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ABSTRACT: Diarrhea caused by intestinal coccidia (Cystoisospora species)
is a common problem in pet dogs and in dogs in animal shelters.
Cystoisospora canis has the largest oocysts of the 4 named species of
coccidia infecting dogs. The present study examined an isolate of C. canis
obtained from a dog from Sdo Paulo, SP, Brazil. Oocysts sporulated
within 2 days at room temperature, and 20 sporulated oocysts were
measured at 37.6 by 28.6 um (range 35-42 by 26-31 pm). Most sporulated
oocysts contained 2 sporocysts, each with 4 sporozoites, although a few
(<1%) were Caryospora-like and contained 1 sporocyst with 8§
sporozoites. Two experiments using a total of 1l female 6-wk-old
beagles were conducted to determine the pathogenicity of oral infection
with 5 X 10* sporulated oocysts of this isolate of C. canis. Five of the 11
dogs had natural infections with Cystoisospora ohioensis—like (n=4) or C.
canis (n = 1) species prior to the predicted patent period of 9-10 days. Ten
of the dogs developed diarrhea with occasional blood, and 3 dogs were
affected to the extent that clinical treatment for coccidiosis using
sulfadimethoxine was recommended. Dog CRU had a natural C. canis
infection and did not develop clinical disease after oral infection with C.
canis oocysts. This dog had a prepatent period of 9 days and a patent
period of 3 days, corresponding to experimental infection with the new
isolate of C. canis. It excreted fewer C. canis oocysts than did the other
dogs. The 4 dogs with natural C. ohioensis-like infection all developed
clinical disease, and | required treatment. The prepatent period was 9-10
days, and the patent period was 10-11 days in these dogs. All 6 dogs not
naturally infected with Cystoisospora developed clinical disease, and 2
required treatment. The prepatent period was 9-10 days, and the patent
period was 8-12 days. The present study confirms that C. canis is a
primary pathogen for young dogs. It demonstrates that prior infection
with C. canis but not C. ohioensis-like coccidia confers some resistance to
clinical disases and a decrease in oocyst production in dogs challenged
with C. canis.

Coccidia of the genus Cystoisospora are common intestinal parasites of
dogs, cats, and humans worldwide (Frenkel, 1977). Dogs are hosts for 4
named species of Cystoisospora, and oocysts of C. canis can be definitively
identified based on their structure in fecal samples because of their large
size (>33 um) when compared to the oocysts of Cystoisospora ohioensis,
Cystoisospora neorivolta, and Cystoisospora burrowsi, which are smaller
and structurally similar (<30 pm) to each other (see Lindsay et al., 1997).
The oocysts of these 3 similar-sized coccidial species are often grouped
together and termed C. ohioensis—like oocysts because detailed structural
examinations and life cycle studies are needed before a definitive diagnosis
can be made (see Lindsay et al., 1997). New methods using PCR and
sequencing or RFLP are being developed and will help better define these
C. ohioensis-like parasites from dogs in the future (Samarasinghe et al.,
2008; Matsubayashia et al., 2011; He et al., 2012).

Little is known about immunity or resistance to intestinal coccidial
infection caused by Cystoisospora species in dogs. This is because it is
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difficult to obtain coccidia-free dogs from commercial suppliers and the
logistics of keeping dogs coccidia free prior to experimental and challenge
infections. In 1 study, solid immunity followed primary C. canis infection,
and no C. canis oocysts were excreted after challenge (Becker et al., 1981).
Eight of 22 dogs examined in a second study were excreting C. ohioensis—
like oocysts in their feces prior to experimental infection with sporulated
oocysts of C. canis. All 22 dogs developed clinical signs of coccidiosis and
excreted C. canis oocysts in their feces (Mitchell et al., 2007).

We previously demonstrated that oocysts of C. canis isolated from
pitbull puppies from Virginia are pathogenic for young beagle dogs
(Mitchell et al., 2007) and that this isolate could be used to demonstrate
drug effacacy in experimentally infected beagles (Reinemeyer et al., 2007).
Unfortunately, this line of C. canis was lost due to a normal decline in
infectivity with oocyst age. The present study describes the oocysts of a
new isolate of C. canis obtained from a dog from Brazil and their
pathogenicity for beagle puppies. We demonstrate that this isolate is
pathogenic for beagle puppies and that preexisting C. ohioensis—like
infection does not prevent clinical disease due to C. canis. We also are able
to present results from a puppy naturally infected with C. canis that
demonstrate some protection from homologous infection.

