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INTRODUCTION

Captive cheetahs have been affected by a va-
riety of diseases limiting the sustainability of
these populations. To better understand these
captive cheetah diseases on a global scale and
determine if they impact wild cheetahs, several
long-term studies have been conducted (Mun-
son, 1993; Munson et al., 1999, 2005). As a spe-
cies, cheetahs are considered more susceptible to
disease than other carnivores and are carefully
managed in captivity (Chapter 24). Thoughts
over the causes of disease susceptibility in cap-
tive cheetahs have changed over time as new
research has been conducted. This chapter will
discuss the evolution in our understanding of
cheetah diseases and provide details on some
of the most significant diseases affecting captive
and wild cheetahs. Protocols and forms that are

relevant to this chapter can be found at https://
www.elsevier.com/books-and-journals/
book-companion/9780128040881.

Research from the 1980s had suggested that
reduced genetic diversity (Chapter 6) may be
the cause of poor health in captivity and high
neonatal mortality rates. It was hypothesized
that the lack of heterogeneity at major histo-
compatibility complex (MHC) loci (loci which
encode peptides that mediate immune re-
sponses to pathogens) was an important factor
in a feline infectious peritonitis (FIP) epidemic
in one captive population, and it was assumed
that cheetahs could be particularly vulnerable
to infectious diseases (Evermann et al., 1988).
However, in the 1990s, aspects of captive man-
agement were shown to affect juvenile mortality
(Wielebnowski, 1996), and pathology studies in-
dicated that morbidity and mortality in captive
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cheetah populations were predominately due
to degenerative rather than infectious diseases
(Munson, 1993; Munson et al., 1999). Study of
wild Namibian cheetahs, a primary source for
many founders of captive populations, indicated
that these diseases were absent or extremely rare
in the wild (Munson et al., 2005). Serology and
pathology surveys showed that wild cheetahs
were exposed to a wide range of viral pathogens
without evident associated disease (Munson
et al., 2004a,b, 2005; Thalwitzer et al., 2010). To-
gether, these studies suggest that environmental
factors, such as captivity-induced stress, are of
equal or greater importance than genetic factors
in the development of disease in captive chee-
tahs (Munson et al., 2005).

Multiple studies have now documented both
physiological and behavioral (e.g., stereotypies,
such as pacing) chronic stress responses in cap-
tive cheetahs (Jurke et al., 1997; Terio et al., 2004;
Wells et al., 2004; Wielebnowski, 1999). Captive
cheetahs have larger adrenal glands and higher
baseline levels of corticoids than wild cheetahs
(Terio et al., 2004; Chapter 7). These persistently
elevated corticoids can have profound nega-
tive effects on many physiological functions,
including metabolism, reproductive health,
and immune responses. Corticoids can alter im-
mune responses by affecting transcription of
mediators that coordinate and determine the
type of immune responses (e.g., cytokines and
inflammatory mediators). Comparison of these
mediators between captive and free-ranging
cheetahs has demonstrated that captive, but not
free-ranging, cheetahs have decreased expres-
sion of Tyl-type cytokines (IL-1, IL-2, IFNYy)
consistent with elevated corticoids (Terio and
Munson, 2005). Because Ty1-type cytokines are
important in cell-mediated immune responses,
stress-induced immune modulation may be as-
sociated with the unusual inflammatory reac-
tions observed in captive cheetahs in response
to common pathogens.

Corticoid levels differ among institutions
and among individual cheetahs residing at
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the same institution, suggesting that captive
management and individual temperament may
affect the stress response (Terio et al., 2004; Wells
et al., 2004). Gastritis, one of the major cheetah
diseases in captivity (see section, “Helicobacter-
Associated Gastritis”), has been associated
with increased stress levels and has served as a
model to study stress in captivity. In cheetahs,
severe gastritis correlates with high individual
temperament scores for the adjectives “eccen-
tric” and “easy to work with.” Cheetahs with
severe gastritis are also more likely to have been
exposed to suspected environmental stressors,
such as small enclosures, high density of chee-
tahs, movement to multiple institutions over an
individual’s lifetime, and high amounts of ex-
posure to the public. In contrast, gastritis sever-
ity is negatively correlated with “excitable” and
“aggressive” temperaments, a behavioral phe-
notype more often seen in wild-caught chee-
tahs. A negative correlation with “aggressive”
is also noted with corticoid concentrations.
Cheetahs with opportunities for exercise (run-
ning on a lure) have lower fecal glucocorticoid
concentrations (Terio et al., 2014), supporting
the importance of regular exercise for captive
cheetahs.

