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ABSTRACT: Three Persian leopards (Panthera
pardus saxicolor) that died from car accidents in
Golestan National Park, Iran, were tested for
Toxoplasma gondii and rabies virus infection.
Acute T. gondii infection was diagnosed in two
Persian leopards; no rabies virus was detected.
Acute toxoplasmosis may be a factor in Persian
leopard road kills.

Building roads within wildlife habitats
endangers wildlife by causing habitat loss
and fragmentation, mortality via road kills,
and declines in species’ distribution and
genetic diversity. The increased stress caused
by these conditions can result in immunosup-
pression and increased susceptibility to a wide
range of infectious diseases (Burnett 1992;
Baskaran and Boominathan 2012; Hollings et
al. 2013).

Golestan National Park (GNP) is a 92,000-
ha area in northeastern Iran that provides
protected natural habitat for 50% of Iran’s
total mammal species, including the Persian
leopard (Panthera pardus saxicolor). The
Persian leopard is an endangered subspecies
included in the International Union for
Conservation of Nature Red List, and its
largest population (550–850 individuals) sur-
vives in Iran, especially in GNP (Kiabi et al.
2002; Nowell et al. 2008; Ziaie 2009).

Sanei et al. (2012) recorded 71 Persian
leopard mortalities from 2007 to 2011 in Iran.
The highest number of mortalities (n¼16; 23%
of the total) was at GNP. Eleven leopards
were hunted by poachers and five were killed
in road accidents; only one leopard died
naturally.

The Asian Highway, which passes through
the GNP, has a large negative impact on
Persian leopard habitat and causes a high

number of mortalities from collisions with
vehicles. Vehicle collisions with animals can
happen due to the high speed of the vehicles
and blinding by headlights (Baskaran and
Boominathan 2012). Nevertheless, it is also
likely that Persian leopards suffer from
infectious diseases such as acute toxoplasmo-
sis and rabies that can lead to blindness or
neurologic disorders, which would contribute
to road kills (Dubey and Lappin 2006).

Hollings et al. (2013) found a higher
prevalence of antibody to Toxoplasma gondii
in road-killed feral cats than in culled
individuals, suggesting there may be behav-
ioral changes associated with toxoplasmosis
leading to increased risk of road kills. This
phenomenon may also occur in Persian
leopards. Analysis of data collected about the
diseases of road-killed leopards could provide
insights into the causes and circumstances
behind these incidents. Toxoplasma gondii is
an obligate intracellular parasite that causes a
wide range of symptoms such as uveitis,
chorioretinitis, neurologic deficits, dermatitis,
and death in its hosts (mammals and birds)
from inflammatory processes (Dubey and
Lappin 2006).

Despite the high number of Persian leopard
road kills and the recognition of the Persian
leopard as a keystone species, there are very
few data about the principal causes of Persian
leopard road kills and also about the epide-
miology of their infectious diseases. The
carcasses of three road-killed Persian leopards
found along the Asian Highway in GNP were
transferred to the laboratory during 2013–14.
After dissection, transtracheal wash fluids,
peritoneal, and pleural fluids were subjected
to cytologic examination for T. gondii tachy-
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zoites. To detect T. gondii–encysted brady-
zoites, brain, liver, kidney, and lung tissues
were isolated and placed in 10% neutral-
buffered formalin (Sigma, Munich, Germany),
processed for paraffin embedding, sectioned
at 5 lm, and stained with H&E (Silva et al.
2008).

Fecal samples were tested via fecal flota-
tion. Serum samples, obtained from the heart
within several hours of death, were tested at
twofold dilutions starting at 1:20, with forma-
lin-fixed whole tachyzoites as antigen and the
addition of 2-b-mercaptoethanol to detect
immunoglobulin M (IgM) antibody to T.
gondii. The cutoff titer (expressed as the
reciprocal of the highest dilution positive) was
20 as recommended by Dubey et al. (1995).

Brain samples were tested for rabies virus
by fluorescent antibody test. We made 15-
mm–diameter smears from brain tissues and
dried them completely at room temperature
prior to fixation for 15–30 min. Slides were
transferred to a cold acetone container and
kept 1 hr at 20 C. Anti-rabies nucleocapsid
fluorescein isothiocyanate–conjugated anti-
body was added to slides and the slides were
incubated for 30 min at 37 C in a high-
humidity chamber. After staining, and drain-
ing of excess conjugate, the slides were
immersed in phosphate-buffered saline for
3–5 min. Microscopic observation of apple-
green fluorescence was considered as an
indicator of rabies antigens. Tachyzoites and
encysted bradyzoites of T. gondii were ob-
served in peritoneal fluid and brain tissue by
H&E staining, respectively, in two Persian
leopards. No T. gondii oocysts were detected
in fecal samples. Fluorescent antibody tests
for rabies virus were all negative. Other
findings including sex and age of the leopards
examined are provided in Table 1.

Positive IgM titers of anti-T gondii (80 and
160) and presence of T. gondii tachyzoites in
peritoneal effusion (Table 1) indicate acute
toxoplasmosis in two of the three surveyed
Persian leopards (Dubey and Lappin 2006).
Also, on postmortem examination hepatomeg-
aly was observed in one Persian leopard that
was positive for T. gondii IgM with a titer of
80.

Documentation of acute toxoplasmosis in
wild felids is rare. The first report of elevated
IgM in a wild felid actively infected with T.
gondii was a cheetah cub (Acinonyx jubatus)
in the United Arab Emirates (Lloyd and
Stidworthy 2007). Related studies have dem-
onstrated latent toxoplasmosis by detecting T.
gondii immunoglobulin G (IgG) antibody in
wild felids. High titers of IgG antibody to T.
gondii have been recorded in wild felids such
as snow leopards, Amur leopards, and a
Persian leopard at a zoo in the midwestern
US (Camps et al. 2008).

We diagnosed acute toxoplasmosis or reac-
tivation of latent infection, which can have the
same signs, in two road-killed Persian leop-
ards. Nevertheless, whether this disease
contributed to the car accidents by blinding,
neurologic disturbance, or behavioral alter-
ation is not clear; additional studies are
needed. We hope that our data will serve as
a baseline for future comparisons. There is a
clear need to limit highway construction and
avoid vehicular collisions with wildlife in
protected parks such as GNP. Nevertheless,
more studies on infectious diseases of the
endangered Persian leopard are necessary.
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TABLE 1. Description and clinical findings for three
road-killed Persian leopards (Panthera pardus saxi-
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Variable

Sampled Persian leopard

1 2 3

Sex Male Female Male

Age (yr) 3–5 5–7 3–5

Toxoplasma gondii
IgM titer

1:80 1:60 �

Tachyzoites þ þ �
Necropsy findings Hepatomegaly NSF NSF

a IgM¼ immunoglobulin M; NSF¼ no abnormality observed;�¼
negative; þ¼ positive.
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