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Introduction
Lyme disease is an infectious disease

caused by a spirochete, Borrelia burgdor-
feri,",2 and transmitted by ticks of the
Lxodes ricinus complex.3 It has been
reported in 46 states in the United States4
and elsewhere throughout the world.5-7
Lyme disease is particularly prevalent
in the northeastern United States,4'8
where the deer tick, Ixodes dammini, is
abundant.9-"1

Lyme disease can be difficult to di-
agnose,12 and delayed treatment may lead
to serious sequelae.'-3' Prevention of in-
fection, through public education or con-
trol of ticks,".-18 is therefore an important
objective. However, prior to the initiation
of any prevention strategy, areas present-
ing human risk must be accurately identi-
fied.

Because of the expansion of Lyme
disease into new areas,4,8 as well as the
apparent focal nature of tick populations
in endemic areas," it is often difficult for
public health officials to monitor the risk
and spread of the disease. To our knowl-
edge, the most common method currently
used by health agencies to monitor this
risk is the tabulation of human cases re-
ported by physicians.4,8 However, relying
on sporadic, nonstandardized case report-
ing by physicians may provide a biased
interpretation of Lyme disease risk.

Unlike other tick-bome diseases of
public health importance (i.e., Rocky
Mountain spotted fever), exposure to
Lyme disease in the Northeast is primarily
of a peridomestic nature.19 20 This suggests
that methods of assessing risk should be
particularly sensitive in residential areas.

Lyme disease in dogs has been re-

ported since 1984.21 It is known that dogs
are frequently exposed to tick bites22A23

and develop antibodies to B burgdor-
feri. 22,24,25 It has therefore been postulated
that dogs, through serosurveys forB burg-
dorferi antibodies, may be useful in pre-
dicting human risk for Lyme disease.2-28
However, no published reports of canine
serosurveys are currently being used in
local systematic studies of the geographic
distribution of exposure within areas en-
demic for Lyme disease.

Westchester County (area = 1166
km2), located in southern New York
State, is an area where Lyme disease is
endemic.29Idammini is the most common
host-seeking tick in both residential19 and
recreational areas1' and is the most prev-
alent tick parasitizing humans in the coun-
ty.20 A previous serological study con-
ducted on dogs living in undefined areas of
Westchester County and adjacent Con-
necticut reported an enzyme-linked
immunosorbent assay seroprevalence
rate of 89.6% in apparently healthy dogs
(n = 48).25 The purpose of our study was
to measure the prevalence of canine ex-
posure to B burgdorferi and to determine
the geographic distribution of exposure
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within the county. Because of the close
association between dogs and humans,
these results will assist in defining the dis-
tnbution ofhuman Lyme disease risk on a
countywide level.

Materials and Methods
Regional Breakdown

The county was divided into three
areas-north, central, and south-to al-
low a comparison of serologic results on
a regional level. These divisions were de-
termined by grouping towns and cities
based on their relative location so that re-
gional sample sizes approached equality
(north = 9, central = 9, south = 7), with
the criterion that more than half of a par-
ticular town or city lies in its designated
region.

Selection ofDogs
Canine blood samples were collected

from August 16, 1989, through June 28,
1990. Samples were taken from dogs
treated by 25 participating veterinarians
distributed evenly throughout the north-
ern, central, and southern regions of the
county to ensure adequate coverage of all
municipalities. Veterinarians were in-
structed to draw blood from dogs on a
biweekly basis. Sampling involved taking
aliquots of blood from all dogs being bled
for any purpose (i.e., heartworm testing)
on the first 2 days of the collection week.
Dogs were not solicited specifically for
this study.

Bloodwas collected in4-cm vacuum
tubes containing separator gel and imme-
diately refrigerated. Veterinarians were
provided with data forms to record back-
ground information on each dog, including
owner's name, town of residence, and
travel history.

