VECTOR-Bonng Iiseases, SURVEILLANCE, PREVENTION

Lyme Disease Spirochete, Borrelia burgdorferi Endemic at
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ABSTRACT  The Lyme disease spirochete, Borrelia burgdorferi Jobmson, Schmidt, Hyde, Stefgerwalt,
and Brenner wag discovered in blacklegged ticks, Ixodes scapularie Say at Rondeau Provincial Park,
Ontario, Canada, During this 2-yr study, spirochetes weve found in B. burgdorferi-positive I scapularis
larvae attached to B. burgdorferi-infected white-footed mice, Peromyscus Iencopus Rafinesque, Isolates
of B. burgdorferi were cultured from blacklegged tick adults, and confirmed positive with polymerase
chain reaction by targeting OspA and rif {58)9v1 (238} genes. These findings show an endemic area
for B. burgdorferi within an established population of I scapularis at Rondeau Provincial Park.
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Loymz misgasi 16 a bacterial zoonosis caused by Borrelia
burgdorferi Johnson, Schimid, Hyde, Steigerwalt, and
Bremner that is transmitted to humans by certain ix-
odid ticks (Burgdorfer et al. 1982). In eastern and
central Canada, the blacklegged tick, fxodes scapalaris
Say {northern populations previously treated as L
damanini |deer tick] s {Oliver et al. 1993, Keirans et al.
1966} acts us » competent vector of the Lyme disease
spirochete {Burgdorfer and Gage 1986, Piesman and
Sinsky 1988, Sanders and Oliver 1695}, The black-
legged tick also acts as a vector of the etiologic mi-
croorganisms  that cause haman  granuloeytic
ehrlichiosis {Pancho¥ et al. 1995, des Vignes and Fish
1997}, hurnan babestosis (Piesman et al. 1986, Mather
et al, 1990), and deer tick virus {Telford et al. 1997,
Ebel et al. 1899}, which is a variant of Powassan viras
{Kuno et al. 2001). Recently, Bartonella henselae, the
agent of cat scrateh disease, has also been detected in
L scapularis (Eskow et al. 2001).

Morshed et al. (2000} reported B. burgdorferi in
blacklegged tick adults collected from Rondeau Pro-
vincial Park, Ontarfo. As well, fmmature {Jarvae,
nymphs) I scapuleris were noted on white-footed
mice, Peromyscus leucopus Rafinesque, which act as a
competent reservoir for B bwrgdocfert (Boster ef al.
1983, Anderson et al. 1985, Donabue et al, 1987). Klse-
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where in Ontario, Barker et al, {1988} first reported B.
burgdorferiin L scapularis {reported as I dammini) at
Long Peint, Ontario, an endemic area for Lyme dis-
ease. Borrelia burgdorferi-positive blacklenged ticks
that were removed from dogs, which had no out-of
province travel, and were serologically positive for
Lyme disease, have been documented across main-
land Ontaric {Banerjee et al. 1995, 1998, 2000).

The blacklegged tick coexists in Rondeau Provincial
Park with the American dog tick, Dermacentor varia-
bilis Say, which is often noted by the public during
summer months. Both species of ticks have established
populations in the park and are often found together,
because they frequently share similar climate, hosts,
and environments,

In this 2-yr study, we examined ticks and small
mammals to determine the presence of B. burgdorferi,
its endemicity, and whether this spirochete is cyeling
enzootically at an epicenter in the south part of the
park.

Materials and Methods

Study Area. Rondeau Provineial Park (42° 17' N,
81° 51" W} iz a 3,254-hectare peninsula on the north
shore of Lake Erie, in Chatham-Kent, Ontario. This
cuspate sandspit is interspersed with ridges and
sloughs, and consists of Carolinian hardwood forest
dominated by red oak (Quercus rubra L), white oak
{Q. albe L}, and black oak {Q. velwting Lam). The
peripheral area opens up to savanna in which various
praivie grasses are grazed by white-tailed deer,
Odocoileus virginianus Zimmerman.

