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ABSTRACT: Three North American yearling elk

(Cervus elaphus) died with clinical symptoms
suggestive of babesiosis. Babesia sp. organisms

similar in morphology to B. odocoilei of white-
tailed deer (Odocoileus virginianus ) were oh-
served in Giemsa-stained blood films from one
of the elk. Continuous cultures of the parasite

were established. Antiserum raised against the
elk Babesia sp. isolate was compared to B. odo-

coilei specific antiserum in an immunofluores-
cent antibody assay; we found evidence of dif-

ferences in reactivity to several Babesia spp.
isolated from wildlife and domestic ruminants.

Cultured parasites from the elk were not infec-
tive to either intact or splenectomized Bos tau-
rus steers.

Key words: Babesia, in vitro culture, elk,

Cervus elaphus.

Babesia odocoilei of white-tailed deer

(Odocoileus virginianus) is the only Ba-

besia of wildlife ruminants speciated in

North America (Emerson and Wright,

1968, 1970), but recent isolates have been

described from bighorn sheep (Ovis can-

adensis nelsoni), mule deer (Odocoileus

hemionus), and a caribou (Rangifer ta-

randus caribou) (Goff et al., 1993; Thom-

ford et a!., 1993; Holman et a!., 1994).

Although babesiosis of white-tailed deer

has been reported in free-ranging deer

(Emerson and Wright, 1968), Babesia spp.

infections appear to exist without causing

serious disease problems (Penny et a!., 1985).

However, the increase in cenvid ranching

has resulted in the movement of many

nondomestic hoofstock into areas where

they are not normally found. This can be

problematic to the new, susceptible ani-

mals as they enter an environment that

may be endemically stable relative to dis-

ease agents in the native animals. Equally

important is the possibility of introducing

an exotic disease agent with the arrival of

new animals. Stressful situations, such as

when hoofstock are gathered and crowded

together for management purposes, also

may exacerbate carrier infections of tnans-

missible disease agents. We report a Ba-

besia sp. isolated from an elk (Cervus ela-

phus) raised under farming conditions with

symptoms suggestive of babesiosis. This is

the first reported description of a Babesia
sp. from a North American elk.

Three 6 to 8-mo-old North American

elk (C. elaphus) among approximately 110

adults and young enclosed on 101 ha near

Del Rio, Texas (USA) (29#{176}50’N, 102#{176}10’W),

died after a short illness. The first two

deaths were of male animals and were no-

table because of extreme generalized ic-

terus and the presence of numerous en-

gorged ticks. The third elk, a female, died

suddenly and on post mortem was found

to have hydropenicandium, hydropenito-

neum, and edema of the mesenteny with

numerous engorged hemal nodes. The

lungs were bright orange, but this elk was

not noticeably icteric. Blood from this fe-

male drawn into ethylenediammnetetna-

acetic acid (EDTA) (Terumo Medical,

Elkton, Maryland, USA) and several ticks

removed from the elk and preserved in

ethanol were submitted to Texas A&M

University, College Station, Texas (TAMU)

for examination. Babesia sp. was observed

on the Giemsa-stained blood films. The

ticks were identified as engorged adult fe-

male Dermacentor albipictus (Keinans and

Litwak, 1989).

For parasite culture, the blood was pre-

pared and cells dispensed into duplicate

wells of a 24-well culture plate using the
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methods of Holman et al. (1993b). Growth

medium consisted of HL-1 medium (Hy-

con Biomedical Inc. , Portland, Maine, USA)

with 2 mM L-glutamine (Gibco, Grand

Island, New York, USA), 20% normal adult

bovine serum (from a donor Holstein steer

housed at TAMU), and 500 U/ml penicil-

lin, 500 ,�g/ml streptomycin, 125 ,�g/ml

Fungizone (Gibco) and 100 �tg/ml genta-

micin (Schening Corporation, Kenilwonth,

New Jersey, USA) added. The culture plate

was incubated at 37 C in a humidified

atmosphere of 2% oxygen, 5% carbon di-

oxide and 93% nitrogen. The cultures were

fed daily and subcultures done every 2 to

4 days dependent on growth as previously

described (Holman et al., 1993b). Parasite

growth was monitored by Giemsa-stained

thin blood films.