Processing ofSamples
Samples were collected from veteri-

narianson alternatingweeks, with those in
the central and south constituting one col-
lection group and those in the north the
other. Whole blood samples were centri-
fuged. Serum from each samplewas trans-
ferred to a sterile tube, given a coded ac-
cession number, and shipped overnight
from Valhalla, NY, to Albany, NY, for
testing. All serologic testing was con-
ducted blind with respect to the geo-
graphic origin of the samples.

Control Sera
Blood samples from areas considered

nonendemic for Lyme disease, such as

New York City, upstate New York (Al-
bany and Rensselaer counties), Colorado,
and Wyoming, were collected by local
veterinarians to serve as controls. Sam-
ples were processed and tested blind in a
manner identical to the Westchester
County samples.

Anfigens
B burgdorferi ATCC No. 35210 was

used to determine the presence of anti-
bodies to the Lyme disease organism. For
specificity studies, we used the following
antigens: Treponema phagedenis biotype
Reiter (obtained from Dr. R. M. Smibert,
Virginia Polytechnic Institute, Blacks-
burg, Va); Leptospira interrogans serovar
canicola, Hond Utrecht IV strain; and se-
rovar icterohaemorrhagiae, RGA strain.
Both serovars, solubilized in Laemmeli's
buffer at a concentration of 1 mg/niL, were
received from Dr. G. Baranton, Institut
Pasteur, Paris, France. B bwgdorfen was
grown in BSK I130 for 5 to 7 days and
processed for enzyme-linked inmunosor-
bent assay and immunoblot assays as de-
scribed.31 T phagedenis was grown in
PYG semisolid/Smibert's salt solution/
serum and cocarboxylase medium for 5 to
7 days (Dr. R. M. Smibert, written com-
munication, November 1988). The Tph-
agedenis was then processed as described
for B burgdorferi

Serogic Analyses
A modified enzyme-linked immuno-

sorbent assay method was used to test
sera for the presence ofB buwgdorfen an-
tibodies. Samples that were equivocal ac-
cording to that test were also subjected to
immunoblot, a more specific diagnostic
test.32A preliminary studywas performed
to determine the minimum significant level
of reactivity of the enzyme-linked inmmu-
nosorbent assay test. This was done by
comparing the two test results. One hun-
dred serum sampleswere grouped accord-
ing to enzyme-linked immunosorbent as-
say titers and then tested by immunoblot.
An immunoblot test resultwas considered
positive if three or more antigen bands
were scored visually on probing with the
conjugate. This comparison showed that
sera with enzyme-linked inumunosorbent
assay titers of 800 or more were positive
by immunoblot; the serawith titers of 200
and 400 were positive by immunoblot at
a rate of approximately 50% and 75%,
respectively. Therefore, serum was con-
sidered positive for antibodies toB bug-
dorferi if it had an enzyme-linked immu-
nosorbent assay titer of 800 or more. All

sera with titers of 200 and 400 were also
considered positive if confirmed by im-
munoblot.

Enzyme-linked immunosorbent as-
say. Lyophilized antigens (B bwgdorfei
or T phagedenis [biotype Reiter]) were
suspended (0.08-mg dryweight permL) in
0.06M carbonate buffer (pH 9.6), and the
suspensions were sonicated for 10 sec-
onds. Twenty-five microliters of antigen
suspension (2 pg) was added to each well
of a series of microtiter plates. The anti-
genswere then force precipitated31'33 with
100 p,L of 0.05% sodium acetate in 95%
ethanol at 4°C for 20 hours. The next day
the wells were washed with 0.1 M phos-
phate buffered saline (pH 7.4) containing
0.03% tween 20 (phosphate buffered saline-
tween) and then blocked with phosphate
buffered saline containing 3% bovine al-
bumin. Canine sera (first antibody) were
diluted to 1:100 in phosphate buffered sa-
line containing 3% albumin. The first an-
tibody (50 p,L) incubation with antigen
was at 37°C for exactly 30 minutes. The
reaction was probed with a second anti-
body, goat anti-dog immunoglobulin (IgG)
conjugated with horseradish peroxidase,
at 37C for exactly 30 minutes. After each
incubation, the wells were washed with
phosphate buffered saline-tween. The
color reaction (o-phenylenediamine) was
allowed to develop for 30 minutes and
then read in a microtiter reader. Sera that
scored an optical density of 0.3 or more
after subtracting the average optical den-
sity obtained from three determinations of
a nonreactive control were titrated. The
antibody titerwas the highest dilution that
had an optical density between 0.2 and 0.3
after subtracting the nonreactive control
at that dilution. The optical density of the
nonreactive control at dilution of 1:200 or
more was less than 0.1. A number of the
sera were also tested with Tphagedenis
(biotype Reiter) for specificity and with
two leptospira serovars. Tphagedenis is a
spirochete commonly found in nature that
has closely related epitopes with B bwug-
dorfen and other spirochetes. Leptospiras
are bacteria that can infect dogs.34

