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Abstract

Background People can acquire Toxoplasma gondii infection by ingestion of sporulated oocysts passed in cat feces;
whether this route is common in cats is unknown. The primary objectives of this study were to (a) adapt a commer-
cially available enzyme-linked immunosorbent assay (ELISA) for the detection of T. gondii tachyzoite IgG antibodies

in feline sera to detect T. gondii sporozoite IgG antibodies, (b) utilize the ELISA to confirm that exposed cats can mount
an antibody response to sporozoites, (c) estimate the prevalence of sporozoite antibodies in naturally exposed cats,
and (d) evaluate associations between the serologic status of naturally exposed cats and clinical signs that could be
caused by toxoplasmosis.

Methods To generate positive control sera, three male cats were orally inoculated with approximately 100,000
sporulated oocysts of the ME49 strain of T. gondii. A human antisporozoite antibody ELISA was then adapted for use
with cat sera. Detectable levels of antisporozoite IgG were found in two of the three experimentally inoculated cats.
The sera of 100 healthy cats and 295 clinically ill cats were assessed in the prototype sporozoite ELISA and a commer-
cially available tachyzoite ELISA.

Results The ELISA estimated that prevalence of antisporozoite IgG was 2% in healthy cats and 3.1% in clinically il
cats; in contrast, the overall estimated prevalence of antitachyzoite IgG was 15%. Only two of 395 cats (0.5%) had
both antisporozoite and antitachyzoite IgG.

Conclusions While experimentally infected and naturally exposed cats developed antisporozoite antibodies, the low
prevalence did not allow for the evaluation of associations among clinical signs.
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Background

Toxoplasma gondii is a global intracellular protozoan
capable of infecting mammals and birds. The seropreva-
lence of T. gondii varies greatly worldwide [1], but in
many regions it is still a health and economic concern for
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(non-felids). Most will have no to only mild clinical signs
(myalgia, mild lymphadenopathy). Immunosuppressed
individuals and fetuses are the most severely affected;
clinical signs include spontaneous abortions, congenital
deformities, retinochoroiditis, neurologic deficits, sei-
zures, or pneumonia [3].

Cats are the definitive host; the sexual phase of the
T. gondii life cycle that results in oocyst shedding only
occurs in felids. The complex T. gondii life cycle has been
previously described [4]. In short, there are three dif-
ferent primary T. gondii life stages: (1) sporozoites that
develop within fecal oocysts, (2) tachyzoites that rap-
idly divide and spread to various organ systems, and (3)
bradyzoites housed within tissue cysts. Exposure to T.
gondii usually occurs via ingestion of either sporulated
oocysts from the environment or tachyzoites or brady-
zoites in the tissue of intermediate hosts. Vertical trans-
mission is also possible as transplacental transmission
can play an important role in people and cats. Trans-
mammary exposure has also been documented in cats
and some intermediate hosts [5].

Ingestion of any of the three life stages can result in 7.
gondii infection. Historically, determining the specific
route of horizontal transmission (ingestion of bradyzoites
or tachyzoites versus ingestion of sporozoites) had to be
inferred from the host’s risk factors. The route of infec-
tion in humans could not be objectively evaluated until
a T. gondii sporozoite-specific antigen was identified and
expressed [6]. Using serology to evaluate the route of
exposure has emphasized that oral ingestion of sporozo-
ites can play a role in human infection with 7. gondii. In
one study, 43% of the serum samples from pregnant Chil-
ean women had IgG antibodies to a sporozoite-specific
protein [7].

In cats, most of the previous research on 7. gondii
transmission was directed toward the consumption of
encysted bradyzoites in meat as this was thought to be
both the most common [8] and most efficient route [9,
10]. Given the carnivorous nature of felines, less focus
has been placed on the ingestion of 7. gondii sporozo-
ites. Cats frequently groom and it has been proposed that
exposure could occur via ingestion of sporulated oocysts
contaminating skin or hair or by drinking contaminated
water. As there was not a serologic method to determine
T. gondii sporozoite antibodies in cats, exposure to this
life stage via ingestion may have been historically under-
estimated. It has also been proposed that the route of
exposure and life stage of T. gondii could impact whether
clinical disease occurs [9]. Therefore, understanding the
route of exposure has potential implications for disease
management and preventative measures.

