum Taq DNA Polymerase (Invitrogen, USA), according to
the manufacturer’s instructions. The PCR products were subjected
to 2% agarose gel electrophoresis and visualized in U.V.

For the detection of protozoa by real-time PCR (qPCR), the
extraction of DNA from the samples was performed using the
standard commercial laboratory kit (Corbett XTractor-Gene, Qiagen,
Valencia/CA, USA). Before the analyses, a housekeeping gene
(18 S rRNA) was used to quantify genomic DNA and confirm DNA
integrity. All samples were tested by qPCR for a panel of intestinal
protozoan cats composed by Cryptosporidium spp., Giardia spp., and
Tritrichomonas foetus. For the detection of these agents, the samples
were analyzed based on the platform by real-time PCR (qPCR)
amplifying a fragment of the 18S rRNA gene (IDEXX Laboratories,
Inc., Westbrook/ME, USA) (Gizzi et al. 2014).

Stool samples were tested by qPCR based on the IDEXX RealPCR ™
platform. To perform the technique, commercial master mix (LC480
ProbesMaster, Roche Applied Science, Indianapolis/IN, USA) was used
ina qCCR cycler (Roche LightCycler 480). “IDEXX Laboratories” does
not provide information on primers and probes used for commercial
reasons. The samples were tested by qPCR for a panel of intestinal
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protozoa of cats, which comprises detection of Cryptosporidium spp.,
Giardia spp., and Tritrichomonas foetus.

RESULTS AND DISCUSSION

Thirty (76.9%) of the 39 cat feces samples were positive
in one or more enteral tests (Table 1). In the shelter, the
guardian of the animals often sought for veterinary care due
to the presence of diarrhea in the cats, which motivated the
epidemiological investigation. The feline population of this
study had highlighted features such as high population density,
free access to outside and stress factors, and chronic diarrhea
followed by ineffective therapeutic measures. Some of these
characteristics are considered risk factors, because of the
chronic infectious diarrhea symptoms in the cats (Pesavento
& Murphy 2014). The number of animals with diarrhea at
the time of collection was not identified, mainly because
this symptom had the characteristic of being intermittent in
most of the animals.

The number of positive animals in the coproparasitological
test (19 cats 48.7%) was similar to previous studies with cats
in houses and in catteries in Brazil. In a mixed sample, the
study carried out with cats in houses and ranches, 47% of the
cats were parasitized (Pivoto etal. 2013). In cats in houses, a
proportion of 34% was positive (Gavioli etal. 2011). In street
cats, a higher occurrence of parasitized animals (87.9%)
was observed (Serra et al. 2003). Periods greater than one
year without worming can be considered a risk factor for
the presence of parasites (Pivoto et al. 2013, Andersen et al.
2018). The animals of this study were considered dewormed
for over a year and this factor may have contributed to the
rate of parasitism observed.

In the PCR detection for parvovirus and coronavirus,
16 cats (41%) were positive for one or more viruses.
Parvovirus was detected in only three cats (7.7%), a much
lower occurrence than in two shelters in the USA, where the
authors observed an occurrence of 33.9% and 26% of the
population (Clegg etal. 2012). This smaller number possibly
occurred due to vaccination of some cats’ shelter when they
were cubs, reducing environmental contamination and
exposure of the animals to the agent. Additionally, a higher
prevalence of parvovirus infection can be verified in cats less
than 12 months old (Dupont et al. 2013).

Coronavirus RNA was detected in 13 animals (33.33%),
similar to an animal shelter in the USA (Pedersen et al.
2004). This occurrence can be attributed to the exception of
the virus in high amounts and for long periods in the feces
of healthy cats (Herrewegh et al. 1997). Some of these cats

Table 1. Enteropathogenic agents according to test
type using fecal samples from 39 cats’ shelter with
chronic diarrhea

Test Found agents N %
Parasitological Ancylostoma spp. 16 41
Toxocara spp. 3 7,7

Dypilidium caninum 1 2,5

PCR Coronavirus 13 33,3
Parvovirus 3 7,7

PCR real-time Tritrichomonas foetus 5 12,8
Cryptosporidium spp. 3 7,7

Giardia spp. 2 51
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remain chronically infected as healthy carriers, excreting the
virus for prolonged periods, possibly for a lifetime that can
infect other cats via the fecal-oral route (Foley et al. 1997).

