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To better define areas of human Lyme disease risk, we compared US surveillance data with published
data on the seroprevalence of Borrelia burgdorferi antibodies among domestic dogs. Canine
seroprevalence >5% was a sensitive but nonspecific marker of human risk, whereas seroprevalence <1%
was associated with minimal risk for human infection.

Lyme disease is caused by Borrelia burgdorferi and transmitted in North America by
Ixodes spp. ticks. Routine surveillance for human illness indicates that risk for infection within
the United States is highly localized. Residents of 10 states account for >93% of the ≈248,000
cases reported to the Centers for Disease Control and Prevention (CDC) during 1992–2006 (1).
Annual county-level incidence ranges from 0 to >1,000 cases per 100,000 population (1).
Accurate information about risk is necessary for targeting and motivating Lyme disease
prevention efforts (2). In addition, health care providers require knowledge of local disease risk
to properly interpret clinical and laboratory findings (3,4). Although risk often can be inferred
from surveillance data, reporting practices are subject to bias. Independent measures of disease
risk are therefore valuable for validating surveillance findings.
Like humans, domestic dogs are susceptible to opportunistic infection with B.
burgdorferi. These infections are often subclinical and pose no risk for direct transmission to
humans. Nevertheless, they elicit a robust antibody response. Given the greater proclivity of dogs
for tick exposure, canine seroprevalence has been proposed as a sensitive and independent
measure of human Lyme disease risk (5–7). We compared US national surveillance data on
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Lyme disease with recently published data on B. burgdorferi antibody seroprevalence in dogs (8)
to determine the degree of concordance between these 2 measures of Lyme disease risk and to
assess the potential for canine seroprevalence to predict areas of Lyme disease emergence among
humans.
The Study
State and territorial health departments report Lyme disease cases to CDC as part of the
National Notifiable Diseases Surveillance System (1). Data on canine seroprevalence of B.
burgdorferi antibodies were obtained from a 2009 publication by Bowman et al. that reported
results for 982,336 dogs tested throughout the United States by using a commercial C6-based
assay during 2001–2006 (8). We obtained state-specific seroprevalence from Table 1 of this
publication and county-specific seroprevalence as categorical values (0%, 0.1%–0.5%, 0.51%–
1%, 1.1%–5%, >5.1%) from Figure 2 of this publication after digital enlargement. We excluded
counties too small for the value to be determined reliably. We calculated average annual Lyme
disease incidence for 2001–2006 and 2007–2009 using US Census Bureau population estimates
for 2004 and 2008, respectively. To evaluate county-level emergence of Lyme disease among
humans, we stratified counties by the mean observed annual incidence for all counties during
2001–2006 of 4.7 cases per 100,000 population. We defined an emergent county as a county in
which incidence was below this value during 2001–2006 and above this value during 2007–
2009.
Detailed canine seroprevalence data were available for 46 US states. In linear regression
analysis, state canine seroprevalence and human Lyme disease incidence were positively
correlated (Figure 1; r2 0.75, p<0.001). On the basis of this relationship, human Lyme disease
incidence was effectively zero when the canine seroprevalence was <1.3%. States generally fell
into 2 distinct categories according to canine seroprevalence (Figure 1). Median Lyme disease
incidence was uniformly low (median 0.3 cases/100,000 population) and not correlated with
canine seroprevalence (r2 0.0, p>0.4) among 32 states with canine seroprevalence <5%. Among
14 states with canine seroprevalence >5%, median annual human Lyme disease incidence was
≈100-fold higher (24.1 cases/100,000 population) and positively correlated with canine
seroprevalence (r2 0.33, p = 0.03).
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Categorical canine serologic data were available for 866 (28%) of 3,141 counties in the
46 states (8). Median population in 2004 was 85,699 for counties for which data were available,
compared with 25,505 for all counties in the 46 states. As in the state-level analysis, human
