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Infection of inbred mouse strains with Borrelia burgdorferi results in the development of experimental Lyme
arthritis. The degree of arthritic pathology has been suggested to correlate with the level of spirochete burden
within tissues. To investigate this further, we infected resistant DBA/2 (DBA) and susceptible C3H/HeJ (C3H)
mice in the hind footpads and monitored arthritis development for 21 days. To quantitate levels of spirochetes
within tissues, we created a competitive PCR molecule containing modified ospA and fla gene segments. C3H
mice developed severe arthritis of the tibiotarsal joints, while DBA mice developed only mild inflammation
throughout the experimental period. At day 21, when the gross size and histologic composition of ankles
revealed significant differences in arthritis between the strains, there was little difference in levels of spirochete
DNA as determined by competitive PCR. Cultures of ankle tissue at day 21 were also uniformly positive in both
C3H and DBA animals and contained relatively similar levels of spirochetes. These results indicate that the
presence of spirochetes in the ankles of experimental animals is not sufficient for arthritis development. Since
arthritic and nonarthritic animals can harbor relatively equal spirochete burdens yet retain their distinct
phenotypic outcomes, an aberrant or overly exuberant immune response may be an additional requirement for
pathology in arthritis-prone mice.

Lyme disease is a multisystemic illness caused by infection
with the spirochete Borrelia burgdorferi (27). Left untreated,
infected individuals usually develop a recurring arthritis in one
or multiple joints and occasionally carditis or neurologic dis-
ease. Antibiotic treatment results in resolution of disease in
most individuals, indicating that spirochetal presence is needed
for the persistence of pathology. In some individuals, however,
arthritis persists despite adequate antibiotic therapy and an
inability to detect spirochetes in inflamed tissues (26). Individ-
uals having the major histocompatibility complex class II allele
HLA-DR2 or -DR4 appear to be more likely to develop severe
arthritis of longer duration following Borrelia infection (28).
This suggests that the host immune response is also an impor-
tant determinant for development of pathology.

In experimental models, cellular and humoral immune re-
sponses to B. burgdorferi (12, 15, 24), T-helper cell phenotype
(16, 18), and levels of spirochete virulence (1, 4) influence
arthritis development. C3H/HeJ (C3H) mice develop severe
arthritis and BALB/c mice develop mild arthritis upon intra-
dermal infection with B. burgdorferi (6). Experimental Lyme
arthritis in mice is transient, is usually most pronounced at 14
to 30 days, and then resolves over the next 60 days. Several
studies have suggested that the development of arthritis in
susceptible mouse strains correlates with higher numbers of
spirochetes in these hosts (7, 21, 29). The presence of viable
spirochetes in the joints is required for arthritis development,
as injection of heat-killed spirochetes or Borrelia antigen does
not result in pathology (5, 17). Mice can remain chronically
infected, however, without developing arthritis (10). In addi-
tion, experimental intervention may result in a reduction of
peak arthritis severity yet cause an increase in spirochete bur-

den (2). The precise role that spirochete burden plays in de-
termining disease phenotype, therefore, remains unclear.

We created a competitive PCR construct containing modi-
fied Borrelia ospA and fla genes. This technique allowed us to
compare the relative presence of Borrelia DNA, both plasmid
and genomic, in murine tissues after standardization to a sin-
gle-copy mammalian gene (IL4pr). We found that following
footpad injection of B. burgdorferi, arthritis-susceptible C3H
and arthritis-resistant DBA/2 (DBA) mice contain similar lev-
els of spirochetes within their ankles during the time of peak
arthritis development. These results indicate that the presence
of significant numbers of spirochetes in ankles of inbred mouse
strains is not sufficient for the development of Lyme arthritis.
This suggests that unique host factors, and not merely micro-
bial presence, are needed for arthritis development in suscep-
tible strains of mice.

MATERIALS AND METHODS

Mice and infections. Female C3H and DBA mice were purchased from The
Jackson Laboratory (Bar Harbor, Maine). All mice were between 4 and 6 weeks
of age at the time of infection. B. burgdorferi N40 was kindly provided by Steven
Barthold (Yale University, New Haven, Conn.). Spirochetes were reisolated
from severe combined immunodeficiency mice, passaged twice in Barbour-
Stoenner-Kelly II medium (Sigma Chemical Co., St. Louis, Mo.), and frozen in
aliquots at 280°C. For infections, an aliquot was thawed, placed in 7 ml of
medium, and grown for 5 days at 32°C. Mice were inoculated in both hind
footpads with 106 B. burgdorferi organisms in 50 ml of medium. Tibiotarsal joints
were measured weekly with a metric caliper (Ralmike’s Tool-A-Rama, South
Plainfield, N.J.) through the thickest anteroposterior diameter of the ankle.
Blood, heart, spleen, urinary bladder, skin, and ankles were aseptically collected
and cultured at 32°C for 14 days in Barbour-Stoenner-Kelly II medium. Cultures
were scored by placing 10 ml of supernatant on a microscope slide under a cover-
slip (22 by 22 mm) and examining 20 high-power fields by dark-field microscopy.