Based on necropsy, histopathology, and the observa-
tion of unsporulated oocysts in the feces of infected
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cats, it is commonly accepted that the sporulation of
oocysts occurs only in the environment after infected
cats shed the oocysts in their feces [4, 11]. If oocyst
sporulation occurs only after the oocysts are passed in
feces, the presence of antisporozoite antibodies should
indicate that the infection occurred via the ingestion of
sporulated oocysts from the environment. Therefore,
the primary purpose of this study was to (a) adapt a
commercially available enzyme-linked immunosorbent
assay (ELISA) for the detection of T. gondii tachyzoite
IgG antibodies in feline sera to detect T. gondii sporo-
zoite IgG antibodies, (b) utilize the ELISA to confirm
that exposed cats can mount an antibody response to
sporozoites, (c) estimate the prevalence of sporozoite
antibodies in naturally exposed cats, and (d) evaluate
associations between the serologic status of naturally
exposed cats and clinical signs that could be caused by
toxoplasmosis.

Methods

Generating positive control sera

Before designing a prototype ELISA targeting antibod-
ies to T. gondii sporozoites, it was necessary to gener-
ate positive control sera. The project was approved by
the Institutional Animal Care and Use Committee (pro-
tocol 17-7341A) and three male cats were transferred
from a research facility to Colorado State University.
On day 0, the three cats were shown to be seronega-
tive for T. gondii antibodies on a commercially available
feline ELISA directed against tachyzoites [12] [https://
vetmedbiosci.colostate.edu/vdl/]. Each of the three cats
were manually restrained and orally inoculated with
approximately 100,000 sporulated oocysts of the T. gon-
dii ME49 strain (courtesy of Dr. JP Dubey, US Depart-
ment of Agriculture). The cats were group housed
during the day and enclosed in separate cages at night
to enable collection of feces for microscopic examina-
tion of T. gondii oocysts. When possible, feces were col-
lected twice daily. One gram of feces was mixed with
Sheather’s sugar solution (specific gravity 1.26), cen-
trifuged at 800g for 10 min and then examined under
the microscope using 10X magnification. The pupils of
the cats were dilated for fundic examinations to assess
for lesions consistent with toxoplasmosis on day 22
postinfection.

Previously developed commercially available T. gondii
IgM and IgG ELISAs, which use a tachyzoite lysate as the
antigen, were used to analyze sera from the cats on day
0, 3,7, 10, 14, 17, 21, 28, 35, 42, 49, and 56 [12] [https://
vetmedbiosci.colostate.edu/vdl/]. All three cats had
detectable levels of antitachyzoite IgM and IgG by day 28.
The sera were then stored at —80 °C.
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Development of the prototype sporozoite ELISA using
feline sera

To create an ELISA capable of detecting IgG directed
against T. gondii sporozoite-specific antigens, conditions
used in the human ELISA directed against sporozoites
[6] and the feline ELISA directed against tachyzoites [12]
were evaluated to develop a prototype assay. Sera from
days 49 and 56 after sporozoite inoculation were chosen
as the likely positive control in the initial titrations. For
the negative control, sera of specific pathogen-free cats
from previous studies (stored at —80 °C until assayed)
were used.

