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Student Column

EVALUATION OF DEER-TARGETED 
INTERVENTIONS ON LYME DISEASE 
INCIDENCE IN CONNECTICUT

Jennifer M. Garnett, MPH 
Neeta P. Connally, PhD
Kirby C. Stafford, III, PhD
Matthew L. Cartter, MD, MPH

Lyme disease (LD) is the most commonly reported 
vector-borne disease in the United States. Between 2003 
and 2005, 64,328 cases of LD were reported in the U.S. 
Of those cases, 93% were reported from 10 endemic 
states: Connecticut, Delaware, Maryland, Massachu-
setts, Minnesota, New Jersey, New York, Pennsylvania, 
Rhode Island, and Wisconsin.1 In Connecticut, 1,810 
reported cases met the surveillance case definition of 
LD in 2005, resulting in an incidence rate of 53 per 
100,000 population.2 

Reducing the number of blacklegged ticks (Ixodes 
scapularis), the vector for LD should in theory reduce 
the incidence of LD in an endemic area. One such 
strategy targets white-tailed deer (Odocoileus virgin-

ianus). Although deer are not competent reservoir 
hosts for the LD causative agent, Borrelia burgdorferi, 
they are the primary hosts for adult blacklegged ticks 
and are an important tick transport mechanism.3,4 One 
study showed that more than 95% of adult female 
ticks feed on white-tailed deer.5 Nymphal ticks will also 
feed on deer.6,7 Therefore, deer-targeted interventions 
could provide a large-scale method for controlling tick 
populations by reducing the number and movement of 
blacklegged ticks. Two proposed deer-targeted interven-
tions have included a topical acaricide applied using a 
four-poster device and deer-reduction programs. How-
ever, few studies have evaluated whether deer-targeted 
interventions resulted in decreased LD incidence, 
particularly in non-island settings. 

The four-poster device is a passive topical treatment 
system developed by the U.S. Department of Agricul-
ture, Agricultural Research Services. A central bin 
stores and dispenses bait to attract deer. As the deer 
feeds, rollers apply an acaricide directly to the head, 
ears, and neck, which is transferred to other body areas 
by self-grooming.8 Studies of this device have shown a 
significant decrease in blacklegged tick abundance on 
deer and in the surrounding area.8–11 

In 1997, the Northeast Area Tick Control Project 
(NEATCP) was launched in five states (Rhode Island, 
Connecticut, New York, New Jersey, and Maryland) to 
evaluate the effectiveness of the four-poster treatment 
devices in controlling ticks.12 Core treatment areas 
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(CTAs) were approximately 25 kilometers squared 
(km2) each, and the four-poster devices were to be 
deployed at a rate of 25 devices per CTA (or approxi-
mately one device/0.2 km2). This calculation was based 
on pretrial populations of approximately 44 deer in 
a CTA, though this number varied slightly with local-
ity.12,13 The CTA that served as the basis for this rate was 
located in Old Lyme, Connecticut, where 24 devices 
were maintained from 1997 to 2002. Tick abundance 
was monitored at all sites for two years following the 
removal of the four-poster devices.14 However, the 
effect on LD incidence was not evaluated at any of 
the NEATCP sites.

Another deer-targeted intervention aims to reduce 
deer populations through a controlled deer hunt. 
Two studies showed that complete, or near complete, 
elimination of deer was effective in reducing tick popu-
lations on an inhabited peninsula and islands off the 
northeastern U.S. coast. However, it is unclear whether 
deer-reduction strategies will translate to mainland set-
tings where deer cannot be eliminated completely.15,16 
Computer simulations have suggested that reducing 
deer density to 7.5 deer/km2 could decrease infected 
nymphal tick density by 40% within four years, while 
near elimination of deer is needed to lower infected 
nymphal tick density by 99%.17 However, it is unclear 
to what extent deer numbers must be reduced to sig-
nificantly impact LD incidence, especially in mainland 
settings. 

In 2000, an annual controlled deer hunt began in 
the coastal Mumford Cove community of Groton, Con-
necticut. The herd was initially reduced by 92%, and 
has subsequently been maintained at the same low level, 
approximately 3.8 deer/km2.18,19 A community survey 
identified a large decrease in self-reported LD cases 
one year after the initial hunt.18 However, self-reported 
data have various inherent limitations.

We evaluated two deer-targeted tick-control strate-
gies for their effects on LD in southeastern Connecti-
cut: four-poster acaricide treatment and deer reduction 
in a non-island setting. This study aimed to determine 
if deer-targeted interventions had a significant effect 
on LD incidence (1) before and after treatment and 
(2) in treatment areas vs. control regions. 

