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A B S T R A C T

The Kruger National Park and surrounding protected areas in South Africa are home to a core unmanaged 
population of approximately 1,200 free-ranging leopards (Panthera pardus). Leopard populations outside of 
protected areas are in decline due to trophy hunting, habitat fragmentation and human-wildlife conflict. Apart 
from single descriptions of parasites detected by faecal or necropsy examinations and serology, very little in
formation is available on parasitic conditions in free-ranging leopards. This paper provides baseline information 
on parasites in free-ranging leopards that may be relevant to the management of threatened populations of 
leopards outside of the Greater Kruger National Park (GKNP). Opportunistic field necropsies with routine his
tological examination of formalin-fixed tissues and, where possible, identification of helminths preserved in 
ethanol or by histology were performed on 61 free-ranging leopards in the GKNP between 1998 and 2023 for 
long-term disease monitoring. Most (52/61, 85%) of these leopards were euthanized because they attacked or 
killed a person or had severe traumatic injuries or disease. Five leopards died during anaesthesia performed to 
evaluate traumatic injuries or tuberculosis status. Three animals died naturally due to traumatic injuries and one 
due to electrocution on an electric fence. Parasitic disease was seen in similar numbers of males (n = 29) and 
females (n = 23) and in animals ranging from 1 to 16 years old. Common conditions included myocardial 
hepatozoonosis (34/61, 56%), gastroduodenitis due to Cylicospirura pardalis (31/61, 51%), verminous pneu
monia attributed to metastrongyles (14/61, 23%) and skeletal muscle sarcocystosis (17/61, 28%). Single cases of 
infestation with Dirofilaria sudanensis, Armillifer armillatus and Linguatula serrata were recorded. In the majority of 
these free-ranging leopards, even heavy parasitic infestations were associated with minimal inflammation and 
were likely subclinical. However, two leopards had gastric outflow obstruction due to C. pardalis lesions, two had 
severe mange and one had severe myocarditis due to hepatozoonosis, which may have significantly affected the 
health of the affected animals. The factors that trigger the transformation of common subclinical parasitic 
conditions to potentially life-threatening disease require further elucidation.

1. Introduction

Leopards (Panthera pardus) are large, elusive, powerful, mainly 
nocturnal and solitary felids with a black and tan to white spotted coat 
[1–3]. The Kruger National Park in South Africa (approx. 20,000 km2) is 
home to a core unmanaged population of approximately 1,200 
free-ranging leopards [4,5]. Leopard populations outside of protected 
areas are in decline, due to trophy hunting, habitat fragmentation and 

human–wildlife conflict [6].
Very little published information is available on parasitic conditions 

and their clinical significance in free-ranging leopards. The presence of 
helminths, protozoa and arthropods in African leopards has largely been 
documented by single taxonomic records with minimal information on 
the intensity of infection or associated lesions [7–9]. Nematodes 
described from leopards include Dracunculus medinensis [10], Trogos
trongylus subcrenatus [11], Ancylostoma braziliense, A. caninum [12], 
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Galonchus perniciosus [13], Toxocara cati [14], and Trichinella spiralis 
[15], as well as Filaria martis [16]. More recently, the identification of 
Physaloptera praeputialis in leopards from Zimbabwe [17] and a detailed 
description of the spirurid Cylicospirura pardalis from leopards from the 
Greater Kruker National Park (GKNP) have been described [18,19]. A 
variety of cestodes, including Diphyllobothrium [20] and Taenia spp [21], 
the trematode Pharygostomum cordatum [13] and the pentastome 
Armillifer armillatus [22] are reported to occur in free-ranging leopards.

Isopora and Toxoplasma-like oocysts as well as Giardia cysts have 
been recovered from the faeces of free-ranging leopards in Thailand [23] 
and of captive ones from zoological gardens in Egypt and Germany [24]. 
Sarcocystis cysts in the myocardium of an Indian leopard have been re
ported previously [24]. Babesia leo n. sp was detected in blood samples 
from healthy free-ranging leopards in the GKNP, South Africa [25]. 
Hepatozoon gamonts in neutrophils in blood smears were detected in a 
dehydrated, cachexic, anaemic free-ranging leopard from Iran [26]and 
have also been seen in apparently healthy captive and free-ranging 
leopards in South Africa [27]. Trypanosoma congolense and T. evansi 
have been detected in blood smears in African [28] and Indian [29] 
leopards. Positive IgM titres and Toxoplasma gondii tachyzoites and 
bradyzoites were found in the peritoneal fluid and brains of two 
free-ranging leopards that died due to trauma from road traffic in Iran 
[30]. Ctenocephalides and Echidnophaga spp fleas [31] have been recor
ded in leopards as well as Amblyomma, Haemphysalis, Hyalomma, Ixodes, 
Rhipicentor and Rhipicephalus ticks [32].

