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Introduction

Diseases can be classified as endemic or epidemic dependant on their persistence in a population. Although lion populations can be affected by high mortality over brief
periods caused by epidemic viruses, endemic viruses can be constantly prevalent and are thought to exhibit low pathogenicity [1].

Epidemic disease risks for animals living in fragmented small populations become significantly higher as contact with human and domestic animal populations become more
frequent and as a result of alterations in microclimate and landscape ecology. The tools to predict, prevent and respond to these risks are not well established in conservation
management.

Co-infection by more than one pathogen can change the expected transmission rates and virulence of a disease [2] whilst also promoting parasite infection. Environmental
perturbations can also change the effect on the host by the pathogen/s [3]. 100% of extant lion populations are infected with at least one, and most with multiple pathogens,
often with multiple strains of those pathogens.

Different populations, even those geographically close to each other, carry different viruses [4]. Plans for corridors between isolated wildlife populations to promote gene-
flow might also include the unwanted consequence of spreading diseases between sub-populations and promoting co-infections. This is especially of concern where one
population may be naive to a disease carried by another and as such, have no acquired immunity to it. Many infections can persist in seropositive hosts and asymptomatic
carriers can continue to transmit, or shed, the virus [5-6]. Translocation of shedding individuals into a susceptible population thus could entail serious consequences for overall
population health [3].

Given the lack of data on pathogens infecting lions in the greatest percentage of lion populations, the consequences of infection upon the host species, the alterations to
transmission and virulence of these diseases through combination of the viruses and their subtypes in a single host or how these combined pathogens respond to stochastic
disease outbreaks, it should be considered that using any extant wild populations as a source for reintroduction programs should involve extreme caution.

It should also be noted that the pathogenicity and course of disease progression of many of the feline pathogens discussed in this section has only been carefully described
among domestic cats. However, post-mortem studies of mortalities among exotic felids in zoos indicate that among many viral diseases at least, there are parallel
consequences of infection. In addition, the occurrence of a particular disease among free-ranging lion populations is by necessity based on serum antibody presence, which is
by definition retrospective — the animal survived the challenge. In only few cases, as perhaps in the Canine Distemper Virus outbreak among lions in the Serengeti in 1994, is
progression of a disease recorded with any scientific rigour in a wild lion population.

Mostly, lions simply “disappear” from study populations. This is especially true of lion cubs, the most disease susceptible among the population. Carcasses, even if found intact
by field biologists, cannot be given the careful post-mortem analysis to determine cause of death as such biologists neither have the means nor the expertise to do so. Multiple
infections by a diversity of pathogens as is common among lions will also cloud a clear diagnosis of mortality. It is entirely likely that lions, like many other wildlife species,
eventually succumb to an overload rather than a single pathogen.



What has become clear is that lion populations, even in protected areas like Kruger National Park (bovine tuberculosis) and the Serengeti (canine distemper), are fragile and
susceptible to introduced diseases in addition to those that we assume occur naturally in their environment. The high number of individuals infected with the several strains of
lion Feline Immunodeficiency Virus now identified is worrisome, as it has belatedly been recognized that this virus erodes immune competence over time as similar among
domestic cats. Some strains seem more virulent than others, and individuals infected with multiple strains are potent sources for the evolution of new FIV viral strains.

Disease threats to wild animals have long been recognized and now become ever more important as we deal with small and isolated wildlife populations. The increasing rate of
lion population declines has many causes, and we need to pay careful attention to pathogens as contributory agents in the future. We cannot medicate and inoculate wild
lions. But we can more carefully identify sources of diseases from domestic animals and ensure they do not increasingly spread to wild carnivores.