Tick Collection. Blacklegged tick adults were col-
lected by flagging in 13 general areas throughout the
park using a Hannel-covered, waterproof crib sheet
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P, Paromyscus fewcopus: Bb., Blarine brevicouda: T, Tamias strivtus,

{Dundee Mills. New York, NY}; the collections coin-
cided with their bimodal activity af this site in the
spring and fall. Males and unfed females were stored
in separate vials, and kept in ziplock bags with moist
paper towel. Live Hoks were sent promptly by courier
for culturing to the British Columbia Centre for Dis-
sase Coutrol. Adult D. variabilis were observed but
not collected. An ixodid speeimen was sent to Georgia
Southern University for identification. and then for-
warded to the British Columbia Center for Disease
Control.

Larval and nymphal ticks were collected from live-
trapped small mammals during early and late summer
using 52-58 live-traps per night. Fully engorged, im-
mature ticks were kept live for culturing, and handled
in a gmilar way to adults: however, nonengorged or
partially engorged ticks were put directly into mi-
crovials containing 70% isopropyl aleohol for poly-
merase chain reaction (PCR) testing. In this study.
ticks were tested in pools of up to five adults {(normally
3) or 28 larvae.

Culturing of B. burgdorferi from Ticks. Live ticks
were surface sterilized with 10% H.O, for 10 min
followed by T0% isopropy! alcohol, and washed three
times with sterile distilled water. The midgut was re-
moved aund placed in BSK [ media as described pre-
viously { Rarbour 1984, Scott at al. 2001). incubated at
34°C, and checked weekly by dark-fleld microscopy
for live spirochetes for up to 30 4.

Culture of B. burgdorferi from Organs. Small mam-
mals were killed using carbon dioxide, and frozen
promptly for transit to the laboratory where they were
thawed, soaked in 70% isopropyl aleohol, and washed
three times in sterile water. Ear, spleen. Hver, lung.
heart and urinary bladder tissues were placed in BSK
It media as deseribed previously {(Barbour 1984). and
incubated at 34°C for 30 d. Tubes were checked for live
spirochetes weekly.

Polymerase Chain Reaction. DNA was extracted
From pure or eontaminated cultures using Qlagen Hs-
sue kits (QIAGEN, Mississauga, ONj. PCR was per-
formed to amplify a portion of the variable spacer region
hetween two conserved structures, the 3' end of the 55
BNA (erf) and the 53 end of the 238 fBNA {rl). as
described previously {Postic et al. 1994}, and. similarly.
a portion of the OspA gene (Persing et al 1990},

The PCR mixture for the variable spacer region
consisted of one conmmercial bead containing 1.5 U of
Taey polymerase { Roche Diagnostics, Quebec, QC), 16
mM Tris-HCl {pH 9.0 at room temperatare), 50 mM
KCl, 1.5 mM MgCL,. 200 pM of each deoxynucleoside

triphosphate (dNTP} {Roche Diagnostics, Quebeg,
Canada} and stabilizers including bovine serum albu-
min {Amersham Pharmacia Biotech, Quebec, Cana-
dad, T @l (20 pmol} primer one {CTGCGAGT-
TCGCGGGAGA), and 1 ul (20 pmol} prmer two
{TCCTAGGCATTCACCATA). both from the same
supplier (Bigma, Oakville, ON}, and 18 ;i extracted
DNA in a total volnme of 30 bl Thermal cycling
eonsisted of B min at 84°C, 50 eveles for 1 min at 94°C,
1 min at 532°C, and 2 min at 72°C. and a final T-min
extension at 72°C.

The PCR mixture for the OspA gene congisted of
one cormercial bead containing 1.5 U of Tag poly-
merase, 10 mM Tris-HC! (pH 9.8 af room tempera-
ture), 530 mM KCL 1.5 mM MgCl,. 200 M of each
ANTP and stabilizers including bovine serum albumin,
I b (20 pmol} primer three (TTCTGACGATOTAG-
GTCAAA) and 1 pd (20 pmol) primer four (GCAGT-
TAAAGTTCCTTCAAG) and 10 ul exiracted DNA in
a total volume of 30 pl. Thermal cycling consisted of
3 min at 85°C, 50 cycles for L5 min at 95°C, 1 min at
55°C, and L83 min {110 5) at 72°C, and a final T-min
extension at 72°C.

Negative and positive eontrols were used for all
PCR reactions. The negalive control employed sterile
water, and the positive control used purified B. burg-
dorferi strain B3l The amplification products were
analyzed by electrophoresis in 2.0% agarose gels fol-
lowed by staining with ethidiom bromide and visual-
ization in ubtraviclet light.