This paper describes the macroscopic and histological characteristics 
of parasitic conditions seen in 61 free-ranging leopards that died or were 
euthanized in the Kruger National Park and surrounding protected areas 
(GKNP) between 1998 and 2023.

2. Materials and methods

A wildlife disease database kept by the first author was searched for 
free-ranging leopards from the GKNP that died or were euthanized be
tween 1998 and 2023. In total, 64 leopard cases were found. Two cases 
were discarded from this series due to severe autolysis obscuring path
ological findings and one because it was an animal that had surgical 
repair for a bone fracture and was deemed not representative of a free- 
ranging animal.

Opportunistic field necropsies for long-term disease monitoring were 
conducted in the GKNP. The range of tissues that could be examined was 
influenced by ante- and post-mortem predation, facilities available at 
the site of discovery, time of day and the cause and circumstances of the 
death. Examination of internal organs was more common than evalua
tion of the nasal cavities, brain and spinal cord, endocrine glands, 
reproductive tract, skeletal muscle and bone marrow. Macroscopically 
visible helminths were collected during necropsy procedures using for
ceps and fixed and stored in 70% ethanol. Lactophenol was used to clear 
specimens for morphological examination [19].

Selection of tissues for histopathological evaluation during field 
necropsy examinations was variable. Formalin-fixed tissues were pro
cessed routinely through graded alcohols, embedded in paraffin wax, 
sectioned (10 μm) and stained with haematoxylin and eosin (HE) [33]. 
Helminths and protozoa were identified histologically using Gardiner 
and Poynton [34,35].

The sex, age, cause of death, clinical history and parasitic conditions 
of all 61 leopards were tabulated based on clinical and macroscopic 
information listed on the submission form and histopathological find
ings. Age was given variably as age class, years or a range of years: ju
venile (less than 1 year old), subadult (1–2 years old), adult over 2 years 
old to 10 years old and elderly (over 10 years old) [5]. The middle year 
was used where an age range was given.

3. Results

Macroscopic and/or histological parasitic disease was identified in 

most (52, 85%) of the 61 animals. Table 1 shows the parasite, 
anatomical location, percentage of the animals affected and case num
ber seen in this series. The case number, sex, age, cause of death, clinical 
history and parasitic lesions seen in all 61 animals are given in Sup
plementary Table 1.

The animals with parasitic conditions were brought to the attention 
of the veterinarians by park staff or members of the public because they 
were displaying behaviour deemed a risk to humans (31/52, 60%): they 
attacked (2/52, 4%) or killed (3/52, 6%) a person; were suffering from 
traumatic injury (12/52, 23%) or as a result of electrocution on an 
electric fence while being surrounded by tourist vehicles (1/52, 2%). 
Three leopards (6%) had significant non-parasitic disease: severe 
pododermatitis of uncertain cause (M47), severe tuberculosis (M48) and 
severe lameness (M54). Most (46/52, 88%) of the leopards with para
sites were euthanized, but small numbers died naturally (2/52, 4%). 
Mycobacterium bovis is endemic in the GKNP (see Part Two). Five (5/52, 
10%) leopards suffering traumatic injury, severe disease or judged to be 
a risk to humans died during anaesthesia for ante-mortem comparative 
intra-dermal skin testing for tuberculosis conducted to screen for posi
tive animals that would not be released after treatment.

Parasites were recorded in similar proportions of males (29/35, 
83%) and females (23/26, 88%), and the age of affected animals ranged 
from one to 16 years. Some leopards had only one parasite (13/61, 21%) 
while more had two to three different parasites (29/61, 48%). Seven 
leopards (11%) had five or more different parasites (F12, M24, M26, 
F33, M37, M48, M52). No parasites were recorded from three female 
and six males ranging from a cub to an elderly leopard.

