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ABSTRACT

Some factors that affect the vector competence of two
ixodid ticks for Borrelia burgdorferi (Bb) were evaluated.
The ticks included Ixodes pacificus, a proven competent vec-
tor and the primary bridge vector to humans in California,
and Dermacentor occidentalis, an incompetent vector that
rarely is found infected naturally with spirochetes. Adults of
I pacificus and D. occidentalis imbibed, on average, about
1.9X10° and 2.7X10° of Bb isolate CA4 in BSK-II medium,
respectively, via a capillary-feeding technique. Spirochetes
persisted in the midgut diverticula of both ticks for 5
months, but significantly more adult D. occidentalis died
after infection. Despite the large spirochetal dose, none of
the D. occidentalis (n=20) and only one of the I pacificus
(n=20) subsequently developed generalized tissue infections.
When capillary-infected ticks were put on susceptible rab-

bits, only I. pacificus successfully transmitted spirochetes.
Between 5 and 7 days after attachment to rabbits, the distri-
bution of spirochetes within these ticks differed. Spirochetes
in I. pacificus penetrated the midgut and disseminated to
the salivary glands via the hemolymph in 30% to 40% of
ticks, whereas dissemination did not occur in D. occidental-
is, and spirochetes disappeared altogether from the midguts
of 83% to 95% of ticks in different trials. These findings
suggest that the vector incompetence of D. occidentalis is
due to a midgut barrier that prevents spirochetal dissemi-
nation, to a borreliacidal factor associated with its feeding
activities, or to both. We conclude that the capillary-feeding
technique is a useful tool for studying the vector competence
of ticks for Bb and for infecting ticks to be used in experi-

mental transmission studies.
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The Lyme disease spirochete, Borrelia burgdorferi, is
maintained and distributed in endemic foci primarily by
ticks in the genus Ixodes.! In the western United States,
B. burgdorferi is perpetuated in enzootic cycles involv-
ing ticks that do not bite humans (eg, I. neotomae, L.
spinipalpis), woodrats, and other small mammalian
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hosts.2S Ixodes pacificus, a worrisome biter of humans
and an efficient vector of B burgdorferi,*®7 also con-
tributes to the chain of infection and serves as a bridge
vector to people. In addition, several ticks in other gen-
era occasionally have been found infected with spiro-
chetes in this region of the country, including
Dermacentor occidentalis, Dermacentor variabilis, and
Haemaphysalis leporispalustris *'" Of these, D. occiden-
talis and D. variabilis attach to humans, but experimen-
tal studies have demonstrated that both ticks are incom-
petent vectors of Lyme disease spirochetes.371216

The vector competence of ticks for microbial agents is
influenced by various intrinsic and extrinsic factors.'”
Although specific biologic factors influencing the vector
competence of ticks for B. burgdorferi have not been
identified,'s growth-promoting factors may be present in
Ixodes vectors that are absent in other tick genera, of
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conversely, growth-inhibiting factors may occur in other
tick genera that are lacking in Ixodes species.”

As an initial step toward elucidating intrinsic factors
that may be responsible for the vector competence of /.
pacificus. we compared the dissemination of B. burgdor-
feri in this tick with that in D. occidentalis after introduc-
ing spirochetes via a capillary-feeding technique.20 We
sought to determine the susceptibility and survivability of
both species of ticks after ingestion of spirochetes to dis-
cover the route of spirochetal dissemination in infected
ticks fed to partial repletion on rabbits versus unfed ticks.
Also, we determined whether capillary-infected ticks are
capable of transmitting spirochetes to rabbits.

MATERIALS AND METHODS

Lyme spirochetes

B. burgdorferi isolate CA4 (passage 6), which was
derived from an adult 1. pacificus, was used to infect lab-
oratory-reared and spirochete-free ticks with the capillary
feeding technique. The antigenic and genetic characteris-
tics of this isolate have been described previously.?!22
The capillary feeding method was modified slightly from
that described by Burgdorfer.?° In brief, a nonheparinized
capillary tube (75 mm long by 1.4 mm in diameter) was
heated medially, and the two ends of the tube were drawn
apart gently to create a narrower central portion. The
medial section was then broken to fashion two capillary
tubes having diameters of about 1.4 mm and 0.6 mm at
their respective nonheated and heated ends.