Resalts

Tick and Small Mammal Collection, Over the Zwvr
study (1 April 1999 -30 November 2000) both I scapu-
laris and D. variabilis were obtained in the puk A
total of 338 immature ticks (199 L scepuloris. 159 D.
periabilis) were removed from 98 small mammals dur-
ing three sunmer feld trips consisting of 679 Hve-trap
nights {Table 1}. These larval and nymphal ticks were
colleeted primarily from the south part of the park.
With the exception of one I scapridaris larva on an
eastern chipmunk, Tamias strictus (L), larval and
wyinphal ticks were removed from white-footed mice.
No ticks were found on the single northern short-
tailed shrew, Blarina brevicauda (Say). which was
caught. Overall, Hick prevalence on small mammalg
was T8.6% (T7/98). For I scapudaris, the tick preva-
lence on small mamimals was 45.9% [45/98) with a
raean intensity on infested hosts of 4.4 {range. 1-30}.
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Atotal of 263 blacklegged tick adults {125 males, 138
females) were collected by fagging. During 362 h of
flagging, an average of 6.7 adults were collected per
hour with the majority obtained in the South Point
Trail area. Interestingly, one gravid L scapularis female
removed {rom 2 dog visiting the park Iaid 3066 eggs,
which later develoned into viable larvae.

Spirochete Detection. At the epicenter, [ scapularis
karvae attached to six white-footed mice were PCE-
positive for B. burgdorferi, and the corresponding
hosts were also positive using PCR. In all six cases, both
target genes were positive. We did not find any dif-
ferences in sensitivity between the two primer sets
(variable spacer region between 58 rRNA [ref] and
238 1RNA [ir1]; OspA gene}. Consistently, the second
primer set amplicons confirmed the first primer set
amplification products, Notably, six (406.0%) of I5
white-footed mige from the epicenter area were -
fected with B. hurgdorferi.

Based on all L seapuloris adults collected from the
park, 12 (14.0%} of 88 pools were PCR-positive for B.
burgdorferi. Spocifically, of adults collected from the
epicenter, 10 {33.3%) of 30 pools were positive. In the
remainder of the park. two (3.6%) of 56 pools showed
positivity. Live cultures were obtained from 1 scapu-
loris adalts collected from the epicenter and else-
where in the park. All immatare D. pariabilis removed
from B. burgdorferi-infected white-footed mice ware
negative by PCR for the Lyme disease spirochete.

Piscussion

Infected mice and ticks collected at several sites in
Rondean Provincial Park confirm that B. burgdorferi is
present, especially at the epicenter. Although B. burg-
dorferi was not detected in the north part of the park,
established popnlations of I scapularis and D, varibilis
are sympatrie there. Bven though D. variabilis is es-
tablished in the park, and is often noted by the public.
it is not a competent vector of the Lyme disease
spirochete {Piesiman and Sinsky 1988, Sanders and
Oliver 1895, Johns et al. 2001).

All of the small mammals caught in the park are
competent reservoirs of B, burgdorferi: white-footed
mice (Bosler et al. 1983, Auderson et al. 1985, Donahue
etal. 1987), northern short-tailed shrew (Telford ot al.
1980}, and castern chipmunk (McLean et al. 1993).
These three mammalian species act as hosts for larval
and nymphal L seapudoris. In contrast, white-tailed
deer, which are common in the park, are incompetent
reservoirs of B. burgdorferi (Telford et al. 1988); how-
ever, they do act as an important host of all motile
stages of L scapularis, especially adults {Durden and
Keirans 16896). Similarly, the naccoon, Procyon Iotor (1.},
coinon in the park, is an inefficient reservoir of the
spirochete (Ouellette et al. 1993, Norris et al. 1896).

Morshed et al. (2000} provided the first direct ev-
idence of an established population of I scapularis at
the park. Songbirds Likely introduced immature [
scapadaris during spring migration from the South,
Scott et al. (2001} reported wide distribution of I
scapularis in Canada on passerine birds extending
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from northern Alberts to Nova Scotia, some of which
are infected with B. burgdorferi. Notably, sonie species
of birds act as competent reservoir hosts of B. burg.
dorferi, and provide an avenue to introduce infected
larvae and nymphs {Anderson et al. 1986, 1990, Weis-
brod and Johnson 1989, Stafford et al. 1995, Richter et
al. 2000}, After fully engorged larvae drop to the ground,
they moli, and as nymphs may infect mice. The avian
checklist for Rondeau Provincial Park area reports 343
species of birds, most of which overwinter in southern
latitndes {personal commumication: Allen Woodliffe).