Uninfected erythrocytes (RBC’s) for

culture were obtained from a zoo-housed

(Minnesota Zoo accession 6557) adult North

American elk (C. elaphus). The blood was

collected by cephalic venipuncture into

liquid EDTA and shipped overnight on ice

to TAMU. Upon arrival, the blood was

washed three times at 500 x g in 5 volumes

phosphate buffered saline with 15 mM

EDTA with complete removal of the buff y

layer at each wash. The final pellet was

resuspended in an equal volume of Puck’s

saline glucose (Gibco) with 20 g/l extra

glucose (PSG + G) and stored at 4 C until

use. Samples also were subjected to culture

conditions as described previously to en-

sure they were Babesia-free.

Uninfected white-tailed deer (WTD)

blood (kindly donated by Drs. Duane

Kraemen and Mark Westhusin, Depart-

ment of Veterinary Physiology and Phar-

macology, Texas A&M University, College

Station, Texas) from a captive-reared adult

female was collected by jugular venipunc-

tune into EDTA. The erythnocytes (RBC’s)

were prepared for culture use as already

described.

Cultured parasitized erythrocytes were

cryopreserved in PSG + G containing 20%

polyvinylpynnolidone (PVP-40; Sigma, St.

Louis, Missouri, USA) and subsequently

were reestablished in vitro in WTD RBC’s

using the methods of Holman et a!. (1988).

Two 2-yr-old Bos taurus cross-bred

steers, one splenectomized and one spleen-

intact, with no prior exposure to Babesia

spp., were inoculated intramuscularly with

the elk Babesia sp. Each animal received

108 parasitized elk RBC’s from a 48 hr

culture (passage two). To calculate the in-

oculum, 1,000 total RBC’s were counted

on a Giemsa-stained slide and the percent

parasitemia determined. Using a hemocy-

tometen (Improved Neubauer counting

chamber, Curtin Matheson Scientific, Inc.,

Houston, Texas), the RBC’s/ml in the cul-

tune were counted. The culture volume

equivalent to 10� parasitized RBC’s was

calculated and then centrifuged at 500 x

g for 15 mm. The supennatant was ne-

moved and 0.5 ml PSG + G gently added

over the cell pellet. The cells were kept on

ice during transport to the animal holding

area and were resuspended in the oven-

lying PSG + G just prior to inoculation.

Hematocnit samples and thin blood smears

were prepared from each animal daily be-

ginning on day 7 after inoculation and con-

tinuing through day 18. On day 18 the

spleen-intact animal again was inoculated

intramuscularly with 10� parasitized RBC

cryopresenved in 0.5 ml PSG + G con-

taming 20% PVP. Six weeks later serum

samples were obtained.

Antigen slides for the immunofluones-

cent antibody (IFA) test were prepared

from cultured B. odocoilei, B. bovis, B.

divergens, a Babesia sp. isolated from a

bighorn sheep (Goff et a!., 1993), a Babesia

sp. isolated from a caribou (Holman et a!.,

1994), and the Babesia sp. isolated from

the elk. Babesia odocoilei and the caribou,

bighorn sheep and elk Babesia spp. were

cultured in erythnocytes from the same

white-tailed deer to minimize and equal-

ize background fluorescence. Appropriate

standard positive and negative control sera,

pneinoculation serum, and bovine anti-elk

Babesia sp. serum collected 6 wk after the

booster inoculation were tested at a dilu-

tion of 1:100 using the techniques of Goff
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FIGURE 1. Giemsa-stained smear of the Babesia
sp. from the elk cultured in elk er�throcvtes. The

parasite frequently was observed along the edge of

the cell. Erythrocvtes containing one, two, and mul-

tiple parasites are shown. Bar = 10 �sm.

_____

462 JOURNAL OF WILDUFE DISEASES, VOL 30, NO. 3, JULY 1994

et a!. (1982). Specific anti-B. odocoilei

WTD serum and negative control WTD

serum also were tested with all antigens at

a 1:100 dilution.

