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1 | INTRODUCTION

Abstract

Felis catus, the domestic cat, is the definitive host for parasites that may result in ad-
verse health outcomes in humans. Prevalence data of zoonotic parasites in feral cats,
which are free-roaming domestic cats that are born and live in the wild, are limited.
The objective of this study was to assess seroprevalence of Toxoplasma gondii anti-
bodies and copro-prevalence of potentially zoonotic parasites in feral cats and to
evaluate risk factors for seropositivity and faecal excretion of parasites. In this cross-
sectional survey, 275 feral cats at Trap-Neuter-Release clinics in Central Virginia
were tested for parasites via faecal flotation, direct immunofluorescence assay (fae-
ces) and modified agglutination testing (serum). Toxoplasma gondii seroprevalence
was 22.35% (95% Cl: 17.47-27.86). Faecal prevalence of T. gondii-like oocysts was
1.04% (95% Cl: 0.13-3.71), Toxocara cati 58.85% (95% Cl: 51.54-65.89), Ancylostoma
spp. 18.75% (95% Cl: 13.49-25.00), Giardia duodenalis 5.73% (95% Cl: 2.89-10.02)
and Cryptosporidium spp. 3.33% (95% Cl: 1.37-7.24). Female cats were more likely
than males to excrete faecal Ancylostoma spp. eggs (OR 2.88; 95% Cl 1.34-6.17).
Adults were more likely than immature cats to be seropositive (OR 2.10; 95% Cl:
1.11-3.97) and to excrete faecal Ancylostoma spp. eggs (OR 2.57; 95% Cl: 1.10-5.99).
However, immature cats were more likely than adults to excrete T. cati eggs (OR 6.79;
95% Cl: 3.31-13.90) and to excrete one or more potentially zoonotic species (OR
4.67; 95% Cl: 2.28-9.55) in faeces. Results of this study have implications for human
and animal health and highlight the importance of collaboration between public

health, medical and veterinary communities in preventive efforts.
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having zoonotic potential that are excreted by felids include

Toxoplasma gondlii, Toxocara cati, Ancylostoma spp., Giardia duodenalis

Cats can serve as reservoirs for parasites that may result in pub-
lic health consequences, negative economic outcomes and reduced
health in animals and humans (Gerhold & Jessup, 2013). Cats that
roam outdoors can contaminate the environment with faecal para-
site eggs, cysts and oocysts which infect people and other animals,

including pets, livestock and wildlife, upon ingestion. Parasites

and Cryptosporidium spp.

Toxoplasma gondii is a protozoan parasite that can infect a wide
variety of species, including humans, but for which felids are the only
definitive host (EImore et al., 2010). Although most felids in North
America, including bobcats (Lynx rufus) and cougars (Puma concolor),

are suitable definitive hosts for T. gondii, domestic cats (Felis catus)
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produce the most oocyst numbers of all felids and are believed to
contribute most oocysts contaminating the environment (Dubey,
2010). Toxoplasmosis results after ingestion of infectious T. gon-
dii oocysts from an environment contaminated with cat faeces or
through ingestion of tissue cysts in raw or undercooked meat of
an intermediate host. Toxoplasmosis is characterized by symptoms
ranging from mild/flulike to encephalitis and death; infection during
pregnancy can result in miscarriage or developmental foetal abnor-
malities (Jones, Parise, & Fiore, 2014). Toxoplasmosis is reported to
be the second deadliest food-borne disease in the USA, costing an
estimated 3.3 billion dollars annually (Scallan et al., 2011; USDA,
2014). Foods that have been implicated as sources of T. gondii para-
site stages originating from cats include raw produce, undercooked
meat, raw seafood and unpasteurized goat’s milk (Hussain, Stitt,
Szabo, & Nelan, 2017). Wildlife, including game species, may be in-
fected with T. gondii from cats, representing a source of food-borne
exposure for people who hunt and consume game animals. For ex-
ample, studies detected T. gondii seroprevalences of 56.3% in elk in
the Central Appalachians, 58.8% of white-tailed deer in Northeast
Ohio and 27.7% of feral pigs in North Carolina (Ballash et al., 2015;
Cox et al., 2017; Sandfoss, DePerno, Patton, Flowers, & Kennedy-
Stoskopf, 2011). Water may be contaminated with T. gondii oocysts
shed in the faeces of infected cats. One of the largest documented
outbreaks of toxoplasmosis in people was thought to be caused by
oocyst run-off from free-roaming domestic and wild cats into a mu-
nicipal reservoir in British Columbia, Canada (Bowie et al., 1997).
Toxoplasmosis has been targeted for public health action as 1 of 5
neglected parasitic infections in the USA by the Centers for Disease
Control and Prevention (CDC) (CDC, 2016).

