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ABSTRACT: Serum samples collected from 623

white-tailed deer (Odocoilens virginianus) in
southern Ontario (Canada) from 1985 to 1989
were tested for antibodies to Borrelia burgdor-

I en using an indirect fluorescent antibody

(IFA) staining method. Samples from 150 of
the deer were also tested using an enzyme-
linked immunosorbent assay (ELISA). At IFA

titers of 1 :64 and 1: 128 deer with antibodies to

B. burgdoiferi appeared to be widespread
throughout southern Ontario, with an apparent
prevalence ranging from 3 to 47%. At IFA ti-

tres �1:256 and ELISA titres �1:160 deer with
antibodies to B. burgdorfrri were only present
on Long Point which is the only known endem-
ic focus of Ixodes scapularis, the primary vector
for B. burgdorferi, in southern Ontario. At

these titres the apparent prevalence of antibod-
ies to B. burgdorferi on Long Point was only 5
to 7%, even though the mean intensity of in-
festation of adult I. scapularis on deer was
>180, and 60% of the adult ticks are infected
with B. burgdo�feri. Based on these results,
white-tailed deer do not appear to be a good
sentinel species for the distribution of B. burg-

dorferi.
Key words: Borrelia burgdorferi, Lyme dis-

ease, Odocoileus virginianus, sentinel species,
seroprevalence, survey, white-tailed deer.

White-tailed deer (Odocoileus virgini-

anus) are the definitive host of Ixodes sca-

pularis which is the primary vector for

Borrelia burgdoiferi, the etiologic agent of

Lyme disease in eastern North America.

Several studies (Magnarelli et at., 1984a,

1984b, 1986, 1991; Gill et at., 1993; Mahn-

ke et at., 1993) have reported antibodies

to B. burgdorferi in white-tailed deer from

the eastern United States, and it has been

suggested that serological surveys in white-

tailed deer may be useful for determining

the distribution of B. burgdo7feri (Gill et

at., 1993; Mahnke et al., 1993). In the

present paper, we report the results of a

serological survey for antibodies to B.

burgdorferi in white-tailed deer from the

southern part of the province of Ontario

(Canada). The only known endemic focus

for I. scapularis in southern Ontario is on

Long Point (44#{176}34’N; 80#{176}10’W) on the

north shore of Lake Erie (Barker et at.,

1992). However, Lyme borreliosis has

been reported in Ontario residents who

have not travelled to areas where I. sca-

pularis is endemic (C. LeBer, pers. com-

mun.), and seropositive dogs which have

not travelled to I. scapularis endemic areas

have also been reported (Artsob et at.,

1993). Our aim was to determine if anti-

bodies to B. burgdotferi were widespread

in white-tailed deer in southern Ontario.

Blood samples were collected from

white-tailed deer at check stations during

the fall hunting season, from animals im-

mobilized during the winter months for

studies on deer ecology, and from animals

euthanized following motor vehicle colli-

sions, in various locations throughout

southern Ontario (Fig. 1) from 1985 to

1989. Serum was frozen at -70 C and lat-

er analyzed. All of the samples were ana-

lyzed using an indirect fluorescent anti-

body assay (IFA) starting at a dilution of

1:32 as described by Artsob et at. (1993).

One hundred and fifty samples were also

analyzed using an enzyme-linked immu-

nosorbent assay (ELISA) (Magnarelli et

at., 1991). One hundred and twelve of

these samples were from Long Point. The

remaining 38 samples, which included all

of the samples with IFA titres � 1:64, were

from other locations.
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FI(;URE 1 . NIap of southern Oustano sho�ving the

lx.’ations Irons which sera ��ere collected fromim �vhite-

taile(l (leer. The loc’ations are ( 1 ) Long Point National
\Vildlife Area (44#{176}:34’N; 80�l0’\V), (2) Rondeamu Pro-

viuscial Park (42#{176}17’N: 81#{176}51’\\’), (3) 1�oint Pelee Na-

tional Park (41#{176}57’N; 82#{176}3l‘\\‘), (4) \�‘ingharn l)istrict

(4:3#{176}53’N; 8l0l9\�), (5) Maple l)istrict (43#{176}51’N;

7903 1 ‘\V). (6) 1 Immronia l)istrict (44#{176}27’N; 79#{176}44’W).

(7) Somuth (:�tm10mmt() Township (45#{176}05’N: 76�50’\\’), (8)

North Camuonto Township (45#{176}10’ N : 76#{176}5:3’W). and

(9) L()rimug I)istrict (45#{176}56’N; 80#{176}00’\\).

The results from the IFA at three titration

end-points are shown in Table 1. The de-

creasing prevalence with increasing end-

points is similar to the pattern reported by

other authors (Magnarelli et at., 1984a,

1984b, 1986; Mahnke et at., 1993). Point

Pelee (Fig. 1) had the highest prevalence at

an endpoint of 1:64, but Long Point was the

only site with seropositive deer at an end-

point of �1:256. Six of the 112 (5%) samples

from Long Point were sero positive using

ELISA, with titres �1:640. Five of the sam-

ples which were seropositive using ELISA

had IFA litres �1:256, as did three of the

ELISA negative samples (titres <1:160).

None of the 38 samples from other locations

were seropositive using ELISA, although 20

had IFA titres �1:64.

At IFA titres <1:256, antibody to B.

burgdorferi appears to be widespread

throughout southern Ontario, but it is only

common at Point Pelee and Long Point.

The occurrence of deer with low antibody

titres in areas outside of the known focus

of I. scapularis may be caused by trans-

mission from nymphs disseminated on mi-

grating birds (Battaly et at., 1987). It may

also be caused by cross-reaction with other

agents, such as Leptospira interrogans.