A few Babesia sp. organisms were evi-

dent in the elk RBC cultures 24 hr after

initiation. The percent parasitemia for

1,000 cells was 1.2 by 72 hr, and as many

as eight parasites were observed within a

single erythrocyte. On day 5, when the

panasitemia was 4.4%, subcultures into

RBC’s from uninfected elk 6557 were

made. The cultures were passed succes-

sively on days 7, 10, 12, 14 and 16. On

days 13 and 14 (passage 6), lowered par-

asitemias and unhealthy appearing Babe-

ski sp. organisms were observed; but fol-

lowing this brief crisis period, the parasites

recovered and were subcultured every 48

hr at parasitemias ranging from 3 to 19%.

Percent parasitemias > 15% were frequent

after the ninth passage and the parasites

continued to thrive.

FIGURE 2. Giemsa-stained smear of the Babesia

sp, from the elk cultured in white-tailed deer eryth-

rocytes. The parasites often were located at the pe-

riphery of the erythrocyte, and single, paired, and

multiply infected cells were observed. In white-tailed

deer erythrocytes the parasites frequently appeared

more pointed than those cultured in elk erythrocytes.

Bar 10 �m.

After establishment, the elk Babesia sp.

was subcultuned into WTD RBC’s. The

parasites grew in the WTD RBC’s, and

subcultures were made every 48 hr when

the parasitemia was 7 to 13%. The Babesia

sp. also was easily established in WTD

RBC’s after cryopnesenvation. Parasites first

were evident 48 hr after resuscitation. By

day 3 the panasitemia was 7.5% and the

culture was successfully passed.

The Babesia sp. isolated from the elk

was small and often located at the eryth-

nocyte periphery in what is termed the

accol#{233}position (Fig. 1). Multiple parasites

within a cell and dividing forms were fre-

quently seen (Fig. 1). The stages observed

were similar whether the parasite was cul-

tured in elk on WTD RBC, but parasites

in elk RBC appeared more rounded than

those in WTD RBC (Figs. 1,2). In general,
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the parasites in elk RBC’s appeared similar

to B. odocoilei cultured in WTD RBC’s

(Holman et a!., 1988).

Both steers inoculated with the elk Ba-

besia sp. isolate exhibited a transient 4 to

5% drop in hematocnit values on day 11

after inoculation, but regained normal 1ev-

els on day 12. No parasites were observed

in stained blood smears from these animals

at any time. The intact animal developed

detectable antibodies by day 14 and serum

collected 6 wk after the second exposure

to parasites showed strong antibody activ-

ity to the elk Babesia sp. isolate. When

tested by IFA for reactivity to other Ba-

besia spp. , this animal had no antibody

activity to B. bovis or Babesia spp. from a

caribou or a bighorn sheep (Table 1). A

slight cross reaction was noted with B. di-

vergens. Although the elk Babesia sp.-spe-

cific antiserum reacted with B. odocoilei

antigen, the reaction was not as strong as

that observed with the homologous anti-

gen. In comparison, B. odocoilei specific

antiserum reacted with the bighorn sheep

Babesia sp. isolate, the elk isolate, and with

B. odocoilei; slight cross reactions were ob-

served with B. bovis, B. divergens, and the

caribou Babesia sp. isolate.

Clark and Zetek (1925) observed a Ba-

besia sp. in brain smears from a white-

tailed deer in Panama. Subsequently, Ba-

besia capreoli was reported in European

roe deer (Capreolus capreolus) , European

red deer (Cervus elaphus), and sika deer

(Cervus nippon) (Enigk and Friedhoff,

1962, 1963; Gray et a!., 1991). Babesia

odocoilei and a larger pirop!asm have been

described in white-tailed deer in the Unit-

ed States (Spindler et a!., 1958; Emerson

and Wright, 1968, 1970). Thus, recent de-

scriptions of Babesia sp. isolates from other

North American wildlife ruminants are not

surprising (Goff et a!., 1993; Thomfond et

a!., 1993). However, since clinical babe-

siosis is not normally associated with wild-

life, the isolation of a Babesia sp. from an

elk exhibiting clinical signs suggestive of

the disease is unexpected. The exact cause

of death of the elk was not determined

TABLE 1. Comparative reactivity of antiserum from

an infected steer against the elk Babesia sp., and

antiserum from an infected white-tailed deer against

Babasia odocoilei, tested on ruminant Babesia spp.

antigens in the immunofluorescent antibody test.

