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Isolation of a Bovine Theileria
K. L. Kuttler, DVM, PhD, and T. M. Craig, DVM, MS

SUMMARY

Dual infections of Anaplasma
marginale and a Theileria, resem-
bling Theileria mutans, occurred in
splenectomized calves inoculated
with pooled blood samples from
eactern Texas cattle. Theileria was
obtained in pure form by treating
dually infected cattle with glox-
azone and imidocarb which selec-
tively eliminated Anaplasma. These
theileria infections were responsible
for mild, transient reductions in
packed red blood cell volume (pcv).

Theileria mutans has been de-
scribed as a nonpathogenic or
mildly pathogenic, small pleomor-
phic intraerythrocytic piroplasm in
cattle, which is morphologically in-
distinguishable from the pathogenic
organism T parvat51® and is sim-
ilar in size to Babesia argentina. A
lymphocytic schizogonous phase has
been described for this organism.!®
Splitter* in 1950 described the
blood forms of T mutans in cattle
from Kansas, but little is known
about its prevalence or distribution
in the United States. He did not
report a schizogonous phase.

A morphologically similar Thei-
leria, T ceruvi, has been described in
white-tailed deer (Odocoileus vir-
ginianus) in the United States and
appeurs tc be widespread.27.1%s
Antigens prepared from T cervi
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have been reported to cross-react
with serums from sheep and cattle
infected with Theileria,’®* Ease of
transmission by blood inoculation,
morphologic features of the intra-
erythrocytic forms, frequent ab-
sence of schizogonous forms, and
benign nature of T cervi infections
in deer closzly iesemble the pat-
tern of T rautans infection observed
in the United States and Eu-
rope.47.0-11.14

Even though T mutans is gen-
erally considered unimportant as a
disease agent, under certain cir-
cumstances it has been found to be
pathogenic in cattle.35612 Possibly,
under certain circumstances T' mu-
tans may undergo changes in
pathogenicity to resemble 1' parva.3
The possibility that concurrent T
mutans infections might influence
the pathogenicity of other hemo-
tropic disease agents has not been
thoroughly investigated.

Theileria parva is mnst com-
monly transmitted transstadially by
the 3-host tick Rhipicephalus ap-
pendiculatus.®1° It has been shown
that C cervi is transmitted trans-

stadially by the 3-host tick Ambly-
omma americanum.?8 Even though
the vector or vectors for the bovine
Theileria occurring in the United
States are unidentified, such vectors
that do exist might be capable of
transmitting other more pathogenic
Theileria if they were inadvertently
introduced.

Associated with studies of ana-
plasmosis, dual infections of Ana-
plasma marginale and a bovine
Theileria resembling T mutans have
been observed in eastern Texas
cattle. Experimental dual and pure
theileria infections have been pro-
duced in splenectomized calves by
blood inoculation and are described
in the present report.

The Theileria observed and a
highly pathogenic babesia organism
are shown (Fig 1). This Babesia,
tentatively identified as Babesia
argentina, was isolated from a nat-
urally occurring infection in cattle
on the Mexican border. It is some-
what similar in size and shape to
the Theileria encountered in eastern
Texas. Infections resulting from
this Babesia, although associated

Fig 1—A benign bovine Theileria; the insert in lower right is Babesia argentina. Notice the

difference in sizes. Giemsa stain; X 1,000.
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with relatively low parasitemias,
were very pathogenic, producing al-
most 100% mortality in splenecto-
mized calves. Theileria mutans,
on the other hand, has been re-
ported to be benign or only mildly
pathogenic even in splenectomized
calves. 14

Materials and Methods

Laboratory observations to confirm
the presence of the disease agents and
to follow their pathogenesis included
examining thin Giemsa-stained blood
smears, performing the anaplasmosis
complement-fixation (CF) test (using
US Department of Agriculture anti-
gen) according to standardized pro-
cedures,' and determining packed red
blood cell volume (using a micro-
hematocrit centrifuge).

Needle’ biopsies of the nrescapular
lymph glands were made twice a week
on 2 splenectomized calves after their
exposure to T'heileria and for 2 weeks
after the development of theileria
parasitemia, Smears were made from
the glandular material, stained with
Giemsa, and examined for evidence
of lymphocytic schizonts. On another
occasion, a calf was killed at a time
when a theileria parasitemia was
occurring and stained smears from
several lymph glands (prescapular,
prefemoral, parotid, and mesenteric)
were examined for the presence of
schizonts.