The ascarid, Toxocara cati, a zoonotic parasite acquired from cats,
causes toxocariasis after ingestion of infective T. cati eggs excreted
in cat faeces, either on contaminated raw produce, soil or water,
or (less frequently) through ingestion of encysted larvae in under-
cooked meat (Woodhall, Eberhard, & Parise, 2014). After ingestion,
parasite larvae migrate through the body of an infected individual,
damaging organs, such as lungs, liver, eyes and central nervous
system, and may result in permanent debilitating disease including
blindness (CAPC, 2016a; Woodhall et al., 2014). Toxocariasis is con-
sidered a neglected parasitic infection by the CDC (Woodhall et al.,
2014). Although thought to be one of the most common parasitic
infections in the USA, the true importance of toxocariasis in humans
is not known because of underdiagnosis, in part due to lack of com-
mercially available specific immunological tests but also because
symptoms can be vague, resulting in undertesting (Woodhall et al.,
2014).

Other parasites excreted in cat faeces that may cause disease
in humans, depending on parasite species/genotype and the im-
munocompetence of the infected individual, include Ancylostoma
spp. (hookworms), Giardia duodenalis and Cryptosporidium spp.
(Rabinowitz & Conti, 2010). Some species of Ancylostoma cause
cutaneous larva migrans in humans, characterized by a pruritic
rash, after infective larvae penetrate and migrate through the skin
(Bowman, Montgomery, Zajac, Eberhard, & Kazacos, 2010; CAPC,
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Impacts

e We examined the copro-prevalence of potentially zo-
onotic parasites, seroprevalence of T. gondii antibodies
and factors predicting parasite excretion and seroposi-
tivity in a feral cat population in Central Virginia.
Immature stages of these parasites are excreted in cat
faeces, persist in the environment and can be inadvert-
ently ingested by humans and other animals, resulting in
negative health outcomes.

e Several species of parasites were identified, with more
than half of the faecal samples testing positive for T. cati
eggs and almost one-fourth of the cats testing positive
for T. gondii antibodies. Immature cats were significantly
more likely than adults to excrete T. cati and one or more
potentially zoonotic parasite species in the faeces
(p < 0.05).

e Feral cats in Central Virginia, which roam freely out-
doors, are a source of environmental contamination
with parasites that can negatively affect the health of
humans and other animals, thus representing a signifi-
cant public health risk. Emphasis should be placed on
humane reduction of feral cat populations and preven-

tion of free-roaming cats.

2016b). Giardia duodenalis cysts and Cryptosporidium spp. oocysts
are often present in cat faeces; however, because these parasites
demonstrate genetic variation and a level of host specificity, it is not
clear what role cats play in transmitting them to humans (Feng &
Xiao, 2011; Lucio-Forster, Griffiths, Cama, Xiao, & Bowman, 2010).
Giardiasis is prevalent in children in developing areas of the world
and can result in growth stunting and impaired cognitive develop-
ment (CDC, 2015b; Feng & Xiao, 2011). Cryptosporidiosis is fre-
quently linked to outbreaks associated with recreational water use
in the USA and can cause gastrointestinal disease in people, with
potentially severe health outcomes in immunocompromised individ-
uals (CDC, 2015a).