In conclusion, we provide direct evidence that the
blacklegged tick is established in the park with all
three motile stages present. Borrelia burgdorferi was
discovered in both immature and adult L scapularis at
the endemic area in the south part of the park. More-
over, B. burgderferi-positive 1. scapularis attached to
B. burgdorferi-infected white-footed mice were col-
lected at the focal avea of the park.

Beeause blacklegged ticks have a marked increase
in guesting activity at temperatures 24°C (Duffy and
Campbell 19084), visitors should take tick preveniative
measures and stay on groomed trails. Physicians must
be aware that patients may encounter B. burgdorferi-
infected I scapularis in the park, and subsequently
contract Lyme disease. The Lyme disease spirochete
is endemic at Rondeau Provincial Park, as it is present
in both immatare and adult blacklegged ticks, and
white-footed mice.

Ackuowledgments

The authors thank Rickard Hornsby, Park Superintendent,
for his co-operation and aocess within the park. For technical
and clerical assistarce, we thank Cathering Scott. This stucky
was funded in part by the Lyme Disease Association of
Ontario, and by National Tnstitute of Allergy 1nd Lfectious
Diseases grant (AI} 40729,

References Cited

Andersow, |. F., B. C. Johnsen, L. A. Magnarelli, and F'. W.
Hyde. 1983. Identification of endemic foci of Layme dis-
ease: isolation of Borrefia burgdorfort from feral rodents
and ticks { Dermacentor variahilis}. ¥. Chin. Microbiol. 22:
3638,

Anderson, |. F., R. C. Juhnson, L. A, Magnarelli, and . W.
Hyde. 1986. Involvement of birds in the epidemiology of
the Lyme disease agent Borrelia burgdorfer. ifect. Im-
munol. 51: 394-396.

Anderson, L. F., L. A Magoarelli, uad K. C. Srafford HI. 1990,
Bird-feeding ticks transstadinfly transmit Borrelin bura-
dorferi that mfect Syrian hamsters, | Wildh Dis. 26: 1-10.

Banerjee, 8. N., C. 1. Christensen, and 1 D. Scott. 1995
Lsolation of Borrelie burgdorfori on mminfand Ontasio.
Cam. Com. Dis. Rep. 21: 85-86.

Banerjee, 8., M. Baneriee, J. Scott, M. Lankester, and . Kubiuec.
1986, Ssobation of Berrelia burgdorferi—Thunder Bay Dis-
trict, Ontario. Can. Com, Dis. Rep. 16 138140,

Banerjee, . N., M. Banerjee, K. Fernande, J. D. Scott, K.
Mann, snd M. G. Marshed. 2008, Prosence of spiroehete
causing Lyme disesse, Borrelia burgdorfurt, in the black-
legred tick, Ixodes scopnidaris, in southern Ontario. Can,
Med. Assoc. §. 162: 1567-1569.

Barbour, A, G. 1884. Isolation and cultivation of Lyine dis-
ease spirochetes. Yale L Biol. Med. 57: 521505,



94 IoURNAL OF MEDICAL ENTOMOLOGY

Barker, L K., 5. A, McEwen, G. A. Surgeoner, and H. Artsob,
1988, Borrelia burgdorferi, the agent of Lyme disease, in
tick vectors and wildlife reservolrs in southern Ontario.
Omit. Dis, Sarv, Bep. & 151-154

Bosler, . M., |. L. Coleman, ], L. Benach, D). A, Massey, |. F.
Franvahan, W, Burgdorfer, and A, G, Barbour, 1983
Natural distribution of the Ivodas demmini spirochete.
Science 236G 321322,

Bargdorfer, W., A. G. Barbour, 8. . Hayes, . L. Benach, E.
Gronwaldt, and 1, P, Davis, 1982, Lyme disease-—a tick-
borne spirochetosis? Soience 216; 1317-1318.