[1] Ramsauer S, Bay G, Meli M, Hofmann-Lehmann R, Lutz H (2007) Seroprevalence of Selected Infectious Agents in a Free-Ranging, Low-Density Lion Population in the Central Kalahari Game Reserves in Botswana. Clinical and Vaccine
Immunology: 808-810 (pdf)
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[3] Craft M (2008) Ecology of infectious diseases in Serengeti lions. In: Biology and Conservation of Wild Felids (eds Macdonald DW, Loveridge A), Oxford University Press, Oxford. (book — purchase required)

[4] Hofmann-Lehmann R, Fehr D, Grob M, Elgizoli M, Packer C, Martenson JS, O’Brien SJ, Lutz H (1996) Prevalence of antibodies to feline parvovirus, calicivirus, herpesvirus, coronavirus, and immunodeficiency virus and of feline leukemia virus
antigen and the interrelationship of these viral infections in free-ranging lions in east Africa. Clinical and Diagnostic Laboratory Immunology 3: 554-562. (pdf)
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Feline Herpesvirus (FeHV)

Feline herpesvirus 1 (FeHV - 1) has been reported in free-ranging wild felids in Europe, Asia, North America, and Africa [1-6]. FeHV — 1 permanently infects the host causing
feline viral rhinotracheitis (FVR), a disease of the upper respiratory system. It grows in the nasal, oral and conjunctival mucous membranes and intravaginal instillation of the
virus has led to vaginitis and congenitally infected offspring [6]. In domestic cats the nasal discharge leads to the sense of smell becoming severely diminished, causing
inappetence. Whilst loss of appetite is dangerous in all cats, it is especially so in the young. Additionally, secondary bacterial infections can occur due to the damage caused to
tissues [7]

FeHV is highly prevalent in all free-ranging lion populations tested so far (67% in Etosha National Park, 91% in Kruger NP and 99% or 100% in Serengeti NP, Ngorongoro Crater,
Lake Manyara region and Central Kalahari region) [4, 8-10]. FeHV however is thought to be innocuous to survival or to reproductive success in infected lions, but high
prevalence throughout different populations makes it difficult to compare such parameters among infected and uninfected hosts [8].

[1] Munson L, Wack R, Duncan M, Montali RJ, Boon D, et al. (2004) Chronic eosinophilic dermatitis associated with persistent feline herpes virus infection in cheetahs (Acinonyx jubatus). Veterinary Pathology 41: 170-176. (pdf)
[2] Ostrowski S, Van Vuuren M, Lenain DM, Durand A (2003) A serologic survey of wild felids from central west Saudi Arabia. Journal of Wildlife Diseases 39: 696—701. (pdf)
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[7] Pedersen NC (1991) Diseases & Management in the Multiple Cat Environment. Goleta, CA: American Veterinary Publications. (book — purchase required)

[8] Packer C, Altizer S, Appel M, Brown E, Martenson J, O’Brien SJ, Roelke-Parker M, Hofmann-Lehmann R, Lutz H (1999) Viruses of the Serengeti: patterns of infection and mortality in African lions. Journal of Animal Ecology 68: 1161-1178
(pdf)
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Feline Immunodeficiency Virus (FIV)

FIV is a significant cause of disease in domestic cats (FIV;.,) producing AIDS-like pathology characterized by CD4 depletion, immune suppression and death [1-2]. Species-
specific strains of FIV were demonstrated in non-domestic cat species [3-5]; however general opinion was that FIV e, widespread in African lions, was benign. [3, 6-7].

Recent studies, including the first to study the complete genome sequence of the provirus from some FIV, subtypes, have shown that infected lions exhibit declines in CD4+
subsets, reductions of the CD4+ / CD8+ ratio, reduction of CD8+Bhigh cells and expansion of the CD8+Blow subset [8-12] parallel to observations with HIV infection, strongly
suggesting an immunological cost of FIV infection to lions. FIV, subtype E, recorded in populations from the Okavango Delta in Botswana, has been shown to be more similar
to FIV¢, than to FIV, subtype B indicating a possible pathogenesis similar to that seen in domestic cats including a possibly as yet un-sequenced strain for the env gene [8-9,
13].