The estimated 60-100 million feral cats which roam outdoors
in the USA are a source of environmental contamination with par-
asites that pose a risk for transmission to humans (Roebling et
al., 2014). One cat infected with zoonotic parasites can excrete
millions of eggs, cysts or oocysts into the environment, and in
many cases, the infective parasite stages are extremely resistant,
persisting for months to years in soil and/or water (CAPC, 2016a;
Dabritz & Conrad, 2010; Harhay, Horton, & Olliaro, 2010). Cats
produce an estimated 1.2 million tons of faeces in the USA each
year (Torrey & Yolken, 2013). Feral cats, which are born and live
in the wild, do not receive the same level of husbandry and veteri-
nary care as do most owned cats, including routine faecal parasite

tests and antiparasitic medications. Furthermore, cats roaming
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outdoors are more likely to ingest parasite stages through pre-
dation of intermediate or paratenic hosts compared with owned
cats living indoors. Consequently, feral cats may experience a rel-
atively high level of parasite infection. Existing prevalence data
for zoonotic parasites in cats are highly variable depending on the
population sampled and methods used for parasite detection. In
Virginia, parasite prevalence in felines is largely based on com-
mercial laboratory analysis of samples submitted by veterinary
clinics or small studies of owned cats, but few data concerning
parasite prevalence in feral cats are available (Companion Animal
Parasite Council, 2017; Hsu, Grant, Zajac, Witonsky, & Lindsay,
2011; Lilly & Wortham, 2013). Considering the lack of data from
feral cats, the objective of this study was to assess the prevalence
of potentially zoonotic parasites, specifically the seroprevalence
of antibodies against T. gondii and copro-prevalence of T. cati and
Ancylostoma spp. eggs, G. duodenalis cysts, and Cryptosporidium
spp. and Toxoplasma-like oocysts, in feral cats in Virginia. Sex and
age were evaluated as risk factors for seropositivity and excretion
of faecal parasites. The hypothesis was that the feral cats would
have high parasite copro-prevalence and T. gondii seroprevalence
and that age and sex would predict faecal excretion of parasite

stages as well as T. gondii seroprevalence.

2 | MATERIALS AND METHODS

2.1 | Cats

Feral cats (n = 275; 131 females, 144 males) were sampled from July
through November 2016. The cats were humanely trapped in stand-
ard metal live traps by the general public and brought to monthly
feral Trap-Neuter-Release (TNR) clinics sponsored by Operation
Catnip, a nonprofit organization based in Richmond, Virginia. Each
cat was given an identification number that was placed on its history
chart, faecal sample bag and blood tubes. The cats were anaesthe-
tized, physically examined, treated with the insecticide fipronil/(s)-
methoprene (9.8/11.8%; 0.5 ml topically; FRONTLINE®PIus for cats,
Merial Inc., Duluth, GA) and antiparasitic ivermectin (0.2 mg/kg sub-
cutaneously; Noromectin® 1% injection [ivermectin], Norbrook®
Inc., Overland Park, KS), given rabies vaccines and neutered in ac-
cordance with Operation Catnip’s standard protocol, based on
guidelines recommended by the Association of Shelter Veterinarians
(Association of Shelter Veterinarians’ Veterinary Task Force to
Advance Spay-Neuter et al., 2016). Ilvermectin was administered a
maximum of 1.5 hr prior to faecal sample collection and was deemed
not to affect faecal parasite detection. Cat age was estimated, and
cats were classified as immature if <1 year or adult if 21 year of age
(Table 1).

2.2 | Sample collection

Blood and faecal samples were collected from cats during recovery
from surgery. Faecal samples were collected from 192 (69.8%) of
the cats, either by digital rectal palpation or directly from the trap

TABLE 1 Age and gender of cats from which serum (n = 264)
and faeces (n = 192) were collected

Samples collected (%)

Cats Serum Faeces

Male 141 (53.4) 104 (54.2)
Female 123 (46.6) 88 (45.8)
Immature 106 (40.2) 74 (38.5)
Mature 158 (59.8) 118 (61.5)

if available. Faeces were unavailable from 83 (30.2%) of the cats.
Faecal samples were placed into individual plastic re-sealable bags
and stored in a cooler on ice for transport and then stored at 4°C. All
faecal samples were analysed within 48 hr of collection.

Blood samples were collected from 264 (96.0%) of the cats via
venipuncture of a jugular or medial saphenous vein. Blood was not
collected from 11 (4.0%) of the cats due to inability to readily collect
an adequate volume or because rapid recovery from anaesthesia
precluded safe handling of the cat. Blood was collected into a sy-
ringe, transferred into serum separator tubes and allowed to clot for
30 min at room temperature before placing into a cooler with ice for
transport and then centrifuged at 1,500x g for 10 min at 4°C. Serum
was then transferred into microcentrifuge tubes and stored at 4°C

until analysis was performed.

