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ABSTRACT

Using an ecological index to generate a relative ranking
of sites regarding potential and actual Lyme disease trans-
mission risk, 610 public parks, recreation areas, and public
school properties were surveyed during the summer of
1993. The majority of surveyed sites (56.4%) were judged
to pose low potential risk; only 60 sites (9.8%) were identi-
fied as posing a high potential risk, requiring additional
assessment to estimate actual population densities of infect-
ed ticks.
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INTRODUCTION

Despite general acceptance that the majority of Lyme
disease cases are the result of exposure to infected black-
legged ticks at or near the patient’s place of residence, -3
other studies have suggested substantial transmission
risk among visitors, workers. and nearby residents of
some parks and recreation areas.*% None of these studies
adequately characterized habitats and use within the
areas studied and, owing to the labor intensity inherent in
surveying large areas for ticks, the number of study sites
was limited. As a result, the majority of parks and recre-
ational areas are never assessed. leaving the public
unaware of potential risk. No studies of transmission risk
associated with school properties have been published.
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High-risk sites typically were large, multiplé-use parks
and recreation areas located in areas of lower human popu-
lation density. Parks and recreation areas in populated
coastal areas generally were smaller and more developed.
Publicly owned land may be surveyed effectively for Lyme
disease transmission risk using an existing ecological index
and tick survey techniques, allowing surveillance and inter-
vention efforts to be targeted toward areas posing signifi-

cant risk of transmission.

Recognizing the limitations resulting from the level of
effort required to perform tick surveys. an ecological
assessment index (Index) was designed to predict poten-
tial Lyme disease transmission risk based on the pres-
ence, amount, and accessibility of vegetation associa-
tions capable of supporting [xodes scapularis Say and its
hosts.” The results of that pilot study suggested that the
Index provides a rapid, accurate method to identify areas
at risk for the transmission of Lyme disease.

Through a broad-scale assessment program, the study
attempted to test and refine the efficacy of the Index
throughout a county where Lyme disease is endemic. Such
research is the first step toward the creation of cost-effec-
tive management procedures to reduce the incidence of
Lyme disease in people using public properties by reduc-
ing exposure to infected I scapularis. We report here the
results of a survey of all public land in Monmouth County,
NJ. for Lyme disease transmission risk.

METHODS

Site selection

Publicly owned land in Monmouth County, NJ.
served as study areas for this project. Since Lyme dis-
ease became reportable in New Jersey in 1980.
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Monmouth County has accounted for approximately
22% of all reported cases statewide through 1989. The
overall goal of the project was to assess the risk of trans-
mission on all publicly owned lands in Monmouth
County as a first step in a county-wide program of Lyme
disease prevention and control. Included in the survey
were all municipal- and county-administered parks and
recreation areas, local- and county-owned open space,
state-administered wildlife management areas (WMA)
and parks, and federally owned lands. In addition, athlet-
ic fields and other open spaces associated with all public
schools were included in the surveys.

Habitat of Ixodes scapularis
in Monmouth County, NJ

L scapularis tends to be most prevalent in wooded
areas and associated ecotones and in old fields in sec-
ondary woody succession.”!! In the coastal plain of New
Jersey, where the majority of Lyme disease cases have
been reported, habitats that support high densities of
ticks are comprised of mixed hardwood (Quercus alba,
Quercus prinus, and Quercus rubra); mixed hard-
wood/pine (Pinus rigida); and pine forests with a dense
shrub layer dominated by highbush blueberry
(Vaccinium corymbosum), lowbush blueberry
(Vaccinium angustifolium), and huckleberries
(Gaylussacia spp.). Minor species generally include
sheep laurel (Kalmia angustifolia), northern bayberry
(Myrica pensylvanica), and often dense tangles of com-
mon greenbriar (Smilax rotundifolia)."

Brush/scrub habitats (late old fields) also may serve as
adequate habitat, as do certain ornamental landscap-
ings.'! Suburban residential foci for Lyme disease in the
Northeast frequently are associated with adjacent or near-
by woodlands.>*!* The presence of dense shrub layers,
leaf litter, and other plant debris seems to play an impor-
tant role in the survival of subadult ticks by maintaining
conditions of high humidity.'*!> Thus. habitats generally
unfavorable for ticks include open sunny areas such as
turfgrass (lawns, athletic fields, and other recreational
areas), agricultural land, and wetlands.