The spirochetal suspension was prepared by inoculat-
ing known quantities of motile spirochetes into antibiot-
ic-free BSK-II medium and adding adenosine triphos-
phate to a concentration of 1.5 mM. A Petroff-Hausser
counting chamber (Hausser Scientific Partnership.
Horsham, Pa) was used to count spirochetes. After the
capillary tube was embedded horizontally on a plasticine
cuboid (about 10X10X4 mm), the hypostome of the tick
was inserted into the narrow (0.6 mm diameter) end of
the tube. The apparatus was put in a covered petri dish
lined with moistened filter paper and held at 34°C for 2
to 3 hours while the ticks fed. Ticks gained up to 50% of
their prefed weights during the feeding period. Ticks
that gained less than 30% of their prefed weights were
not used in the trials described subsequently.

Source of ticks

Host-seeking adults of 1. pacificus and D. occidentalis
were collected from low vegetation in Tilden Regional
Park, Berkeley, Calif, with a 1-m? tick-drag composed of
white flannel. We used ticks from Tilden Regional Park
because of their easy accessibility and the fact that
the adults from there have rarely (/. pacificus) or never
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(D. occidentalis) been found to contain spirochetes.!!
Prior to experimentation, ticks were maintained at 21°C
in a light:dark cycle of 12 hours:12 hours
and relative humidities of 95% (D. occidentalis) or 98%
(I. pacificus) for 1 to 2 weeks. Only motile ticks that
seemed healthy were used in the capillary feeding trials.

Effects of artificial feeding

To compare the survivability of fed and unfed females.
48 1. pacificus were capillary fed BSK-II culture medium
containing 2.8 X 10% spirochetes per mL: 40 unfed females
served as controls. Likewise. 113 D. occidentalis females
were fed identically and 45 females were not fed as con-
trols. In addition, 59 D. occidentalis females were fed only
culture medium because a preliminary trial revealed that
females fed a spirochetal suspension experienced a higher
mortality than ticks that were not fed. All ticks were placed
inside plastic vials (about 8 ticks/vial), which were held at
the same conditions noted previously. The number of ticks
that died monthly was recorded.

To determine the approximate number of spirochetes
that were imbibed by each species of tick, 30 1. pacificus
and 50 D. occidentalis females were weighed separately
before and after capillary feeding. The average weight
gains were 0.67 mg (SD=0.99) for . pacificus and 1.004
mg (SD=3.78) for D. occidentalis. Because the density of
BSK-II medium is 1.0176 g/mL, each I pacificus and D.
occidentalis female imbibed, on average, approximately
1.9X10° and 2.7X10° spirochetes, respectively.

The survival of capillary-fed versus unfed nymphal
ticks also was determined. The survivability of 22 fed
versus 17 nonfed D. occidentalis nymphs and of 62 fed
and 16 nonfed I. pacificus nymphs was monitored week-
ly instead of monthly because capillary-fed nymphs had
higher mortality rates than adult ticks. The amount of
feeding material imbibed by a nymphal tick could not be
determined because the weights of nymphs before and
after feeding were too small to measure accurately.
Spirochetes were delivered to D. occidentalis nymphs in
8% filtered rabbit serum instead of BSK-II medium
because many D. occidentalis adults died after imbibing
BSK-II medium alone. Nymphs were held at either 98%
(I. pacificus) or 95% (D. occidentalis) relative humidity.

Persistence of spirochetes in adult ticks

To determine how long B. burgdorferi could survive
in capillary-fed I. pacificus adults, the hemolymph and
midgut diverticula of ticks were examined for the pres-
ence of spirochetes by direct immunofluorescence
according to previously described methods at 12 days. 3
months. and 5 months after feeding.”> Also. portions of
the midgut and salivary glands were put into BSK-II
medium in isolation attempts. D. occidentalis adults were
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Fig I: Prevalence of D. occidentalis (D. occ.) and . pacificus (1. pac.)
adults that died after imbibition of BSK-II (BSK) medium alone or BSK-
I medium plus B. burgdorferi (Bb) via a capillary feeding method.
Nonfed ticks served as negative controls.

likewise examined at 2, 4, and 5 months after feeding. To
minimize contamination from other tissues, especially
the midgut diverticula, the salivary glands were washed
four times with phosphate-buffered saline before place-
ment in BSK-II.