A serologic survey (cr test) of a
herd of 430 cattle in eastern Texas
was made to determine the prevalence
of anaplasmosis before a control pro-
gram based on treatment of serologic
reactors or infected cattle was started.
To confirm the presence of anaplas-
mosis, 50-ml samples of blood (ritraie,
as aniicoagulant) were collected from
8 seropositive (cr test) cows and
injected into 2 splenectomized calves.
Calf 1 was inoculated intravenously
(rv) with 200 ml of blood collected
from 4 of the cows, and calf 2 was
given a similar inoculum from the 4
remaining cows.

The 1st attempt to obtain a pure
theileria infection consisted of 1v in-
oculating a noninfected, splenecto-
mized calf (calf 3) with 10 ml of
whole blood containing both Ana-
plasma and Theileria. Calf 3 was
given (1v) 5 mg of gloxazone®/kg of
body weight on the 1st day after the
calf was exposed (to inhibit the Ana-
plasma). A subinoculation of 30 ml

® Gloxazone:  alpha-ethoxyethylglyoxal dithio-
semicarb + imidocarb: imizol (3,3"-bis-(2-
imidagolin.2-yl)-carbanilide dihydrochloride/dipro-
pionate, Burroughs Wellcome Company, Research
Triangle Park, NC (experimental drugs only).

324

of blood from calf 3 was given to calf
4 on day 21 when only Theileria was
seen on thin blood smear. Calf 4 was

. observed for evidence of infection for

121 days.

Calf 4 subsequently developed a
dual infection and was then treated
with 3 mg of imidocarb®/kg and 3 mg
of gloxazone/kg on postinfection days
(pmm) 127 and 141. Subinoculation
was not made from this calf. Evidence
of posttreatment infection was based
on presence of the hemoparasites as
seen on stained blood smears.

Another attempt to remove Ana-
plasma selectively involved the use
of chemotherapeutic compounds on 2
additional splenectomized calves hav-
ing dual infections. The first of these,
calf 1, was treated with 3 mg of
imidocarb/kg, given subcutaneously
(sc), and 3 mg of gloxazone/kg, given
v, on P 17, 20, and 22, Splenecto-
mized calf 5 was inoculated v with
35 ml of washed, packed erythrocytes
from calf 1 at 60 days after the latter
was treated (to determine the pres-
ence of Anaplasma, Theileria, or
both).

Calf 2 was treated with 3 mg of
imidocarb/kg (sc) and 3 mg of glox-
azone/kg (v) on pm 52 and 66. Calf
6 was v inoculated with 200 ml of
blood collected from calf 2 at 134
days after the latter was treated (to
determine tha type of infection present
in calf 2).

Results

Calf 1 inoculated with 200 ml
of whole blood pooled from 4 sero-
positive (anaplasmosis CcF test)
cows developed a theilerix para-
sitemia (< 0.1%) 6 days after
exposure, On day 9, this para-
sitemia had increased to 1%. On
day 13, 0.5% A marginale para-
sitemia was observed, and the Thei-
leria was present at the level of
0.1%. During the next few days,
the A marginale parasitemia pre-
clominated, and few theilerias were

"cbserved. A low pcv (6%) oc-

curred in association with high Ana-
plasma parasitemia, before the calf
recovered. Both anaplasma and
theileria bodies disappeared after
the calf was treated with both
imidocarb and gloxazone, starting
on day 17. On pip 72, low-level
theileria yarasitemia was observed
(0.1%). The Anaplasma cF test
was negative on pIp 82 or 60 days
after the calf was treated. Ana-
plasma was nct observed after
treatment, even though the thei-

leria parasitemia persisted at levels
ranging from 0.1 to 4.0% after
day 72,

Calf 2 developed anaplasma para-
sitemia 17 days after inoculation
and underwent a response char-
acterized by a 16% parasitemia
associated with an 8% pcv. Treat-
ment for anaplasmosis was given on
pip 52 and 66. Anaplasma was

not seen after treatment, and the

calf was seronegative (cF test) on
day 126 (59 days after treatment).
On rip 161, calf 2 developed thei-
leria parasitemia {0.3%). This
parasitemia progressed to 13% on
day 175 and gradually became in-
apparent by day 192. The calf was
killed shortly &fter this time.