Immnunoblot. Antigens were solubi-
lized in solubilizing buffer at 37C for 5
minutes, and the solubilized antigenswere
subjected to SDS-PAGE electrophoresis
by means of the Laemmli buffer system.35
Electrophoresis was carried out at 30 mA
for 3 to 4 hours. Electroblotting on nitro-
cellulose membrane (NCP) was per-
formed with 25 mM phosphate buffer at
pH 7.4. Methanol was not used in the
transfer buffer. The antigenbands transfer
was done at 250 mA for 18 hours at 4°C.

1306 American Journal of Public Health September 1993, Vol. 83, No. 9



CaieBrd -

The nitrocellulose membranes were then
blockedwith 10% nonfat dry milk in phos-
phate buffered saline at 37°C for 1 hour.
The membrane was then put in the
Miniblotter system (Integrated Separation
Systems, Hyde Park, Mass) for multiple
serum testing, and the canine sera diluted
in phosphate buffered saline-milk were
applied to the channel and incubated at
37°C for 30 minutes. The lanes were
washed in phosphate buffered saline-
tween and reblocked for 5 minutes, and
the reaction was probed with the same
conjugate as for the enzyme-linked immu-
nosorbent assay. Color development was
done with 4-chloro-1-naphthol.36 The gra-
dation of the color intensity of the bands
was scored visually from 1+ (weak or
shadow) to 4+ (strong). To be scored as
positive, a band had to be 2+ or more in
intensity.

StatisticalAnalysis
Seroprevalence rateswere calculated

for each town and city. These rates were
determined by the combined results of en-
zyme-linked immunosorbent assay and
immunoblot, sample size was used as the
denominator. Regional seroprevalence
rates were compared by analysis of vari-
ance on the normally distributed data
(Kolmogorov-Smirnov goodness of fit
test,P > .05). Tukey's multiple range test
was performed to test for homogeneity of
groups.37 These comparisons were based
on individual municipality seroprevalence
rates excluding those municipalities
where less than 20 samples were col-
lected.

In comparing the intensity of expo-
sure to B burgdorferi among dogs from
each region, the distribution of reciprocal
enzyme-linked immunosorbent assay ti-
ters in all three regions was examined by
an R x C G-test of independence38 As a
means of determining the significance of
differences in exposure of dogs between
regions, comparisons of each regional
combination (i.e., north and central, north
and south, central and south) were also
made with the G-test.

Results
A total of 1607 blood samples was

collected from Westchester County vet-

erinarians, and 1446 were used in the
study. The remaining 161 samples con-

tained an insufficient amount of serum for
testing, were damaged in shipping, or

were collected from dogs not residing in
the county. A mean of 57.8 (SE = 8.03)
samples was obtained from the 25 munic-

ipalities, with the sample sizes ranging
from 8 to 188. Mean sample sizes obtained
from municipalities within the three re-
gionswere 66.7 (SE = 18.68) for the north
(n = 600), 63.9 (SE = 9.15) for the central
(n = 575), and 38.7 (SE = 9.67) for the
south (n = 271).