A total of 10 cats (25.6%) were positive in the panel for
the detection of protozoa by qPCR. Also, three cats (7.7%)
were positive for Cryptosporidium spp., a higher number than
that previously verified in Rio Grande do Sul by co-analysis
(Pivoto etal. 2013) demonstrating the importance of molecular
tests for the detection of enteropathogenic agents in animals
and in the investigation of cases of intermittent diarrhea.

Giardia spp. infection has a worldwide occurrence with
prevalence varying from 1.2% to 14% (De Santis-Kerr et al.
2006). In this study, only two samples were positive for
Giardia spp. (5%), similar to the values verified in previous
studies using coproparasitological examination (Coelho etal.
2009, Pivoto et al. 2013), and inferior to other studies in cats’
shelter (Gennari etal. 1999, Ferreira et al. 2013). Cubs appear
to be more susceptible to parasitism by Cryptosporidium spp.
and Giardia spp. (Mtambo et al. 1991), probably because of
the immaturity of their immune system. The fact that the
studied population is composed by adult animals may explain
thelower occurrence (14.44%) than in other studies, such as
Gennari etal. (1999), who evaluated animals of different ages.

The protozoan Tritrichomonas foetus is a recognized cause
of abortion in cattle, and in the last decade, it has been an
important cause of chronic large intestinal diarrhea in cats,
especially young animals (Holliday et al. 2009) in densely
populated areas (Tysnes etal. 2011). Studies that investigate
Tritrichomonas as the etiology of diarrhea in cats in Brazil
are scarce. The identification of Tritrichomonas as a cause of
diarrhea in cats is limited to case reports (Snel et al. 2006,
Hora et al. 2017), in which in the first report, the diagnosis
was through the culture of the agent. Recently, through
gPCR, T foetus was identified in a cat with chronic diarrhea,
previously identified in the direct feces examination. In this
study, the first test that evaluated a population of cats with
intermittent diarrhea observed five (12.8%) samples positive
for T foetus (12.8%), besides associating the infection of this
organism with other enteropathogenic agents, reporting in
a new way the co-infection of this protozoan with viruses
and helminths.

Co-infection by two or more enteropathogenic agents may
have distinct clinical consequences and interfere with the
diagnostic and therapeutic approach. Eleven animals (28.2%)
were positive for more than one type of infectious agent
(Table 2). Three animals (7.5%) were positive for coronavirus,
T. foetus, and Ancylostoma spp., one of them was also positive
for Dypilidium caninum. Four animals (10.2%) were positive
for a protozoan and a virus, and two samples were positive
for both Cryptosporidium spp. coronavirus in co-infection. In a
sample, the coronavirus was associated with T. foetus and in
another, co-infection between Giardia spp., coronavirus and
parvovirus was verified. One animal was positive for both
Ancylostoma spp. as for Cryptosporidium spp. Three animals
were positive in coproparasitological examination and viral
detection, and two of them were positive for Ancylostoma spp.
and parvovirus and another to Ancylostoma spp. and coronavirus.
Multiple infections have already been described (Paris et al.
2014) and should be considered for the diagnosis of chronic
diarrhea in cats, mainly due to the clinical consequences and
the treatment decision.
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Table 2. Enteropathogenic co-infections in 39 cats’ shelter with chronic diarrhea

Agent Groups

Agents

Helminths + protozoa
Virus + protozoa

Virus + helminths

Viruses + protozoa + helminths

CONCLUSIONS

The use of medications to make a therapeutic diagnosis
for cases of chronic diarrhea can be expensive and the time
spent may end up contributing to the worsening of the
patient’s clinical picture.

The knowledge of the main causal agents of circulating
diarrhea in certain geographic regions, which in this study
were numerous and causing concomitant infections, improves
the selection of diagnostic tests and the use of more targeted
therapy.

In addition to commonly known agents, the parasite
Tritrichomonas foetus should be included in the list of
infectious agents that may cause diarrhea (especially chronic)
in felines, especially in animals housed in denser shelters
than recommended.

Conflict of interest statement.- The authors have declared that no competing
interests exist.
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