Oocysts larger that 33 pm in length were detected in the feces of a 7-mo-
old female dog (Fig. 1) from the Departamento de Medicina Veterinaria
Preventiva e Salude Animal, Faculdade de Medicina Veterinaria e
Zootecnia, Universidade de Sao Paulo, SP, Brazil, by 1 of us (H.F.J.P.)
in April 2011. Some blood was present, but the feces were not diarrheic.
Feces from this dog were collected and sent to the Department of
Biomedical Sciences and Pathobiology, Center for Molecular Medicine
and Infectious Diseases, Virginia-Maryland Regional College of Veteri-
nary Medicine (VAMDRCVM), Virginia Tech, Blacksburg, Virginia, for
propagation and further study of canine coccidiosis. Oocysts were
sporulated in 2% (v/v) sulfuric acid solution at room temperature for 4
days (Figs. 2, 3). Twenty oocysts were examined and measured using a
calibrated ocular micrometer and an Olympus BX60 epifluorescent
microscope equipped with differential contrast optics (Olympus America
Inc., Center Valley, Pennsylvania). Concentrated oocysts were stored in
2% sulfuric acid solution at 4 C. Oocysts were sterilized using exposure to
100% commercial bleach solution for 10 min. The oocysts were washed
free of bleach using sterile Hanks balanced salt solution without calcium
or magnesium (HBSS). The numbers of oocysts present were determined
by counting in a hemocytometer. Oocysts were 3 mo old when used for
experiment 1. Oocysts collected from dogs in experiment 1 were used to
infect dogs in experiment 2, and the sporulated oocysts were 3 mo old.

Two experiments using a total of 11 female beagles were conducted
(Table I). Dogs were obtained at 6 wk of age (Covance, Cumberland,
Virginia). The protocols used in the present report were approved by the
Institutional Animal Care and Use Committee, Virginia Tech. All dogs
were vaccinated and neutered and then adopted by members of the
community following guidelines of Virginia Tech at the end of the study.
Fecal samples were examined using centrifugal flotation in Sheathers’
sugar solution and the McMaster egg counting technique. Fecal samples
were examined daily or every other day until dogs were orally infected (if
feces were available). Fecal oocyst numbers were determined by the
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Ficures 1-4. Photomicrographs of fecal flotations from dogs experimentally infected with Cystoisospora canis obtained from a dog from Brazil. (1)
Unsporulated oocyst of C. canis demonstrating contracted sporont (S). Bar = 10 pm. (2) Sporulated C. canis oocyst containing 2 sporocysts each with 4
sporozoites. Note the sporocyst residum (R). Bar = 10 um. (3) Caryospora-type sporulated oocyst of C. canis containing 8 sporozoites and a single
sporocyst. A sporocyst residum (R) is present. Bar = 10 pm. (4) Sample from dog CXR fed sporulated C. canis oocysts demonstrating the inoculated
sporulated C. canis oocyst (arrow) from the inoculum and many smaller nonsporulated C. ohioensis—like oocysts (arrowheads) from a natural infection.
Bar =20 pm.

McMaster method using 2 g of feces and mixing this sample in 28 ml of
Sheathers’ sugar solution. Both sides of a McMaster counting slide were
loaded with the mixture. McMaster slides were allowed to sit for 5 min,
and then all oocysts present were counted. The total number of oocysts
counted was determined by multiplying the number counted by 50.

An inoculum dose of 5 X 10* sporulated C. canis oocysts in 0.25 ml of
HBSS was used. Dogs were orally infected by mixing the C. canis oocysts
and HBSS solution in an appropriate amount (25 g) of commercial dog
food (Hills Science Diet A\D, Topeka, Kansas) and placing the food in a
bowl and allowing the puppies to consume the dog food. All dogs readily
ate this mixture within 3-5 min, and none vomited the inoculum.