Burgdovfer, W., and K. L. Gage. 1986, Susceptibility of the
hlacklegged tick, Kodes scaprdaris, to the Lyme disease
spirochete, Borrelia burgdorferi. Zentralbl. Bakteriol
Hyg. 263 15-20.

des Vignes, F., and D, Fish. 1997, Transmission of the agent
of human granulocytic ehrlichiosis by host-seeking bvodes
seapidaris { Acari: Ixodidae) n southern New York State,
1. Med. Entomol. 34 379-382,

Donaliue, | G., J. Plesman, and J. Spielman, 1987, Reservoir
competence of white-footed mice for Lyme disease spi-
rochetes. Am. . Trop. Med. Hyg. 36 92-96.

Putly, D. C., and 8. R Campbell, 1884, Ambient air tem-
perature as a predictor of activity of adult xodes scapu-
laris {Acari: Ixodidae}, . Med. Entomol, 31 178-150.

Purden, 1. A., and . . Keirans. 1996, Nymphs of the genug
Funddes {Acart: Ixodidae) of the United States: taxonomy,
identification key, distribution, hosts, and medical/ vet-
erinary importance, Thomas Say Publications in Ento-
mology. Entomological Society of Americs, Lanham, M.

Eskow E., R, -VS. Rao, and E. Mordechai, 2001 Concurrent
infection of the central nervous sysiem by Borrelia burg-
dorferi mud Bartonella henselae: evidence for a novel tick-
borne disease complex. Arch. Neurol 38 1357-1363.

Bhel, G. 1. 1. Foppa, A. Spielman, and 8. I Telford, TiL
1989, A focus of deer Hek virus transmission in the north-
central United States. Emerg. Infect, Dis. & 570-574,

Jehns, R, ). Ohnishi, A. Broadwater, 1. E. Sonenshine, A. M,
De Silva, and W, L, Fiynes. 2001, Contrasts in tick innate
immeme responses to Borrelia burgdorferi challenge: to-
muneotolerance in Ixodes scapudaris versus immunocem-
petence i D, varialilis {Acart Ixodidae}. J. Med, Ento-
mol. 38 B8-107

Keivans, | E.. FL | Hutcheson, L. A, Durdesn, and J.8.FL
Klompen. 1995, Ixodes {(Ixedes) scapuloris (Acari: Ixo-
didae}: Redeseription of all active stages, distribution,
hosts, geographical variation, and medical and veterinary
importance. J. Med. Eotomel 33 207-318.

Kune, G., H. Artsob, ¥, Kavabatsos, K. B Tsuchiva, and 1L 1.
Chang, 2081, Genomic sequencing of deer tick viras and
phylogeny of Powassan-related virases of North Amer-
ica, Am, [ Trop. Med. Hyg, 85 671-676.

Mather, T. N., 8, R. Telford i1, 8. 1. Moore, and A. Spielman,
1990, Borrelia burgdorferi and Babesia microbi: efficiency
of transmission frowm reservoirs to vector ticks (Ixodes
dammini}. Exp, Pavasitol. 74 55-61.

MeLean, R G, S, R, Ubico, and L. M, Cooksey. 1893, Ex-
perimental infection of the eastern chipmonk {Tamias
strigfus) with the Lyme disease spivochete (Borrefia burg-
dorferi). 1 Wildh Dis. 20: 527-332.

Morshed, M. G, L B), Scott, . N. Baverjee, K. Fernande, R
Mann, and |. saac-Renton, 2600, First isolation of Lyme
disease spirochete, Borrefia burgdorfert from blacklegged
vick, Ixodes scaptdarts, collacted at Rondess Provineial
Park, Ontario, Can. Com. Dis. Rep. 20: 42-44,

Norris, 3. E. 1. . Levine, M, Menard, K. Nakagaki, P,
fHoward, and C. 8. Apperson. 1996, Experimental infec-

Vol 43, no. |

tion of the raccoon {Procyon Totor) with Borrelia bug-
dorferi. | Wildl Dis. 32 300-314

Oliver, | ¥, Jr., E B, Owsley, L J. Hutcheson, A, M. James,
C. Chen, W. 8, Irby, E. M. Dotson, and P. K. Mclain,
1993, Conspecificity of the ticks Ixodes scaprlaris snd L
dammind {Acark: Ixodidae). J. Med. Entomol, 3 5463,

Ouellette, | R, P, Howard, |, F. Levine, T. L, vans, and C. 5.
Apperson. 1993, Tick-raceooninteractions in the constal
plain of North Caroblina, pp. 8-10. In Proceedings, 2nd
Waorkshop on Lyme Disease in the Southenst, 7-9 Septern-
ber 1903, Rateigh, NC, North Carolina State University and
Ternessee Valley Authority, Raleigh, NC.

