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ABSTRACT:
Blood collected 314 and 496 days after experimentally infecting splenectomized and
spleen-intact American bison (Bison bison) with Anaplasma marginale was infective for splenectomized bovine steers. The pathogenesis was identical to that seen in bovine studies using
bovine blood inoculations. A splenectomized bison remained normal clinically, hematologically
and serologically for 10 mo after repeated inoculation of ovine blood infected with A . ovis.

INTRODUCTION

Anaplasmosis is a disease of ruminants,
characterized in severe cases by anemia,
icterus and death, caused by intraerythrocytic rickettsial agents of the genus Anap l a s m . While A. marginale is the primary pathogen in bovine anaplasmosis, it
is not confined to cattle, nor is it the only
pathogen of the genus. Another important, but generally less pathogenic, species
is A. ovis, primarily infecting sheep (Splitter et al., 1956; Magonigle et al., 1981),
but also goats (Mallick et al., 1979; Yousif
et al., 1983),and some wild animals (Neitz,
1939; Enigk, 1942; Post and Thomas,
1961). A recent review of infections of
Anaplasma effectively summarized the
history and then current knowledge of
wild and domestic hosts of species of Anaplasma and the associated epizootiology
(Kuttler, 1984).
Some wild ruminants are known to be
significant reservoirs of the disease for domestic livestock (Christensen and McNeal, 1967; Howarth et al., 1969). To adequately develop and implement effective
anaplasmosis control programs, as much
information as possible on the epizootiology of each pathogen must be obtained.
Zaugg and Kuttler (1985), reported that
two bison calves, one splenectomized and
one spleen-intact, were inoculated with an
Received for publication 19 Jul!, 1985.
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A. mrginale stabilate prepared from the
blood of a bovine steer experiencing acute
anaplasmosis. Both bison developed parasitemias and their blood transmitted disease when inoculated into splenectomized
bovines 61 and 71 days after the bison
were exposed initially. On the other hand,
there is little or no evidence that American bison are susceptible to infections by
A. ovis.
The objectives of the present investigation were to determine if: (1) a longterm A . mrginale carrier state persisted
in experimentally infected bison, and (2)
bison are susceptible to experimental infection by A. ovis.
MATERIALS AND METHODS