All puppies were examined daily, their health condition noted, and fecal
samples were collected. Toys were provided to each pup, and they were
housed so they could see, hear, and smell each other. Pups were allowed to
exercise outside of their cage on the floor during the 15-20 min it took to
clean their cage and collect fecal samples. An attempt was made to collect
large amounts of feces during the patent period to provide a source of
oocysts for future studies.

Dogs that developed severe diarrhea (watery and/or bloody), inappe-
tence >24 hr, discomfort, or dehydration were treated medically by the
clinical veterinarian for coccidiosis with sulfadimethoxine (Albon 5%
suspension; Pfizer Inc., New York, New York) dosage at 55 mg/kg orally

on the first day, and then 27.5 mg/kg orally once daily for 3-5 days, and
given supportive care (subcutaneous fluid boluses).

Oocysts survived shipping from Brazil and sporulated when placed in
2% sulfuric acid solution. Twenty oocysts were measured at 37.6 by 28.6
um (range 35-42 by 26-31 um) (Figs. 1-4). Oocysts in fresh samples
contained a contracted sporont, and many had developed to the 2-
sporoblast stage. Oocysts sporulated within 2 days at room temperature
and contained 2 sporocysts each with 4 sporozoites (Fig. 2). Caryospora-
like oocysts containing a single sporocyst enclosing 8 sporozoites (Fig. 3)
were frequently present in samples sporulated for experimental studies.
Autofluorescence of the oocyst and sporocysts was observed when samples
were examined using UV light (Lindquist et al., 2003). In experiment 2,
fully sporulated C. canis oocysts present from the infecting dose of bleach-
treated C. canis oocysts were seen in the feces of a dog (CXR). This was 2
day postinoculation (PI), and dog CXR was excreting unsporulated C.
ohioensis-like oocysts from a preexisting natural infection (Fig. 4).

Diarrhea was not present in the 5 pups in experiment 1 when they were
examined the day of arrival at VAMDRCM. Three of 5 dogs in this group
excreted C. ohioensis—like oocysts prior to infection with C. canis oocysts
(Table I; Fig. 5). The prepatent period was 9 days, and the patent period
was 8-10 days in these dogs. One dog (VG) was treated for intestinal
coccidiosis with sulfadimethoxine and fluids beginning day 12 postinfec-

TasLE 1. History of Cystoisospora oocyst excretion, results of clinical signs, and prepatent and patent periods following oral infection of dogs with 50,000

sporulated C. canis oocysts.

Cystoisospora canis

Experiment Dog Prior oocysts present Clinical signs Prepatent period (days) Patent period (days)
1 VL No Yes 9 8
1 VI No Yes 9 9
1 VG C. ohioensis Yes* 9 10
1 VH C. ohioensis Yes 9 10
1 \'2) C. ohioensis Yes 9 10
2 CTZ No Yes 10 10
2 CPX No Yes* 9 12
2 CUA No Yes* 8 12
2 CRW No Yes 10 10
2 CXR C. ohioensis Yes 10 11
2 CRU C. canis No 9 3

* Treated with sulfadimethoxine for coccidiosis.
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FiGure 5. Results of C. canis oocyst counts from dogs in experiment
1. Dogs VL and VI are represented with solid line (no prior infection), and
dogs VG, VH, and VJ are represented with the dashed line (prior C.
ohioensis-like infection).

tion. Clinical signs of diarrhea were first observed 9 days PI, and fecal
samples became formed again on day 14 PI.

Diarrhea was not present in the 6 pups in experiment 2 when they were
examined the day of arrival at VAMDRCM. One of 6 dogs (CXR) in
experiment 2 excreted C. ohioensis—like oocysts prior to infection with C.
canis oocysts (Table I; Fig. 6). The prepatent period for C. canis was 10
days, and the patent period was 11 days in CXR. One of 6 dogs (CRU)
excreted oocysts of C. canis oocysts prior to oral inoculation with C. canis
oocysts (Table I). Two dogs (CUA and CPX) were treated for intestinal
coccidiosis with sulfadimethoxine day 9 PI.