Histology. Mice were sacrificed 21 days following infection; the ankles were
washed with 70% ethanol, and the skin was removed. The sample was excised by
cutting just above and below the ankle joint and placing it in 10% buffered
formalin. After several days, the sample was embedded in paraffin, sectioned,
and stained with hematoxylin and eosin. Arthritis severity scores were deter-
mined in a blinded manner and rated on a scale of 0 to 3 (9). Grade 0 represents
no inflammation, grades 1 and 2 represent mild-to-moderate inflammation, and
grade 3 represents severe inflammation.
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Construction of BC3 PCR competitor. The BC3 Borrelia competitive PCR
molecule was constructed by utilizing a strategy similar to that employed by
Reiner et al. (23), except that bacterial genomic or plasmid DNA, rather than
mammalian cDNA, was modified. Briefly, genomic and plasmid DNAs were
isolated from a B. burgdorferi culture or a mouse spleen with sodium dodecyl
sulfate-Tris lysis buffer (0.1-mg/ml proteinase K in 200 mM NaCl–20 mM Tris-
HCl [pH 8.0]–50 mM EDTA–0.2% sodium dodecyl sulfate). Segments of the
genes of interest were amplified by PCR (see PCR conditions) using the primer
sets listed below. The amplified products were isolated by gel purification from
low-melting-point agarose and ligated into plasmid pGEM11Z(f), which had
been linearized by blunt-end digestion and incubated with dTTP and Taq poly-
merase. The individual plasmids containing the three gene segments of interest
were linearized by using unique internal restriction enzyme sites, and the ends
were dephosphorylated. Digestions of genomic DNA were completed by using
the same set of restriction enzymes, and approximately 75 bp of DNA was
excised from a low-melting-point agarose gel. This small random DNA pool was
then ligated into the wild-type fla, ospA, or IL4pr gene product to create addition
mutations. Cloned colonies were picked after transformation. Once these addi-
tion mutations were made, the fla-containing plasmid was linearized with EcoRI
and SacI. The ospA and IL4pr modified gene segment inserts were excised from
their plasmids (ospA was excised with SacI and Xho; IL4pr was excised with Xho
and EcoRI) and ligated as a trimolecular reaction. The completed competitor
plasmid was called pBC3. The polycompetitor insert was excised from pBC3 with
SacI and NotI for ease of use in PCR. This competitor insert was called BC3.

DNA extractions. Tissue samples were collected for PCR analysis at each time
point from both strains of mice. Extraction of ankles was performed by removing
the skin and cutting just above and below the tibiotarsal joint. All excised ankle
samples were approximately equal in size. Exact measurements were not needed,
as the amount of tissue used in each PCR was equalized later by using the IL4pr
competitor. To extract DNA from ankle tissue, samples were first digested
overnight in 0.5 ml of 1% collagenase at 37°C. Supernatants were then trans-
ferred to new tubes, 0.25 ml of 33 lysis buffer (see above) was added, and the
mixture was incubated at 55°C for 4 h. Following incubation, debris was pelleted
and the supernatants were transferred to tubes containing 0.8 ml of isopropanol.
Sample DNA was precipitated on ice for 60 min. DNA was pelleted at 4°C, air
dried, and resuspended in 100 ml of Tris-EDTA buffer.

PCR conditions. PCR amplification of both wild-type and BC3 gene segments
was performed with the following sets of primers: fla 59 primer GATGATGCT
GCTGGTATGGGGGTTTCT plus fla 39 primer CCTCTGTCTGCGTCTGAA
TATGTACCG, ospA 59 primer TCTTGAAGGAAGTTTAACTGCTG plus ospA
39 primer CAAGTTTTGTAATTTCAACTGCTGA, and IL4pr 59 primer GATCA
GCTGGGCTAGGATGCGAGA plus IL4pr 39 primer GGGCCAATCAGCACC
TCTCTTCCA. Sample reaction mixtures contained MgCl2 at 2.5 mM for IL4pr and
ospA reactions and 1.5 mM for fla reactions. For IL4pr reactions, samples were
initially denatured for 60 s, and then the cycling parameters were denaturation at
94°C for 50 s, annealing at 60°C for 30 s, and extension at 72°C for 50 s for 35
cycles. For ospA and fla amplification, an initial 60-s denaturation step was
followed by 45 or 47 cycles of denaturation at 94°C for 60 s, annealing at 60°C for
60 s, and extension at 72°C for 90 s. All samples for a given primer set were
spiked with equal amounts of BC3 to allow comparisons between samples.