Ecological assessment Index

The assessment Index used in this study relies on
documented habitat affinities of 1. scapularis, the black-
legged tick (formerly /. dammini), the primary vector for
the Lyme disease spirochete Borrelia burgdorferi in the
Northeast. Assessment of potential risk relies on evalua-
tion of plant communities associated with a particular
site. Because potential risk also is dependent on human
exposure, the Index also considers the degree to which
suitable tick habitat is accessible to people potentially at
risk. The assessment of actual risk of transmission incor-
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porates 1. scapularis abundance and rate of infection by
B. burgdorferi.

Assessment of potential risk

Potential risk was evaluated based on the characteriza-
tion of sites with respect to three parameters that describe
the suitability of vegetation as tick habitat. the extent of
that habitat, and its accessibility to people using the site’:

1. The habitat suitability parameter addresses the
relative suitability of available plant cover types for the
support of 1. scapularis populations. A numeric value is
assigned, ranging from 1 (agricultural fields and lawns)
to 5 (mature forest with substantial shrub layer).

2. Amount of tick habitat on a given property is
represented as a percentage of the total area of the prop-
erty. Point values for habitat availability range from 1
(<20% of the property is tick habitat) to 5 (80% to 100%
of the property is tick habitat).

3. Accessibility of tick habitat recognizes that
although tick habitat may be present on a particular site.
its presence poses no risk if people do not or cannot
access it and thus become exposed to infected ticks.
Relative accessibility is ranked on a scale from | (no
access or no suitable tick habitat present) to 5 (suitable
tick habitat easily accessible or access is encouraged).

Availability of habitat for ticks may be assessed
throughout the year. whereas the seasonality of tick
activity restricts use of the simple presence or absence of
a given stage of I. scapularis to a particular time of year.
Owing to the relative ease in collection and high infec-
tion rates in adults compared with immature /. scapu-
laris, "¢ assessment of tick abundance is logistically
limited to the early spring and fall in New Jersey.!” Thus.
the Index permits characterization of potential risk apart
from the presence of ticks and can be performed at any
time to determine whether additional action is necessary.

Point values, ranging from a minimum of 1 to a maxi-
mum of 5, are assigned to each of the three parameters
and totaled. The resulting score is used to determine the
appropriate response action for each site and the need to
proceed to the second phase of the survey to assess actual
risk (Table 1). Sites ranked as having either a moderate
or high potential risk of Lyme disease infection are sur-
veyed for actual risk according to a predetermined
numeric priority.

Assessment of actual risk

Actual risk is evaluated using data on the presence and
size of the tick population and its rate of infection with B.
burgdorferi. Sites were surveyed for questing adult /.
scapularis during periods of peak adult activity in October
and November 1993.'7 Adult ticks were chosen for use in
the Index because of their demonstrated high rate of infec-
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Table 1’
Scoring and Response Actions: Potential Risk of Transmission

Table 2
Scoring and Response Action: Actual Risk of Transmission

Scoring Description ~ Response Scoring  Description Response
range of risk action range of risk action
11to 15 High Place under routine tick surveillance and 21025 Definite risk Take immediate action (post area. devise

establish rates of infection.

6to 10 Moderate Consider periodic tick surveillance and
establishment of infection rates.
<6 Low No action necessary at this time or any

time in the future.

tion.'$ Suitable habitats at all sites were evaluated system-
atically using walking surveys.'® All surveys were per-
formed by the same personnel (to avoid sampling biases)
on clear days between 10 AM and 2 pPM when peak activity
was expected. Areas were surveyed for a 60-minute peri-
od. At smaller sites, the survey time was reduced as appro-
priate and the number of ticks collected was extrapolated
to the 60-minute standard for ease of comparison.

This survey technique provides a fairly accurate rep-
resentation of the expected number of adult ticks
encountered by humans.'® The methodology, however.
may be modified to permit collection of subadults.’ The
relative abundance of questing ticks was ranked using
numeric values ranging from 1 (O ticks/survey) to 5
(>30 ticks/survey).