The extent of recombination among the six FIV,e subtypes within free-ranging lions is not yet known, but studies of Serengeti lions (where up to 93% of adult lions are infected)
have shown that 43% of individuals are multiply infected with FIV, subtypes A, B and C allowing opportunities for recombination and possible evolution of more virulent
strains [14]. FIVy e negative populations have been confirmed in Etosha NP [7] although it is possible that they are infected with an as yet un-sequenced subtype.
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Epidemic diseases




Bovine Tuberculosis (bTB)

Mycobacterium bovis, the causative agent of bovine tuberculosis (bTB) was introduced in the southern part of Kruger National Park [1] by domestic cattle. The disease has
spread northwards through infected African buffalos (Syncerus caffer) with serious concerns for the viability of the Kruger lion population as well as the development of the
Greater Limpopo Trans-frontier Conservation area [1-2]. Aside from the clinical effects of bTB leading to greater mortality in affected populations the prevalence of the disease
within Kruger has also been shown to drive social change with lower lion survival and breeding success with more frequent male coalition turnover and consequent higher
infanticide [1].

Elsewhere, among the Serengeti lions, 4% of animals tested were seropositive for bTB [3]. The disease is also present in reserves adjacent to Kruger NP including Hluhuwe-
iMfolozi [1]. bTB also occurs among buffalos in Queen Elizabeth NP, Uganda, although so far not observed among resident lions [4], and also among lechwe (Kobus leche) in
Zambia’s Kafue NP [5]. Lions in Mozambique’s Niassa reserve have tested negative for the disease (Colleen Begg, pers comms. 2011)

[1} Michel AL, Bengis RG, Keet DF, Hofmeyr M, de Klerk LM, Cross PC, Jolles AE, Cooper D, Whyte 1J, Buss P, Godfroid J (2006): Wildlife tuberculosis in South African conservation areas: Implications and challenges (pdf)
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[3} Cleaveland S, Mlengeya T, Kazwala RR, Michel A, Kaare MT, Jones SL, Eblate E, Shirima GM, Packer C (2005) Tuberculosis in Tanzanian Wildlife. Journal of Wildlife Diseases 41: 446-453 (pdf).

[4] Siefert L (ed.) (2000) Uganda Large Predator & Scavenger Research & Management Project Training Workshop Report: Large Predators - Data, Protocols, Viability, 23 July- 2 August 2000, Mweya, Queen Elizabeth National Park, Uganda.
LPP/WARM Dept., Makerere University, Kampala, Uganda. (Unpublished report)
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Canine Distemper (CDV)

Canine Distemper Virus (CDV) affects both free-living and captive carnivores worldwide, and is now recognised as a cause of large-scale epidemics in felids [1-2]. Primarily
transmission is by aerosol transfer or contact with bodily exudates containing the virus. Clinical symptoms mainly affect the respiratory, gastro-intestinal and central nervous
systems, causing grand mal seizures and myoclonus with mortalities usually occurring due to encephalitis or pneumonia [1-3].

Lion populations in the Serengeti-Mara ecosystem experienced two major CDV epidemics in 1994 and 2001, with the disease originating in domestic dogs [3-4]. The 2001
outbreak in the Ngorongoro Crater caused 35% mortality among its small population of lions [4], while the 1994 outbreak that hit the Serengeti National Park lions, spreading
North to Kenya’s Maasai Mara National Reserve infected 85% of lions causing mortalities in a third of the 3000 strong population [3]. Several other carnivore species were also
affected and a single CDV variant was found circulating in lions, spotted hyenas, bat-eared foxes, and domestic dogs, suggesting extensive inter-specific transmission [3, 5-6].

Possible explanations for such high mortality rates of infection in these outbreaks include the emergence of a particularly virulent strain of CDV, repeated introduction due to
multi-host disease spill-over and climate extremes, coinciding with both outbreaks, which created conditions exacerbating the immunosuppressive effects of infection, which
may otherwise have been tolerated in isolation [7-10].