2.3 | Sample analysis

Individuals conducting serological and faecal examinations knew the
identification numbers on the samples and that samples were ob-
tained from cats, but were blinded to cat age and sex. Faecal sam-
ples were processed by centrifugal flotation in a 33% zinc sulphate
solution as previously described (Zajac & Conboy, 2012). Processed
samples were examined microscopically for parasites, first scanning
using the 10x objective and then using the 20x or 40x objectives if
necessary to confirm identification of smaller parasite cysts and oo-
cysts. Parasite identifications were based on published descriptions,
and all parasites identified were recorded (Zajac & Conboy, 2012).
Faecal parasite stages considered as having zoonotic potential were
T. gondii-like oocysts, T. cati and Ancylostoma spp. eggs, G. duodenalis
cysts and Cryptosporidium spp. oocysts. Coccidial oocysts that were
10-12 pm in diameter were considered as T. gondii-like (Dubey, 2010).

To evaluate for the presence of Cryptosporidium spp. oocysts,
fresh faeces remaining after faecal flotation (n = 180) were stored
at room temperature in 10% formalin until further analysis using
a commercially available direct immunofluorescence assay (DFA)
kit (MERIFLUOR® Cryptosporidium/Giardia, Meridian Bioscience
Inc., Cincinnati, OH). Testing procedures and interpretation were
performed according to the manufacturer’s instructions (Anon,
Meridian Bioscience, Inc., 2017). Samples were considered positive
if 4-6-um round-to-oval apple green oocysts were observed using
a microscope equipped with epifluorescent and differential interfer-
ence contrast optics.
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Serum was assayed for the presence of IgG antibodies against
T. gondii using a modified direct agglutination test (MAT) at the
USDA Animal Parasitic Disease Laboratory in Beltsville, Maryland,
as previously described (Dubey, & Desmonts, 1987). A 1:25 antibody
titre was considered positive (Dubey, & Desmonts, 1987).

2.4 | Statistical analysis

Target sample size of n = 323 was determined a priori for a 95% ClI
and alpha of 0.05 based on anticipated seroprevalence (30%-60%)
for T. gondii antibodies (EImore et al., 2010; Nutter, Dubey et al.,
2004). Epi Info™ 7 (Centers for Disease Control and Prevention,
Atlanta, GA) was used to perform unconditional logistic regression
to assess age and gender as risk factors for seroprevalence of T. gon-
dii and copro-prevalence of zoonotic parasites. Applicable test as-
sumptions were met for all statistical procedures. Statistical findings
for which p-values were <0.05 were considered significant.

2.5 | Approval

This study was approved and conducted in accordance with the
Virginia Tech Institutional Animal Care and Use Committee (VT
IACUCH# 16-106).

3 | RESULTS

Microscopic examination of faecal flotation preparations (n = 192)
detected at least 1 potentially zoonotic parasite species in 64.58%
(95% Cl: 57.37-71.34) of samples. Specifically, 58.85% (95% ClI:
51.54-65.89) of samples were positive for T. cati eggs, 18.75% (95%
Cl: 13.49-25.00) were positive for Ancylostoma spp. eggs, 5.73%
(95% Cl: 2.89-10.02) were positive for G. duodenalis cysts, and 1.04%
(95%Cl: 0.13-3.71) were positive for Toxoplasma-like oocysts. Of
180 faecal samples tested by DFA, 3.33% (95% ClI: 1.37-7.24), were
positive for Cryptosporidium spp. oocysts. Antibodies to T. gondii
were detected in 22.35% (95%Cl: 17.47-27.86) of cat sera (Table 2).

3.1 | Risk factors

Age and gender were significant predictors of seropositivity
to T. gondii and faecal excretion of T.cati and Ancylostoma spp.

(Table 3). Faecal prevalence of G. duodenalis cysts, Cryptosporidium

TABLE 3 Significant risk factors for

parasite positivity Organism

Ancylostoma spp.