Control Sera
A total of 217 blood samples were

collected from dogs residing in areas con-
sidered nonendemic forLyme disease. All
serawere tested by enzyme-linked immu-
nosorbent assay and 43 were further ex-
amined by immunoblot. Nine (4.1%) were
considered positive for B burgdorfen an-
tibodies. Four of these positive dogs had a

history of travel to areas in New York
State and Pennsylvania endemic forLyme
disease. The travel history of the remain-
ing five dogs is unknown.

Serologic Analyses
A total of 1446 sampleswas tested by

enzyme-linked immunosorbent assay; 373
ofthese sampleswere subsequently tested
by immunoblot. Individual municipality
seroprevalence rates varied from 6.5% to

85.2% (Table 1). The overall county sero-

prevalence was 49.2%. Only six positive
samples were collected from dogs with
travel histories to areas outside of West-
chester County endemic for Lyme dis-
ease. Results of the testing for cross reac-
tivity with Tphagedenis were essentially
negative (less than 3 bands or bands that
scored 1+ or less reaction) at all enzyme-
linked immunosorbent assay titers exam-
ined. Similar results were obtained with
the two Leptospira serovars.

The results of the relationship be-
tween enzyme-linked immunosorbent as-
say and immunoblots are summarized in
Table 2. For this study, enzyme-linked im-
munosorbent assay titers of 800 or more
were considered positive; sera with titers
of 200 to 400 were confirmed by immuno-
blot. The immunoblot was the determi-
nant factor for these sera. Sera with en-
zyme-linked immunosorbent assay titers
of 100 or less were considered negative
because the bands, ifpresent, were scored
as 1+ or less reaction. As expected, the
number of bands increased with the high
titers. The most common were at a rela-
tive mobility of approximately 98, 80, 68,
54, and 42 kd.

Regional Comparsons
Regional seroprevalence rates were

calculated as 67.3% in the north, 45.2% in
the central region, and 17.3% in the south.
Analysis ofvariance on the seroprevalence
rates of towns and cities with 20 or more

samples resulted in a significant difference
(F = 9.484, P < .01) among the northern
(n = 8), central (n = 8), and southern
(n = 5) regions. Tukey's multiple range
analysis indicated the presence of two ho-
mogeneous groups (south/central and
centralnorth). These results suggest that
canine exposure toBbuwgdofeni is not uni-
form within the county and increases in a

south to north gradient (Figure 1).
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Distibution of Titers
The distnbution of the magnitude of

enzyme-linked immunosorbent assay ti-
ters was calculated for the three county
regions, with the north region having a

greater proportion of higher titers (Figure
2). Results of the R x C G-test of inde-
pendence comparing all regions were sig-
nificant (P < .05), indicating that the fre-
quency of titers is dependent on region.
The distnbutions of titers in all pairwise
comparisons (i.e., north and central, north
and south, central and south) were also
significantly different (P < .05).

Discusion

Previous efforts to study canine ex-

posure toB bwgdorfen by serologic test-
ing have taken place primarily over large
geographic areas: New Jersey,26 North
Carolina,27 Texas,39 Wisconsin,40 Massa-
chusetts,41 western France,42 and Hok-
kaido, Japan.43 Although these studies

have provided information regarding re-

gional exposure of dogs toB buwgdorfeni,
they have not involved sufficient sample
sizes within a relatively small geographic
area to make accurate conclusions about
exposure on a local level.

In the present study, 1446 canine
blood samples were collected from dogs
residing within Westchester County. The
resulting map of canine exposure to B
bugdorfen (Figure 1) provides a measure

of exposure at the town and city level.
The results of this study indicate that

canine exposure to B bwugdorfen is not
homogeneous within Westchester County;
rather, it increases significantly from
south to north. This is supported by re-

gional differences in both seroprevalence
(Figure 1) and intensity of eposure (Fig-
ure 2). These results suggest that there is
a chine of increasing seropositivity from
south to north. Factors that influence this
distribution of exposure are probably re-

lated to the distribution and abundance of

Idammini and are inversely related to the
degree of urbanization. This is supported
by the fact that the southem region of the
county is more heavily populated (414 943
residents) than the more heavily wooded
central (213 474 residents) and northem
(246 449 residents) areas. Population den-
sity, a more reliable indicator of urbaniza-
tion, shows an even greater disparity, with
the southem region having 7544 residents
per square mile. The central and northem
regions have 1334 and 1049 residents per
square mile, respectively.