incidence and canine seroprevalence were positively associated at the county level. Median
annual reported Lyme disease incidence for humans was 0.2 per 100,000 population in counties
with canine seroprevalence <1%, 1.4 in counties with canine seroprevalence 1.1%–5%, and 25.9
in counties with canine seroprevalence >5% (p<0.001; Figure 2). Five (1%) of 520 counties with
canine seroprevalence <1% had rates of human illness above the overall county mean of 4.7
cases per 100,000 population annually, compared with 171 (85%) of 201 counties with canine
seroprevalence >5%.
Overall, 153 (5%) of 2,830 counties with average annual human incidence <4.7 per
100,000 population during 2001–2006 met the criteria for emergence during 2007–2009.
Emergence was more common in counties with higher canine seroprevalence (Table). Eighteen
(56%) of 32 counties with canine seroprevalence >5% met the criteria for emergence, compared
with 6 (1%) of 519 counties with seropositivity <1% (p<0.001). Among the 32 counties with
canine seroprevalence >5%, a total of 12 (67%) of the 18 counties with emergent Lyme disease
were immediately adjacent to a county with seroprevalence >5%, compared with 4 (29%) of the
14 counties with nonemergent Lyme disease.
Conclusions
Our results confirm an overall correlation between canine seroprevalence and reported
human incidence of Lyme disease as measured through national surveillance. Canine
seroprevalence <1% is associated with extremely low rates of human illness in both state- and
county-level analyses. Because human cases are reported according to county of residence rather
than county of exposure, infections acquired during travel will occasionally be reported from
areas without local transmission. Similarly, low levels of canine seropositivity are expected on
the basis of the specificity of assay (up to 2% false positivity [9]), data from field surveys (7,10),
and relocation of dogs from areas of high endemicity (8). Low levels of canine seroprevalence or
human incidence should not be misinterpreted as confirmation of local transmission of B.
burgdorferi. Conversely, the overall agreement between human and canine data support the
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conclusion that risk for B. burgdorferi infection is generally low to nonexistent outside the
highly Lyme disease–endemic areas of the Northeast, mid-Atlantic, and upper Midwest.
At the other end of the spectrum, canine seroprevalence >5% was invariably associated
with above average Lyme disease incidence in state-level analyses. In county-level analyses, the
situation was more nuanced. Although 85% of counties with canine seroprevalence >5% also had
above average Lyme disease incidence, 15% did not. In more than half of these counties,
incidence increased to above average rates in the following 3 years, suggesting some predictive
potential for high canine seroprevalence, especially in counties geographically clustered with
other high seroprevalence counties. In other counties, however, high seroprevalence appears to
be an anomaly resulting from small sample sizes and local demographics. For example, Routt
County, Colorado, is a small rural county in a state where locally acquired Lyme disease has
never been documented. Although canine seroprevalence for the county was >5%, a survey of all
county veterinarians indicated that 11 of 12 seropositive dogs had lived in the northeastern
United States (CDC, unpub. data). Selective testing of dogs with exposure histories may yield
misleading results with respect to local endemicity.
Our findings suggest that canine seroprevalence >5% can be a sensitive but nonspecific
marker of increased risk for human Lyme disease. Because dogs do not transmit infection
directly to humans (or humans to dogs), this association reflects similar susceptibilities to tickborne infection. In some circumstances, high canine seroprevalence appears to anticipate
increasing rates of human infection at the county level. Conversely, canine seroprevalence <1%
is associated with little to no local risk for human infection. Canine seroprevalence is a useful
adjunct to human surveillance for Lyme disease.
Acknowledgments
We thank the anonymous reviewers for their suggestions.
Dr Mead is a medical epidemiologist with the Division of Vector-borne Diseases, National Center for
Emerging and Zoonotic Infectious Diseases, CDC, Atlanta. His research interests include Lyme disease surveillance.
References