3.1. Respiratory system

An adult pentastome (Linguatula serrata) was recorded in the nasal 
cavity of F25 (Fig. 1). Mild to moderate multifocal verminous pneu
monia was present in many leopards (15/61, 25%). Linear white pleural 
tracts were described macroscopically, which corresponded with mild 
diffuse acute hyperplastic, neutrophilic and eosinophilic bronchiolitis 
(Fig. 2a) with mild peri-bronchial mucous gland hyperplasia, mild 
multifocal to diffuse, mainly lymphohistiocytic interstitial pneumonia 
(F12, M26, M27, M29, F33, M52) and variable necrosis (F33) or atel
ectasis (M52). Adult nematodes (approx. 250–400 μm diameter) with 
platymyarian musculature and a multinucleate intestine without a brush 
border were present mainly in airways, with embryonated eggs and/or 
spiny larvae (approx. 30 μm diameter) in alveolar spaces (Fig. 2b). Tiny 
(15–20um) spiny nematode larvae, similar to those seen in the lung, 
were present in the colon lumen of two animals associated with minor 
lymphoplasmacytic colitis.

3.2. Cardiovascular system

Hepatozoon meronts (<100 μm diameter) were present in the 
myocardium in small to medium numbers in many leopards (34/61, 
56%). The meronts had variably thick walls and contained bundles of 
nucleated bradyzoites, often with the nuclei arranged in a peripheral 
ring. The association between the presence of mild histological 
myocarditis (n = 29) and the presence of Hepatozoon meronts in the 
myocardium was variable. Macroscopically, M24 had short white 
streaks in the myocardium (Fig. 3a) and abundant Hepatozoon but 
minimal myocarditis histologically. M48 had similar streaks but only 
rare Hepatozoon and no inflammation. Myocardial inflammation asso
ciated with meronts was lymphoplasmacytic and occasionally histio
cytic or neutrophilic (Fig. 3b). Hepatozoon meronts with no myocarditis 
were seen in F5, M34, F35, F45 and M55. M36 had severe myocarditis 
with a mixed inflammatory cell infiltration, including many eosinophils, 
and multifocal myocardial necrosis (Fig. 3c). Small numbers of Hep
atozoon meronts and no other pathogens were present in the affected 
myocardium. F61 had myocarditis but no Hepatozoon in the sections 
examined.
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Small numbers of Hepatozoon meronts were also seen in the lung, 
with (F2, F31) or without (M26, M47, M53) inflammation, as well as in 
the diaphragm with associated mild lymphocytic myositis, in a lymph 
node with no inflammation and in the spleen. An Hepatozoon gamont 
was seen in the cytoplasm of a lymphocyte in a peripheral blood smear 
in one animal (Fig. 4).

3.3. Gastrointestinal system

Verminous gastroduodenitis, characterized by single to multiple 
coalescing raised smooth nodules (>4 cm diameter) that greatly dis
tended and distorted the wall of the pylorus and/or cranial duodenum, 
was recorded in many (31/61, 51%) leopards (Fig. 5a). On cut section, 
tangled red nematodes filled irregularly shaped cavities in these nod
ules. Histologically, these transmural lesions consisted of thick layers of 
loose immature to dense mature granulation tissue infiltrated by small to 
medium numbers of macrophages, lymphocytes, plasma cells and eo
sinophils. Intralesional large spirurid nematodes (<2 mm diameter) 
were often surrounded by necrotic tissue debris, large foamy macro
phages and mixtures of eosinophils and neutrophils (Fig. 5b).

Verminous gastroduodenitis was associated with necrosis of the 
duodenum submucosa or tunica muscularis (F5, F12, F28, M37, M47), 
variably hyperplastic mucosal-associated lymphoid tissue at the pyloric- 

Table 1 
Parasite, anatomical location, percentage affected and case number recorded 
from 52 free-ranging leopards from the Greater Kruger National Park, South 
Africaa

Parasite Identity Anatomical 
location

Percentage 
affected

Case number

Nematode Cylicospirura 
pardalis

Duodenum 36 M4, F5, M8, 
F10, M11, F12, 
F16, M17, M20, 
M21, M24, F28, 
F31, M36, M37, 
F44, M47, M48, 
M50, F57, M59, 
M60

​ Pylorus 31 F2, M4, F12, 
F14, M15, M20, 
F23, F23, M24, 
M26, F28, F32, 
M36, M47, F49, 
M50, F51, M52, 
F57

​ Oesophagus 3 M52, M59
​ Jejunum 3 M24, M26
​ Colon 3 M17, F28
Metastrongyle Lung 25 F12, M20, M24, 