Despite the increased level of expo-
sure associated with the northem region,
our results suggest that there is some ca-
nine exposure to B burgdorfen in all mu-
nicipalities located within the county.
Even in the southern region, seropreva-
lence rates of 6.5% for Rye, 12.4% for
Mamaroneck, and 14.6% for New Roch-
elle are higher than the 3.3% reported from
North Carolina27 and the 5.5% from Tex-
as,39where the numbers ofreportedLyme
disease cases are low.8 The fact that only
9 of 217 (4.1%) control sera from nonen-
demic areas were positive, including 4
with a travel history to an endemic area,
indicates that the serologic testing in our
study was highly specific.

The overall county seroprevalence
rate of49.2% is consistent with the results
reported in other studies conducted within
areas endemic for Lyme disease. Bur-
gess40 reported a seroprevalence rate of
54.0%1o by indirect immunofluorescent-an-
tibody assay in Wisconsin (n = 380). In
the endemic area of Monmouth County,
New Jersey, Schulze et al.26 reported a
rate of 42.6% by indirect inmunofluores-
cent-antibody assay (n = 202). In the pre-
sent study, the seroprevalence rate of
67.3% in the northern region ofthe county
(n = 600) is appreciably higher than in
other endemic areas. However, compari-
sons of results among serologic studies
should be interpreted cautiously because
of potential differences in serologic tech-
niques32 and variations among laborato-
ries.44

It has been suggested that canine ex-
posure to B bwgdorfen may be an indi-
cator ofhuman risk for Lyme disease.26-28
Our data demonstrating the nonuniform
distribution of canine exposure therefore
suggest that human risk may be equally
disparate in Westchester County. This is
supported by the distribution of reported
human cases within the county. In the
northem region, there were 214 confirmed
cases per 100 000 population reported for
1990. In the central and southem regions,
there were 81 and 18 cases per 100 000
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FIGURE 1-Distbuion of canine seropralnce ageposve) ofexposureto
Borielba burgdorfwfrwithin Weskthester County, New York, 1989 through
1990, for municipalies where 20 or more sampls were collectd.
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population, respectively. The possibility
of a nonuniform distribution of risk is an
important consideration when devising
public health strategies to prevent and
control Lyme disease. Knowledge of
high-risk localities within an endemic area
would greatly increase the efficiency of
such programs.

Recent studies have attempted to ex-
amine the relationship between canine ex-
posure to B burgdorferi and human risk
forLyme disease. Daniels et al.45 reported
a significant correlation between the dis-
tnrbution of canine seropositivity and hu-
man cases in endemic and nonendemic ar-
eas throughout the northeastem United
States. Eng et al.28 reported that in coastal
Massachusetts, the prevalence ofB bwg-
dorfen infection was significantly greater
in dogs (74% by indirect immunofluores-
cent-antibody assay; n = 34) than in peo-
ple (approximately 30%o by enzyme-linked
immunosorbent assay; n = 64). The au-
thors suggested that dogs are more sensi-
tive indicators of the presence of ticks in-
fected with B bwgdorfeni. Lindenmayer
et al.,41 in a study comparing canine sero-
prevalence and human Lyme disease in
Massachusetts, concluded that estimates
of the prevalence of canine exposure toB
burgdorfen offer a reliable measure of the
potential risk to people. Canine serology is
an especially attractive Lyme disease sur-
veillance method given (1) the problems

associated with human case reporting, (2)
that serological testing from other host an-
imals can yield an unusually low seroprev-
alence,46 and (3) that surveillance ofvector
ticks over a large area is extremely labor
intensive. Although the relationship be-
tween canine exposure and human disease
needs to be more clearly defined, we feel
that the detection of canine exposure toB
buwgdorferi is currently the most sensitive
method available to assess human risk for
Lyme disease on a countywide level. O
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