Cystoisospora species oocysts are most prevalent in dogs under | yr of
age (Beuhl et al., 2006; Fontanarrosa et al., 2006; Little et al., 2009;
Barutzki and Schaper, 2011). A survey of 1,199,293 canine fecal samples
from the United States in 2006 demonstrated that 4.4% of the samples
contained oocysts of Cystoisospora species (Little et al., 2009). This value
was similar to the 2.6% to 4.8% prevalence previously found in surveys (n
=7) from dogs from the United States (reviewed by Little et al., 2009).
Beuhl et al. (2006) found that 8.7% of 3,590 diagnostic samples from
Austrian dogs less than or equal to 2 yr old contained Cystoisospora
oocysts. They found that 78% of the positive dogs were 4 mo old or less.
Barutzki and Schaper (2011) found Cystoisospora oocysts in 5.6% of
24,677 dogs from Germany, and Fontanarrosa et al. (2006) found that
12% of 1,293 samples from dogs contained Cystoisospora oocysts.
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Figure 6. Results of Cystoisospora canis oocyst counts from dogs in
Experiment 2. Dogs CPX, CUA, and CRW are represented with the solid
line group (no prior infection); dog CXR is the dashed line (prior
Cystoisospora ohioensis—like infection), and dog CRU is the dotted line
(prior C. canis infection).

Diagnosis of the cause of diarrhea is often a challenge to veterinarians
attending animal shelters because dogs enter the shelters with a variety of
enteropathogens, many of which are pathogenic or zoonotic under defined
circumstances (Tupler et al., 2012). The large size of C. canis oocysts
makes them easily identified in fecal preperations from dogs with diarrhea.
However, care should be taken to demonstrate other pathogenic
microorganisms, physiological conditions, enviromental conditions, age,
and immune status of dogs prior to making a definitive diagnosis of
cystoisosporiasis (Lindsay et al., 1997). It is interesting to note that
Daugschies et al. (2000) reported that natural Cystoisospora infections
were regularly found in 3-4-wk-old pups in dog breeding facilities in
Austria and that they were not always associated with diarrhea. The age of
dogs used in our study was 6 wk old, and this would be at the end of or
near the end of a patent C. ohioensis—like coccidial infection that was
acquired at 4 wk old. No surveys of dogs in breeding facilities have been
reported from the United States, but the finding that 6-wk-old pups came
naturally infected indicates that dogs in breeding colonies in the United
States most likely acquire primary infections at a young age. Severe
diarrhea was not present in any of the puppies in our study naturally
infected with C. ohioensis—like oocysts.

Caryospora-like oocysts have been observed in many studies on
Cystoisospora species in mammals (Lindsay et al., 1997). Little is known
about factors that induce the development of Caryospora-like oocysts of
what would normally be Cystoisospora species oocysts. Matsui et al.
(1993) demonstrated that heat treatment of unsporulated Cystoisospora
rivolta oocysts from cats at 50 C for 5 min caused an increase in the
numbers of Caryospora-like oocysts that were produced after sporulation.
Oocysts collected from cats inoculated with Caryospora-like oocysts of C.
rivolta were Cystoisospora-like after sporulation, indicating that heat
treatment did not induce a stable mutation. The biological importance of
these Caryospora-like oocysts is unknown. The heat stress treatment
method of Matsui et al. (1993) may prove to be a useful method to
examine gene expression associated with sporogony of C. canis oocysts.

Oral inoculation of 5 X 10* oocysts of our isolate of C. canis used in the
present study from Brazil caused similar clinical signs and prepatent and
patent periods in 6-wk-old recipients, as did inoculation of 5 X 10* oocysts
of an isolate of C. canis obtained from dogs from Virginia (Mitchell et al.,
2007; Reinemeyer et al., 2007) in 6-wk-old pups. An isolate of C. canis
from Illinois was not pathogenic for 6-wk-old pups inoculated with 1 X 10°
sporulated oocysts (Lepp and Todd, 1974). Buehl et al. (2006) reported
that 2 X 10* oocysts of C. canis obtained from dogs in Austria were
pathogenic for 3-wk-old beagle puppies. Results of the present study
support those of Buehl et al. (2006), Mitchell et al. (2007), and Reinemeyer
et al. (2007) and confirm that C. canis is a primary pathogen in young
dogs.

These studies were supported by grants from IDEXX to DSL and
AMZ.
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