The attempt to retard and ziim-
inate Anaplasma in calf 3 by treat-
ing with gloxazone on the st day
after the inoculation of blocd con-
taining both Anaplasma and Thei-
leria was only partially successful.
On pip 21 only Theileric was de-
tected. On pip 32, anaplasma
bodics were seen, and 7 days later
calf 3 died of acute anaplasmosis.
Theileria parasitemia appeared to
regress with the development of
Anaplasma. On day 21, a transfer
was made of 30 ml of blood from
calf 3 to calf 4 to determine if the
Theileria might be recovered in the
absence of Anaplasria. Calf 4 first
showed Anaplasma parasitemia on
pIp 14, which proceeded to develop
into typical anaplasmosis. On PID
18, theileria parasitemia developed,
which pcrsisted in low levels (<
1.0%) during the acute anaplasma
infection. Treatment of calf 3 with
gloxazone, using a dosage below
that needed to eliminate Ana-
plasma, did not influence the thei-
leria parasitemia, even thouch it
apparently did temporarily retard
detectable anaplasma parsitemia.

Calf 4 temporarily loci. its ana-
plasma parasitemia after its treat-
ment with gloxazone and imido-
carb, but the theileria parasitemia
persisted, with no apparent change
that could be related to treatment.
Treatment in this instance was un-
successful in eliminating anaplasma
infection, because parasitemia re-
curred 42 days after treatment. In
this calf, a fluctuating theileria
parasitemia averaging 1.2% = 1.7
(between 0 and 4.0%) was seen
over a 150-day period. Of 44 ex-
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aminations for Thr.leria during this
period, 32 were found positive.

The use of imidocarb and gloxa-
zone in large enough doses to elim-
inate Anaplasma failed in every
instance to eliminate Theileria, al-
though it did appear to suppress
this parasite temporarily. Ana-
plasma was eliminated in calf 1,
and the subinoculation of blood
from calf > into calf 5 produced an
apparent pure infection of Thei-
leria. Calf 5 failed to show either
serologic or other evidence of ana-
plasma infection. Theileria para-
sitemia occurred in calf 5 at pIp 22.

The inoculation of calf 6 with
200 ml of blood from calf 2 after
the latter had been treated with
gloxazone and imidocarb resulted
in an apparent pure theileria para-
sitemia 13 days later. Evidence of
anaplasma infection did not occur.
The Theileria persisted in levels
ranging from 0.1 to 3.G% for about
20 days and then regressed belew
detectable levels.

Pure theileria infections were as-
sociated with slight but temporary
decreases; in pcv. In calf 2, a 269
reduction in pcv occurred after the
139 theileria parasitemia, which
was the highest observed among
any of the experimentally infected
splenectomized calves. Calf 5 had
a 19% decrease in pcv persisting
over a period of about 30 days,
during which a 1 to 2% theileria
parasitemia was observed. A low-
level theileria parasitemia (betwe.n
0.1 and 1.09%) persisted for about
3 months beyond this time, which
apparently did not adversely affect
the pcv. Calf 6, while developing a
theileria paras.temia, failed to show
decreased pcv. This parssitemia
was relatively brief, being first

March, 1975

observed 13 days after exposure
ar " persisting only 25 days beyond
this time.

Morphologically, these organisms

closely resembled the description
given by Brocklesby et al*t for T
mutans occurring in England. Most
of the erythrocytic forms reported
by Brocklesby et al have been seen.
Schizonts were not observed in
lymph gland smears collected from
affected calves.

Discussion

The unexpected occurrence of a
Theileria in splerectomized calves
inoculated with large volumes of
hlood from anaplasma-seropositive
(CF test) cattle confirms a previous
report of the presence of this hemo-
parasite in the United States.!*
Evidence of pathogenicity was not
observed in the cattle from which
the organism was recovered, and it
proved only mildly pathogenic in
splenectomized calves. Dual infec-
tions of Anaplasma and Theileria
do occur; however, Anaplasma will
overshadow the milder theileria in-
fection.

Theileria does not appear to be
responsive to imidocarb and gloxa-
zone therapy. Means of eliminating
theileria infections by chemother-

apy were not observed in this study. -

Low-level theileria parasitemias ap-
pear to persist in splenectomized
calves for extended periods, and it
is suspected that noudetectable
levels of infection persist even
longer.
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