Transmission of spirochetes

Sixty days after capillary feeding, two spirochete-
infected I. pacificus females and two male ticks that were
not infected were put on each of four female New
Zealand white rabbits inside feeding capsules. An identi-
cal trial was conducted with D. occidentalis. All eight
rabbits were assayed for spirochetal infection by tick-
xenodiagnosis 4 weeks after infected adult ticks had fed
to repletion on them. About 30 spirochete-free I pacifi-
cus larvae or 20 D. occidentalis larvae from laboratory
colonies were put on the rabbits that had been exposed to
infected adult 1. pacificus or D. occidentalis. After reple-
tion and drop-off, xenodiagnostic ticks were tested for
spirochetes by direct immunofluorescence and by cultur-
ing their tissues 4 to 5 weeks after the transstadial molt.
Moreover, six ear-punch biopsies (4 mm in diameter,
three per ear) and three pieces of skin from adult tick
feeding sites were put into BSK-II medium. Serum
obtained from each rabbit 6 weeks after infected adult
ticks fed on them was tested for antispirochetal antibod-
ies by indirect immunofluorescence.’* The B-31 strain of
B. burgdorferi was used as antigen.

The infectivity of capillary-fed nymphs of 1. pacificus
and D. occidenzalis for rabbits also was tested. The den-
sity of spirochetes that nymphs were fed was
1.4X10%/mL. Because capillary-fed nymphs of both
species experienced a higher mortality rate than adult
ticks, we placed fed nymphs on rabbits within 24 hours

after they had ingested spirochetes. After repletion on
rabbits and the subsequent transstadial molt, the midguts,
hemolymph, and salivary glands of the resultant I. pacifi-
cus (n=15) and D. occidentalis (n=12) adults were exam-
ined for spirochetes by direct immunofluorescence and
by culturing them in BSK-II medium. To determine if
nymphal ticks transmitted spirochetes while feeding, ear-
punch biopsies and serum obtained from each rabbit 5
weeks after tick detachment were assayed for infection.
as described previously.

Spirochetal dissemination after a blood meal

To ascertain the course of spirochetal dissemination in
adult I pacificus after blood feeding, 20 infected female
and 20 noninfected male ticks were put inside four feed-
ing capsules (five females/five males per capsule) on
each of four rabbits 3 to 4 weeks after capillary feeding.
Five or 6 days after the ticks had attached, the partially
fed ticks were removed manually from each rabbit.

Because D. occidentalis females experienced such a
high mortality after capillary feeding, adults were put on
rabbits 3 days after feeding rather than several weeks
later as was done in the case of L. pacificus. Before place-
ment on rabbits, adult ticks were exposed to one of three
spirochetal densities (4.6X10%/mL, 1.7X10%/mL. or
9.7X107/mL). Female ticks in these groups imbibed. on
average, approximately 4.5X 103, 1.7X 105, and 9.6Xx 10+
spirochetes. Four feeding capsules were fastened on each
of four rabbits to confine ticks. One rabbit received 28
ticks infected with about 4.5X10° spirochetes apiece.
another rabbit received 24 ticks infected with about
1.7X 103 spirochetes each. and the remaining two rabbits
each received 12 ticks infected with about 9.6 X 10* spiro-
chetes apiece. Partially replete ticks were removed manu-
ally on either the sixth or seventh day after attachment.
Ticks whose hypostomes were damaged during removal
were discarded. Partially fed I pacificus or D. occiden-
talis females were dissected immediately after they were
removed from animals. Tick tissues and hemolymph. and
rabbit ear-biopsy tissues or sera. were assayed for spiro-
chetal infection by the same methods outlined previously
for the first series of experiments.

Data analysis
Fisher’s exact test (two-tailed) was used to test for dif-
ferences in prevalence of infection or mortality rates.”

RESULTS

Survival of capillary-fed adult and nymphal ticks

The mortality rates of capillary-fed I. pacificus
females at 30 and 60 days after feeding did not differ
significantly from those of the nonfed controls (P=0.13
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and 0.91, Fig 1). D. occidentalis females fed BSK-II
medium alone or BSK-II medium plus spirochetes experi-
enced significantly higher mortality rates than nonfed
ticks (P<0.001), but no difference in mortality rates was
seen between females fed BSK-II only and those fed
BSK-II plus spirochetes at 30 or 60 days after feeding
(P=0.35 and 0.87). Among nymphal ticks, significantly
more capillary-fed I pacificus and D. occidentalis died at
6 and 21 days after feeding than nonfed nymphs (P<0.01).
Mortality between capillary-fed nymphs of I. pacificus
and D. occidentalis did not differ significantly (Fig 2).