Statistics. Means of ankle diameters were compared by using the Student t
test.

RESULTS

Development of arthritis in experimental animals. Mice
were inoculated in the hind footpads, and arthritis develop-
ment was monitored for 21 days. Ankle thickness versus time
of infection of resistant DBA and susceptible C3H mice is
shown in Fig. 1. At 7 days postinfection, there was very little
difference in gross ankle size between the two experimental
groups. At day 14, however, the ankles of C3H mice were
significantly larger than those of DBA mice (P , 0.01). This
increase in ankle swelling was still continuing in the C3H mice
at day 21. Because ankle diameter does not always correlate
with arthritis development (2), ankles of resistant and suscep-
tible animals were examined histologically for the development
of inflammatory cell infiltrates and changes typical of arthritis.
In C3H mice, increasing ankle size correlated with the devel-
opment of severe arthritis (Fig. 2). Ankle sections from C3H
mice (Fig. 2A) had abundant inflammatory cell infiltrates in
the synovia and bursa (not shown), while the ankles of DBA
mice (Fig. 2B) had only mild inflammatory infiltrates. Other
changes typical of arthritis development, such as pannus for-
mation and thickening of the synovial lining, were easily seen
in the ankle sections of C3H, but not DBA, mice. Ankle ar-

thritis severity was scored in a blinded manner with weekly
samples (Table 1). There was little difference in arthritis de-
velopment between C3H and DBA animals at day 7 of infec-
tion. By day 14, however, ankles of C3H mice were developing
a severe arthritis which was still evident at day 21. During this
time, the ankles of resistant DBA mice were only mildly in-
flamed.

Assessment of spirochete loads in ankles. To assess the
relative levels of spirochetes in tissues of infected arthritis-
resistant and -susceptible mice, three C3H and three DBA
mice were randomly sacrificed on days 7, 14, and 21 of infec-
tion and their ankles were removed for PCR analysis. We
constructed a PCR competitor molecule, BC3, containing ad-
dition mutations of the Borrelia fla and ospA and mammalian
IL4pr genes (Fig. 3). Both fla and ospA were used because of
the possibility of unequal target amplification in tissues (22).
The ospA gene is located on a plasmid (11), while fla is a
single-copy gene located on the Borrelia linear chromosome
(14). In another set of experiments, the levels of spirochetes in
blood, hearts, spleens, urinary bladders, skin (ear punches),
and ankles were assessed by culture to ensure the presence of
live spirochetes within the tissues studied.

The BC3 polycompetitor insert was used to spike samples to
enable the relative assessment of Borrelia DNA in experimen-
tal samples. Figure 4 shows a standard curve of ospA amplifi-
cation. Tenfold dilutions of a DNA sample containing 3 3 107

B. burgdorferi organisms were made, and 5 ml was placed in a
PCR. Each reaction was spiked with a constant amount (2.5
pg) of the BC3 competitor. The upper bands in each lane are
the BC3 amplification products, and the lower bands are the
wild-type DNA PCR products. With decreasing levels of Bor-
relia DNA, there is a decrease in the intensity of the lower
band and a corresponding increase in the upper BC3 band. At
the 105 sample dilution, the upper and lower bands are rela-
tively equal, enabling an estimation that 2.5 pg of BC3 contains
approximately 1,500 mutated B. burgdorferi genomic equiva-
lents. At a higher cycle number (routinely 45), we were able to
amplify sample concentrations 10- to 100-fold more dilute (or
lower) than this. Levels of tissue DNA for each sample were
equalized by using the single-copy mammalian gene for inter-
leukin 4 (20). For example, DNA extracted from ankles har-
vested 7 days after infection were placed in PCR mixtures
containing a constant amount of the BC3 competitor. Amounts
of DNA in each sample were then adjusted during subsequent
rounds of PCR amplification until they all contained similar