Methods

Study area
The study area is depicted in Figure 1. The 25 km2 four-
poster original treatment area was based on the Con-
necticut NEATCP protocol’s CTA and encompassed a 
portion of the towns of Old Lyme and East Lyme. For 
the purposes of this study, the original control area 

comprised the remaining areas of Old Lyme and East 
Lyme as well as Old Saybrook, which was the NEATCP 
tick sampling control area.12 The five towns of Clinton, 
Deep River, East Haddam, Haddam, and Killingworth 
were selected as expanded control towns to provide 
an additional measure of control. Due to their close 
proximity to the original treatment and original control 
areas, these towns would be expected to have a similar 
tick exposure risk.

The deer hunt original treatment area was the com-
munity of Mumford Cove, a residential community of 
approximately 112 homes located on a 1.9 km2 pen-
insula along the Connecticut coast in New London 
County in Groton.18,20 Mumford Cove has approxi-
mately 0.38 km2 residential development and 41 km2 
woodland area. The remainder of Groton served as the 
original control area. The nearby town of Stonington 
served as the expanded control town.

Case data 
We identified cases from Connecticut Department of 
Public Health (CT DPH) LD surveillance records. For 
the purposes of this evaluation, we defined a case as 
a resident in the study area who had a physician-diag-
nosed erythema migrans (EM) rash 5 centimeters, 
and an onset date during the years 1992–2006. EM rash 
cases were used as a surrogate for incident LD cases. 

Case addresses were geocoded for classification 
into original treatment or original control area using 
ArcGIS® software.21 We obtained town boundaries 
and Topologically Integrated Geographic Encoding 
and Referencing (TIGER) system road data from 
the University of Connecticut Map and Geographic 
Information Center.22 We excluded post office boxes 
and missing or incomplete street addresses. We did 
not geocode addresses from cases in the expanded 
control towns; these cases were assigned to their respec-
tive towns. 

Data analysis 
We obtained U.S. Census block 2000 population data 
from ESRI®.23 Census block data were overlaid with 
original treatment and original control areas using 
ArcGIS. We calculated incidence as total EM rash 
cases per 100,000 population for every study year in 
each area. 

To examine the effect of each intervention, we 
designated a “before treatment” and “after treatment” 
period. Due to the two-year tick lifecycle, the inter-
ventions would not be expected to significantly affect 
tick populations and disease incidence until two years 
after implementation. For the four-poster analysis, we 
classified “before treatment” as 1992–1998 and “after 
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Figure 1. Connecticut catchment area for a deer-targeted intervention study, 1992–2006 
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treatment” as 1999–2006. For the deer hunt analysis, we 
classified “before treatment” as 1992–2001 and “after 
treatment” as 2002–2006.

We analyzed the data using SAS® version 9.1.3.24 For 
both the four-poster and deer hunt original treatment 
areas, we compared the mean EM rash incidences 
before and after treatment to determine if the treat-
ment produced a statistically significant difference. We 
used a student’s t-test to analyze normal data. We ana-
lyzed non-normal data that could not be transformed 
using the Wilcoxon Rank Sum test.

To account for the general decreasing trend in 
EM rash incidence in the study area since 1992,25 we 
also compared the EM rash incidence in the original 
treatment areas with the incidence in both the original 
control areas and expanded control towns. For each 
study year, we calculated the relative rate of original 
treatment area incidence vs. original control area 
incidence, and the relative rate of original treatment 
area incidence vs. expanded control town incidence. 
We then compared the mean relative rates before and 
after treatment using the statistical tests previously 
described. This study was approved by the Human 
Investigation Committees at both the Yale University 
School of Medicine and CT DPH.

RESULTS

Between 1992 and 2006, 1,296 EM rash cases were 
reported from the original treatment and original 
control areas; 212 reports (16%) had missing addresses, 
incomplete addresses, or post office boxes. Of the 
remaining 1,084 cases, 943 (87%) were automatically 
geocoded and 83 (8%) were interactively geocoded. 
Upon inspection, 50 (4.6%) were outside their respec-
tive catchment areas and, thus, excluded. Of the 976 
geocoded cases, 702 (72%) cases were in the four-poster 
areas and 274 (28%) cases were in the deer hunt areas. 
The median age of cases was 39 years in the four-poster 
original treatment area (range: 1–82 years); 36 years 
in the four-poster original control area (range: one 
day to 86 years); 47 years in the deer hunt original 
treatment area (range: 3–64 years); and 38 years in the 
deer hunt original control area (range: seven months 
to 92 years). During the study period, 1,356 EM rash 
cases were reported in the expanded control towns: 
956 (71%) in four-poster expanded control towns and 
400 (29%) in the deer hunt expanded control town. 
The estimated population for each study area is shown 
in Figure 1.

