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ABSTRACT: In September 2000, a free-ranging
bobcat (Lynx rufus) cub was presented to the
Kansas State University Veterinary Teaching
Hospital (Manhattan, Kansas, USA) in a mori-
bund state with signs of severe anemia and re-
spiratory difficulty. The cub was euthanized.
Gross necropsy findings included multifocal at-
electasis, splenomegaly, and pericardial effu-
sion. Microscopic examination revealed sub-
acute pulmonary thrombosis, mild vasculitis in
the brain, and large schizont-filled macrophag-
es within blood vessels of all tissues examined.
The organisms were typical of the developmen-
tal stages of Cytauxzoon felis. Cytauxzoonosis is
considered to be a persistent, subclinical infec-
tion in the bobcat; however, this cub had le-
sions consistent with those seen in fatal infec-
tions in domestic cats. This case of fatal C. felis
infection indicates that some free-ranging bob-
cats may die of cytauxzoonosis.

Key words: Anemia, bobcat, Cytauxzoon
felis, cytauxzoonosis, Lynx rufus.

Cytauxzoon felis is a tick-borne protozoa
that causes an acute, highly fatal, febrile
disease of domestic cats with clinical signs
of an acute hemolytic crisis (Kier and
Greene, 1998). Survival of infected do-
mestic cats is unusual. A recent report de-
scribed 18 domestic cats that survived nat-
ural infection by C. felis (Meinkoth et al.,
2000). Prior to that only two naturally in-
fected domestic cats were known to have
survived (Walker and Cowell, 1995; Kier
and Greene, 1998).

In contrast, C. felis infection of healthy,
free-ranging bobcats (Lynx rufus) has
been found by several investigators (Glenn
et al., 1982, 1983; Kocan and Blouin, 1985;
Blouin et al., 1987). In some areas, infec-
tion is quite common. Researchers have
reported that 13 of 26 (50%) and five of
16 (32%) wild-trapped bobcats from
Oklahoma were infected (Glenn et al.,
1982; Kocan and Blouin, 1985). In the first
study, all infected bobcats were from two
counties and 13 of 21 (62%) bobcats were

infected. Even though most infected bob-
cats remain healthy, it is possible for them
to develop fatal infection. One of two bob-
cats died after parental inoculation of tis-
sue homogenates from a domestic cat that
died of cytauxzoonosis (Kier et al., 1982),
and one of two bobcats developed fatal cy-
tauxzoonosis after researchers allowed C.
felis infected ticks (Dermacentor variabi-
lis) to feed on the bobcats (Blouin et al.,
1987). However, we found no reports of
fatal infection in naturally infected free-
ranging bobcats. The purpose of this re-
port is to describe a case of fatal cyta-
uxzoonosis in a naturally infected, free-
ranging bobcat.

In September 2000, a free-ranging, fe-
male bobcat cub was found in an open
field near Wamego, Kansas (USA,
398259N, 968329W). The bobcat was
caught and taken to the Kansas State Uni-
versity Veterinary Teaching Hospital
(Manhattan, Kansas, USA). Upon presen-
tation, the 0.7 kg cub, estimated to be 2–
3 mo old was moribund, emaciated, and
hypothermic (34.9 C). It had white mu-
cous membranes, fixed and dilated pupils,
irregular respiration, and a small amount
of brown feces pasted around its rectum.
Blood was drawn after initiating treatment
with 100% oxygen via a face mask. The
bobcat was severely anemic with a packed
cell volume of 7% (normal541.166.7%;
Teare, 1998). Serum blood glucose was
180 mg/dl (normal5159691 mg/dl). Be-
cause of the poor prognosis, the cub was
euthanized.

Postmortem examination revealed that
the kitten was thin but otherwise exter-
nally normal. There were 5–10 ml of clear,
straw-colored fluid in the pericardial sac.
The lungs contained patchy areas of atel-
ectasis and the spleen was enlarged and
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FIGURE 1. A pulmonary vein with several Cyta-
uxzoon felis schizont-filled macrophages attached to
the endothelial surface. Immediately adjacent to the
parasitized macrophages is a fibrin thrombus that is
partially organized by fibroblasts. HE stain. Bar595
mm.

dark red. No other significant macroscopic
changes were found. Samples of major or-
gans were collected and fixed in 10% neu-
tral buffered formalin. Sections of lung,
brain, liver, spleen, kidneys, and bone mar-
row were further processed and examined
histologically.

Microscopic examination demonstrated
large macrophages filled with small baso-
philic organisms typical of developing stag-
es of C. felis within vascular spaces, espe-
cially veins, of all tissues examined. The
intravascular macrophages were enlarged
several fold (up to 150 mm in diameter)
and tended to line the endothelial surfac-
es. Occasional small and medium sized
vessels appeared to be occluded by mac-
rophages, but a definite lumen was present
in large vessels. The majority of the mac-
rophages were filled with 2–3 mm struc-
tures that were round to oblong and oc-
casionally indented or partially folded.
These structures were compatible with
mature schizonts or macroschizonts (Kier
et al., 1987). A few macrophages were
filled with smaller, uniform, basophilic
structures approximately 1 mm in diameter
that were compatible with microschizonts
or extraerythrocytic micromerozoites (Kier
et al., 1987). Both the macroschizonts and
microschizonts were surrounded by clear
spaces, giving the macrophages a foamy
appearance.