Toxocara cati

Faecal zoonotic
species

Toxoplasma gondii
1gG

WILEY-

spp. oocysts and T. gondii-like oocysts was too low to conduct a
statistically valid regression analysis. Adult cats were more likely to
be seropositive for T. gondii (OR 2.10; 95% Cl: 1.11-3.97; p = 0.022)
and to excrete faecal Ancylostoma spp. eggs (OR 2.57; 95% Cl: 1.10-
5.99; p =0.029) compared to immature cats. However, immature
cats were more likely to excrete faecal T. cati eggs (OR 6.79; 95%
Cl: 3.31-13.9; p = 0.000) and to have 1 or more potentially zoonotic
parasite species per faecal sample (OR 4.67; 95% Cl: 2.28-9.55;
p = 0.000) than adults. Female cats were more likely to excrete fae-
cal Ancylostoma spp. eggs (OR 2.88; 95% Cl: 1.34-6.17; p = 0.007)
compared to males.

4 | DISCUSSION

Feral cats in Central Virginia excrete parasites into the environ-
ment, representing a source of parasite infection for other animal
species and humans. Significant associations (p < 0.05) were de-
tected between age, gender, faecal parasite excretion and T. gondii
seropositivity.

Felids are the only definitive hosts for T. gondii and thus represent
the only source of infective oocysts for humans and other animal
species. Toxoplasma-like oocysts were identified in 1.04% of faecal
samples, which is consistent with findings of other studies (Elmore
et al., 2010). Faecal oocysts measuring 10-12 um in diameter were
considered T. gondii-like because oocysts of Hammondia hammondi,
Neospora caninum and some Besnoitia spp. are morphologically sim-
ilar, and bioassays, which are time-consuming and expensive, are
needed for definitive identification. From a public health viewpoint,
these oocysts should be considered T. gondii and precautions should

TABLE 2 Copro-prevalence and seroprevalence of parasites
with zoonotic potential

Organism # Positive % Positive 95% Cl
Ancylostoma spp. 36 18.75% 13.49-25.00
Giardia duodenalis 11 5.73% 2.89-10.02
Toxocara cati 113 58.85% 51.54-65.89
Cryptosporidium spp. 6 3.33% 1.37-7.24
Toxoplasma gondii- like 2 1.04% 0.13-3.71
oocysts
Toxoplasma gondii 1gG 59 22.35% 17.47-27.86
Significant predictor OR 95% Cl p-Value
Female 2.8752 1.3408-6.1657 0.0067
Adult 2.5667 1.0998-5.9903 0.0293
Immature 6.7869 3.312-13.9076 0.0000
Immature 4.6700 2.2803-9.5471 0.0000
Adult 2.1017 1.1119-3.9725 0.0222
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be taken while processing cat faeces. The findings of T. gondii oo-
cysts in only 1.04% of cats may be an underestimation because of
the small amount (1-2 g per sample) of faeces available for testing.
Additionally, some cats excrete numbers of oocysts which may be
below the threshold (1,000 oocysts/g) of microscopic detection
(Dubey, 2010). Furthermore, cats usually excrete T. gondii oocysts
for about a week and are unlikely to excrete oocysts on subsequent
exposures, resulting in only about 1% of cats excreting oocysts at
any given time (Dubey, 2010; Elmore et al., 2010).

Serology, a measure of parasite exposure, is superior to faecal
flotation as an indicator of T. gondii prevalence in cat populations
(Dubey, Lappin, & Thulliez, 1995). Due to the short window of faecal
excretion, seropositive cats are not likely to also be actively excret-
ing oocysts. Most T. gondii seropositive cats previously excreted mil-
lions of oocysts which are extremely resistant in the environment,
persisting for months to years, making serology a good indicator
of environmental contamination and zoonotic potential (Dabritz &
Conrad, 2010). Seroprevalence of antibodies against T. gondii in this
study was 22.35%, which was lower than that expected for a free-
roaming, outdoor cat population in a relatively humid region. Reports
indicate that feline T. gondii seroprevalence ranges from 16% to 80%
in the USA, depending on the cat population, geographical region
and immunological test used (Dubey, 2010). Seroprevalence of 16%
has been documented in drier US climates but is closer to 60% in
humid climates (Elmore et al. 2010). Ingestion of T. gondii oocysts is
relatively noneffective in producing patent infections in cats (Elmore
etal., 2010). Rather, cats are infected with T. gondii through ingestion
of tissue cysts in birds and small mammals that act as intermediate
hosts. Therefore, cats which roam outdoors and engage in predation
are expected to have high T. gondii exposure.