CDV antibodies have also been detected in Central Kalahari lions and in Uganda’s Queen Elizabeth National Park [11-12]. CDV has been, and continues to be, present across
much of Southern Africa, in its domestic dog and wild carnivore populations [13-17]. Lions in Mozambique’s Niassa reserve have tested negative for the disease (Colleen Begg,
pers comms. 2011)
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Veterinary Diagnostic Investigation 6: 277-288. (pdf)
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Feline Parvovirus (FPV)

Also known as feline infectious enteritis (FIE) or feline panleukopenia, feline parvovirus (FPV) is an acute, enteric, viral infection of domestic and exotic felines caused by a single
stranded DNA virus, from the Parvoviridae family [1]

Parvovirus is very stable in the environment and indirect transmission can spread rapidly. In naive populations this can be the cause of high mortality [2]

Clinical symptoms include depression, vomiting and diarrhoea. Ataxia (tremors and jerky movements) may also ensue due to cerebellar hypoplasia which will be more
noticeable in young cubs [1].

Antibody titers for FPV are highly prevalent in Serengeti populations (75%) but less so in the nearby Ngorongoro Crater population (27%). Other locations with published
results include Laka Manyara region (60%), Kruger National Park (84%), Etosha National Park (0%) [3] and Central Kalahari Game Reserves (0%) [4] .
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[4] Ramsauer S, Bay G, Meli M, Hofmann-Lehmann R, Lutz H (2007) Seroprevalence of Selected Infectious Agents in a Free-Ranging, Low-Density Lion Population in the Central Kalahari Game Reserves in Botswana. Clinical and Vaccine
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Feline Calicivirus (FCV)

Feline Calicivirus (FCV) has been well documented among domestic felines; more so than exotic felids. Nevertheless, this highly prevalent pathogen has been found to have
infected wild members of the Felidae [1-3], and the nature, severity and clinical signs associated with FCV in exotic felines are similar to those reported in domestic cats [3].

FCV is related to upper respiratory tract diseases and can be identified by rhinitis, pneumonia, fever, lameness and oral ulcerations [3-4]. The FCV strain usually causes
temporary infection and appears to be harmless in most cases [5]. However, upon recovery, the infected host may still act as an asymptomatic carrier [5]; potentially infecting
those who are susceptible to the disease.

Outbreaks of the virus have been reported in different lion populations residing in Africa. The prevalence rate has fluctuated in each population, with FCV being absent from
the small, isolated Crater population in Ngorongoro [1,5], to occurring at low prevalence in Botswana [2], to being highly prevalent in the Serengeti Plains [1]. This suggests that
the FCV infection occurs in populations of high density, with outbreaks increasing as the size of the susceptible host population grows [5].
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Feline Coronavirus (FCoV)

Feline Coronavirus is an upper respiratory infection not dissimilar to FHV, which is transmitted by various routes; faecal, oral and possibly aerosolized. It can infect domestic
animals such as dogs and in cats has been known to develop into the more pathogenic feline infectious peritonitis [1]. It has also been found to be the cause of high mortality in
domestic kittens [2].

Like many of the other epidemic diseases (such as parvovirus or calicivirus) found in serological studies of lions there have been no consistent signs of clinical disease for FCoV
[3-71.

Unlike the endemic diseases, FCoV is an epidemic disease, and thus has different implications for wild lion populations. Epidemic diseases by nature briefly sweep through a
population often inflicting a high mortality rate however, due to this high mortality and a lack of further susceptible hosts the initial bursts are short lived. The disease will then
return through the population at a later date once there are sufficient numbers of susceptible individuals, known cases of this include coronavirus, parvovirus and calicivirus in
the Serengeti lion population [6]. FCoV has been found in varying levels of population infection throughout African lion populations [3-5].
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(pdf)
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Feline Infectious Peritonitis (FIP)

Feline Infectious Peritonitis is a viral disease caused by some strains of feline coronavirus (FCoV) either by mutation of the virus or by an aberration of the immune response.
Cats with weak immune systems such as young or old cats and those infected with feline leukaemia virus (FeLV) are at particular risk from developing FIP from FCoV.