In the lungs, parasite-filled macrophag-
es were especially prominent, and several
medium and large veins contained fibrin
thrombi that partially to totally occluded
the lumen. Cytauxzoon-filled macrophages
were attached to thrombi and the endo-
thelial surface adjacent to thrombi (Fig. 1).
Many thrombi were being organized by fi-
broblasts, which indicated that the throm-
bi had been present for at least a few days.
The connective tissue surrounding many
of the larger pulmonary veins was mark-
edly edematous and contained Cyta-
uxzoon-filled macrophages. Scattered
throughout the brain, usually closely as-
sociated with blood vessels, were small
groups of mononuclear cells. Infiltrating

lymphocytes and plasma cells thickened
the walls of scattered vessels. Macrophages
filled with Cytauxzoon organisms were of-
ten present in these foci of inflammation
(Fig. 2). The bone marrow, which also
contained parasitized macrophages, was
hypercellular with an increase in erythro-
cytic blast cells indicating an ongoing re-
generative response to the anemia. Cyta-
uxzoon-filled macrophages were present in
vessels in other organs, but there were no
associated lesions.

The genus Cytauxzoon, along with the
genera Theileria and Gonderia, is a mem-
ber of the family Theileriidae (Cowell et
al., 1988). All members of the family have
a nonreplicating erythrocytic phase where
piroplasms are present within erythrocytes
and a replicating tissue phase where schiz-
onts are present in leukocytes. Cytauxzoon
species differ from other members of the
family in that the schizogonous phase oc-
curs within macrophages that line blood
vessels throughout the body, while the
schizogonous stage of Theileria and Gon-
deria occurs in lymphocytes (Cowell et al.,
1988; Kier and Greene, 1998). The eryth-
rocytic form of Cytauxzoon can appear
very similar to Babesia and Haemobarton-
ella; however, neither Babesia nor Hae-
mobartonella have a leukocytic or tissue
phase.
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FIGURE 2. An enlarged macrophage filled with
schizonts of C. felis attached to the endothelium of a
vein in the brain stem. Note the infiltrate of mono-
nuclear leukocytes immediately adjacent to the mac-
rophage. HE stain. Bar590 mm.

Development of the schizogonous form
is necessary for the disease to be fatal. Do-
mestic cats experimentally infected only
with the intraerythrocytic form of C. felis
became parasitemic, but did not develop
the tissue phase and infection was not fatal
(Glenn et al., 1983). When infected with
the schizogonous tissue phase of C. felis,
domestic cats developed both the intra-
erythrocytic and tissue phases, and infec-
tion was fatal. Only the intraerythrocytic
form has been found in naturally infected
free-ranging bobcats (Glenn et al., 1983;
Blouin et al., 1987). However, bobcats can
develop the tissue phase. Each of two
adult bobcats infected by parenteral inoc-
ulation of ground tissue suspensions from
C. felis infected domestic cats became par-
asitemic, and one died 2 wk after infection
(Kier et al., 1982). Schizonts of C. felis

were present in macrophages in tissues
from the dead bobcat. The surviving bob-
cat was parasitemic for at least 4 yr, but
whether it developed the tissue phase was
not determined. However, based on work
in domestic cats, it probably did develop
and recover from the tissue phase. In a
second experiment, two bobcats were ex-
perimentally infected by allowing C. felis
infected D. variabilis to feed on them
(Blouin et al., 1987). Schizogonous forms
of C. felis were found in both bobcats 11
days after tick-attachment. One bobcat de-
veloped typical signs of cytauxzoonosis and
died 19 days after tick-attachment. The
second bobcat remained healthy and no
evidence of the tissue phase was found 30
days after tick-attachment. Thus, both the
schizogonous and intraerythrocytic forms
can develop in bobcats after infection with
the schizogonous form. Some bobcats die
as a result of infection, while others sur-
vive and eliminate the schizogonous stag-
es, but remain persistently infected with
the intraerythrocytic stage. Because so few
bobcats have been experimentally infect-
ed, the prevalence of fatal infections is un-
known. The roles of other factors such as
age, health, and strain of C. felis are also
unknown.

Finding free-ranging bobcats that die of
cytauxzoonosis would be difficult and stud-
ies to determine prevalence of cytauxzoon-
osis in healthy bobcats can only identify
those animals that are persistently infected
with the intraerythrocytic phase. The pres-
ence of large schizont-filled macrophages
lining vessels throughout the body of the
bobcat in the current report is diagnostic
of the schizogonous phase of C. felis. Ane-
mia caused by destruction of parasitized
erythrocytes, thrombosis, perivascular ede-
ma, and mild vasculitis, which were pre-
sent in this bobcat, occur in the later stag-
es of fatal cytauxzoonosis in domestic cats
(Kier et al., 1987; Kier and Greene, 1998).
The clinical and pathologic findings in this
bobcat are consistent with and support the
results of experimental infection, which
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suggest that some free-ranging bobcats die
each year of cytauxzoonosis.
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