M26, M27, 
M29, F32, F33, 
M36, M37, F38, 
F44, M48, M52, 
M60

​ Kidney 2 F12
Not identified Small 

intestine
13 M21, F33, M37, 

F38, M48, F51, 
M52, F57

Not identified Colon 3 F38, F51
Dirofilaria 
sudanensis

Skin 2 M50

Cestode Not identified Small 
intestine

11 M20, M21, F31, 
F33, M47, M52, 
F61

Not identified Colon 3 F38, F61
Trematode Not identified Small 

intestine
10 F5, M6, F12, 

M24, F25, F57
Not identified Duodenum 5 F12, F32, M48
Not identified Colon 5 F5, M37, F57, 

M60
Not 

Identified
​ Intestine 2 F23

Protozoa Hepatozoon Heart 56 F2, M4, F5, F7, 
M11, F12, F14, 
F15, F16, F17, 
F20, M24, M26, 
M27, M29, 
M30, F31, F33, 
M34, F35, M36, 
M37, F38, F40, 
M41, F44, F45, 
M47, M48, 
M50, M53, 
M54, M55, F58

​ Lung 8 F2, M26, F31, 
M47, M53

​ Lung 2 M22
​ Diaphragm 2 F12
​ Lymph node 2 F12
​ Spleen 2 F14
​ Peripheral 

lymphocyte
2 F7

Sarcocystis Skeletal 
muscle

18 F7, M24, M26, 
F28, M29, F33, 
F35, M43, M52, 
M55, F58

​ Diaphragm 11 M17, M30, F35, 
M37, M43, 
M48, F57

​ Periocular 
muscle

3 M37, M48

Table 1 (continued )

Parasite Identity Anatomical 
location 

Percentage 
affected 

Case number

​ Tongue 2 M30
​ Longus colli 

muscle
2 M24

​ Heart 2 F57
Not identified Skin 2 M37

Pentastome Linguatula 
serrata

Nasal cavity 2 F25

Armillifer 
armillatus

Pleura 2 M22

​ Peritoneum 2 M22
Mites Sarcoptes 

scabiei
Skin 3 F12, M56

Ticks Rhipicephalus Skin 2 F12
Amblyomma Skin 2 F12
Not identified Skin 3 F23, M29

F, female; M, male.
Case numbers in bold are those leopards in which there were many parasites 
present or the associated inflammation was severe.

Fig. 1. Two pentastomes (Linguatula serrata), nasal cavity of a free-ranging 
leopard (F25). Bar, 5 mm.
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duodenum junction, small pleocellular perivascular cuffs in the sub
mucosa and muscle layers adjacent to these granulomas, a large diver
ticulum on the greater curvature of the stomach proximal to the pylorus 
(M24) and a constricted pylorus plugged with a large bolus (approx. 2L) 
of undigested hair and small bone fragments (M36). Colonies of cocco
bacilli occurred in the necrotic material of M48. Similar eosinophilic 
necrogranulomas were present in the oesophagus, jejunum or colon 
walls, as well as eosinophilic and lymphoplasmacytic peritonitis and 
mesenteric steatitis in the adjacent tissues (F28). Two unencapsulated 
foci of severe necrotizing and eosinophilic granulomatous colitis were 
seen in M17, consisting of two large unencapsulated separate foci of 
necrosis, fibrin deposition and large numbers of eosinophils and smaller 

numbers of macrophages in the colon wall. The surrounding muscula
ture was oedematous and infiltrated by large numbers of eosinophils 
with small scattered, often perivascular, aggregates of plasma cells and 
lymphocytes and prominent immature collagen, lipofuscin-laden mac
rophages and activated fibrocytes extending to the margins of the sec
tion and the serosa. Moderate multifocal dystrophic gastric 
mineralization in both the gastric lamina propria and smooth muscle 
was seen in M20 and a focus of necrosis and mineralization associated 
with lymphoplasmacytic inflammation and fibrosis was seen in the 
tunica muscularis of the duodenum of M26.

Some (9/61, 15%) animals had eosinophilic intestinal lesions 
without evidence of parasites. Mild to moderate, focal to multifocal 

Fig. 2. Verminous pneumonia, free-ranging leopards. (a) Adult metastrongylid nematodes in bronchiole lined by hyperplastic epithelium (arrow, M26). HE. Bar, 10 
μm. (b) Multiple sections of spiny nematode larvae in alveolar spaces (arrow, M52). HE. Bar, 45 μm.