Understanding the cheetah stress response
is important not only for the health and well-
being of captive cheetahs, but for management
of free-ranging cheetahs. Wild-caught cheetahs
temporarily held in captivity develop diseases
like those noted in captive-born cheetahs, which
may impact the cheetahs’ survival when re-
leased back into the wild. One wild cheetah that
had previously been in captivity had evidence of
“captive cheetah” diseases at the time of death
(Munson et al., 2005). As capture, holding, and
translocation (Chapter 20) are tools that can be
used for mitigating human-wildlife conflict and
habitat fragmentation (Chapters 10 and 13),
research aimed at reducing stress in these situ-
ations is essential to minimize the impact of
capture and captivity on the health of cheetahs
worldwide (Teixeira et al., 2007).

4. CAPTIVE CHEETAHS



IMPORTANT DISEASES IN CAPTIVITY

IMPORTANT DISEASES
IN THE WILD

Infectious Disease

Anthrax

There have been multiple published and
anecdotal cases of anthrax in wild and cap-
tive cheetahs (Ebedes, 1976; Good et al., 2008;
Jager et al., 1990; de Pienaar, 1961). Most out-
breaks can be linked to contaminated carcasses
fed to captive animals or concurrent outbreaks
in other wildlife. Affected cheetahs may have
increased respiratory rate and effort and can
vomit (Jager et al., 1990). Similar to other carni-
vores, cheetahs may have ventral and cervical
edema, bloody nasal discharge, scleral conges-
tion, and pulmonary edema (Good et al., 2008;
Jager et al., 1990). Serosurveys after an anthrax
outbreak in Botswana found that only 1 of 16
potentially exposed cheetahs had antibodies
(Good et al., 2008) and cheetahs in Namibia
also do not have antibodies to anthrax (Switzer
et al., 2016). These results support claims that
cheetahs are susceptible because they have low
levels of exposure (as they generally do not
scavenge), thus infection is often fatal (Lind-
eque et al., 1998). Vaccination may be of benefit
for certain high-risk populations as cheetahs
do mount a potentially protective response
to a commercially available anthrax vaccine
(Turnbull et al., 2004).

Mycobacterium bovis

Spillover infection of Mycobacterium bovis oc-
curs in cheetahs in areas with infected hoofstock
(Keetetal., 1996). Typical granulomatous lesions
occur in the lungs of affected cats but the lower
airways can also be affected, suggesting that en-
vironmental contamination and or direct spread
from affected cheetahs is possible. It is unlikely
that cheetahs would become maintenance hosts
for the disease as their contact rates are rela-
tively low. However, sporadic spill over both to
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and from cheetahs is a possibility, especially in
endemic areas (De Vos et al., 2001).

Sarcoptic Mange

Wild cheetahs in the Masai Mara in East
Africa have been diagnosed with mange as-
sociated with Sarcoptes scabei infection that
is a significant infectious cause of morbid-
ity and mortality (Mwanzia et al., 1995). One
study found the prevalence in cheetahs to be
12.8% (Gakuya et al., 2012). Lesions in affected
cheetahs include hair loss and thickening of the
skin. Infection in cheetahs was associated with
the dry season and in particular S. scabei infec-
tion in Thompson’s gazelles.

Other Health Problems

Ocular Trauma

Traumatic eye injuries including scratches
and lacerations to the lid, nictitans, and cornea,
with penetration and secondary uveitis and cat-
aracts, have been documented in free-ranging
cheetahs in Namibia (Bauer, 1998). In rare cases,
portions of thorns have been found within af-
fected eyes leading to the hypothesis that the
trauma is caused by encroachment of thorn
bushes due to habitat degradation.

IMPORTANT DISEASES
IN CAPTIVITY

Infectious Diseases

Helicobacter-Associated Gastritis

The majority of captive and wild cheetahs
worldwide are infected with Helicobacter sp.,
spiral bacteria that colonize the stomach. In wild
cheetahs there are numerous bacteria, but little
to no associated inflammation (Terio et al., 2005).
In contrast, captive cheetahs commonly have
some degree of inflammation (gastritis; Fig. 25.1)
that may be asymptomatic or associated with
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mucosa. (B) Histologic

section of stomach from a captive cheetah with gastritis with large numbers of inflammatory cells in the mucosa, superficial
epithelial erosion, and loss of gastric parietal cells. Inset: Normal stomach from a wild cheetah.

regurgitation, vomiting, passage of undigested
feed, and weight loss (Eaton et al., 1993; Terio
et al., 2011). Although gastric colonization with
Helicobacter sp. can be confirmed using the urea
breath test, antemortem diagnosis of gastritis
requires histologic evaluation of endoscopic bi-
opsies (Chapter 24). It should be noted that the
appearance of the stomach on endoscopy does
not always correlate with the degree of histolog-
ic inflammation and damage.