Survival of spirochetes in capillary-fed adult ticks

The midguts of all I. pacificus and D. occidentalis
females were found to contain spirochetes 5 months
after capillary feeding. Among /. pacificus females, the
prevalence of hemolymph-test-positive ticks at 12 days
(1/14, 7.1%) versus 3 months (1/15, 6.7%) after feeding
did not differ significantly. The prevalence of infection
in salivary glands washed in phosphate-buffered saline
12 days (1/14, 7.1%) and 3 months (2/17, 11.8%) after
feeding also was comparable. In contrast, nonwashed
salivary glands were more likely to be infected than
those that were washed 3 months after capillary feeding
(P=0.0056, Table 1).

Except for one hemolymph-positive D. occidentalis.
spirochetes were not detected in the hemolymph or sali-
vary glands of capillary-fed D. occidentalis (Table 1).

Transmission of spirochetes to rabbits by
capillary-infected ticks

Two of four rabbits exposed to spirochete-infected 1.
pacificus females seroconverted: one of these rabbits also
tested positive by ear-punch biopsy, and the other yielded
infected xenodiagnostic ticks (Table 2). Overall, 24% of the
xenodiagnostic ticks that had fed as larvae on both infected
rabbits acquired and transstadially passed spirochetes. In
contrast, none of four rabbits fed upon by capillary-fed D.
occidentalis females became infected (Table 2.

In trials involving capillary-infected nymphal ticks.
15 of 50 (30%) I. pacificus and 12 of 64 (19%) D. occi-
dentalis put on separate rabbits fed to repletion and later
molted. Three (20%) of the resultant I. pacificus and
none of the D. occidenralis adults contained spirochetes
in their midguts. Neither rabbit was found to be infected
by ear-punch biopsy or indirect immunofluorescence
examination of their sera (Table 3).

Spirochetal dissemination during blood feeding

The prevalence of spirochetal infection in capillary-fed
female . pacificus (n=15) and D. occidentalis (n=6) before
blood feeding was 100%. Five or 6 days after attaching to
rabbits, the midguts of 20 /. pacificus females were positive
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Fig 2: Prevalence of D. occidentalis (D. occ.) and 1. pacificus (I. pac.)
nvmphs that died after imbibition of 10% rabbir serum in phosphate-
buffered saline plus B. burgdorferi via a capillary feeding method.
Nonfed ticks served as negative controls.

by direct immunofluorescence. but only 1 of 15 females
tested concurrently by culture yielded spirochetes. The
prevalence of spirochetal infection in D. occidentalis
females that had been fed one of three dosages of spiro-
chetes was significantly lower (P<0.001) than that of /.
pacificus (Table 4), but the D. occidentalis females did not
differ significantly among themselves (0.53<P<1). None of
the midguts from D. occidentalis females produced positive
cultures, regardless of the spirochetal dosage to which they
had been subjected.

Hemolymph from 20 of 49 (41%) female /. pacificus
were direct-immunofluorescence-test positive. and
washed salivary glands from 3 of 10 (30%) ticks and 1
of 15 (7%) ticks were positive, respectively. by direct
immunofluorescence and culture. Spirochetes were not
detected in the hemolymph or salivary glands of D. occi-
dentalis females. Cultures of ear-punch biopsies of rab-
bits fed upon by either species of tick did not yield
spirochetes; however, all four rabbits fed upon by /.
pacificus seroconverted.

DISCUSSION

The capillary-feeding method is a simple technique
for experimentally infecting ixodid ticks with microbial
agents for use in vector competence studies.
Burgdorfer™ used a modified version of the glass capil-
lary tube technique developed by Chabaud®® to infect
several species of ticks with microbial agents including
the spirochete Leprospira pomona. Since then, European
investigators have used this method to evaluate the vec-
tor efficiency of two Ixodes ticks for the Lyme disease
spirochete.”’?* Here we report for the first time the use
of the capillary-feeding method to evaluate the factors
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Table 1

Prevalence of Spirochetal Infection in Various Tissues of D. occidentalis and 1. pacificus Adults at Various Intervals After Capillary Feeding*

No. positive (%) by

direct immunofluorescence

No. positive (%) by culture

Time after Washed Nonwashed

Species feeding (days) Midgut Hemolymph salivary gland salivary gland Midgut
1. pacificus 12 15/15 (100) 1/14(7.1) 1/14 (7.1) 5/13 (38.3) 15/15 (100)
90 17/17 (100) 1/15(6.7) 2/17(11.8) 8/17 (47.1) 17/17 (100)
150 3/3 (100) Not available 2/3 (66.7) Not available 1/3(33.3)
D. occidentalis 60 11/11 (100) 1711 (9.1 0/11 (0) 0/11 (0) 10/11 (90.9)
120 1/1 (100) 0/1 (0) 0/1 (0) Not available 171 (100)
150 4/4 (100) 0/4 (0) 0/4 (0) Not available 4/4 (100)

*Tissues were tested for spirochetes by direct immunofluorescence or by culture in BSK-1I medium.