Multiple microELISA plates and binding buffers were
assessed. A checkerboard approach was used to optimize
the sporozoite antigen and secondary antibody concen-
trations. In the finalized prototype assay, the previously
characterized [6]. T. gondii sporozoite antigen (7. gondii
embryogenesis-related protein; courtesy of Dolores Hill,
USDA) was diluted to 1 pg/ml in 50 mM carbonate/bicar-
bonate buffer (pH 9.6). This was then used to coat 96-well
microtiter plates (Corning Incorporated Kennebunk,
Maine) with 100 pl per well for 60 min at 37 °C. One row
of the plate was left without antigen as a physical buffer.
The antigen-coated wells were washed three times with
TBS-MT (50 mM Tris at pH 7.4, 150 mM NaCl, 5% non-
fat milk powder, and 1% Triton X-100). After each wash,
the plates were blotted dry on paper towels. The feline
sera were diluted with phosphate-buffered saline with
Tween 20 (PBS-Tween 20) to a concentration of 1:64, and
100 pl of each diluted serum was added to each well; all
controls and samples were run at minimum in triplicate
wells. The plate was then allowed to incubate at room
temperature for 1 h. Washing of the antigen-coated wells
was repeated as previously described. Goat anti-cat IgG—
HRP conjugate (Seracare, Milford, Massachusetts) was
used as the secondary antibody and was diluted 1:1500
in TBS—milk (50 mM Tris at pH 7.4, 150 mM NaCl, 5%
non-fat milk powder); then 100 pl was added to each
antigen-coated well. Again, the plate was washed as pre-
viously described. The antigen-coated wells were then
rinsed once with 200 pl distilled water. A final incubation
of 20 min at room temperature was performed after add-
ing 100 pl of chromagen TMB substrate (Seracare, Mil-
ford, Massachusetts) to the entire plate. One hundred
microliters of 8N H,SO, was added as a stop solution to
each well at the end of the incubation. The optical density
of each well was then determined in a microplate reader
with 450 nm filter (Thermofisher Scientific, Watham,
Massachusetts).

The finalized prototype sporozoite ELISA was then
performed on banked sera of 25 other research cats.
Two outliers were removed due to their extremely high
absorbance values; these were suspected to be related
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to prior exposure. The mean absorbance (0.025) and
standard deviation (0.009) was then calculated for the 23
samples. A cut-off point of the mean plus two standard
deviations was then chosen (0.043). To determine a mul-
tiplication factor to be used across plates to help correct
for any interassay variation, the mean plus two standard
deviations was divided by the negative control absorb-
ance level (0.052/0.043=1.2). The positive cut-off point
for each plate was then determined by taking the multi-
plication factor of 1.2 times the mean of the negative con-
trols on that plate. Absorbances above this cut-off point
were considered IgG positive for antibodies against T
gondii sporozoites. Temporally collected serum samples
from the three cats that were orally inoculated with spor-
ulated oocysts were then assayed via both the IgG tachy-
zoite ELISA and the IgG sporozoite ELISA.

The interassay variation of the IgG sporozoite ELISA
was determined by measuring the mean absorbance val-
ues of the negative and positive controls on six plates. A
ratio of the mean positive control to the mean negative
control was also calculated for each plate. The stand-
ard deviation of the mean negative control wells and
the mean positive control wells were calculated across
plates. The coefficient of variation was then determined
by dividing the standard deviation by the meanx 100 for
both the positive and negative controls.

Using serology to investigate the possibility of sporulation
within the gastrointestinal tract

Stored sera from cats (n=5) orally inoculated with
Mozart T. gondii bradyzoites were available for study
[13]. Sera from day O, 14, 28, and 56 were thawed and
then assayed in both the commercially available IgG tach-
yzoite ELISA and the prototype IgG sporozoite ELISA.

Retrospective case-control study
To evaluate potential associations between the results of
the T. gondii antibody assays and clinical signs, a retro-
spective case—control approach was chosen. For the case
arm of the study, banked feline sera previously submitted
to the Colorado State University Veterinary Diagnostic
Laboratory for the commercially available 7. gondii anti-
tachyzoite IgM/IgG ELISA were utilized. A convenience
sampling and snowball approach was used to choose the
sera of 300 cats who met the following criteria: clinical
suspicion of infection and at least one of the following
clinical signs: fever, ataxia, seizures, anterior or posterior
uveitis, dyspnea, icterus, or myocarditis. The sera were
submitted by practicing veterinarians; therefore, these
cats represent naturally acquired infections.

For the control group, a convenience sampling of pre-
viously banked sera from 100 healthy blood donor cats
was utilized. These cats were negative for FeLV and
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Dirofilaria immitis antigen, FIV antibody, and DNA of
the feline Hemoplasma spp., Bartonella spp., and Ehrli-
chia spp.

Next, all 400 sera were thawed and assayed in both the
commercially available antitachzyoite IgG ELISA and the
prototype antisporozoite IgG ELISA. When validating
the data, five sera samples were excluded due to missing
data or transcription errors. Therefore, the ELISA results
of 295 of the clinically ill cats and 100 of the healthy cats
remained for analysis.