Fig. 3. Hepatozoon meronts, myocardium, free-ranging leopards. (a) Raised pale tan foci beneath the epicardium (arrow, M24). Bar, 28 mm. (b) Multiple meronts 
containing bundles of nucleated bradyzoites, often with the nuclei arranged in a peripheral ring (arrow), and associated mild lymphoplasmacytic and histiocytic 
myocarditis (F16). HE. Bar, 200 μm. (c) Severe eosinophilic and lymphoplasmacytic myocarditis associated with an Hepatozoon meront (arrow, M36). HE. Bar, 
100 μm.
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transmural eosinophilic and variably lymphoplasmacytic enteritis was 
present in eight animals (F28, M29, F31, F40, M42, M52, F58, M59) and 
F51 had similar colitis. Mild multifocal lymphoplasmacytic pancreatitis 
was seen histologically in M53.

Adult nematodes and nematode eggs, resembling Toxocara cati, were 

seen (8/61, 13%) histologically in the small intestinal lumen or the 
colon in two animals. Adult trematodes in the intestinal lumen were 
recorded rarely and were associated with variable minimal to mild 
lymphoplasmacytic enteritis, mild mucous cell hyperplasia, many 
globule leukocytes in the lamina propria (10/61, 16%) and, in one case 
(F32), with mild multifocal necrotizing neutrophilic duodenitis. Trem
atode eggs with yellow–brown pigmented thick capsules were seen oc
casionally in the large intestinal lumen (M21, M48, F57, M60). Adult 
cestodes were seen histologically in the small or large intestinal lumina 
of eight (13%) animals, with prominent mucosal-associated lymphoid 
follicular hyperplasia (M20, F33), cestode eggs in the colon (F61), 
eosinophilic enteritis (F31, M52) and encysted larvae (250–300μm) in 
the large intestinal mucosa (F38). Many unidentified endoparasites were 
recorded in F23.

M22 had a severe pleural and peritoneal infestation with penta
stomes (Fig. 6a). Histologically, pentastome nymphs occurred in cysts in 
the small intestine tunica muscularis. The pentastomes were pseudo
segmented with cuticular spines, sclerotized openings in the body wall, 
striated musculature and bright eosinophilic intestinal glands (Fig. 6b). 
Cyst walls were lined by mature fibrous connective tissue infiltrated 
with small numbers of lymphocytes, plasma cells and eosinophils. One 
degenerating parasite was surrounded by an intense infiltration of eo
sinophils, macrophages and multinucleate giant cells and mineralized 
necrotic debris.

Fig. 4. Hepatozoon gamont, cytoplasm of a lymphocyte, peripheral blood smear 
(arrow, F7), KyroQuick. Bar, 7.5 μm.

Fig. 5. Verminous gastroduodenitis, free-ranging leopards. (a) Multiple coalescing white firm nodules in the distal pylorus and cranial duodenum. Bar, 4 cm. Inset: 
myriad filamentous red nematodes fill cavities in the dense connective tissue of these nodules (F12). (b). Large spirurid nematodes with a ridged cuticle, coelo
myarian musculature, a large intestine of columnar cells with a brush border, eosinophilic fluid in the pseudocoelom, and large embryonated eggs in the uterus are 
surrounded by necrotic inflammatory cells (M36). HE. Bar, 450 μm.

Fig. 6. Pentastomiasis, free-ranging leopard (M22). (a) Myriad pentastome nymphs with coiled cuticles on peritoneal surfaces of small intestine. Bar, 19 mm. (b) 
Anterior portion of a pentastome nymph with large acidophilic glands. HE. Bar, 110 μm. Inset. Sclerotized opening in the cuticle (arrow). HE. Bar, 20 μm.
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3.4. Musculoskeletal system

Small to large numbers of large (approx. 250 μm diameter) sarco
cysts were often seen (17/61, 28%) histologically in adult leopards in 
the skeletal, diaphragm, periocular, longus colli and tongue muscles as 
well as in the heart. The cysts were associated with mild lympho
plasmacytic (M17, M50, F57, F58) and, rarely (F57), neutrophilic 
inflammation, as well as small foci of myofibre degeneration (F29). In 
the remaining cases the cysts were not associated with inflammation 
(Fig. 7).