Table 2

Infectivities of Capillary-fed 1. pacificus and D. occidentalis Females for New Zealand White Rabbits*

Positive by

Tick xenodiagnosis7
No. positive/no. tested (% positive)

Indirect Culture
immunofluorescence (Ear-punch Direct

Tick species Rabbit no. (Serum) biopsy) BSK-II immunofluorescence
I pacificus 1 — — 0/20 020

2 — — 0/20 0/20

3 + + 0/34 2/34 (5.9)

4 + — 6/19 (31.6) 8/19 (42.1)
D. occidentalis 1 — — 0/17 017

2 — — 0/10 0/10

3 — — 0/10 0/10

4 — — 0/16 0/16

*Determined by indirect immunofluorescence. ear-punch biopsy, and tick xenodiagnosis.
“After the transstadial molt, the midgur diverticula of xenodiagnostic nymphs were assayed
for spirochetes using direct immunofluorescence or culture in BSK-I1I medium.

that may affect the efficiency of a proven competent (/.
pacificus) versus that of an incompetent vector (D. occi-
dentalis) for B. burgdorferi>®" The Western black-
legged tick, I. pacificus. is a competent experimental
vector of B. burgdorferi and the primary bridge vector to
humans in the far Western United States.>*° Unlike D.
occidentalis, which is incapable of acquiring and
transstadially passing Lyme disease spirochetes, 1. paci-
ficus can efficiently acquire, maintain, and transmit B.
burgdorferi after having fed on naturally or experimen-
tally infected rodents.>67-3!

Our findings corroborate those of previous studies and
suggest that the vector incompetence of D. occidentalis
may be due to a midgut barrier to spirochetal dissemina-
tion. to physiologic changes during blood feeding that are
inimical to spirochetes, or to both factors. Thus, spiro-

chetes imbibed by 1. pacificus females during capillary
feeding disseminate to the salivary glands via the
hemolymph in about 7% of ticks within 12 days. Further,
if such ticks are placed on rabbits, 30% to 40% develop
disseminated infections within 5 or 6 days of attachment.
Similarly, Ixodes ricinus females infected via the capillary
method develop systemic infections within a few days
after their placement on rabbits.’?® For instance. spiro-
chetes were detected in the hemolymph of 2 of 11 1 rici-
nus capillary-infected females 2 days after attachment to
rabbits and in the salivary glands of 6 of 51 ticks after 3
days of attachment.?’

In marked contrast. spirochetes in the midgut diver-
ticula of artificially fed D. occidentalis females do not
disperse to other tissues with or without a subsequent
blood meal, which portends the existence of a midgut
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Table 3
Spirochetal Prevalence in Various Tissues of 1. pacificus and D. occidentalis Females Infected
By Capillary Feeding Before Partial Engorgement on New Zealand White Rabbits

No. (%) positive by direct No. (%) positive by

immunofluorescence culture in BSK-II Infectivity for rabbits
Washed Washed
salivary salivary Ear-punch
Tick species Midgut  Hemolymph glands Midgut Front legs* glands biopsy Serum IFA
L. pacificus 3/15 (20) 0/15 0/15 0/15 0/15 3/15(20) Negative Negative
D. occidentalis 0/12 0/12 0/12 0/12 0/12 0/12 Negative Negative

*Front legs were amputated to obtain hemolvmph. and the amputated legs were cultured in BSK Il medium in isolation artempts.