Statistical analysis

The clinical signs of the cats found on the submission
forms were divided into four categories: fever, ocular,
neurologic, or respiratory. The serological test results
were then stratified by groups and presented descrip-
tively. To assess associations between clinical signs and
serology status, Fisher’s exact test was performed utiliz-
ing the online open source software OpenEpi [14]. Sig-
nificance was defined as p <0.05.

Results

Cats inoculated orally with sporozoites to generate
positive sera

All three cats fed sporulated oocysts remained healthy
and no clinical signs were observed over the course of the
study. On day 22, one cat had a normal fundic examina-
tion. One cat had three focal hypopigmented lesions in
the nontapetal area, unilaterally, and one cat had a focal
hyperpigmented lesion bilaterally.

Each of the cats developed detectable levels of IgG to
tachyzoites on the commercially available ELISA. Anti-
bodies were first detected on day 17 (cat 1) and 28 (cat
2) and were still present on the last sample on day 56. On
the prototype ELISA, IgG to sporozoites was detected
in sera from two of the three cats by 56 days postinoc-
ulation. Only one cat was found to be shedding oocysts
during the study (day 46) and this cat developed IgG to
sporozoites.

Finalized prototype sporozoite IgG ELISA

The interassay variation for the sporozoite ELISA was
19% for the negative controls and 14% for the positive
controls.

Serology results of cats exposed via bradyzoites

All of the cats orally inoculated with bradyzoites had
detectable levels of IgG directed against 1. gondii tachy-
zoites by day 56. However, none of these cats had detect-
able levels of IgG directed against T. gondii sporozoites.
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Serology results of retrospective case-control study

In this pilot study, antiT. gondii sporozoite IgG antibod-
ies were detected in 11 of the 395 cats (Table 1). In cats
with clinical signs in this study, the estimated T. gondii
sporozoite antibody prevalence rate was 3.1% (Table 1).
Comparatively, in apparently healthy cats in this study,
the estimated sporozoite antibody prevalence rate was
2% (Table 1).

Analysis of sporozoite serology status with regard

to clinical signs

Using the serology results of the cats with clinical signs,
contingency tables were created using the clinical sign
category (fever, ocular, neurologic, or respiratory) as
a factor and the sporozoite serology status for disease
status. The seven clinically ill cats with sporozoite IgG
antibodies were distributed as follows: fever=1, ocu-
lar=2, neurologic=2, and respiratory=2. Statistically
significant associations between the category of clinical
signs and the sporozoite serology status were not found
(Fisher’s exact test, p=0.5669, odds ratio [OR]=1.147,
confidence interval [CI]0.1334—6.245). There were only
two clinically ill cats who had both sporozoite and tachy-
zoite IgG antibodies; one cat manifested neurologic signs
while the other cat showed ocular clinical signs.

Discussion

To the authors’ knowledge, this is the first report using a
prototype ELISA to detect T. gondii antisporozoite anti-
bodies in cats. Evidence of antisporozoite antibodies were
found in multiple naturally exposed cats. However, given
the low overall prevalence of antisporozoite IgG in this
study, this route of infection is likely less common in the
domestic cat population. This is in contrast to a previous

Table 1 Contingency table of Toxoplasma gondii 1gG ELISA
results, using sera from naturally exposed cats, in both the
prototype sporozoite and the commercial tachyzoite assay

Tachyzoite Tachyzoite Total
positive negative
Clinically ill cats
Sporozoite 2 7 9 (3.1%)
positive
Sporozoite 57 229 286 (96.9%)
negative
Total 59 (20%) 236 (80%) 295
Healthy cats
Sporozoite 0 2 2 (2%)
positive
Sporozoite 3 95 98 (98%)
negative
Total 3(3%) 97 (97%) 100
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study supporting that infection via sporozoite ingestion
can be common in humans [6].