The pathogenesis of gastritis is not com-
pletely understood. The absence of gastritis in
the few cheetahs without evidence of ever be-
ing colonized by Helicobacter suggests that the
bacteria play a role, but Helicobacter are not the
only factor in disease development [Associa-
tion of Zoos and Aquaria (AZA) Cheetah Spe-
cies Survival Plan® (SSP) Pathology Archives,
unpublished data]. In cheetahs, the distribution
of T lymphocytes (T cells) and diffuse upregula-
tion of MHC II expression on gastric epithelium
are qualitatively similar to that in other species
infected with Helicobacter (Terio et al., 2011).
What distinguishes cheetahs with severe gastri-
tis from those with mild disease are large num-
bers of activated B cells (CD79a+ CD21-) and
plasma cells (Fig. 25.1B) which may be due to

alterations in the Th1:Th2 cytokine balance and
stress-induced modulation of the immune sys-
tem (Terio et al., 2011).

Longitudinal studies of gastritis in captive
cheetahs have documented that while inflam-
mation can wax and wane, in general, it worsens
over time irrespective of treatment (Citino and
Munson, 2005). Some lesions progress to fibro-
sis (scarring) and gastric atrophy that limits the
ability of cheetahs to eat and digest a complete
meal in one sitting (Citino and Munson, 2005;
Terio et al., 2011). Although treatment with an-
tibiotic triple therapy may provide short-term
decrease in inflammation and eradication of
Helicobacter, none of the treatments evaluated to
date have had a significant effect on long-term
Helicobacter infection or the lifelong progression
of inflammation (Citino and Munson, 2005; Lane
et al., 2004; Wack et al., 1997). The use of triple
therapies may also impact the gut microbiome
and potentially predispose to other conditions.
Therefore, antibiotic treatment is recommended
only in severely affected or symptomatic chee-
tahs. Diet may contribute to and or ameliorate
signs of gastritis, but there are contradictory re-
sults on the impact of diet on gastritis severity
(Lane et al., 2012; Whitehouse-Tedd et al., 2015).

4. CAPTIVE CHEETAHS
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Herpesvirus

Captive cheetahs are commonly infected with
feline herpesvirus and can develop mild sneez-
ing, nasal discharge, and ocular lesions similar
to other felids (van Vuuren et al., 1999). In some
cases, severe corneal ulcers and/or keratitis
and proliferative skin lesions on the face and/
or forelimbs are noted (Flacke et al., 2015;
Junge et al., 1991; Munson et al., 2004a,b; Witte
etal., 2013) (Fig. 25.2). Disease has not been not-
ed in wild cheetahs despite evidence of viral ex-
posure (Munson et al., 2004a,b, 2005; Thalwitzer
et al., 2010). Studies of the virus have found ge-
netic and antigenic similarity with feline herpes-
virus type 1 (FHV-1) (Scherba et al., 1988).

Diagnosis of FHV-1 infection relies on charac-
teristic clinical signs and/or specific diagnostic
tests, such as virus isolation, PCR, histopathol-
ogy with characteristic herpesviral inclusions,
or immunohistochemistry (Witte et al., 2013).
Serology alone cannot be used to confirm in-
fection (Witte et al., 2013). Biopsy is essential to
differentiate proliferative skin lesions from neo-
plasms (tumors). Histologically, dense infiltrates
of eosinophils and mast cells are present in the
dermis, and the intact epithelium adjacent to the
ulcer may be hyperplastic with viral inclusions
(Munson et al.,, 2004a,b). Treatment for mild
FHV-1 is supportive. Administration of L-lysine

B BTN

FIGURE 25.2 Plaque-like proliferative and ulcerated

skin lesion on the forelimb of a cheetah with herpesviral
dermatitis.

353

and famcyclovir have been helpful in some cas-
es, while skin lesions often require cryotherapy.
Vaccination is recommended, although variable
responses have been noted in cheetahs and nat-
ural exposure is not uncommon (Spencer and
Burroughs, 1992; Wack et al., 1993; Chapter 24).

Immune responses to FHV-1 in cheetah
have been studied in vitro (Miller-Edge and
Worley, 1992). In these studies, cheetah cells
(Iymphocytes and monocytes) as a group had
a significantly lower proliferative response to
FHV-1 than domestic cats, although individual
responses varied widely. Interestingly, cheetah
cellular responses improved when they were
first cultured with interleukin-2 (IL-2), a TH-1
cytokine critical to an effective cell-mediated
immune response. As previously discussed, low
levels of IL-2 have been found in captive but
not wild cheetahs (Terio et al., 2005), suggesting
that ineffective immune responses, possibly due
to stress-induced suppression, may play a role.
Disease tends to be more severe if cubs are in-
fected by their dams at a young age (<3 weeks).
As cubs at this age should still have maternal
antibodies, this finding suggests inadequate
colostral antibodies against herpesvirus. Often,
these cubs are also more likely to have recurrent
lesions throughout their lives.