An intense inflammatory reaction occurs around vessels in the tissue; often in the abdomen, kidney or brain. The virus is unique in that antibodies actually assist the infection
of white blood cells of the FIP virus. Clinical FIP is progressive and almost always fatal. Symptoms include inappetance, weight loss, depression, anemia, fever and roughening
of the fur. Fluid may also accumulate in the abdomen causing difficulty in breathing when accumulation becomes significant. [1]

[1] Cornell University of Veterinary Medicine (2011). http://www.vet.cornell.edu/fhc/brochures/fip.html. Accessed 6 Nov 11. (html)
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Feline Leukaemia Virus (FelLV)

Feline leukaemia virus (FeLVs) can be classified into three subgroups: A, B and C and are pathogenic retroviruses that induce proliferative, degenerative and
immunosuppressive disorders [1-2]. The disease can be transmitted via saliva (ie, grooming each other), through nasal secretions or across the placenta from a queen to its
developing foetuses. [3]

This disease is a cancer of the blood cells known as lymphocytes. The main systems to be affected are lymphatic, immune and nervous however all other body systems can be
affected due to secondary infections. Initial symptoms include — Lymphadenomeagly (enlarged lymph nodes), rhinitis, persistent diarrhoea, gingivitis and progressive ataxia
(the “wobbles’’/collapsing) [2]

In cases of infected animals, several antiviral agents have been proposed. Unfortunately, administration of a ‘reverse inhibitor AZT’ does not appear to clear viremia in most
felines. The prognosis for infected animals is guarded and the majority die within in 2 — 3 years. [3]

Non symptomatic individuals can harbour a latent infection in a dormant state within bone marrow and may be reactivated if the immune response is compromised or
removed. The latent viral infection is eliminated over time however evidence suggests that virus shedding may occur from a queen to her young through milk [4]. Whether
latently infected individuals can shed the virus by other means is undetermined.

To date no evidence of the virus infecting wild lions has been discovered although clinical signs may be missed in populations not under close observation, so lack of
pathogenicity should not be assumed. Seronegative samples have so far been collected from populations including Queen Elizabeth National Park, Uganda [5], Serengeti
National Park, Ngorongoro Crater and the Lake Manyara area in Tanzania [6-7], various locations in Botswana [8] and Zakouma National Park, Chad [9]
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Feline Monocytotropic Ehrlichiosis
Ehrlichia is a tick-borne obligately intracellular bacterium of the family Rickettsiaceae that infect white blood cells causing monocytotropic ehrlichiosis [1].

Common clinical signs include anorexia, lethargy, weight loss, vomiting or diarrhoea, pale mucous membranes, joint pain, lymphandenomeagly and dyspnoea (shortness of
breath) (2) Non-regenerative anaemia or thrombocytopenia (low platelet count) and low white blood cell counts have been observed in laboratory blood tests.

Whilst seropositive results for the antigens in African lions have not been identified results from some captive wild felids and domestic cats have been [4].
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http://www.plosone.org/article/fetchObjectAttachment.action?uri=info%3Adoi%2F10.1371%2Fjournal.pone.0015775&representation=PDF
http://www.winnfelinehealth.org/Pages/03_Lappin_Summ2_final.pdf
http://www.amazon.com/Arthropod-borne-Infectious-Diseases-Dog-Cat/dp/1840760575
http://www.jwildlifedis.org/cgi/reprint/46/3/1017




Haemoprotozoans

Babesia spp.

Babesia is a tick-borne intracellular erythrocytic haemoprotozoan parasite causing babesiosis. The disease infects red blood cells with symptoms characterized by haemolytic
anaemia [1]. Only infected ticks which carry the disease from feeding on blood from an infected animal transmit the disease. Infected ticks may pass on the infection to the
next generation through eggs [2]

Babesia leo has been isolated in lions and is morphologically similar to B. felis found in domestic cats and wild pumas (Felis concolor) [1]. However clinical babesiosis has not
been recorded in lions except in one specific case. “Elsa” the lion made famous by Born Free was reported to have died of babesiosis following release into an area where she
was severely mauled by presumed infected wild lions. It is speculated that the severe stress caused by the release protocol negatively impacted her immunocompetence as the
reason why she succumbed to an infection which other lions have been shown to tolerate [3]

56 free-ranging lions and 25 captive lions in South Africa and Swaziland were tested finding that 28 (50%) of the wild lions and 12 (48%) of captive lions tested positive for the
parasite. Of those that tested positive some were infected with B. felis, some with B. leo, some with both whilst others were infected with unidentified Babesia spp. [1].