Antiserum

Antigen Anti-elk
Babesia

sp.

Anti-B.
odo-

colleiBabesia sp./host

Babesia sp./elk + +‘ +

B. odocoilei/white-tailed deer + +

Babesia sp./bighorn sheep - +

Babesia sp./caribou - ±

B. bovis/cattle - ±

B. divergens/cattle ± ±

. + +, very strong reaction (titer > 1:100); +, strong reaction

(titer 1:100); ±, cross reaction (titer < 1:80); and -, no

reaction at 1:80 dilution.

since the post mortem examination did not

include histopathologal evaluations. Since

the three elk that died were in a ranched

herd, disconcerting questions are raised re-

ganding the problems that infectious agents

may cause, especially for native wildlife,

when exotic hoofstock are introduced to

new environments. Although some infor-

mation on the epizootiology of tick-borne

diseases in cervids in North America is

available (Waldrup et al., 1992), more

studies are needed for adequate risk as-

sessment of these emerging diseases.

The advantages of culture techniques in

the study of Babesia spp. are apparent.

Q uantities of parasites can be raised with-

out necessitating sp!enectomizing and in-

fecting hosts; in the scenario of a Babesia

sp. isolated from an exotic ruminant, a more

common source of erythrocytes may well

serve in vitro. The difficulty in obtaining

elk blood to continually culture this isolate,

for example, led to the successful use of

white-tailed deer enythrocytes. In addi-

tion, a number of morphologically similar

wildlife Babesia spp. isolates cultured in

erythrocytes from the same donor white-

tailed deer provided standardized IFA an-

tigens for use in this study and cultured

parasites were used to raise specific bovine

antiserum.

The successful propagation of the elk
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CLARK, H. C., AND J. ZETEK. 1925. Tick biting

experiments in bovine and cervine piroplasmosis.

Babesia sp. isolate in white-tailed deer

enythrocytes would seem to support the

possibility that this isolate is B. odocoilei.

However, other Babesia spp. can use white-

tailed deer erythrocytes in vitro as well. It

has been shown that B. bovis can be cul-

tivated in white-tailed deer erythrocytes

(Holman et a!., 1993a), although white-

tailed deer are refractory to infection by

B. bovis (Kuttler et a!., 1972).

Based on the IFA assay, this isolate is

distinct from the Babesia spp. isolated from

a caribou and a bighorn sheep, but appears

to share antigens with B. odocoilei. How-

ever, while the B. odocoilei antiserum cross

reacted strongly with the bighorn sheep

Babesia sp. antigen, the elk Babesia sp.

antiserum showed no reactivity to this an-

tigen. We conclude that the elk was not

infected with native B. bovis since the IFA

assay for antibody activity to B. bovis was

negative, the elk isolate was morphologi-

cally distinct from B. bovis, and since both

spleen-intact and splenectomized Bos tau-

rus steers were not susceptible to infection

with the elk Babesia sp. isolate. Further

studies are underway to clarify the rela-

tionship of this isolate with other Babesia

sp. isolates of wild and domestic rumi-

nants.

We very much appreciate the expertise

with white-tailed deer provided by Sylvia

Borland and Dr. Steve Magyan. We thank

Dr. Will Goff (USDA/ARS, Pullman,

Washington) for providing us with the big-

horn sheep Babe ski sp. isolate. Thanks also

are due Jena Madeley, Doug Melendy, and

David Cruz for their excellent technical

support. We thank Dr. Pete Teel for iden-

tifying the ticks and the Minnesota Zoo-

logical Gardens for continuing interest in

ongoing wildlife Babesia spp. studies.

This study was supported by Texas Ag-

ricultural Experiment Station Project

H-6261.

LITERATURE CITED

American Journal of Tropical Medicine 5: 17-

26.
EMERSON, H. R., AND W. T. WRIGHT. 1968. The

isolation of a Babesia in white-tailed deer. Bul-

letin of the Wildlife Disease Association 4: 142-
143.

, AND . 1970. Correction. Journal of

Wildlife Diseases 6: 519.

ENICK, K. , AND K. T. FRIEDHOFF. 1962. Babesia

capreoli n. sp. beim reh (Capreolus capreolus).