Feline Infectious Peritonitis/Feline
Enteric Coronavirus

Feline enteric coronavirus (FCoV) infection
can cause mild enteritis, as well as fatal FIP. Le-
sions and clinical signs of FIP in cheetahs are
similar to those described in domestic cats and
include high protein effusions within the ab-
dominal and or thoracic cavities with pyogranu-
lomatous inflammation centered on vessels. In
1983, there was an epidemic of FIP in a captive
cheetah population with >60% mortality that
resulted in stringent testing and quarantine
measures to limit the spread of disease within
the North American captive cheetah population
(Heeney et al., 1990). Complicating attempts
to control spread of the disease was a lack of
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concordance between serology and PCR identi-
fication of virus from feces (Kennedy et al., 2001;
Munson and Citino, 2005). Some cheetahs have
been found to shed the virus only intermittent-
ly to rarely; therefore, captive populations are
now managed as endemically infected (Gaffney
et al., 2012; Munson and Citino, 2005).

Despite evidence for continued presence of
FCoV in the population, fatalities to FIP have
been rare (<2.9% total deaths from 1991 to 2016,
AZA SSP Pathology Archives). The role of FCoV
in enteritis is less clear and an area of needed
study. Some cheetahs appear to be persistently
infected with FCoV and persistently shed the vi-
rus, and could be a source for viral replication
and possible mutation to more virulent strains
(Kennedy et al., 2006). Some persistently infect-
ed cheetahs appear to develop ulcerative colitis
with weight loss and lymphoid proliferation.

Fungal Disease

Although fungal disease is generally rare in
cheetahs, there have been several individual
case reports of Cryptococcus infections in cap-
tive cheetahs (Beehler, 1982; Berry et al., 1997;
Bolton et al., 1999; Illnait-Zaraozi et al., 2011;
Millward and Williams, 2005). Infections pres-
ent with nasal discharge, neurological deficits,
and shortness of breath; lesions are similar to
those noted in domestic cats. In these cases, fun-
gi have been classified using varying methods
as either Cryptococcus neoformans, C. neoformans
var gattii, or C. gattii. C. neoformans var gattii
has been recently reclassified as C. gattii, so it
is uncertain whether these cases truly repre-
sent C. neoformans and C. gattii infections or just
C. gattii. There is no evidence to suspect inher-
ent or acquired susceptibility to this infection
in cheetah as immune responses are similar to
those noted in domestic cats; there has not been
any evidence of concurrent infection with im-
munosuppressive viruses (e.g., feline immuno-
deficiency virus or feline leukemia virus) (Berry
et al., 1997; Bolton et al., 1999; Miller-Edge and
Worley, 1992).
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Dermatophytosis is common in some cap-
tive populations of cheetahs. Affected cheetahs
have patchy to generalized alopecia and Micros-
porum canis can be cultured from affected hair.
Young cubs can have more severe infections
with involvement of tail tips and nail beds that,
if not treated aggressively, can lead to slough-
ing of nails, digits, and/or the tail tip. Adverse
reactions have been noted in cats treated with
griseofulvin, including lethargy, diarrhea, bone
marrow depletion, and death (Wack et al., 1992).
Therefore, topical treatments rather than sys-
temic antifungal therapies are recommended.

Other Infectious Skin and Oral
Mucosal Conditions

There have been multiple outbreaks of ortho-
poxvirus infection resulting in ulcerated skin
and oral lesions and, in rare cases, severe acute
respiratory disease (Baxby et al., 1982; Maren-
nikova et al., 1977). Histologically, poxviruses
were suspected due to large eosinophilic intra-
cytoplasmic inclusions and virus characteristics
consistent with cowpox. Rodents used as intend-
ed food items, as well as wild rodents caught
by cheetahs are the source of infection (Baxby
et al., 1982; Marennikova and Shelukhina, 1976).

Sublingual plaques are not uncommon and
may be related to papillomavirus infection. A
potential cause of oral ulceration is calicivirus.
In contrast to herpesvirus, caliciviral infections
tend to be self-limiting and more closely fol-
low the course seen in domestic and other non-
domestic felids. Treatment is supportive. One
notable and important caveat is that caliciviral
disease has developed after vaccination of some
naive cheetahs with modified live virus (MLV)
vaccine. Similarly, although unproven due to
similarities in viral strains, some cheetahs have
developed herpesviral lesions after vaccination
with MLV vaccines (see also Chapter 24).

Other Infectious Diarrheal Conditions

There are multiple potential causes of
diarrhea in cheetah, including infection with
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parvoviruses, Salmonella spp., Clostridium per-
fringens, and Plesiomonas shigelloides. Parvovirus-
es indistinguishable from feline panleukopenia
(FPLV) have been reported to cause diarrhea in
cheetahs (Steinel et al., 2000; Valicek et al., 1993).
Canine parvovirus type 2b has also been iden-
tified in cheetahs with chronic diarrhea due to
chronic necrotizing enteritis (Steinel et al., 2000).
None of these cheetahs had concurrent leuko-
penia. Molecular phylogeny of outbreaks of
FPLV in South Africa has indicated the presence
of more than one strain of the virus in captive
cheetahs and other felids (Lane et al., 2016). As
non-domestic species may be reservoirs of par-
voviruses and these viruses readily change host
specificity, the risks of FPLV transmission be-
tween captive bred and free-ranging carnivores,
and domestic cats and dogs, warrants further
research. Salmonella infection, including Salmo-
nella typhimurium, is another potential cause of
diarrhea, especially in cheetahs fed poultry or
horsemeat (Venter et al., 2003). Complicating
interpretation of positive fecal cultures are high
rates of fecal shedding in seemingly healthy fe-
lids fed raw diets (Clyde et al., 1997).