Ticks collected during surveys were retained and eval-
uated for the presence of B. burgdorferi.'® Ticks were
dissected and midguts were triturated in phosphate-
buffered saline solution on microscope slides. A maxi-
mum of 50 fields were examined at X400 magnification
to calculate minimum field infection rates. Field infection
rates of collected ticks were ranked using numeric values
ranging from 1 (0% to 9% of ticks infected) to 5 (>40%
of ticks infected). Point values for potential risk (tick
habitat suitability, amount, and accessibility) are added to
the point values for tick abundance and infection rate to
obtain the actual risk scores used to establish priorities
for surveillance and intervention strategies (Table 2).

RESULTS

Potential risk of transmission

Within Monmouth County’s 52 municipalities, 610
sites were surveyed for potential risk of transmission,
including 415 municipal parks and recreation areas, 27
county parks, seven state parks and WMAs, three federal
properties, and 158 school properties (Table 3). Sites
ranged in size from less than 1 acre to the 16-mile?
Naval Weapons Station Earle (NWS Earle). Excluding
NWS Earle and Fort Monmouth, a total of 26,923 acres

control strategy).
1610 20 Potential risk Consider action as above. place under
routine tick surveillance.

11015 Limited risk Perform periodic tick surveillance.

610 10 No presentrisk  Consider periodic tick surveillance:
no action necessary.
<6 No risk likely No action necessary at this time or at any

time in the future.

of publicly held parks and recreation areas was sur-
veyed. Acreage of school properties was not available.

A total of 58 (12.8%) parks and recreation areas
demonstrated high potential risk of transmission; 136
(30.1%) parks were assigned moderate risk: and the
remaining 258 (57.1%) parks and recreational areas
received a low rating for potential risk. Of the public
school properties, only two (1.3%) demonstrated high
potential risk of transmission; 70 (44.3%) were assigned
moderate risk; and the remaining 86 (54.4%) received a
low risk rating.

Actual risk of transmission

Under normal circumstances, the Index requires sur-
vey of both high and moderate potential risk sites. Owing
to the magnitude of the study and resource constraints.
however, only high potential risk sites were surveyed to
determine actual risk. A total of 60 sites (9.8% of all
sites) in Monmouth County received numeric scores that
suggested high potential risk for Lyme disease transmis-
sion. Of the 60 sites in the high potential risk category,
34 were either undeveloped or no longer being used, and
therefore were not considered for additional assessment.
The remaining 26 sites subsequently were surveyed to
assess the level of actual risk to design future surveil-
lance activities and intervention strategies.

Ticks were collected from 11 of 24 parks and recre-
ation areas surveyed for actual risk of transmission. In
60-minute surveys, the sites yielded between 3 and 53
ticks (mean=20.2 ticks/60-minute survey). Minimum
field infection rates ranged between 0 and 50%
(mean=32.9%). As a result of tick abundance and infec-
tion rate data, three of the parks and recreation areas
(12.5%) were classified as definite risk, 11 (45.8%) as
potential risk, and 10 (41.7%) as limited risk. Tick col-
lections were made at only two of the 158 schools (1.3%)
surveyed. No ticks were collected from either site during
60-minute surveys and both were classified as posing

126 Journal of Spirochetal and Tick-borne Diseases » Vol. 3, No.3/4, Fall/Winter 1996



limited risk for Lyme disease transmission. A summary
of tick abundance and infection rates recorded at sur-
veyed areas is provided in Table 4-

DISCUSSION

The majority of sites (344, or 56.4% of all sites)
ranked low in potential transmission risk and required no
further survey efforts. Although human resource con-
straints prevented further assessment of moderate poten-
tial risk sites, these public properties likely will require
additional attention as the goals of local authorities and
responsible agencies warrant. Surveillance of tick popu-
lations is a labor-intensive and time-consuming enter-
prise.> Therefore, depending on available human
resources and local understanding of the relative degree
that different public areas tend to be used, assessment
personnel must prioritize sites using relative potential
risk. For example, sites that score a potential risk value
of 9 or 10 should be addressed with greater urgency than
sites scoring 6 or 7 when allocating resources for subse-
quent assessments for actual risk of transmission. Local
officials can best assess whether habitat suitability,
accessibility of existing tick habitat, or another of the
measured parameters actually contributes most to trans-
mission risk at a particular site. Local knowledge of pub-
lic land can be quite useful in developing intervention or
management strategies.

