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ABSTRACT: Three methods were tested for recovering Borrelia burgdorferi from live mice onto
BSK II culture medium. Four laboratory-reared Peromyscus leucopus were inoculated intraperito-
neally with the JD-1 isolate of Borrelia burgdorferi. Borrelia burgdorferi spirochetes were recov-
ered from 13 of 20 (65%) samples taken by needle aspiration between days 7 and 40 post-inoculation
(PI) and from 1 of 16 samples of skin obtained by ear punch biopsy during the same sampling
period. Spirochetes were not recovered from culture media inoculated with mouse blood. The use
of needle aspirates for recovering spirochetes was compared among three species of mice: P.
leucopus, P. maniculatus, and Reithrodontomys fulvescens. Spirochetes were isolated from 14 of
15 aspiration samples from four P. maniculatus, 12 of 20 from three P. leucopus, and 15 of 20
from four R. fulvescens taken between days 7 and 48 PI. Spirochetes were isolated from only one
aspiration sample between days 80 and 95 PI from any of the mice tested. Needle aspiration was
an efficient method for repeated recovery of B. burgdorferi from live, experimentally infected
mice. We also document R. fulvescens as an experimental host for B. burgdorferi. Based on their
susceptibility to infection, all species of mice tested herein may play a role in the epidemiology

of Lyme disease where their distribution is compatable with endemic transmission.

Key words:

Lyme disease, recovery, needle aspiration, skin punch biopsy, blood, Borrelia

burgdorferi, Peromyscus leucopus, Peromyscus maniculatus, Reithrodontomys fulvescens.

INTRODUCTION

Lyme disease is a tick-borne spirochet-
osis with a worldwide distribution (Burg-
dorfer et al., 1982; Johnson et al., 1984a;
Steere et al., 1983). The etiologic agent,
Borrelia burgdorferi (Burgdorfer et al.,
1982; Johnson et al., 1984b), is transmitted
by ticks of the Ixodes ricinus complex
(Steere et al., 1983). The white-footed
mouse (Peromyscus leucopus) is an im-
portant reservoir for B. burgdorferi (Le-
vine et al., 1985; Donahue et al., 1987),
being susceptible to infection under both
natural and experimental conditions. This
species has been widely used in xenodi-
agnosis and tick transmission studies (An-
derson et al., 1985; Donahue et al., 1987;
Wright and Nielsen, 1990). In addition to
P. leucopus, several species of wild mice
and rats are susceptible to natural or ex-
perimental infection with B. burgdorferi
(Anderson et al., 1986; Burgess et al., 1986;
Burgdorfer and Gage, 1987; Mather et al.,
1989). In living mice, rats, rabbits, and

hamsters, the spirochete has been isolated
from blood, urine, ear tissue (Bosler and
Schulze, 1986; Sinsky and Piesman, 1989;
Barthold et al., 1991; Moody and Barthold,
1991), and needle aspirates of skin (Pies-
man et al., 1991). At necropsy, spirochetes
have been isolated from spleen, kidney,
liver, blood, urinary bladder, brain and
eyes (Bosler et al., 1983; Anderson et al.,
1987; Schwan et al., 1988; Callister et al.,
1989; Burgess et al., 1990; Wright and
Nielsen, 1990), with the urinary bladder
being the tissue from which organisms were
most consistently isolated (Schwan et al.,
1988).

The objectives of this study were to com-
pare methods of repeated recovery of B.
burgdorferi from live P. leucopus. Once
determined, the most efficient method on
recovery of spirochetes was employed on
three species of mice to determine their
susceptibility to infection, as well as the
length of time during which spirochetes
could be recovered by repeated sampling
of the live mice.

214

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 01 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



NIELIN AND KOCAN—ISOLATION OF B. BURGDORFERI FROM LIVE MICE 215

MATERIALS AND METHODS

Peromyscus leucopus used in this study were
obtained as a closed outbred colony, four to
seven generations in captivity. Breeding mice
had been maintained as a closed, tick-free col-
ony in a facility separate from experimentally
inoculated animals. Based on routine culture in
BSK II media (Barbour, 1986) of liver, kidney,
spleen, heart, and urinary bladder from mice in
this colony over the past 3 yr, the mice were
free of infection with B. burgdorferi. Deer mice
(P. maniculatus) and fulvous harvest mice (Rei-
throdontomys fulvescens) were obtained from
colonies at the Department of Entomology,
Oklahoma State University, Oklahoma (USA),
and were maintained as a closed colony, one to
two generations from the wild. Different species
of mice were housed under tick-free conditions.
Food and water were provided ad libitum.