Table 4
Tissue Tropisms of B. burgdorferi in Capillary-fed 1. pacificus and D. occidentalis
Females Within 5 to 7 Days After Attachment to New Zealand White Rabbits

No. (%) positive by direct

No. (%) positive by

immunofluorescence culture in BSK-II

Washed Washed
Tick species salivary salivary
(Spirochetal dose)* Midgut Hemolymph glands glands Front legs+ Midgut
I. pacificus (high) 20720 (100) 20/49 (40.8) 3/10 (30) 1/15 (6.7) Not available 1/15 (6.7
D. occidentalis (high) 1720 (5) 0/20 0720 0720 0720 0/20
D. occidentalis (medium) 2/15(13.3) 0/15 0/15 0/15 0/15 0/15
D. occidentalis (low) 2/12 (16.7) 0/12 0/12 0/12 0/12 0/12

*Ticks were fed one of three spirochetal densities: 4.6 X10%mL (high). 1.7 X10%mL (medium), or 9.7 X107 /mL (low).
*Front legs were amputated to obtain hemolvmph. and the amputated legs were cultured in BSK-II medium in isolarion artempts.

barrier. Also, the fact that most D. occidentalis females
lose their midgut-restricted spirochetal infections by the
fifth to seventh day after attachment indicates that intrin-
sic physiologic changes during the feeding process may
be destructive to spirochetes.

We postulate therefore that D. occidentalis contains a
borreliacidal factor that is released into the midgut
diverticula during tick feeding, either from the salivary
glands or from enzymes released by secretory cells lin-
ing the midgut. Other investigators have shown that
many complex physiologic and biochemical changes
occur in the midgut of ticks during blood feeding.32 For
example, studies on the digestive enzymes of ticks
demonstrated that protease is present in the digestive
cells or lumen of the midgut.’*>3” If some midgut
enzymes induced during blood feeding are species-spe-
cific, either quantitatively or qualitatively, and are detri-
mental to spirochetes, they may contribute to the vector
incompetence of certain ticks. Moreover, the viability of
B. burgdorferi varies when incubated with cell cultures
derived from different tick species.

Vector Competence for Lyme Spirochetes/Li & Lane

Dermacentor variabilis and Amblyomma americanum
can acquire B. burgdorferi while feeding on infected
rodents, but both ticks are incapable of maintaining
spirochetes or transmitting them to susceptible ani-
mals.'*!3 The limited viability of spirochetes in these
ticks after ingestion of blood is similar to that of D. occi-
dentalis in the present study.

Although cultured spirochetes are widely used in
experimental studies, the repertoire of surface proteins
and the associated infectivity of cultured versus uncul-
tured B. burgdorferi are not identical .3 To minimize
this potential shortcoming, we used low-passaged Spiro-
chetes and treated both ticks similarly during experimen-
tation. Even so. spirochetes in adult 1. pacificus and D.
occidentalis behaved differently while these ticks fed on
rabbits, and only 7. pacificus transmitted B. burgdorferi.

Nymphal ticks of both species suffered higher mortal-
ity rates than adult ticks when fed spirochetes artificially.
whereas BSK-II medium alone adversely affected the
survivability of adult D. occidentalis. Consequently.
experiments with the nymphal ticks and adult D. occi-
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dentalis need to be repeated using an innocuous d:luent
(eg, defibrinated mouse blood) and lower doses of spiro-
chetes. We used inocula containing approximately 108

cells/mL to infect ticks, which resulted in adult ticks
ingesting more than 103 spirochetes.

In comparable vector competence studies with
European vector ticks, 1. ricinus and Ixodes hexagonus.
Gern and coworkers®®? exposed ticks to lesser concen-
trations of spirochetes (10° to 10 cells/mL) cultured in
BSK-II medium with no apparent untoward effects.

In comparison, naturally or experimentally infected
vectors of B. burgdorferi contain only about 10% or 10°
spirochetes in the unfed state.'*#! For example, the mean
number of spirochetes present in experimentally infected
L. dammini (now L. scapularis) was estimated to be less
than 300 for nymphal and about 4000 for adult ticks.'
and the median density of B. burgdorferi in naturally
infected adult ticks from intensely zoonotic sites in
coastal Massachusetts was 1925.*! Further experimental
studies are necessary to determine the minimum thresh-
old of spirochetes that various enzootic or bridge vectors
must ingest to acquire, transstadially pass, and transmit
B. burgdorferi.

We conclude that the capillary-feeding method is
highly suitable for this purpose because previously cul-
tured and characterized microbial agents can be effi-
ciently delivered to ticks in known concentrations with
minimal expense and effort.

Acknowledgments: We thank Esther Omi-Olsen for
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The Role of Publicly Owned Properties
in the Transmission of Lyme Disease in Central New Jersey

Terry L. Schulze, PhD and Robert A. Jordan, PhD

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.

Key words: public parks, recreation areas, Lyme disease

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, '
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, multiple-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 Ixodes 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,
NI, 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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