Some areas yielded no ticks during surveys, yet were
classified as demonstrating high potential risk. This
apparently anomalous result is explained by the fact that
the Index relies both on the actual presence and infection
rates of ticks and on the suitability of available habitats
to support tick populations. For example, a particular
park that scored high with regard to potential risk may
be assigned limited actual risk if surveys fail to produce
many infected ticks. The high score resulting from the
assessment of the habitat parameters, however, suggests
that the potential for ticks to be present in subsequent
years is significant and underscores the need for periodic
surveillance. Even relatively low tick density can gener-
ate high transmission risk.2

In other instances, sites yielding higher numbers of
ticks were ranked lower in actual risk of transmission
than sites with fewer ticks. For example, NWS Earle
yielded 46 ticks/60-minute survey and was classified as
having potential risk, although Turkey Swamp Park
yielded only 21 ticks/60-minute survey and was classi-
fied as a definite risk site. Turkey Swamp Park ranked
higher in potential risk of transmission because of a high
accessibility score compared with NWS Earle, which is
a secured facility with severe access restrictions.

During the course of this project, it became apparent
that although the Index provided a flexible survey instru-

Lyme Disease Risk Assessment/Schulze & Jordan

Table 3

Summary Statistics for Parks, Recreational Areas, Open Space, and
Public School Grounds Surveyed for Potential Risk of Lyme Disease
Transmission in Monmouth County, NJ, June to November 1993

____Number of sites

High'

Site type Acreage” Moderate Low
Municipal parks 4278 44 (10.6%) 115 (27.7%) 256 (61.7%)
School grounds - 2(1.3%) 70 (44.3%) 86 (54.4%)
County parks 8374 10 37.0%) 16(59.3%) 1(3.7%)
State lands 12671 3 (42.9%) 4 (57.1%) -
Federal lands* 1600 1 1 1

Total 26923 60 (9.8%) 206 (33.8%) 344 (56.4%)

*Acreage of municipal lands is approximate: acreage for school
grounds unavailable.

7High potential risk indicates need for additional survey work to
ascertain actual risk; moderate potential risk=additional survey work
should be considered. low potential risk=no additional action
necessary.”

ZExcludes NWS Earle and Fort Monmouth.

ment allowing the rapid assessment of potential and
actual risk of Lyme disease transmission over large geo-
graphic areas, some operational modification of the
methodology would be required. The utility of the Index
generally was limited to large tracts; primarily because
as tract size increases, habitat diversity increases, and
larger tracts tend to feature multiple-use facilities. The
risk of exposure at larger parks, then, generally is use
dependent. For example, park visitors accessing hiking
trails that run through forested areas suitable as tick
habitat will experience significantly greater risk of expo-
sure to . scapularis than those who limit their activity to
athletic fields and paved courts.

Similarly, certain areas tend to be of limited use or
used by a limited public constituency. For example, state
WMAs are relatively undeveloped and generally are
used by hunters and anglers rather than the public at
large. Exposure to I. scapularis is, therefore, user group
related. Consequently, any future assessment of risk trans-
mission performed as part of an integrated management
program should address the specific constituency at risk.
For larger sites with more than one type of suitable tick
habitat or use, and where some type of intervention is
anticipated, the assessment of potential risk should
address each habitat and use separately.

Data on the geographic distribution of public properties
at risk for Lyme disease transmission suggest certain
trends. In general, high-risk sites were limited in number
and confined to the western portion of the county. Coastal
towns consistently had the greatest number of low-risk
municipal parks, recreation areas, and schools. Of the
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Table 4

Summary of Ixodes scapularis Abundance and Infection Rates (IR) From Recreational Areas and School
Properties Yielding Ticks in Monmouth County, NJ, and Resultant Actual Risk of Lyme Disease Transmission