Two outbreaks of canine distemper virus (CDV) in Serengeti lion populations 1994 and in the Ngorongoro Crater population in 2001 resulted in high mortality whilst a further,
at least, five outbreaks of CDV between 1976 and 2006 occurred without clinical signs or measurable mortality suggesting CDV was not necessarily fatal. A common event for
the two periods of high mortality was extreme drought conditions with widespread die-off in herbivore species, and in particular Cape buffalo (Syncerus caffer). After the
resumption of the rains heavy tick infestation of compromised buffalo populations led to unusually high Babesia infection in lions which were already immunocompromised by
CDV infection. Stomoxys flies also flourished in the rains following the Crater drought, causing pruritic skin ulcers in lions, further compromising them. Biotic and abiotic
factors had converged to create a “perfect storm” resulting in unprecedented mortality in lions [4]. “Such mass mortality events may become increasingly common if climate
extremes disrupt historic stable relationships between co-existing pathogens and their susceptible hosts.” [4]

Policies of fire suppression allow grass to grow taller resulting in increasing tick survival rates and raising the chances of infected ticks passing on the disease [5].

Prophylactic treatment of the disease is possible although dosages for wild animals are yet to be determined. Extrapolation of information on dosages for domestic animals
may be possible [3].
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Trypanosoma spp.
Trypanosomes are a unicellular parasitic flagellate protozoa transmitted by tsetse flies (Glossina spp.).

Between July and September 1985 113 lions were examined for blood parasites in the Serengeti National Park and 10 from the Ngoro Ngoro Crater in Tanzania. 28% of
Serengeti lions and 0% of Ngoro Ngoro crater lions carried trypanosoma sp. of parasites. Higher incidence of infection was found in lions utilising the Serengeti woodlands of
highest concentrations of tsetse flies suggesting transmission is most likely from the flies. With some positive results discovered in non-tsetse areas it has been suggested that
mechanical transmission is also possible through predator-prey interactions of infected prey animals [1].

[1] Averbeck GA, Bjork KE, Packer C, Herbst L (1990) Prevalence of hematozoans in lions (Panthera leo) and cheetah (Acininyx jubatus) in Serengeti National Park and Ngorongoro Crater, Tanzania (pdf)
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Theileria spp.

Theileria is a genus of parasitic protozoan that belongs to the phylum Apicomplexa and is closely related to Plasmodium. Theileria are transmitted by ticks. The life cycle within
cats is similar to Babesia spp except the infectious sporozoites invade leucocytes as well as erythrocytes. In lymphocytes, the sporozoites undergo shizogony and multiply, then
invade erythrocytes. Erythrocytic shizogony is rare or absent in cats. Infected erythrocytes are then ingested by ticks where they undergo gamogony and fertilization within the
midgut, then invade the salivary gland cells. Here, sporogony occurs, resulting in sporozoites that are transmitted to the cat when the tick feeds.

Clinical signs in domestic cats include Clinical signs in cats include fever, weight loss, lethargy, anorexia and lymphadenopathy. [1]

Between July and September 1985 113 lions were examined for blood parasites in the Serengeti National Park and 10 from the Ngoro Ngoro Crater in Tanzania. 100% of lions
in both locations carried Theileria-like sp. piroplasms [2].

[1] Criado-Fornelio A, Buling A, Pingret JL, Etievant M, Boucraut-Baralon C, Alongi A, Agnone A, Torina A(2009) Hemoprotozoa of domestic animals in France: prevalence and molecular characterization. Vet Parasitol 159(1):73-76 (pdf)

[2] Averbeck GA, Bjork KE, Packer C, Herbst L (1990) Prevalence of hematozoans in lions (Panthera leo) and cheetah (Acininyx jubatus) in Serengeti National Park and Ngorongoro Crater, Tanzania (pdf)

Hepatozoon spp.