Pancreatitis

In addition to infectious causes, diarrhea and
vomiting can be noted in cheetahs with pancre-
atitis. Pancreatitis is not uncommon in captive
cheetahs, especially if fed offal or diets high in
fat. There is no association between pancreatitis
and pancreatic duct ectasia, a common inciden-
tal finding.

Degenerative Disease

Amyloidosis

Cheetahs in captivity can develop amyloido-
sis when insoluble amyloid fibrils deposit with-
in tissues where they disrupt organ function.
Amyloidosis can be due to a genetic predisposi-
tion (protein sequence that is more likely to pre-
cipitate) or secondary to increased production
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of SAA which occurs in chronic inflammation
or neoplasia. Previous studies identified concur-
rent inflammation in 100% of the cheetahs with
amyloidosis; however, not all cheetahs with in-
flammation develop amyloidosis. Studies of the
amyloid fibrils suggest that these deposits are
due to deposition of the full serum amyloid A
(SAA) protein, as well as truncated fragments
(Bergstrom et al., 2006; Johnson et al., 1997).
Studies of the cheetah AA protein sequence
have found it to be similar to those of domestic
cats with familial amyloidosis, suggesting a pos-
sible genetic predisposition (Chen etal., 2012;
Johnson et al., 1997). A genetic role for increased
production of the SAA protein was proposed
(Zhang et al., 2008b). Subsequent studies, how-
ever, have determined that while specific genet-
ic variants were associated with differing SAA
serum concentrations, there was no significant
association with disease (Franklin et al., 2016).
To date, amyloidosis has not been described in a
free-ranging cheetah (Munson et al., 2005; Terio
and Mitchell, unpublished data).

In affected cheetahs, amyloid deposits most
commonly within the kidney, specifically the
medullary interstitium, leading to renal failure
(Papendick et al., 1997). Amyloid fibrils may
also be deposited within the liver, contributing
to decreases in hepatic function. Clinical signs
are similar to those in other types of renal and
hepatic disease and require biopsy for definitive
diagnosis. There is no specific treatment for am-
yloidosis, other than supportive therapy.

In some species AA amyloidosis is thought
to be transmissible, and studies have identi-
fied AA fibrils within cheetah feces, suggesting
a possible mechanism for transmission (Zhang
et al., 2008a). If true, this would help explain
the high prevalence of the disease in certain
collections. As cheetahs are not typically cop-
rophagic and enclosures are cleaned daily in
most captive facilities, it is unclear whether this
represents a true risk. Ongoing epidemiological
studies of amyloidosis that controlled for the
presence of concurrent inflammation have not
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yet found evidence for transmission within
North American captive facilities (McLean and
Garabed, 2015).

In addition to systemic amyloidosis, beta
amyloid deposits have been described in the
brains of some cheetahs (Serizawa et al., 2012).
Although amyloid deposits can develop in
aged animals of many species, some affected
cheetahs had concurrent neurofibrillary tan-
gles similar to the pattern identified in humans
with Alzheimer’s disease. Declines in cognitive
function are difficult to assess in wild animals,
and the relative advanced age of affected cats
(all were >10 years) suggests that while this
may impact the well-being of select captive
cheetahs, it is unlikely to be of conservation
significance.

Glomerulosclerosis

Glomerulosclerosisis a primary renal disease
of cheetahs and, as with many other diseases,
occurs primarily in captive cheetahs (Munson,
1993; Munson et al., 1999, 2005). Damage to
renal glomeruli consists of thickening of base-
ment membranes due to deposition of collagen,
glycoproteins, and advanced glycosylation end
products (Bolton and Munson, 1999). Glomer-
ular damage leads to renal inflammation and
scarring. The severity and prevalence of glo-
merulosclerosis increases with age, but there
is no sex predilection. Clinically, affected chee-
tahs have signs of renal disease and, eventually,
failure with proteinuria due to leakage through
damaged glomeruli. Treatment is supportive.
Feeding diets formulated for renal disease or
commercial cat diets rather than raw meat may
provide some clinical improvement, particu-
larly in serum urea nitrogen (Lane et al., 2012).
The cause of glomerulosclerosis is not known.
Histologically, lesions resemble that of a dia-
betic nephropathy, although most affected
cheetahs are not diabetic. The higher preva-
lence in captivity may be due to stress-induced
hyperglycemia or another aspect of the captive
environment.
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Veno-Occlusive Disease