Previous studies support the concept that oral inges-
tion of sporozoites is also a less successful route of infec-
tion in cats compared with bradyzoites [9]. We suspect
this is why one experimentally inoculated cat described
here did not develop detectable levels of IgG on the
sporozoite ELISA by day 56. In addition, only one of the
three experimentally inoculated cats was found to be
shedding oocysts; this cat developed IgG directed against
both sporozoites and tachyzoites. The low detection of
oocysts by fecal flotation in our study is not unexpected.
Cats shed T. gondii oocysts for a relatively short time and
detection of oocysts from feline feces is rare [13]. The
sensitivity of microscopic examination for detection of T.
gondii oocysts is low; T. gondii oocysts were detected by
microscopic examination in 2% or less of the cats in two
studies performed in the USA [15, 16]. Further, a study
reported a PCR assay that is more sensitive than micro-
scopic examination of feces and it is at least as sensitive
and specific as the bioassay [17]. It is possible that low
levels of oocysts were missed on flotation in our study.
For both experimentally inoculated cats with fundic
lesions, the lesions appeared chronic and were not sus-
pected to be secondary to toxoplasmosis.

Our study results further support the concept that
sporulation of T. gondii oocysts only occurs after the
oocysts are excreted in feline feces. The sexual phase of
the T. gondii life cycle culminates in the production of
oocysts containing a sporoblast. Two sporocysts, con-
taining four sporozoites apiece, develop when the oocyst
is exposed to oxygen [9]; therefore, sporozoites should
not develop until passed in the cat feces.

In contrast to T. gondii, there are protozoa such as
Cryptosporidum felis [18] where sporulation does occur
in the feline gastrointestinal tract. If this in fact occurred
with T. gondii, then a positive sporozoite antibody assay
would not be specific for the ingestion of sporulated
oocysts. The cats orally inoculated with Mozart brady-
zoites did not develop detectable levels of IgG against
sporozoites. Given this finding and the current under-
standing of the T. gondii life cycle, it strongly suggests
that when sporozoite IgG antibodies are detected in
feline sera the cat was exposed to T. gondii via ingestion
of sporulated oocysts. Exposure to sporulated oocysts
could possibly occur from self-grooming after being
exposed to contaminated soil, ingestion of contaminated
water, or mutual grooming of an infected housemate.

In our retrospective case—control study, from the 295
clinically ill cats and 100 healthy cats, only 11 cats had
detectable levels of T. gondii sporozoite IgG (Table 1).
In apparently healthy cats and clinically ill cats, the esti-
mated prevalence rates for sporozoite IgG were 2% and
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3.1%, respectively. The method we used to set our cut-off
points erred on the side of increased sensitivity and so
negative results should be uncommon. However, there is
a concern for precision across the plates. Given the 14%
and 19% coefficients of variation for positive and nega-
tive controls, respectively, there could be false positives
or false negatives for absorbance levels that were near the
cut-off point.

A previous study evaluating the seroprevalence of T.
gondii in cats in the USA found 28.7% of clinically ill cats
were positive for IgG only or IgG and IgM on a tachy-
zoite ELISA [12]. Our study found a similar seropreva-
lence: 20% of clinically ill cats had IgG directed against
tachyzoites. Only two of the 395 cats, both who were
clinically ill, were seropositive on both the sporozoite and
tachyzoite ELISAs. In contrast to the tachyzoite sero-
prevalence, our finding of a low prevalence rate of cats
with sporozoite is not unexpected. It further supports the
idea that most cats are exposed to T. gondii via ingestion
of bradyzoites or tachyzoites. As this is the first study
using serology to evaluate sporozoite-induced infec-
tions in cats, it is not known how long antibodies remain
detectable. It is possible that some of the cats we evalu-
ated had previously ingested 7. gondii sporozoites and
(a) they never mounted a detectable response or (b) they
mounted a response, but the antibody levels were below
the level of detection.