Of note is the high rate of T. cati faecal excretion by the cats in
this study, 58.85%. Feline copro-prevalence of T.cati eggs in the
USA varies depending on the region and cat lifestyle (indoor vs. free
roaming or feral) as well as testing methodology. A large nationwide
study of owned cats in the USA detected T. cati eggs in 4.6% to 5.1%
of faecal samples tested from 2011 to 2014 (Lucio-Forster, Mizhquiri
Barbecho, Mohammed, Kornreich, & Bowman, 2016). In 2017, the
Companion Animal Parasite Council (CAPC) reported a 4.97% and
4.29% faecal prevalence in owned cats in the USA and Virginia,
respectively (Companion Animal Parasite Council, 2017). Test sen-
sitivity is an unlikely factor in the relatively high T. cati copro-prev-
alence of our study compared to these, as all three studies used
similar testing methodologies. Neither CAPC nor Lucio-Forster et
al. reported cat age or sex, and it is possible that demographics of
the study populations could have accounted for some of the differ-
ences in T. cati copro-prevalence. However, it is likely that feral cat
lifestyle (e.g. lack of veterinary care, roaming outdoors and preda-
tory behaviour) is a major contributing factor to such a compara-
tively high T. cati copro-prevalence in our study population vs. the
owned cats reported by CAPC and Lucio-Forster. Recent studies of
T. cati in shelters found copro-prevalences of 21% in upstate New
York (Lucio-Forster & Bowman, 2011) and 11% in Florida (Sabshin
et al., 2012). Testing methodology by Lucio-Forster and Bowman

was similar to our methodology, but Sabshin et al. used a less sen-
sitive method of detecting faecal T. cati eggs, which may account
for the comparatively low copro-prevalence of that study (Zajac &
Conboy, 2012). Furthermore, most cats presented to shelters are
treated with antiparasitics, which could result in the underestima-
tion of parasite prevalence if egg-producing parasites are removed
prior to collection of faecal samples (Sabshin et al., 2012). Sabshin
et al. reported that faecal samples were collected within 24 hr of
deworming and that 16% of the cats were owned prior to admission
to the shelter. Although many cats presented to shelters are stray,
some are owner-surrendered and potentially lived indoors and re-
ceived routine veterinary care, which could also account for lower
T. cati prevalence in shelter cats compared to feral cats. The large
percentage of free-roaming cats excreting T. cati eggs in our study
represents a significant public health concern. Toxocariasis may be
associated with significant morbidity in humans, including blindness
and neurological symptoms (Rabinowitz & Conti, 2010; Woodhall et
al., 2014). A single infected cat may excrete tens of thousands of
environmentally persistent faecal T. cati eggs per day (CAPC, 2016a).

The faecal prevalence of Ancylostoma spp. in this study popula-
tion was 18.75%. Again, faecal prevalence in cats varies depending
on the population, region sampled and testing methodology. A large
survey in the USA detected that only 0.63% of owned cats were
excreting Ancylostoma spp. eggs (De Santis, 2006), whereas 75%
of feral cats sampled in Florida were positive (Anderson, Foster, &
Forrester, 2003). The Companion Animal Parasite Council reported
a 0.49% copro-prevalence of Ancylostoma spp. in Virginia among
owned cats in 2017 (Companion Animal Parasite Council, 2017).
Testing methodology reported by CAPC was similar to the meth-
odology used in our study; however, De Santis et al. used a less
sensitive test (Zajac & Conboy, 2012), and Anderson et al. used a
more sensitive method for detecting Ancylostoma spp. infection. In
addition, the warmer Florida climate is likely more conducive to year-
round transmission of Ancylostoma spp. compared to Virginia, which
may account in part for the comparatively higher prevalence of
Ancylostoma spp. in the feral cat population evaluated by Anderson
et al. Again, lifestyle is the most likely reason for the higher copro-
prevalence of Ancylostoma spp. in the feral cat population of our
study compared to that of the owned Virginia cats of the CAPC
study.