Antibodies to B. burgdotferi will cross-re-

act with other spirochetes in both IFA and

ELISA (Magnarelli et at., 1986, 1987), and

may also cross-react with other bacterial

proteins (Hansen et at., 1988). L. interro-

gans serovars pomona, grippotyphosa, and

icteroherno rrhagiae, which cross-react

with B. burgdoiferi at dilutions of 1:64 and

1 : 128 (Magnarelli et at., 1986), have been

reported from white-tailed deer in south-

ern Ontario (Abdulla et at. , 1962).

At an IFA titre �1:256 and ELISA titre

� 1:160, the only seropositive deer were on

Long Point. This correlates with the ob-

servation that Long Point is the only en-

TALSI.E I . Prevalence (‘�/ ) of titres to tluc aumtil)odies to Borrelia burg(lo7fcrm deterunined b� indirect ininitu-

nofliuorescemmt assay fromuu white-tailed (leer at (lifferent locations in southern Ontario’.

IAmemtiomms \‘ear Momuths mmt’

Titre

1:64 1: 12S 1:2.56

Long Point 1987-89 Oct/Nov 116 15 11 7

Rommdeamm 1986-87 Jan/Feb 37 14 0 0

Point Pelee 1989 Jan-May 19 37 11 0

\\‘inghammm 1985-87 Nov-Feb 40 5 5 0

Maple 1985-86 Feb-Jrulv 9 11 11 0

Ilmmromuia 1985-87 Nov-Apr 70 7 4 0

Sommtlu Camsomito 1985-86 Nov 33 3 0 0

North (:�trmmmto 1985-86 Nov 84 5 2 0

Lorimig 1986-87 Oct-Aug 215 4 1 0

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 23 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



SHORT COMMUNICATIONS 413

demic focus of 1. scapularis in southern

Ontario (Barker et at., 1992). The low

prevalence (5 to 7%) on Long Point is also

consistent with the results reported in oth-

er studies. At an IFA titre �1:256, the ap-

parent prevalence of antibodies to B. burg-

dorferi ranged from 6 to 18% in Lyme dis-

ease endemic areas in Connecticut be-

tween 1980 and 1984 (Magnarelli et at.,

1984a, 1984b, 1986). Mahnke et at. (1993)

reported a prevalence of 4% in the barrier

islands off Georgia at the highest end-

point of their ELISA test, and Gill et at.

(1993) reported a prevalence of 9% in an

I. scapularis endemic area in Minnesota

using ELISA, although they later reported

a prevalence of 71% in the same area (Gill

et at., 1994). Gill et at. (1993, 1994) re-

ported prevatences up to 5% in areas with-

out endemic tick populations, and Mahnke

et at. (1993) also reported a prevalence of

4% in areas without endemic tick popula-

tions at their lowest end-point.

The low apparent prevalence of anti-

bodies to B. burgdoiferi in white-tailed

deer on Long Point is somewhat surprising

given that all of the deer are infested with

adult 1. scapularis from October to De-

cember with a mean intensity of infesta-

tion >180 ticks (Watson and Anderson,

1976; Lindsay, 1995), and that approxi-

mately 60% of the unfed adult ticks are

infected with B. burgdotferi (Lindsay et

at., 1991). Experimentally-infected deer

develop an antibody response to B. burg-

dorferi (Gill et at., 1993; Mahnke et at.,

1993; Lane et at., 1994; Luttrell et at.,

1994), but the intensity of the antibody re-

sponse appears to vary between the JD-1

and SH-2 strains (Luttrell et at., 1994),

and the response to the same strain may

vary widely between deer (Lane et at.,

1994). Thus, the low apparent prevalence

of antibodies in deer on Long Point may

be caused in part by the strains of B. burg-

dorferi which are present.

Another factor causing the low apparent

prevalence of antibodies to B. burgdorferi

in white-tailed deer on Long Point may be

the timing of the antibody response. Mag-

narelli et al. (1995) reported the highest

prevalence of antibodies from February to

April. The antibody response to B. burg-

dorferi in experimentally-infected deer

takes 3 wk to develop and appears to be

decreasing by 10 wk (Lane et at., 1994;

Luttrell et al. , 1994). White-tailed deer on

Long Point support large numbers of lar-

vae and adult I. scapularis, but few

nymphs (Watson and Anderson, 1976;

Lindsay, 1995). The prevalence ofB. burg-

do,feri is <0.2% in larvae (Lindsay et a!.,

1991) which are found on deer from

March to August (Watson and Anderson,

1976), and the prevalence in nymphs,

which are found on deer from April to Au-

gust, is 17%. Adult ticks are found on deer

from October to April. Most of the deer

from Long Point were collected in Octo-

ber (Table 1). Thus, deer which had been

exposed to B. burgdoiferi from the adult

ticks may not have had time to develop a

detectable antibody response. The preva-

lence of IFA titres did not differ between

fawns, yearlings and adults (� 4.34; P

= 0.36; Zar, 1974), thus it is doubtful that

the antibody response resulted from ex-

posure the previous year.

Based on the results of this study, white-

tailed deer do not appear to be a good sen-

tinel species for serologic surveys for B.

burgdoiferi. The occurrence of seroposi-

tive deer with IFA titres of 1:64 and 1:128

in areas without endemic populations of I.

scapularis suggests that the tests are not

sufficiently specific when cross-reacting

bacteria may be present in the deer herd.

The low apparent prevalence at higher

end-points on Long Point where deer

were heavily infested with adult ticks, 60%

of which are infected with B. burgdorferi,

suggests that white-tailed deer do not de-

velop a sufficiently strong antibody re-

sponse to compensate for the loss of sen-

sitivity associated with an increased speci-

ficity at higher cutoff values, even when

they are heavily parasitized by ticks.
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Ontario Ministry of Health and the Uni-
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