Hepatozoon is a genus of Apicomplexan protozoa which incorporates over 300 species of obligate intraerythrocytic parasites. Hepatozoonosis results when an animal eats an
infected tick rather than a bite from one. Feline hepatozoonosis is associated with muscular pathology and is often reported in conjunction with a retroviral disease [1].

Between July and September 1985 113 lions were examined for blood parasites in the Serengeti National Park and 10 from the Ngoro Ngoro Crater in Tanzania. 100% of lions
in both locations carried Hepatozoon sp. of parasites [2]
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Endoparasites

Endoparasites can exist in one of two forms: intercellular (inhabiting spaces in the host's body) or intracellular (inhabiting cells in the host's body). Intracellular parasites, such
as bacteria or viruses, tend to rely on a third organism which is generally known as the carrier or vector. The vector does the job of transmitting them to the host.
Intercellular parasites include protozoa, trematoda (flatworms), cestoda (tapeworms), nematode (roundworms), acanthocephalan (thorny-headed worms) and arthropoda.

“Numerous reports of African lion (Panthera leo) endoparasites originate from zoological parks and managed game reserves without indication of the lions’ origins, their
diets or prey, or their movements. Reports are sparse on parasites of free-ranging wild lions of eastern Africa. Taenia regis, Taenia gonyamai, and Taenia simbae were
found in lion collections from the Serengeti [1] and Spirometra sp. was frequent in these lions [2].

Accounts of parasitism in free-ranging lions from other areas of Africa, particularly southern Africa, are more numerous. Ancylostoma paraduodenale has been found in
lions in Northern Rhodesia [now Zambia] [3] as have Lagochilascaris major in the Congo [4], Echinococcus felidis in Northern Transvaal [5], and Echinococcus granulosus
felidis in Transvaal [6]. Trichinella spiralis, Dirofilaria sudanensis, Linguatula serrata, Linguatula nuttalli, Cylicospirura sp. [6] and Schistosoma mattheei [7] were reported
from Kruger National Park. An individual lion from Northern Rhodesia was infected with Pharyngostomum cordatum, Galoncus perniciosis, Gnathostoma spinigerum,
Mesocestoides sp., Dipylidium sp., Ollulanus tricuspis, Toxascaris leonina, Physaloptera praeputialis, Dirofilaria acutiuscula, A. paraduodenale [8], and Taenia hydatigena
was reported from a lion in Nigeria that had originated from the Leipzig Zoological Gardens, Germany, where it had been fed raw goat meat [9].

Many reports of lion endoparasites are from zoos in India, but information on lion habitat, origin, or diet is incomplete. Sarcocysts were found in two zoo lions [10] and
Taenia jaipurensis was found in the intestine of a lion that died in the Jaipur Zoo [11]. Spirometra erinacea [12], Ascaris felis, Galonchus perniciosus [13], T. leonine [14],
and Parascaris felis [15] were all reported. Both wild Gir forest lions and Indian zoo lions had Spirometra sp., Toxascaris sp., and Ancylostoma sp. [16-18]

Toxocara cati, T. leonina, and Spirometra sp. were described in Australian circus lions [19] and zoo lions in central California were serologically positive for Toxoplasma
gondii [20]. Giardia sp. was reported from a captive lion [21]. Two undescribed species of Isospora were reported from captive lion cubs in England [22]. A spurious
coccidian parasite, Eimeria felina, was observed in a lion from the Leningrad Zoo [18]”

In a survey of lions of the Serengeti nineteen different parasites were identified of the orders Protozoa, Trematoda, Cestoda, Nematoda, Acanthocephala and
Arthropoda. The number of parasites recovered per lion averaged 3 (range 0 —9) including Eimeria sp., Giardia sp., Isispora sp. including /. felis and I. rivolta, Sarcocystis
sp., Toxoplasma-like sp. Trematoda-like sp., Anoplocephalidae, Taeniidae, Aelurostrongylus sp., Ancylostoma sp. Capillaria sp., Habronema sp., Tococara cati, Trichuris-
like sp., Acanthocephala and Demodex sp [1].
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