Four-poster
The results of the four-poster analysis showed a general 
decreasing trend in EM rash incidence in all areas 
(Figure 2). The annual number of cases and the rela-
tive rates of EM rash incidence between the original 
treatment area and original control area, and the 
original treatment area and expanded control towns 
are shown in Table 1. In the original treatment area, 
the mean incidence before treatment was 427.5 cases 
per 100,000 population (standard deviation [SD] 5 
94.2); after treatment, the mean incidence was 137.8 
cases per 100,000 population (SD580.6). The mean 
incidence was significantly different before and after 
treatment (t56.35, p0.001). The mean relative rate 
between the original treatment area and the original 
control area was significantly higher after treatment; 
however, the mean relative rate of the original treat-
ment area compared with the expanded control town 
was not significantly different before and after treat-
ment (Table 2). 

Deer hunt
The deer hunt analysis did not show a clear decreasing 
trend in EM rash incidence in the original treatment 
area (Figure 3). The annual number of cases and the 
relative rates of EM rash incidence between the origi-
nal treatment area and original control area, and the 
original treatment area and expanded control towns 
are shown in Table 3. In the original treatment area, the 
mean incidence rate before treatment was 450.8 cases 
per 100,000 population (SD5407.6); after treatment, 
the mean incidence rate was 245.9 cases per 100,000 
population (SD5366.6). The mean incidence rate 
was not significantly different before and after treat-
ment (U532.5, p50.432). Neither the mean relative 
rate between the original treatment area and original 
control area, nor the mean relative rate between the 
original treatment area and expanded control towns 
was significantly different before and after treatment 
(Table 2).

DISCUSSION

We evaluated the effectiveness of two deer-targeted 
interventions on reducing EM rash incidence in an 
LD endemic area. We found some evidence that the 
four-poster devices may have reduced the mean EM 
rash incidence in the original treatment area. The 
deer hunt was not shown to have had a statistically 
significant effect on mean EM rash incidence in the 
original treatment area. 

The four-poster results are consistent with other 
studies that showed the device was effective at reducing 
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tick populations8–11 and with computer simulations 
suggesting that acaricidal treatment of deer would 
prevent the most cases of LD.26 Meta-analyses for 
all the states indicated that the NEATCP effectively 
reduced the relative density of nymphs and provided 
71% nymphal control by the sixth treatment year. The 
entomologic risk for LD was reduced 68% overall in 
treated vs. control areas among the five study sites by 
the study’s end.13,27,28 

A decrease in EM rash incidence was seen both 
before and after treatment and compared with the 
original control area. This finding could indicate 
that the decrease observed was not only the result of 
a general decrease in EM rash in the area. However, 
when the original treatment area was compared with 
the expanded control towns, the decrease in mean 
relative rates of EM rash was not significant. This 
inconsistency could indicate that the results may be 

due to random variation, a general decreasing trend in 
EM rash incidence, or from lower relative reductions 
in tick abundance in Old Lyme compared with other 
NEATCP sites.13,14

In Mumford Cove, reducing the number of deer 
did not have a significant effect on the reported EM 
rash incidence despite a significant decrease in tick 
abundance (Unpublished data, Kilpatrick HJ, LaBonte 
AM, Stafford KC 3rd. Effects of hunting on deer den-
sity, tick abundance, and human cases of Lyme disease 
in a residential community. 2010). There was a 45% 
decrease in mean EM rash incidence after treatment 
in the original treatment area and a 46% decrease 
after treatment in the relative rate of the original 
treatment area compared with the original control 
area. This rate was less than the community survey 
reported by Kilpatrick and LaBonte, which showed a 
decrease from 33 cases in 2000 to five cases in 2001.18 

Figure 2. Annual incidence of Lyme disease cases per 100,000 population in the four-poster original treatment 
area, original control area, and expanded control towns:a Connecticut, 1992–2006b

aThe original treatment area is a four-poster treatment area; the original control area is a similar area in Old Saybrook, Connecticut; expanded 
control towns include surrounding towns of Clinton, Deep River, East Haddam, East Lyme, Haddam, Killingworth, Old Lyme, and Old Saybrook. 
bThe after treatment period is 1999–2006.