The route of transmission seems to play a role in both
the infectivity and pathogenicity of T. gondii [9]. Addi-
tionally, there is some evidence that it could play a role in
the clinical signs observed [19]. Ashour et al. [19] found
that mice orally infected with T. gondii were more likely
to have necrotic damage to ocular tissue, while mice
who were congenitally infected were more likely to have
proliferative ophthalmic lesions. In our study, no statis-
tically significant associations between sporozoite IgG
levels and the type of clinical signs were found. However,
this may be related to study design. The sera chosen for
the retrospective case control study was readily avail-
able through the Center for Companion Animal Studies,
which is a section of the Colorado State University Vet-
erinary Diagnostic Laboratory. A convenience sampling
was chosen, utilizing samples submitted from practi-
tioners with a clinical suspicion of toxoplasmosis. Thus,
meeting of the case definition was reliant on secondary
information on the submission forms accompanying
the samples. Potential limitations include accuracy of
these forms and the very limited information regarding
each individual case. Furthermore, we were hindered
by the lack of knowledge of the seroprevalence of anti-
bodies to T. gondii sporozoite antigen when the study
was designed. Using the estimated prevalence of T. gon-
dii sporozoite IgG found in this study, the appropriate
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sample size needed to accurately evaluate for disease
associations could be utilized in future studies.

An ideal next step would be to perform a western blot
and Coomassie dye stain to evaluate that the detected
feline IgG antibodies were specifically binding to the T.
gondii embryogenesis-related protein. We were unable
to obtain more 1. gondii embryogenesis-related protein
to proceed. However, given the extensive mapping and
testing of this protein in the primary study [6], we believe
it is likely that the prototype ELISA is detecting feline
antibodies binding with the sporozoite protein of inter-
est. However, our study is limited by the inability to fully
confirm this finding as this antigen is no longer available.
Further studies should be performed to corroborate the
results described here and could use recombinant pro-
teins from sporozoites/oocysts like CCp5A and OWPI
[20].

Conclusions

In this study, two of the three cats orally inoculated with
T. gondii sporulated oocysts had detectable levels of IgG
on the prototype sporozoite ELISA. A group of five cats
that were infected with T. gondii Mozart bradyzoites were
negative on the prototype T. gondii sporozoite antibody
assay; this provides further confirmation that 7. gondii
sporulation only occurs after oocysts are passed in feces.
We also found a low estimated prevalence of antisporo-
zoite IgG in cats exposed to T gondii in the field; this fur-
ther supports the idea that most cats are exposed to T.
gondii via ingestion of bradyzoites or tachyzoites. To our
knowledge, this is the only study estimating the preva-
lence of sporozoite antibodies in naturally exposed cats.

Abbreviations

ELISA Enzyme-linked immunosorbent assay
USDA US Department of Agriculture
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FelV Feline leukemia virus

FIV Feline immunodeficiency virus

DNA Deoxyribonucleic acid

Acknowledgements

The authors would like to thank Jitender Dubey for his contribution of the
sporulated oocysts and Dolores Hill for her contribution of the T. gondii
embryogenesis-related protein.

Author contributions

M.L. supervised the study and acquired the funding. M.L,, JH., and J.S. collabo-
rated for conceptualization. AM. and J.H. conducted the molecular analyses.
V.S. conducted the fecal floats. M.H. performed fundic exams. J.S. collected
sampled, conducted the statistical analyses, interpreted the data, and drafted
the manuscript with supervision by M.L. All authors participated in reviewing
and editing of the manuscript.

Funding
This study was funded by a One Health Grant from Colorado State University.

Page 6 of 7

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The project was approved by the Institutional Animal Care and Use Commit-
tee (protocol 17-7341A). No human subjects were involved in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 27 May 2024 Accepted: 21 October 2024
Published online: 02 December 2024

References

1. Kolbekova P, Kourbatova E, Novotna M, Kodym P, Flegr J. New and old
risk-factors for Toxoplasma gondii infection: prospective cross-sectional
study among military personnel in the Czech Republic. Clin Microbiol
Infect. 2007;13:1012-7.

2. Lappin MR. Update on the diagnosis and management of Toxoplasma
gondii infection in cats. Top Companion Anim Med. 2010;25:136-41.

3. Dubey J, Jones J. Toxoplasma gondii infection in humans and animals in
the United States. Int J Parasitol. 2008;38:1257-78.

4. Dubey JP. History of the discovery of the life cycle of Toxoplasma gondii.
Int J Parasitol. 2009;39:877-82.

5. Powell CC, Brewer M, Lappin MR. Detection of Toxoplasma gondii
in the milk of experimentally infected lactating cats. Vet Parasitol.
2001;102:29-33.