Municipality Location Number of ticks* IR (%) Relative risk+
Colts Neck Township NWS Earle 46 389 Potential risk
Eatontown Township Wall Street Park 4 0 Potential risk
Woodmere School 0 - Limited risk
Freehold Borough Lake Topanemus 9 333 Potential risk
Freehold Township Turkey Swamp Park 21 41.7 Definite risk
Whittier Oaks Park 24 333 Definite risk
Woodgate Farms 0 - Potential risk
Freehold High School 0 - Limited risk
Holmdel Township Holmdel County Park 3 Limited risk
Howell Township Allaire State Park 53 37.8 Definite risk
Oak Glen Park 4 0 Limited risk
Manalapan Deerway Mobile Park 0 Potential risk
Gordons Corner Park 0 - Limited risk
Pinewood Drive Park 0 - Potential risk
Middletown Hartshorne County Park 0 - Potential risk
Huber Woods County Park 0 - Limited risk
Poricy Park 4 50.0 Potential risk
Tatum Park 0 - Limited risk
Thompson Park 0 Limited risk
Millstone Township Assunpink WMA 33 30.0 Potential risk
Neptune Shark River County Park 21 14.3 Potential risk
Sea Girt Crescent Park 0 Limited risk
Tinton Falls Pinebrook Recreation 0 - Limited risk
Wall Township Marigold Park 0 - Limited risk
West Long Branch Wall Street Park 0 - Limited risk

*Adult ticks/60-min survey.
“Response actions recommended’:
definite risk—take immediate action (post area. devise control strategy):

potential risk—consider action as stated above bur with lower priority, place under routine tick surveillance:

limited risk—perform periodic tick surveillance.

one third (n=17) of municipal parks and recreation areas
with the lowest mean scores, 15 (88.2%) were in coastal
towns. Parks and recreation areas in these communi-
ties—primarily urban areas with high development
intensity—tend to be of low suitability for the support of
tick populations. Developed parks tend to be maintained
lawns or beach areas; areas supporting woody vegetation
tend to be maritime forest with poorly developed under-
story structure, which offers poor habitat for ticks.
Demographic data show that the majority of the popula-
tion in Monmouth County is concentrated in the shore
communities; consequently, limited resources available
for prevention and control activities can be more appro-
priately targeted to specific areas that demonstrate the
highest risk of transmission.

Although most (54.4%) school properties demonstrat-
ed low risk, a significant number (n=70) were assigned
moderate potential risk. A total of 61 of the 70 schools,

however, received a score of “6,” indicating that suitable
tick habitat was located on private property adjacent to
the school grounds. As such, prevention and control
options may be limited.

Park managers had mixed reactions to the results of this
study. Some felt that as only a small number of public
properties posed any real risk of Lyme disease transmis-
sion, public concerns regarding the relative safety of parks,
recreation areas, and schools should be allayed. Some man-
agers of parks identified as having high risk, however,
voiced concemns that a decrease in park use and loss of rev-
enue would follow public disclosure of the study. Clearly,
public health officials and park administrators should work
in concert to develop ways to inform park visitors about
habitats and behaviors that may reduce risk of exposure to
infected ticks. Ideally, information obtained from these
educational efforts will carry forward and have an impact
on reducing peridomestic exposure.
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Where intervention is deemed a next step at high-risk
sites—which generally are large, multiple-use parks and
recreation areas—tick management through the use of aca-
ricides may be impractical and may not receive public sup-
port. Rather, the goal of prevention and control activities
should be “exposure management,” where an integrated
approach (education, posting, vegetation control, etc) is
used to reduce transmission risk. Targeting areas most at
risk for transmission of Lyme disease also will assist in
directing educational efforts at human populations at risk.
Awareness signs and other efforts may be most productive-
ly used in parks and recreational areas where the risk is
highest and the user groups are more clearly defined.

Where the use of acaricides is deemed appropriate, con-
trol efforts directed against vector ticks should be limited
to areas that provide suitable habitat for ticks, thus elimi-
nating unnecessary applications and reducing the amount
of acaricide placed into the environment. This is particu-
larly important around schoolyards and other areas where
children spend significant periods of time. Because acari-
cide use is minimized, the costs of intervention are
reduced significantly.

Results of this project may be used to identify man-
aged areas at risk for Lyme disease prospectively.
Previously, areas at risk could be identified only retro-
spectively, either by randomly conducted tick surveys or
by plotting locations of case reports. Use of the Index
allowed the majority of public areas to be systematically
eliminated from public health concern after initial assess-
ment efforts indicated low potential risk for Lyme disease
transmission because existing vegetative cover did not
provide adequate habitat for 1. scapularis.
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An author of “The Jarisch-Herxheimer Reaction in Patients with Erythema Migrans,” which appeared in the June
1996 issue, would like to add the following note to go along with Table 1: Single EM lesions were noted in 43 of 50
patients (86%) with Jarisch-Herxheimer reactions (JHR) and in 243 of 305 patients (80%) without JHR.
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