Pancholi, P., €. P. Kofbert, . B, Milcheil, K. D. Reed, 1. 8.
Pumier, . 8. Baliken, 8, B. Telford, 1, and 1. H, Pevsing,
1895, Rodes dummind as a potential vector of huwman
granulocytic ehrlichiosis. |, Infect. Dis. 172 1007-1012,

Persing, D, H., 5. R TFellord 13, A, Spielman, and 5. W.
Barthold. 1990, Uetection of Borrelia hurgdorfert infec-
tion in Bodes damming ticks with the polymerase chain
reaction. I Chn, Microbiol. 28: 566572,

Piesman, 1., T. Mather, 8. B Telford T3, and A. Spielman.
1986, Conewrrent Borvelie burgdorferi and Babesia mi-
croti infection in nvmphal Iodes dammind, §. Clin, Mi-
crobiol, 24 440447,

Piesman, 1., and R 1. Sinsky. 1988, Ability of Frodes seapu-
laris, Dermacentor variebiills, and Amblyomma ameeri-
camnn (Acari: Ixodidae) to acauire, maintain, and trans-
mit Lyme disease spirochetes {Borrelie burgdorfert).
1. Med. Entomol. 23 336338,

Postic, P, M. ¥ Assous, £.A.D. Grimont, and G. Baranton.
1994, Diversity of Borrelic burgdorfert sensu lato evi-
denced by restriction fragment length polvmorphism of
rrf (58 }-rrl {238} intergenic spacer ammphcons. Int. ] Syst.
Bacteriol. 44 T43-732.

Richter, 1, A. Spichnan, N, Komar, and F. «R. Mabuscha
26060, Competence of American robing as reservoirs for
Lyme disease spirochetes. Emerg, Infect. Dis & 133-138,

Sanders, R. 1., Jr,, snd | F. Oliver, Jr. 1985, Evaluation of
Ixodes scapularis, Amblyomme americarum, wmd Derme-
centor variabilis (Acarh: Tsodidae} from Georgia as vee-
tors of a Florida strain of the Lyme disease spirochete,
Borrelie burgdorferi. 1. Med. Entomol. 32 402- 406,

Scott, 1. 2., K. Fernando, 8. N, Banerjee, L. A, Durden, 8. K.
Byrne, M. Banerjee, R, B, Manz, and M. G. Morshed,
2001, Birds disperse ixodid {Acuri: Ixodidae) and Borrelia
burgdorferi-infected ticks in Canada, J. Med, Entomol. 38
493513,

Stafford, K. C, IIL V. C. Bladen, and L. A, Magnavelli, 1995,
Ticks {Acavi: Ixodidae! infesting wild bivds {Aves) and
white-footed mice in Lome, CT 1 Med, Entomol 32:
433~ 466,

Telford, $. &, IIL T. N. Mather, 8. I Moore, M. L. Wilson, and
A, Spielman. 1988, Incompetence of deer as reservoirs
of the Lyme disesse spirochete. Am. [ Trop. Med. Hyg
34 105164,

Telford 8. &, 1H, T, N. Mather, G. FL Adler, and A, Spiciman,
1990, Short-tailed shrews as reservais of the agents of
Lyme discase and human babesiosis, |, Parasitol, 76: 681~ 685,

Telord, 8. R, I, P. M, Armstrong, P. Katavolos, L. Foppa, O.
Garedn, M. L. Wilson, A. Spielnan, 1957, A new tick-
borne encephabitis-like viras infecting New England deer
ticks, Irxodes dammini, Emerg. Infect. Dis. 3 165170,

Weishred, A. I, and R, C. Johnson. 1988 Lyme disease and
wigrating birds in the Saint Croix River Valley. Appl
Environ. Microbiol. 55 19211924,

Received for publication 135 April 2002; accepted 26 June
262,