6. Hill D, Coss C, Dubey JP, Wroblewski K, Sautter M, Hosten T, et al. Identifi-
cation of a sporozoite-specific antigen from Toxoplasma gondii. J Parasitol.
2011,97:328-37.

7. Mufoz-Zanzi CA, Fry P, Lesina B, Hill D. Toxoplasma gondii oocyst-specific
antibodies and source of infection. Emerg Infect Dis. 2010;16:1591-3.

8. Hartmann K, Addie D, Beldk S, Boucraut-Baralon C, Egberink H, Frymus T,
et al. Toxoplasma gondii infection in cats: ABCD guidelines on prevention
and management. J Feline Med Surg. 2013;15:631-7.

9. Dubey JP. Comparative infectivity of oocysts and bradyzoites of Toxo-
plasma gondii for intermediate (mice) and definitive (cats) hosts. Vet
Parasitol. 2006;140:69-75.

10. Dubey JP. Infectivity and pathogenicity of Toxoplasma gondii oocysts for
cats. J Parasitol. 1996;82:957-61.

11. Hutchison WM, Dunachie JF, Work K, Siim JC. The life cycle of the coccid-
ian parasite, Toxoplasma gondii, in the domestic cat. Trans R Soc Trop Med
Hyg. 1971,65:380-98.

12. Vollaire MR, Radecki SV, Lappin MR. Seroprevalence of Toxoplasma
gondii antibodies in clinically il cats in the United States. Am J Vet Res.
2005,66:874-7.

13. Lappin MR, VanLare KA, Seewald W, Roycroft LM, Scorza AV, King S, et al.
Effect of oral administration of cyclosporine on Toxoplasma gondii infec-
tion status of cats. Am J Vet Res. 2015;76:351-7.

14. Dean A, Sullivan K, Soe M. OpenEpi: Open Source Epidemiologic Statistics
for Public Health, Version [Internet]. 2013. www.openepi.com. Accessed 1
Aug 2024

15. Dabritz HA, Miller MA, Atwill ER, Gardner IA, Leutenegger CM, Melli
AC, et al. Detection of Toxoplasma gondii-like oocysts in cat feces and
estimates of the environmental oocyst burden. J Am Vet Med Assoc.
2007;231:1676-84.

16. Spain CV, Scarlett JM, Wade SE, McDonough P. Prevalence of enteric
zoonotic agents in cats less than 1 year old in central New York State. J
Vet Intern Med. 2001;15:33-8.


http://www.openepi.com

Scott et al. Parasites & Vectors (2024) 17:497 Page 7 of 7

17. Salant H, Hamburger J, Spira DT. A comparative analysis of coprologic
diagnostic methods for detection of Toxoplama gondiiin Cats. Am J Trop
Med Hyg. 2010;82:865-70.

18. Leitch GJ, He Q. Cryptosporidiosis-an overview. J Biomed Res.
2012;25:1-16.

19. Ashour DS, Saad AE, El Bakary RH, El Barody MA. Can the route of Toxo-
plasma gondii infection affect the ophthalmic outcomes? Pathog Dis.
2018;76(5). https://doi.org/10.1093/femspd/fty056/5037924.

20. Santana SS, Gebrim LC, Carvalho FR, Barros HS, Barros PC, Pajuaba ACAM,
et al. CCp5A Protein from Toxoplasma gondii as a Serological marker of
oocyst-driven infections in humans and domestic animals. Front Micro-
biol. 2015;6:1305. https://doi.org/10.3389/fmicb.2015.01305/abstract.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1093/femspd/fty056/5037924
https://doi.org/10.3389/fmicb.2015.01305/abstract

	Evaluating the significance of Toxoplasma gondii sporozoite antibodies in cats: a pilot study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Generating positive control sera
	Development of the prototype sporozoite ELISA using feline sera
	Using serology to investigate the possibility of sporulation within the gastrointestinal tract
	Retrospective case–control study
	Statistical analysis

	Results
	Cats inoculated orally with sporozoites to generate positive sera
	Finalized prototype sporozoite IgG ELISA
	Serology results of cats exposed via bradyzoites
	Serology results of retrospective case–control study
	Analysis of sporozoite serology status with regard to clinical signs

	Discussion
	Conclusions
	Acknowledgements
	References