The spirochete inoculum (B. burgdorferi strain
JD1) was a first passage reisolate from experi-
mentally infected P. leucopus. This strain had
been maintained in BSK Il media and by mouse-
medium passage, and was identified as B. burg-
dorferi using monoclonal antibody H5332 (Bar-
bour et al., 1983; Kocan et al., 1992). This isolate
was chosen because it was infective for P. leu-
copus (Kocan et al., 1992) and at the time of
this study, isolates had not been obtained from
Oklahoma (Mukolwe et al., 1992). Prior to use,
each new batch of BSK II medium was tested
by inoculation with several recognized strains
of B. burgdorferi (Kocan et al., 1992) and used
for isolation attempts only if it was capable of
maintaining spirochetes.

Recovery of B. burgdorferi from live,
experimentally infected P. Jeucopus

Four P. leucopus were inoculated intraperi-
toneally with 0.5 ml of BSK II medium con-
taining approximately 5 x 10° spirochetes. Two
uninoculated mice from the same colony were
used as controls.

Blood samples were taken from the tail vein
and skin samples were taken by ear punch bi-
opsy (Sinsky and Piesman, 1989) on days 7, 15,
23, and 31 post-inoculation (PI). Needle aspi-
rates were collected on days 7, 15, 23, 31, 40,
84, and 118 PI according to the procedures of
Piesman et al. (1991); however, we used the
thighs of the mouse instead of the ears. The
posterior thighs of each mouse were shaved with
a surgical blade and cleaned with 70% ethanol.
One ml of BSK Il medium was injected intrader-
mally with a 3-ml syringe and 21-g needle. The
fluid was simultaneously aspirated with another
needle placed adjacent to the inoculation site.
Approximately 0.3 to 0.6 ml of fluid was recov-
ered using this procedure.

TABLE 1. Recovery of Borrelia burgdorferi from
whole blood, skin taken by ear punch biopsy, and
needle aspiration in live experimentally-infected
Peromyscus leucopus.

Method of recovery

Days post- Ear punch Needle
inoculation Blood biopsy aspiration
7 0/4 0/4 2/4
15 0/4 0/4 1/4
23 0/4 1/4 3/4
31 0/4 0/4 3/4
40 ND* ND 4/4
84 ND ND 0/4
118 ND ND 0/4

* Number positive/number examined.
" Not done.

At 150 days PI, all mice were killed, and
heart, liver, spleen, kidney and urinary bladder
were placed into BSK II media as previously
described (Mukolwe et al., 1992). A small piece
of bladder tissue was placed directly into the
medium while spleen, kidney and liver were
ground in a sterile mortar prior to placing 100
ul of each ground suspension into the medium.
Cultures were incubated at 34 C and examined
weekly for 4 to 6 wk by dark-field microscopy
for the presence of spirochetes.

Recovery of spirochetes by needle aspiration
from three different species of experimentally
infected mice

Four P. leucopus, three P. maniculatus and
four R. fulvescens were inoculated subcutane-
ously with B. burgdorferi and samples were
taken by needle aspiration as described previ-
ously, on days 7, 12, 24, 34, 48, 80, and 95 PI.
Two uninoculated mice of each species served
as controls.

RESULTS

Spirochetes were recovered from 13 of
20 samples from experimentally infected
P. leucopus taken by needle aspiration be-
tween 7 and 40 days PI (Table 1). How-
ever, spirochetes were not recovered from
cultures taken at 84 and 118 days PI. Spi-
rochetes were not detected in cultures in-
oculated with whole blood obtained 7 to
31 days PI and in only one of the 16 cul-
tures inoculated with tissue taken by skin
punch biopsy during this same time period
(Table 1).

At necropsy, 150 days PI, spirochetes
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TABLE 2. Recovery of Borrelia burgdorferi by nee-
dle aspiration from three species of live mice.

Rodent species
Reithrodon-
Days post-  Peromyscus  Peromyscus tomys
inoculation leucopus maniculatus  fulvescens
7 2/3¢ 3/3 3/4
12 1/3 3/3 3/4
24 2/3 2/3 2/4
34 3/4 3/3 4/4
48 4/4 3/3 3/4
80 0/4 1/3 0/4
95 0/4 0/3 0/4

* Number positive/number examined.

were obtained from two of four urinary
bladder samples and one of four spleen
samples from the P. leucopus. Spirochetes
were not observed from cultures of heart,
liver or kidney tissues. Spirochetes were
not recovered by any of the sampling
methods used or from any tissues from
control mice.