Veno-occlusive disease (VOD) is an unusual
liver disease described in cheetahs and snow
leopards. Scarring (subendothelial fibrosis)
occurs in the central and sublobular hepatic
veins with subsequent collapse and loss of the
liver tissue surrounding affected vessels. Cir-
rhosis occurs in severe cases. Affected cheetahs
can be asymptomatic or have signs of hepatic
failure, including hypoproteinemia, abdomi-
nal effusion, elevated liver enzymes (aspartate
aminotransferase, alanine aminotransferase),
icterus, and in some cases neurologic signs due
to hepatic encephalopathy (AZA Cheetah SSP
Pathology Archives, unpublished data; Gos-
selin et al., 1988). In rare cases, effusions have
been chylous (Terrell et al., 2003). A few cases
of severe acute VOD have occurred in captive
cheetahs with centrilobular to massive hepatic
necrosis and hemorrhage (AZA Cheetah SSP Pa-
thology Archives).

No specific cause for VOD has been proven
in cheetahs. Estrogens are one cause for VOD
in humans, and captive cheetah diets may con-
tain high levels of phytoestrogens (Setchell
et al., 1987). However, other lesions of excess
dietary estrogen are not noted and the disease
is seen in North American and South African
captive cheetahs fed different diets (Munson
et al., 1999). Interestingly, VOD has not been
reported in the European captive population
(Kotsch et al., 2002). Elevated dietary levels of
vitamin A may cause VOD, but findings have
been inconsistent (Gosselin et al., 1988). A few
wild cheetahs have been diagnosed with VOD
which seems to refute the hypothesis that cap-
tive diets are causative (Munson et al., 2005).
Clinical pathology studies of trapped wild chee-
tahs have documented elevations in hepatic
enzymes (alanine aminotransferase) within the
first week of captivity, which could be the result
of hepatocellular damage associated with VOD
(Munson and Marker, 1997). One hypothesis
is that catecholamine release due to the severe
acute stress of capture leads to shunting of blood
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from the liver and hypoxic damage. The poten-
tial health impact of stress upon wild cheetahs
during capture or periods of temporary captiv-
ity warrants further study.

Myelopathy

Myelopathy in cheetahs is a distinct neuro-
logical disorder characterized by degenerative
lesions of the spinal cord, causing ataxia and
paresis (Walzer and Kiibber-Heiss, 1995). The
disease emerged in the last 20 years and has
limited growth of the European captive cheetah
population (Walzer et al., 2003). To date, more
than 100 cases have been identified in at least
16 different locations in Europe and the United
Arab Emirates, resulting in euthanasia of many
cheetahs in breeding programs. There is no ap-
parent sex predilection. All affected cheetahs
have been captive bred in European, Middle
Eastern, or South African institutions from cap-
tive-born or wild-caught parents, belonging to
the southern African subspecies (Acinonyx juba-
tus jubatus) or northeastern African subspecies
(Acinonyx jubatus soemmeringii). Onset of ataxia
ranges from 2.5 months to 12 years, is usually
acute, and can occur spontaneously or follow-
ing a stressful experience for the individual or
for the litter. In cubs, clinical signs are often tem-
porally associated with sneezing and ocular dis-
charge typical of FHV-1 infection. The course of
the disease is variable; ataxia and paresis may
develop rapidly to hind limb dragging or re-
cumbency, or progress slowly and stabilize for
several months or years, with possible acute
relapsing episodes. Pathologically, the disease
is characterized by bilateral symmetrical degen-
eration of the white matter of the spinal cord,
with loss of myelin exceeding axonal loss, sug-
gesting a primary myelin disorder (Robert and
Walzer, 2009). The etiology is unknown, but
several causes have been considered (Burger
et al., 2004; Palmer et al., 2001; Shibly et al., 2006;
Walzer et al., 2003). Interestingly, the incidence
of myelopathy has decreased, with only a single
reported case since 2006.
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Leukoencephalopathy
(Leukoencephalomyelopathy)

In 1996, a novel neurodegenerative disease
was seen in cheetahs at multiple captive breed-
ing facilities throughout North America (Brower
et al., 2014). Affected cheetahs were older (me-
dian and mean age of 12 years) and presented
with ataxia and suspected blindness, leading
to inability to follow keepers and locate food.
Neurological signs included progressive altered
behavior, disorientation, proprioceptive defi-
cits, and, in some cases, seizures. Anesthesia in
affected cheetahs was complicated by the need
for increased doses of anesthetic agents and pro-
longed recoveries. Magnetic resonance imaging
identified areas with white matter loss and hy-
drocephalus. Corresponding lesions were ob-
served at necropsy. Testing for possible viruses
and epidemiological evaluations failed to iden-
tify any potential etiologies. Cases increased
with a peak of 22 cases in 1998 after which case
numbers declined. No cases have been identi-
fied since 2005.