3.5. Other systems

A section of a nematode with a large, multinucleated intestine and 
accessory hypodermal cords (likely a metastrongyle) was present in the 
renal cortical interstitium of F12, with minimal associated inflamma
tion. In F28 the renal cortex contained a medium number of foci of 
eosinophilic inflammation and cortical inflammation.

Two animals had severe mange and sparse hair coats (F12, M56). 
Macroscopically the skin was extensively crusted with deep thick folds 
on the head, neck and upper shoulders (Fig. 8). Histologically, alopecia, 
epidermal hyperplasia with marked parakeratotic hyperkeratosis and 
epidermal lichenification was associated with abundant mites in the 
stratum corneum, small numbers of random intra-epidermal pustules, 
oedema of teh stratum corneum and abundant large bacterial cocci 
(likely Staphylococcus) and yeasts (likely Malassezia), mild superficial 
diffuse lymphocytic dermatitis and moderate sebaceous gland hyper
plasia. The mites had chitinized appendage bases, cuticular triangular 
pegs and fine spines, characteristic of Sarcoptes scabiei.

Severe ectoparasitism due to Rhipicephalus and/or Amblyomma spp 
was recorded in F12, F23 and M29. M37 had unidentified protozoan 
cysts in the subcutis adjacent to the popliteal lymph node with mild 
lymphoplasmacytic inflammation. M50 had wet crusted skin with alo
pecia on the ears and ventral neck and many Dirofilaria sudanensis in the 
subcutis (Fig. 9).

4. Discussion

To the authors' knowledge this is the first detailed record of parasitic 
conditions affecting free-ranging leopards in southern Africa. As ex
pected, these free-ranging leopards had multiple parasitic infections. 
The conditions recorded in this case series are likely not completely 
representative of the prevalence of such conditions in free-ranging 
leopards for several reasons. This group of leopards is biased towards 

animals at the human–wildlife interface. Also, these elusive animals may 
die away from human observation, and tissue sampling was variable. 
Large amounts of data are missing, either because organs or tissues 
appeared normal macroscopically or because tissues were not sampled 
for histological examination.

While the presence of various helminth, coccidian, arthropod and 
protozoal parasites of leopards [7] and the morphology of the duodenal 
nematode C. pardalis [18,19] and the pentastome A. armillatus [36] have 
been reported previously, this paper contains the first detailed de
scriptions of the macroscopic and histological pathology of verminous 
pneumonia and gastroduodenitis as well as trematode, pentastome, 
filarid, Hepatozoon and Sarcocystis infestations in free-ranging leopards.

The lungworms were only identified histologically as meta
strongylids. Troglostrongylus subcrenatus is recorded in leopards [13] 
while Aelurostrongylus abstrusus has been identified from caracals 
(Caracal caracal), lions (Panthera leo) and serval (Leptailurus serval) in 
South Africa [37,38]. Both are snail-borne pathogens that may be 
transmitted to their hosts by paratenic hosts such as rodents and reptiles 
[39]. Vertical transmission may explain why Troglostrongylus spp are 
more common in domestic kittens than in adults [39]; in contrast, 
Aelurostrongylusspp are more common in adult cats [38]. Lungworm Fig. 7. Sarcocystis in skeletal muscle, with no associated inflammation, free- 

ranging leopard (M26). HE. Bar, 58 μm.

Fig. 8. Mange, free-ranging leopard (F9). Hyperplastic crusted skin on the 
face Bar

Fig. 9. Subcutaneous filariasis, free-ranging leopard. Long coiled white filarid 
helminths in the subcutis (M41). Bar, 24 mm.
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infestation was recorded only in leopards over 3.5 years old and not in 
the 11 younger animals; however, young animals were underrepre
sented in this case series. The lesions seen in this series were similar to 
those described in domestic cats [40].

Gastroduodenal nodules caused by nematodes of the genus Cylico
spirura are common in domestic and free-ranging carnivores [19]. 
Cylicospirura pardalis parasitizes leopards [18]. The lesions seen in these 
leopards were similar to those described in the stomach of jaguarundis 
(Herpailurus yagouaroundi) [41], cougars (Puma concolor) [42], bobcat 
(Felis rufus) [43], lynx (Felis canadensis) and both domestic (Felis 
domesticus) [44] and wild (Felis sylvestris) cats [45]. Similar lesions in 
other parts of the gastrointestinal tract in these leopards may represent 
aberrant migration, as is recorded for other spirurids, such as Spirocerca 
lupi in domestic dogs [46]. The identity of the subcutaneous filarids was 
not determined in the one case recorded; Filaria martis and F. russeli have 
both been recorded in leopards [16]. Acanthocheilonema reconditum and 
Dirofilaria repens microfilaria are recorded in blood smears from do
mestic dogs from Mpumalanga, the province in which the GKNP is 
located [47].