Giardia duodenalis cysts were detected in 5.73% of faecal sam-
ples by centrifugal faecal flotation. Although giardiasis has tradi-
tionally been considered a zoonotic disease, molecular techniques
are contributing to new understanding of this protozoan's host
specificity. Based on molecular analysis, seven different assem-
blages of G. duodenalis have been identified (Assemblages A-G).
Assemblage F is specific to cats, but feline infection can occur with
Assemblages A and B, which are the major assemblages that infect
humans. For example, a survey of cats infected with G. duodenalis
in the USA detected that 35.3% were infected with Assemblage A
(subgroup Al); although within Assemblage A genotypes, humans
are more commonly infected by subgroup All, infections with sub-
group Al have occurred (Feng & Xiao, 2011; Vasilopulos, Rickard,
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Mackin, Pharr, & Huston, 2007). A similar study detected 11.1%
of cats with G. duodenalis which were infected with Assemblage B
(Feng & Xiao, 2011). Giardia duodenalis prevalence in cats ranges
from 0.6% to 44.4%, depending on the cat population tested and
the testing methodology used (Feng & Xiao, 2011). Giardia cysts
may be excreted on the order of billions in the faeces of an infected
individual and are immediately infective upon defecation (Yoder,
Gargano, Wallace, & Beach, 2012). These cysts survive for months
in the environment (including water), and ingestion of as few as 10
cysts can result in severe diarrhoea, weight loss and dehydration in
animals and humans (CDC, 2015b).

Cryptosporidium spp. oocysts were identified in 3.33% of 180
faecal samples tested by DFA, but none were detected by means
of faecal flotation. Cryptosporidium oocysts are small (4-6 um) and
have thin walls, making them difficult to detect using light micros-
copy following faecal flotation (Lucio-Forster et al., 2010). Reports
of Cryptosporidium spp. copro-prevalence in shelter and owned cats
in the USA using similar testing methodology ranged from 4.7% to
12%, respectively (Ballweber et al., 2009; Mekaru, Marks, Felley,
Chouicha, & Kass, 2007). Cryptosporidiosis in humans is mostly
caused by C. hominis and C. parvum, but C. felis, for which the cat is
the natural reservoir, may cause disease in immunocompromised hu-
mans. Cryptosporidiosis may result in a spectrum of clinical signs in
people and animals from mild diarrhoea to death, depending on the
immunocompetence of the individual (CDC, 2015a; Greene, 2006).
As with Giardia, Cryptosporidium oocysts are immediately infectious
upon defecation, persist in the environment for several months, are
resistant to chlorine treatment and may be excreted in large num-
bers by an infected individual (CDC, 2009).

Age was a significant risk factor for seropositivity to T. gondii,
consistent with findings of other studies (Opsteegh et al., 2012;
Seevik et al., 2015). Given the greater length of time exposed to the
environment, it follows that aged cats are more likely to have been
exposed to T. gondii oocysts and tissue cysts than immature cats.
Interestingly, adults were more likely to excrete faecal Ancylostoma
spp. eggs, but immature cats were more likely to excrete T. cati and
multiple potentially zoonotic parasite species. This may reflect a
generally less robust immune system of kittens compared to adults.
In addition, transmammary transmission of T. cati may occur, giving
kittens a unique exposure route for this parasite, whereas cats are
mainly infected with Ancylostoma spp. through ingestion of paratenic
hosts (Bowman, 1999; CAPC, 2016b). Sex was a significant predic-
tor of Ancylostoma spp. faecal excretion, with females being more
likely than males to excrete this parasite. One could hypothesize that
female feral cats are immunocompromised compared to male cats,
considering that on average, they experience multiple pregnancies
per year (Nutter, Levine, & Stoskopf, 2004). Immunosuppression is a
feature of late pregnancy, and early lactation may be associated with
increased parasite egg excretion (Tizard, 2000).

Feral cats in Central Virginia are a source of parasites that may
cause adverse health outcomes in animals and humans. Zoonotic dis-
eases such as toxoplasmosis and toxocariasis in humans can be dif-
ficult to diagnose, complicated to treat and may result in permanent
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organ damage and death. Vaccines to prevent these infections do
not exist. Thus, optimal health outcomes hinge on preventing expo-
sure to parasites. Prevention can be achieved through interdisciplin-
ary collaboration of policy makers and public health, veterinary and
human health professionals. Prevention measures should emphasize
public education regarding the risks of zoonotic parasites associated
with free-roaming cats as well as efforts to humanely reduce feral

cat populations.
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