Other Renal Diseases

Cheetahs can also develop kidney disease
due to oxalate nephrosis. Although oxalate ne-
phrosis is commonly associated with exposure
to ethylene glycol (antifreeze) in other species,
exposure to ethylene glycol has not been con-
firmed despite extensive toxicological evalu-
ations (AZA Cheetah SSP Pathology Survey;
Mitchell, unpublished data). Furthermore,
this disease has been diagnosed in cheetahs
from multiple geographic locations, includ-
ing North America, Europe, the Middle East,
and southern Africa. Affected cheetahs devel-
op acute renal failure due to tubular damage.
Crystals can be noted in the urine antemortem.
No correlation with other common cheetah
diseases has been noted, so genetic and/or di-
etary causes are targets of ongoing investiga-
tions. Pyelonephritis is also noted in cheetahs,
commonly females, and associated with coli-
form bacteria.
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OTHER CONDITIONS OF WILD
AND CAPTIVE CHEETAHS

In addition to the earlier specifically men-
tioned diseases and those in Tables 25.1 and 25.2,
cheetahs can be affected by other degenerative
and infectious diseases common to the felid
taxa. Exposure to environmental toxins (inten-
tional and otherwise), ingestion of foreign bod-
ies, as well as injuries from snake bites and insect
bites/stings are possible with signs and lesions
similar to those in other species.

Focal Palatine Erosion

Cheetahs have a set of depressions in the
hard palate; the most pronounced one being
medial to the first upper molar to accommo-
date the mandibular molar (carnassial tooth)
(Steenkamp et al., 2017; Chapter 7). In some
wild and captive cheetahs, corresponding de-
pressions are accompanied with mucosal le-
sions (Fitch and Fagan, 1982). In severe cases,
the palatine bone is perforated resulting in com-
munication between the oral and nasal cavi-
ties. Both mild and severe lesions were initially
coined Focal Palatine Erosion (FPE). When first
identified, the soft nature of captive diets and
absence of exposure to tougher dietary items
like skin and bones were presumed to play a role

TABLE 25.1 Common Incidental Findings in Cheetahs
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in the pathogenesis (Phillips et al., 1993). How-
ever, studies in Namibia found that over 40%
of wild cheetahs had deep palatine depressions
with perforation of the palate in 15.3%, suggest-
ing that captive diets are not causative (Marker
and Dickman, 2004). In this study, wild cheetahs
with FPE were also more likely to have crowd-
ed lower incisors and absent upper premolars.
Studies of museum skulls identified only rare
cases in free-ranging East African cheetahs, sug-
gesting that FPE may be more common in the
Namibian population (Zordan et al., 2012).

Neoplasia

Tumors of any organ system are possible in
cheetahs, but generally uncommon with the
exception of myelolipomas. Myelolipomas are
benign, often multiple, tumors of the spleen
and occasionally the liver, composed of mature
adipocytes (fat cells) mixed with hematopoietic
cells (Munson, 1993; Munson et al., 1999). These
tumors can be identified by ultrasound and
have been mistaken for more malignant tumors
resulting in unnecessary removal of the spleen
(Walzer et al., 1996). Myelolipomas also occur in
wild cheetahs (Mitchell, unpublished data). Cu-
taneous mast cell tumors and systemic mastocy-
tosis are also noted with some frequency (AZA
SSP Pathology Archives).

Condition Morphology

Occurrence

Reference

Kinked tails Kink in posterior vertebra of tail

Foam cell foci  Subpleural aggregates of foamy
macrophages; appear as 1-2-mm

yellow foci on lungs

Pancreatic
duct ectasia

Dilation of pancreatic ducts without
inflammation; can look like small
cysts on the pancreas

Telangiectasia ~ Dilation and pooling of blood of
hepatic sinusoids; red areas on liver
Parovarian Cystic structures adjacent to the ovary
cysts associated with remnant Wolffian ducts

Wild and captive cheetahs
Wild and captive cheetahs

Common in captive

Wild and captive cheetahs

Wild and wild-caught

Marker-Kraus (1997)

Munson (1993), Munson and
Terio (unpublished data)

Munson (1993)
cheetahs; uncertain in
wild cheetahs

Munson (1993), Munson and
Terio (unpublished data)

Munson (1993), Munson and

captive held cheetahs Terio (unpublished data)
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TABLE 25.2  Uncommon Conditions of Wild and Captive Cheetahs
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Causes Clinical signs/findings Outcome Reference
VIRAL
Astrovirus Diarrhea, regurgitation Recover with treatment Atkins et al. (2009)

Canine Distemper Virus

Feline leukemia virus
(FeLV)

Feline immunodeficiency
virus/cheetah
immunodeficiency virus

Papillomavirus

Seropositivity in wild
cheetahs

Lethargy, anorexia,
lymphadenopathy

Appears to be rare,
incidental infection

None

Unknown
Multicentric T-cell lymphoma

None reported

Incidental plaque-like lesions
on tongue and oral cavity

Munson et al., 2004a,b; Munson
et al., 2005; Thalwitzer et al., 2010

Marker et al. (2003)

PARASITIC

Babesia spp. (multiple
species)
Coccidia (Isospora)

Cytauxzoon felis

Giardia sp.
Haemoplasma felis
Ollulanus tricuspis
Otodectes cynotis
Theileria-like

Toxocara sp.