EM 5 erythema migrans
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One explanation for the discrepancy was the source 
of EM rash reports: CT DPH vs. self-report. Underre-
porting of cases likely impacted our results.29 It’s also 
possible that self-reported LD cases were overreported 
in the community survey. Finally, cases were reported 

at the household level in the Kilpatrick study vs. the 
individual level in this study. However, none of our 
cases was reported from the same household, so this 
effect was likely limited. The small population size and 
low number of EM rash cases reported from Mumford 

Table 1. Number of cases and relative rates of Lyme disease in the four-poster original treatment area vs.  
original control area,a and the original treatment area vs. expanded control towns: Connecticut, 1992–2006b 

Year

Number of cases  
in original 

treatment area

Number of cases  
in original  

control area

Relative rate  
in original  

control area

Number of cases  
in expanded 
control towns

Relative rate  
in expanded 
control towns

1992 17 97 2.38 146 1.44
1993 14 29 6.56 93 1.86
1994 14 71 2.68 62 2.79
1995 10 48 2.83 59 2.09
1996 15 47 4.34 99 1.87
1997 16 35 6.21 64 3.09
1998 9 48 2.55 91 1.22
1999 4 31 1.75 56 0.88
2000 7 30 3.17 65 1.33
2001 5 36 1.89 38 1.63
2002 9 47 2.60 61 1.82
2003 1 9 1.51 28 0.44
2004 3 10 4.08 16 2.32
2005 3 23 1.77 46 0.81
2006 3 18 2.27 32 1.16

aThe original treatment area is a four-poster treatment area; the original control area is a similar area in Old Saybrook, Connecticut; expanded 
control towns include surrounding towns of Clinton, Deep River, East Haddam, East Lyme, Haddam, Killingworth, Old Lyme, and Old Saybrook. 
bThe after treatment period is 1999–2006.

Table 2. Results from a comparison analysis of deer-targeted interventions between the original treatment and 
original control areas and expanded control towns, and before and after treatment: Connecticut, 1992–2006a 

Intervention Relative rate Standard deviation Test statistic P-value

Four-posterb  
  Original treatment area: original control area  

(before treatment)
3.93 1.80  

  Original treatment area: original control area  
(after treatment)

2.38 0.87 U=74.0 0.040

  Original treatment area: expanded control towns 
(before treatment)

1.91 0.75  

  Original treatment area: expanded control towns  
(after treatment)

1.36 0.63 t51.54 0.149

Deer huntc  
  Original treatment area: original control area  

(before treatment)
13.04 11.29  

  Original treatment area: original control area  
(after treatment)

6.99 10.75 U530.5 0.244

  Original treatment area: expanded control towns 
(before treatment)

2.24 1.86  

  Original treatment area: expanded control towns  
(after treatment)

2.38 3.30 U538.5 0.864

aThe after treatment period is 1999–2006.
bThe original treatment area is a four-poster treatment area; the original control area is a similar area in Old Saybrook, Connecticut; expanded 
control towns include surrounding towns of Clinton, Deep River, East Haddam, East Lyme, Haddam, Killingworth, Old Lyme, and Old Saybrook. 
bThe original treatment area is Mumford Cove, the original control area is the rest of Groton, and the expanded control town is Stonington, 
Connecticut.
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Cove limited this study’s power and likely prevented 
this analysis from detecting a significant effect. This 
study highlights some of the difficulties in measuring 
the impact of tick management on disease incidence 
as opposed to tick abundance and the assumed LD 
risk.

While our results on reported LD incidence were not 
consistent with previous studies of deer reduction,15,16 
islands and other geographically isolated tracts allow 
for the elimination, or substantial reduction, in deer 
numbers greater than may be possible for mainland 
deer populations. In computer simulations, LD disap-
pears when deer are eliminated. There may, however, 
be a transient increase in cases in the first two years 
due to availability of unattached ticks and an increase 
in the proportion of infected ticks.17,26 Additionally, 
estimating mainland deer populations may be difficult 
within an urban forest landscape, which can reduce 
deer visibility, resulting in larger populations than 
expected.30 

For both the four-poster and deer hunt analyses, 
the standard surveillance case definition increased 
the likelihood that the cases were consistent between 
treatment and control areas as well as over time. The 
interventions were also evaluated with respect to the 
ultimate outcome: LD as measured by EM rash, rather 
than an intermediate step in the exposure pathway: tick 
density. Finally, the control populations helped account 
for EM rash trends in the areas over time. 