1. Bacon RM, Kugeler KJ, Mead PS. Surveillance for Lyme disease—United States, 1992–2006. MMWR
Surveill Summ. 2008;57:1–9. PubMed

Page 4 of 7

2. Herrington JE Jr, Campbell GL, Bailey RE, Cartter ML, Adams M, Frazier EL, et al. Predisposing
factors for individuals’ Lyme disease prevention practices: Connecticut, Maine, and Montana.
Am J Public Health. 1997;87:2035–8. PubMed doi:10.2105/AJPH.87.12.2035
3. Fine AM, Brownstein JS, Nigrovic LE, Kimia AA, Olson KL, Thompson AD, et al. Integrating spatial
epidemiology into a decision model for evaluation of facial palsy in children. Arch Pediatr
Adolesc Med. 2011;165:61–7. PubMed doi:10.1001/archpediatrics.2010.250
4. Tugwell P, Dennis DT, Weinstein A, Wells G, Shea B, Nichol G, et al. Laboratory evaluation in the
diagnosis of Lyme disease. Ann Intern Med. 1997;127:1109–23. PubMed
5. Falco RC, Smith HA, Fish D, Mojica BA, Bellinger MA, Harris HL, et al. The distribution of canine
exposure to Borrelia burgdorferi in a Lyme-disease endemic area. Am J Public Health.
1993;83:1305–10. PubMed doi:10.2105/AJPH.83.9.1305
6. Guerra MA, Walker ED, Kitron U. Canine surveillance system for Lyme borreliosis in Wisconsin and
northern Illinois: geographic distribution and risk factor analysis. Am J Trop Med Hyg.
2001;65:546–52. PubMed
7. Duncan AW, Correa MT, Levine JF, Breitschwerdt EB. The dog as a sentinel for human infection:
prevalence of Borrelia burgdorferi C6 antibodies in dogs from southeastern and mid-Atlantic
states. Vector Borne Zoonotic Dis. 2004;4:221–9. PubMed
8. Bowman D, Little SE, Lorentzen L, Shields J, Sullivan MP, Carlin EP. Prevalence and geographic
distribution of Dirofilaria immitis, Borrelia burgdorferi, Ehrlichia canis, and Anaplasma
phagocytophilum in dogs in the United States: results of a national clinic-based serologic survey.
Vet Parasitol. 2009;160:138–48. PubMed doi:10.1016/j.vetpar.2008.10.093
9. IDEXX. Sensitivity and specificity of the SNAP® 4Dx® Test 2010 [updated 2010 Oct 1] [cited 2010
Oct 10].
http://www.idexx.com/view/xhtml/en_us/smallanimal/inhouse/snap/4dx.jsf?selectedTab=Accurac
y#tabs
10. Little SE, Heise SR, Blagburn BL, Callister SM, Mead PS. Lyme borreliosis in dogs and humans in
the USA. Trends Parasitol. 2010;26:213–8. PubMed doi:10.1016/j.pt.2010.01.006

Address for correspondence: Paul Mead, Centers for Disease Prevention and Control, 1600 Clifton Rd NE,
Mailstop P02, Atlanta, GA 30333, USA; email: pfm0@cdc.gov

Page 5 of 7

Table. Counties meeting criteria for emergence of human Lyme
disease during 2007–2009, by canine seroprevalence of Borrelia
burgdorferi antibodies during 2001–2006, 46 US states*
No. (%) emergent
No. low-incidence
Canine
counties,§
counties,‡
seroprevalence,
2001–2006
2007–2009¶
2001–2006, %†
Unknown
2,065
96 (4.5)
0
240
1 (0.4)
0.1–0.5
174
1 (0.6)
0.51–1.0
101
4 (4.0)
1.1–5.0
122
33 (27.0)
>5.1
32
18 (56.3)
*All states except Alaska, Hawaii, Montana, and Nevada.
†Data from Figure 2 in Bowman et al. (8).
‡Counties with below average incidence of human Lyme disease (<4.7
cases/100,000 population).
§Counties with below average incidence in 2001–2006 and above in
2007–2009.
¶χ2 for trend 135.9, p<0.0001, for counties with known canine
seroprevalence.

Figure 1. Borrelia burgdorferi antibody seroprevalence in dogs and reported Lyme disease incidence in
humans, counties in 46 US states, 2001–2006.
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Figure 2. Median Lyme disease incidence in humans and Borrelia burgdorferi antibody seroprevalence in
dogs, counties in 46 US states. Error bars represent 25th and 75th percentiles.
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