Toxoplasma sp.

RBC parasite in southern
African cheetah

Mild diarrhea

Fever, lameness, severe
lethargy

Mild diarrhea

Rare infection

Vomiting, gastritis

Ear mite

Occasionally seen in RBC

Intestinal parasite

Fever, respiratory distress,
abdominal effusion

Uncertain, may be incidental
finding
Recover with treatment

Potentially fatal; blood vessels
filled with macrophages
containing schizonts

Recover with treatment
Incidental finding
Recover with treatment
Recover with treatment
Incidental finding

Incidental finding except with
heavy burdens in young cubs

Multicentric organ necrosis
with Toxoplasma zoites

Penzhorn et al. (1994)

Krengel et al. (2013)
Collett et al. (2000)

Lloyd and Stidworthy (2007)

MISCELLANEOUS

Diabetes mellitus

Lower esophageal
sphincter dysfunction

Prion/Spongiform
encephalopathy

Soft tissue mineralization

Elevated blood sugar,
fructosamine

Prolapse of stomach
into esophagus and
acquired diaphragmatic
hernias

Behavioral changes,
tremors, ataxia; PrP
protein within brain

Renal failure if kidney
involved

Managed with treatment

Associated with gastritis
leading to gastric esophageal
reflux, may be associated
with acquired hiatal hernia

Fatal, associated with eating
contaminated meat (e.g.,
beef infected with BSE) or
vertical transmission

If renal involvement, can be
fatal. No apparent exposure
to vitamin D

Sanchez et al. (2005)

Teunissen et al. (1978);
Kimber et al. (2001)

Peet et al. (1992); Kirkwood et al.
(1995); Baron et al. (1997);
Lezmi et al. (2003); Bencsik
et al. (2009); Eiden et al. (2010)

BSE, Bovine Spongiform Encephalopathy; RBC, red blood cell.
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DISEASES OF NEONATAL
AND JUVENILE CHEETAHS

Many of the important noninfectious diseases
of neonatal and juvenile cheetahs are nutrition-
ally based (Chapters 24 and 26). Bilateral carpal
valgus deformities that may require surgical re-
pair have been noted in captive cheetahs at mul-
tiple facilities (Allan et al., 2008; Bell et al., 2011).
In these cases, cubs presented with lameness
around 6 months of age or during weaning.
Keeping hand-reared kittens on formula too
long may predispose to this condition; add-
ing meat early (e.g., 3 weeks) and weaning by
5-6 weeks can be preventative. Excess dietary
calcium can inhibit cartilage maturation and
contribute to osteochondrosis, an underlying
cause of these deformities (Allan et al., 2008). In
some cases, however, affected cheetahs were fed
the same diet as unaffected littermates, suggest-
ing that other factors may also be involved (Bell
etal., 2011). Fractures have also been reported in
some cheetahs, especially in king cheetahs, after
minimal trauma, raising concerns about inap-
propriate dietary mineral content.

CONCLUSIONS

Much of our understanding of disease in
cheetahs comes from long-term pathology sur-
veys of cheetahs in captivity and in the wild.
As many of the diseases of cheetahs occur pri-
marily in captivity, it is incumbent upon us to
better understand and reduce risk factors that
lead to this higher prevalence of disease in cap-
tive settings. Using death codes reported in
the International Studbook from 1980 to 2009,
the relative prevalence of reported infectious
disease decreased from 50% to less than 25%,
suggesting improvements in infectious disease
management (Schmidt-Kiintzel et al., in prepa-
ration). Excluding infectious, accidental, and
congenital causes, diseases impacting the uri-
nary system have been increasing from less than
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20% in 1980-84 to over 45% of cases from 2005
to 2009. This likely reflects increasing longevity
of the captive cheetah population, with a cor-
responding increase in chronic renal disease, a
common cause of death in many domestic and
wild aged felids. Unfortunately, some diseases
continue to be intractable. Continued research
into management is important not only for im-
proved well-being and medical management of
captive populations, but also in limiting devel-
opment of disease in wild-caught cheetahs that
are held in captive settings, either temporarily
or permanently, due to human-wildlife conflict
(Chapter 13) or other reasons. Although previ-
ous studies of wild cheetahs have found them
to be generally healthy, it is known that they
have exposure to many of the infectious agents
that can cause problems in captive cheetahs. It
is also possible that pressures including reduced
size and quality of free-ranging cheetah habitats
(Chapter 10), increased contact with domesti-
cated animals, and climate change (Chapter 12)
could change disease dynamics. Continued
monitoring of both captive and free-ranging
cheetah populations, especially small geograph-
ically isolated populations and an improved un-
derstanding of normal clinical values, is needed
for understanding and management of disease
risks to species survival.
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