All bison and bovine steers were maintained
in open isolated corrals. Alfalfa hay, fresh water
and trace mineral salt were provided ad libitum.
Study 1: Whole blood from two A. marginale-infected American bison (Zaugg and Kuttler,
1985), was collected in citrated tubes 314 and
496 days after experimental inoculation. Blood
from bison B3 obtained on the collection dates
for inoculation had a percentage of parasitized
erythrocytes (PPE) of 1.6%and 0.696, respectively. No parasitemia was observed in blood
collected from bison B4 on either date. On each
collection date 5 ml of blood from each bison
was inoculated (IV) into individual splenectomized Holstein-Friesian steers within 15 min of
collection. Blood was sampled from all recipient bovines every 3 to 7 days and examined via
packed cell volume (PCV), PPE, rapid card ag-
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TABLE
1. Hematological and serological data summarized on bovine recipients of Anaplasma margtnaleinfected bison blood
At time of chemotherapy'
~~~

Bison donor

Da)s after
donor inoculation

B3
B4
B3
B4

314
314
496
496

~

Days after
inoculation

Bokinr

recipient

PPP (days)

(IV)

PCV (5%)

RCA

CF

PPE

28
6
3

21
35
30
30

38
42
33
33

13
19
29
22

+
+
+
+

640
320
160
320

43.6
18.0
5.5
8.2

i

'Oxytetracycline. 20 mg/kg IM,PPP = prepatent period; PCV = packed cell volume; RCA = rapid card agglutination; CF =
complement fixation (titers); PPE = percentage of parasitized erythrocytes; + = positive reaction.
Splenectomized

glutination (RCA) (Amerault and Roby, 1968),
and complement fixation ( C F ) (Anonymous,
1974) tests until therapeutically treated with
oxytetracycline (Liquamycin LA-200, Pfizer
Inc., New York, New York 10017, USA). Donor
bison were observed daily for signs of clinical
abnormality and blood was sampled periodically and examined similarly.
Study 2: One splenectomized yearling bison
bull (B1) was inoculated (IV) three times with
fresh whole sheep blood, collected in partially
evacuated glass tubes containing EDTA (Vacutainer, Becton-Dickinson, Rutherford, New Jersey 07070, USA) as follows: (1) 15 ml from a
ewe experiencing acute ovine anaplasmosis
(PCV = 15%, PPE = 21.6%);(2) 100 days later,
20 ml of pooled blood from four ewes known
to be carriers of A . ouis; and (3) 217 days later,
20 ml from a known carrier. Blood was sampled
once per wk via jugular venipuncture and examined hematologically and serologically, as
described above. for a total of 10 mo.

Anaplasma marginal bodies could always be found in stained blood samples
of B3. The PPE varied between <0.1 and
1.6%throughout the 6-mo test period. No
marginal bodies were noted in stained
blood samples of B4. Both bison appeared
normal clinically. However, each remained RCA and CF test seropositive,
showing CF titers between 10 and 1,280
with a mean of 180.
Study 2: The bison bull ( B l ) inoculated
with A . ovis parasitemic and carrier blood
remained clinically, hematologically and
serologically normal for over 10 mo. The
PCV values were consistently between 30
and 39%.
DISCUSSION

The prepatent periods of 21 to 35 days
in the inoculated steers were consistent
RESULTS
with those observed normally in bovine
Study 1: All four bovine steers inocu- studies using blood inoculations (Blood et
lated with bison blood developed parasit- al., 1979). Steers 6 and 28 (Table 1) exemias (Table 1) and experienced clinical hibited severe signs of disease and were
disease. The prepatent period, defined as chemotherapeutically treated to prevent
the time from exposure to time that a PPE death. Steers 3 and 7 were similarly treatvalue of 1 is observed (Buening, 1973), ed 3 days after a detected PPE so that the
lasted 21 and 30 days for the recipients of animals might be used in another, unreblood from the splenectomized bison (B3) lated study. Judging from the rapid initial
and 35 and 30 days for recipients of blood rise in PPE values (Table 1) it was felt that
from the spleen-intact bison (B4).The sin- had the infections been allowed to progle IM injection of oxytetracycline, at 20 gress the steers would have suffered severe
mg/kg, was therapeutic as determined by anaplasmosis.
the disappearance of parasitemia and a
Bison B3, but not bison B4, developed
return to normal PCV values.
acute phase clinical signs of anaplasmosis
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58-68 days after exposure (Zaugg and
Kuttler, 1985). However, both splenectomized and spleen-intact bison were
asymptomatic carriers of A. marginale for
at least 496 days, as confirmed by passage
to susceptible bovine steers. Other investigators have noted a lack of clinical disease
in Anaplasma-infected North American
wild ruminants despite constant parasitemias in splenectomized individuals (Renshaw et al., 1979). However, unlike
black-tailed deer (Odocoileus hemionus
columbianus) which lost their antibody titers within 16 wk after the peak of parasitemia (Christensen et al., 1958; Osebold
et al., 1959), bison maintained CF titers
at least 15 mo later, the same was observed with cattle infected with A. marginale (Todorovic et al., 1977). This immunological similarity may be due to the
closer taxonomic relationship bison have
with cattle than do the cervids. It also implies that bison may serve effectively as
carriers of Anaplasma for much longer
than proven here, thereby complicating
anaplasmosis control programs in areas
where bison and cattle intermingle.
The close taxonomic positions of cattle
and bison may also be a reason why bison
B1 did not become detectably infected
with A , ovis. ~ l ~ h ~ ~ in~
fections of A . ovis have been produced in
splenectomized bovine calves (Kuttler,
1981), apparently it is difficult to accomplish as evidenced by the inability of 0thers to do so (splitter
et
1956; nyff et
al., 1958; Kreier and Ristic, 1963; Magonigle et al., 1981). The p c v values (between 30 and 39%) observed in bison B1
were substantially lower than the "norOf 45'8'
reported from 132
wild bison (Peterson and Roby, 1975)' The
difference was felt to be due to splenectomy because prior to surgery the average
p c v value was 43.5%. A similar drop in

pcv was
noted in
from
bison B3 after surgery and before exposure to Anaplasma.
Unfortunately, bison B1 died of unre-
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lated causes before a scheduled inoculation of its blood into susceptible sheep to
test for sub-patent infection. While such
an inoculation would have enhanced the
present study the suggestion that bison are
resistant to infection by A. ovis may be
considered logical from the total lack of
hematological and serological responses
observed.
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