Limitations
The study design had several limitations. One limita-
tion was that the LD surveillance system in Connecti-
cut changed during the study period. Old Lyme, Old 
Saybrook, and the four-poster expanded control towns 
were under active surveillance for the entire study 
period. However, Groton and East Lyme were only 
under active surveillance from 2001 to 2006, likely 
influencing reporting rates in those areas. Stonington 
did not have active LD surveillance during the study 

aThe original treatment area is Mumford Cove, the original control area is the rest of Groton, and the expanded control town is Stonington, 
Connecticut.
bIn 1992, 2001, 2003, 2005, and 2006, no cases were reported from the treatment area. Symbols below the x-axis represent no cases per 
100,000 population. The after treatment period is 2002–2006.

EM 5 erythema migrans

Figure 3. Annual incidence of Lyme disease cases per 100,000 population for the deer hunt original treatment 
area, original control area, and expanded control town:a Connecticut, 1992–2006b
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period. However, EM rash incidence in Stonington 
was similar to towns with active surveillance, so the 
effect may have been minimal. Changes in physician 
reporting patterns over time could have also affected 
the results if reporting patterns differed between treat-
ment and control areas over time. 

The four-poster population had an additional 
limitation. We assumed the populations in the census 
blocks that were intersected by the treatment boundary 
were evenly distributed across that census block in the 
original treatment area. If residences were congregated 
in one portion of the census block, then the actual 
population in the original treatment area may have 
been different depending on the residences’ true 
distribution. However, 78.9% of the census blocks in 
the original treatment area were completely contained 
within the original treatment area, so this likely had 
a minimal impact. 

Additionally, we excluded cases in the original treat-
ment area and original control area that could not be 
accurately geocoded, assuming an equal proportion 
of cases were geocoded in the original treatment area 
and the original control area. If the addresses that were 
excluded due to geocoding issues were not evenly dis-
tributed throughout the study area, then the incidence 
estimates may be inaccurate. The expanded control 
towns’ evaluation had an additional limitation because 
cases in the expanded control towns did not need to 
be geocoded to calculate incidence. The expanded 
control towns likely contained more cases than the 

Table 3. Number of cases and relative rates of Lyme disease in the deer hunt original treatment area vs. original 
control area,a and the original treatment area vs. expanded control town: Connecticut, 1992–2006b 

Year

Number of cases  
in original  

treatment area 

Number of cases in 
original  

control area

Relative rate  
in original  

control area

Number of cases  
in expanded  
control town

Relative rate  
in expanded  
control town

1992 0 7 0.00 17 0.00
1993 0 5 0.00 7 0.00
1994 1 12 16.26 37 1.98
1995 1 17 11.48 25 2.94
1996 3 21 27.88 38 5.79
1997 1 6 32.53 31 2.37
1998 2 30 13.01 43 3.41
1999 2 22 17.74 41 3.58
2000 1 17 11.48 32 2.29
2001 0 28 0.00 28 0.00
2002 2 37 10.55 28 5.24
2003 0 8 0.00 13 0.00
2004 1 8 24.40 11 6.67
2005 0 21 0.00 31 0.00
2006 0 21 0.00 18 0.00

aThe original treatment area is Mumford Cove, the original control area is the rest of Groton, and the expanded control town is 
Stonington, Connecticut.
bThe after treatment period is 2002–2006.

original treatment area, as no cases were excluded from 
the expanded control towns on the basis of address. 
Therefore, the relative rates of the original treatment 
area to expanded control towns may not be an accurate 
representation of the true relative rates.

Finally, we did not survey individuals, so other con-
founding factors may have been present. Behavioral, 
environmental, and socioeconomic factors may have 
affected the results if there were differences between 
the original treatment area and original control area. In 
particular, because the Mumford Cove residents voted 
to decrease the deer population, they may have been 
more aware of LD and, thus, practiced more protective 
behaviors before the hunt. Additional studies may help 
reduce the effect of potential confounders and further 
evaluate the significance of our findings.

CONCLUSIONS

Our findings suggest that the four-poster device was 
effective in decreasing the incidence of EM rash in an 
endemic area. Despite a decrease in EM rash incidence, 
however, we did not find a statistically significant effect 
of the deer hunt on EM rash incidence, probably due 
to LD reporting issues, study design limitations, and 
the small population size. Further study is necessary to 
conclusively evaluate the effect of deer-targeted tick-
control interventions on LD incidence. A prospective, 
multiyear study designed with consistent surveillance 
methods, a large population, and established control 
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areas could provide reliable data for analyzing the 
effectiveness of deer-targeted interventions. A combi-
nation of deer-targeted and other interventions, such 
as education, may ultimately prove to be successful in 
preventing LD in endemic areas.
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