In the second study, where spirochete
recovery by needle aspiration was com-
pared in the three species of laboratory-
reared wild mice, B. burgdorferi was suc-
cessfully isolated by needle aspiration from
all species (Table 2). Spirochetes were cul-
tured from needle aspirates from 14 of 15
P. maniculatus, 12 of 20 P. leucopus and
15 of 20 R. fulvescens taken between 7
and 48 days P1. After 80 days PI, spiro-
chetes were isolated from only a single P.
maniculatus while no spirochetes were ob-
tained after this time from either P. leu-
copus or R. fulvescens. At necropsy 150
days PI, spirochetes were isolated in cul-
tures inoculated with urinary bladder tis-
sue of two of four R. fulvescens but not
from any tissues from P. leucopus or P.
maniculatus. Spirochetes were not isolated
from control mice at any sample time from
needle aspirates or tissues obtained at nec-

ropsy.
DISCUSSION

Isolation of B. burgdorferi by needle as-
piration from animal skin was described
by Piesman et al., (1991), as a method for

identifying infections in live experimen-
tally infected rabbits. In their study, using
BSK II media as an aspirate, nine of 12
samples were positive for spirochetes. In
the present study, spirochetes were most
consistently recovered from live experi-
mentally infected P. leucopus by needle
aspiration of media when compared with
attempted recovery from blood or ear
punch biopsy samples. Needle aspiration
also was effective for recovering spiro-
chetes from experimentally infected live
P. maniculatus and R. fulvescens between
1 and 7 wk PI. However, after 45 days PI,
only one culture from any of the three
species was positive. Thus, length of time
in which B. burgdorferi persists in mouse
skin appears to vary among animal species.
Johnson et al., (1984a, 1988) demonstrated
that B. burgdorferi can persist in hamster
skin for several months. However, follow-
ing tick transmission studies, Donahue et
al. (1987) suggested that spirochete num-
bers gradually decrease in skin. In our
study, using three species of mice, it ap-
peared that spirochetes may be absent or
too few in number to be detected by media
cultivation after 80 days PI. By compari-
son, recovery of spirochetes at necropsy
150 days PI from the same mice demon-
strated that B. burgdorferi persisted in the
urinary bladder and spleen for a longer
period than in skin.

Although ear punch biopsy has been
shown to be a useful method of isolating
spirochetes from some live animals (Sinsky
and Piesman, 1989; Moody and Barthold,
1991), we were able to isolate spirochetes
from only one of 16 such samples from
experimentally infected P. leucopus. Bar-
thold et al. (1991) reported similar results
using this method to recover spirochetes
from C3H mice sampled between 1 and
21 days PI. In addition, repeated sampling
from the same mouse requires the removal
of considerable ear tissue, thus limiting the
number of times the animal can be sam-
pled.

We were unable to isolate spirochetes
from cultures inoculated with blood from
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the same P. leucopus taken at 7 to 31 days
Pl. Burgess et al. (1986) isolated spiro-
chetes from blood from one of 10 P. man-
iculatus 21 days PI. Barthold et al. (1991)
isolated B. burgdorferi from the blood of
experimentally infected C3H mice with
greater success. However, Johnson et al.
(1984a) obtained only approximately 40%
positive cultures from blood obtained daily
from five live Syrian hamsters on days 1
through 6, respectively, but was unable to
recover spirochetes from blood taken after
1 wk PI. Similar results were obtained by
Goodman et al. (1991), recovering spiro-
chetes from two of four and one of five
blood samples on days 5 and 7 PI, respec-
tively, while not isolating spirochetes after
that time. Wright and Nielsen (1990) re-
covered spirochetes on day 3 PI from one
of 61 cultures inoculated with blood from
P. leucopus. Additionally, spirochetemia
in some infected animals, as indicated by
successful cultivation, may last from 1 to
4 wk (Benach et al., 1984; Johnson et al.,
1984a; Burgdorfer and Gage, 1987). Burg-
dorfer and Schwan (1991) demonstrated
that a prolonged spirochetemia detected
by xenodiagnosis using I. dammini may
persist in P. leucopus for <3 mo. Burg-
dorfer and Gage (1987) demonstrated that
spirochetemia in cotton rats (Sigmodon
hispidus) was characterized by alternating
spirochete-positive and negative periods
similar to that seen in infections with the
relapsing-fever spirochete, B. hermsii.
Thus, the detection of spirochetes in cul-
tures inoculated with whole blood may vary
among animal species and sampling time.

Based on the present study, B. burgdor-
feri spirochetes persist in the skin of ex-
perimentally infected P. leucopus, P.
maniculatus and R. fulvescens <7 wk af-
ter inoculation, and can be successfully re-
covered by repeated sampling from live
mice using needle aspiration and culture
medium. It also appears that, in addition
to P. leucopus and P. maniculatus, R. ful-
vescens can serve as an experimental res-
ervoir for B. burgdorferi spirochetes.
Therefore, R. fulvescens may play a role

in the epidemiology of this organism where
distribution and ecological conditions
would allow for natural B. burgdorferi in-
fection and infestation by a suitable tick
vector.
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