Zeitschrift f#{252}rTropenmedizin und Parasitologie

13: 8-20.
, AND . 1963. Babesia capreoli hos

ustonradjur i Sverge. Svensk Veterinartidning 31:

231-232.
GOFF, W. L. , G. C. WAGNER, T. M. CRAIG, AND R.

F. LONG. 1982. The bovine immune response

to tick-derived Babesia bovis infection: Serolog-
ical studies of isolated immunoglobulins. Veter-

mary Parasitology 1 1: 109-120.
, D. A. JESSUP, K. A. WALDRUP, J. W.

THOMFORD, P. A. CONRAD, W. M. BOYCE, J. R.

GORHAM, AND G. C. WAGNER. 1993. The iso-

lation and partial characterization of a Babesia

sp. from desert bighorn sheep (Ovis canadensis

nelsoni). Journal of Eukaryotic Microbiology 40:
237-243.

GRAY, J. S., K. A. WALDRUP, C. C. WAGNER, D. A.

BLEWETT, AND R. HARRINGTON. 1991. Com-

parative studies of Babesia spp. from white-tailed
and sika deer. Journal of Wildlife Diseases 27:

86-91.
HOLMAN, P. J. , K. A. WALDRUP, AND C. C. WAGNER.

1988. In vitro cultivation of a Babesia isolated

from a white-tailed deer (Odocoileus virgini-

anus). The Journal of Parasitology 74: 111-115.

, , R. E. DROLESKEY, D. E. CORRIER,

AND G. C. WAGNER. 1993a. In vitro growth of

Babesia bovis in white-tailed deer (Odocoileus

virginianus) erythrocytes. The Journal of Para-

sitology 79: 233-237.

, W. M. FRERICHS, L. CHIEVES, AND C. C.

WAGNER. 1993b. Culture confirmation of the

carrier status of Babesia caballi-infected horses.

Journal of Clinical Microbiology 31: 698-701.

K. PETRINI, J.RHYAN, AND C. C. WAGNER.

1994. ln vitro isolation and cultivation of a Ba-

besia sp. from an American woodland caribou

(Rangifer tarandus caribou). Journal of Wildlife

Diseases 30: 195-200.
KEIRANS, J. E., AND T. R. LITWAK. 1989. Pictorial

key to the adults of hard ticks, Family Ixodidae

(Ixodida: Ixodoidea), east of the Mississippi River.

Journal of Entomology 26: 435-448.

KUTTLER, K. L., 0. H. GRAHAM, S. R. JOHNSON, AND

J.L. TREvIN0. 1972. Unsuccessful attempts to
establish cattle Babesia infections in white-tailed
deer. Journal of Wildlife Diseases 8: 63-66.

PERRY, B. D., D. K. NICHOLS, AND E. S. CULLOM.

1985. Babesia odocoilei Emerson and Wright,

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 17 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



SHORT COMMUNICATiONS 465

1970, in white-tailed deer, Odocoileus virgini-
anus (Zimmerman), in Virginia. Journal of Wild-

life Diseases 21: 149-152.

SPINDLER, L. A., R. ALLEN, L. S. DIAMONti, At4D J.
C. LOTZE. 1958. Babesia in a white-tailed deer.

The Journal of Protozoology (Supplement) 5: 8.
THOMFORD, J. W., P. A. CONRAD, W. M. BOYCE, P.

J. HOLMAN, AND D. A. JESSUP. 1993. Isolation

and in vitro cultivation of Babesia parasites from

free-ranging desert bighorn sheep (Ovis cana-

densis nelsoni) and mule deer (Odocoileus hem-

ionus) in California. The Journal of Parasitology

79: 77-84.

WALDRUP, K. A., J. MoRrrz, D. BAGGETT, S. MAGYAR,

AND G. C. WAGNER. 1992. Monthly incidence

of Theileria cervi and seroconversion to Babesia

odocoilei in white-tailed deer (Odocoileus vir-

ginianus) in Texas. Journal of Wildlife Diseases

28: 457-459.

Received for publication 11 December 1992.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 17 Apr 2024
Terms of Use: https://bioone.org/terms-of-use