The identity of the trematodes in the intestinal tract was not estab
lished. Pharyngostomum cordatum is recorded as occurring in leopards 
[13]. The pulmonary cysts associated with trematode infestations in 
Asian leopards and tigers were not seen [48,49]. Pentastome adults 
occur in the lungs of various snakes, commonly pythons [50], and are 
zoonotic pathogens through ingestion of infective ova in soil or water 
contaminated by snake faeces or consumption of intermediate hosts 
such as rodents [51,52]. The pathology caused by the Armillifer nymphs 
in M22 was similar to that described in humans [53]. No histological 
samples were submitted for the L. serrata adults in the nasal passages of 
one leopard. These parasites are recorded from the upper respiratory 
tract in lions, and larval cysts are common in the lymph nodes, liver and 
cardiac chambers of African buffalo in the GKNP [54].

Hepatozoonosis is caused by an intracellular coccidian parasite 
transmitted transplacentally and by ingestion of infected ticks [55]. 
Hepatozoon meronts were common in the heart and other tissues of these 
leopards and myocarditis could theoretically affect myocardial 
contractility and electrical signal transduction, but none of the leopards 
had evidence of chronic congestive left-sided heart failure to support 
this. Two species of Hepatozoon have been described in peripheral 
neutrophils (H. luiperdjie) and lymphocytes (H. ingwe) of South African 
leopards [27]; it is not known which species was present in the tissues of 
these leopards. The predilection of Hepatozoon for the myocardium is 
also recorded for the bobcat [56] as well as tissue cysts with mild to 
moderate inflammation in multiple organs in spotted hyaena (Crocuta 
crocuta) [57].

Sarcocystis parasites are also intracellular coccidian parasites with a 
predator-prey life cycle. Infective oocysts or sporocysts shed in predator 
faeces are ingested by the prey and form infective bradyzoites within 
sarcocysts in their muscle or nervous tissue. However, wild and domestic 
carnivores, including leopards, and humans can also be intermediate 
hosts [58–62]. Although clinical muscular disease is described in do
mestic dogs [59] and people [60], muscle infestations are thought to be 
largely incidental in felids since, as in these leopards, sarcocysts are 
associated with only mild lymphoplasmacytic inflammation and/or 
myofibre necrosis [63].

The identity of the mite causing the mange in two animals was likely 
S. scabiei, given the cuticular features. However, mites were not sub
mitted for identification. Both Notoedres cati and S. scabiei are recorded 
in free-ranging carnivores [63–65], including lions [66] but not leop
ards, in the GKNP. Definitive identification of the lung nematodes, in
testinal trematodes, Hepatozoon and Sarcocystis spp as well as the mites 
seen in leopards from the GKNP is needed, as is the life cycle of the 
Sarcocystis spp. Blood-borne parasites, apart from Hepatozoon, were not 
recorded in these animals.

Eosinophilic leucostasis and the presence of relatively large numbers 
of eosinophils in many tissues, not always in association with parasites, 

may be more common in free-ranging than confined animals exposed to 
fewer parasites. Similarly, eosinophilic inflammation in the intestine, 
lung, renal interstitium, coronary artery and pancreas may have been 
related to parasite infestations.

The clinical significance of parasite infestations in these free-ranging 
leopards is uncertain since many of the animals were euthanized due to 
behavioural rather than clinical conditions. In the majority of the ani
mals, the parasites were associated with only minimal inflammation and 
therefore they likely did not cause clinical disease. However, two 
leopards had gastric outflow obstruction due to C. pardalis lesions, two 
had severe mange and one had severe myocarditis due to hepatozoo
nosis, which may have significantly affected the health of the affected 
animals. In addition, four of these five animals had four or more addi
tional parasite infestations. The factors that trigger the transformation of 
common subclinical parasitic conditions to potentially life-threatening 
disease, which possibly increases the risk of affected leopards to 
humans, requires further elucidation. This paper provides baseline in
formation on parasites in free-ranging leopards that may be relevant to 
the management of threatened populations of leopards outside of pro
tected areas.
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