FIG. 1. Measurements of hind tibiotarsal joints of mice infected with B.
burgdorferi. Mice were 4 weeks old at the time of infection in the hind footpad.
Squares represent C3H mice, and circles represent DBA mice. Error bars rep-
resent standard deviations. Asterisks indicate statistically significant difference
(P , 0.01) by the Student t test.
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FIG. 2. Histopathology of tibiotarsal joints from C3H (A) or DBA (B) mice infected with B. burgdorferi. Joints were obtained on day 21 of infection, and paraffin
sections were stained with hematoxylin and eosin. Magnification, 320.
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ratios of wild-type to competitor bands. At that point, all sam-
ples contained the same amount of mammalian DNA, which
controlled for differences in tissue sample sizes and also for
variation in the efficiency of DNA extraction. Thus, the ankle
samples from C3H and DBA mice can be compared to one

another with respect to the levels of ospA or fla that they
harbor.

Figure 5 shows the PCR results for three C3H and three
DBA ankles at each time point. On day 7, two of the C3H
(lanes 1 and 2) and two of the DBA (lanes 5 and 6) mice had
high levels of amplification of ospA from their ankles while the
other C3H and DBA samples contained lower levels of ospA
(Fig. 5A). The chromosomal target fla is less abundant than
the plasmid target ospA. To amplify fla, more concentrated
samples and higher dilutions of the BC3 competitor were
needed to reach a point where two bands could be seen. Thus,
some lanes (e.g., Fig. 5A, fla lane 2) contain one or two very
light bands. On day 7, there was a high level of amplification of
fla gene products from the ankles of two DBA mice (Fig. 5A,
lanes 5 and 6), while the other DBA lane had higher amplifi-
cation of the BC3 competitor than did wild-type fla. The ankles
of two C3H mice had amplification of wild-type fla equal to or
slightly greater than that of the BC3 competitor (lanes 2 and
3). No wild-type fla could be amplified from the remaining
C3H ankle sample. These results indicate that at day 7, there
are relatively equal levels of spirochetes in the ankles of resis-
tant and susceptible mice following footpad inoculation. The
level of variability seen in these samples was highly reproduc-
ible (11a).

On day 14, the ankle samples from all three C3H mice had
high levels of ospA amplification (Fig. 5B). The ankle samples
from DBA mice were more heterogeneous, displaying high,
intermediate, and low levels of ospA amplification (lanes 4, 5,
and 6, respectively). Amplification of fla was also more heter-
ogeneous, with two samples from C3H mice (lanes 1 and 3)
having high levels and one having low levels of wild-type DNA.
Very little wild-type fla DNA could be amplified from the
14-day DBA ankle samples, even though faint wild-type bands
could be seen in two of the three samples (lanes 4 and 5).
These results indicate that while all of the C3H mice appeared
to have significant spirochete burdens in their ankles at day 14,
some (but not all) of the DBA mice appeared to contain fewer
spirochetes at that time.

By day 21 of infection, high levels of wild-type ospA ampli-
fication were present in two samples from the DBA mice (Fig.
5C, lanes 5 and 6) and high (but slightly less so) levels were
present in two samples from the C3H samples (lanes 1 and 3).
The other samples from C3H and DBA mice (lanes 2 and 4)
had considerably less wild-type ospA gene amplification. All
ankle samples from day 21 had high levels of wild-type fla
amplification. These results demonstrate that high levels of
spirochetes in the ankles of resistant mouse strains, as assessed
by PCR amplification of either plasmid or genomic Borrelia
DNA, do not necessitate the development of Lyme arthritis.
Over the course of the experiment, there was a fivefold in-
crease in the numbers of B. burgdorferi organisms in the ankles
of both strains of mice. As shown in the legend to Fig. 5, with

TABLE 1. Isolation of B. burgdorferi from selected tissues and
arthritis development in ankles of DBA and C3H micea

Strain
Post-

infection
day

No. of cultures positive Mean
arthritis
severity
6 SDBlood Heart Spleen Bladder Ear Ankle

C3H 7 0 0 0 1 0 3 1.0 6 0.0
DBA 7 0 0 0 1 0 3 1.3 6 0.6

C3H 14 0 2 0 3 0 3 2.3 6 0.6
DBA 14 3 2 0 3 0 3 1.0 6 0.0

C3H 21 0 1 0 3 3 3 2.3 6 0.6
DBA 21 1 1 0 3 3 3 1.0 6 0.0

a Mice were infected with 106 B. burgdorferi spirochetes and sacrificed at 7, 14,
and 21 days. Tibiotarsal arthritis development was scored on a scale of 0 to 3.
Three cultures of each sample type were prepared.

FIG. 3. Schematic representation of cloning strategy for BC3. Addition mu-
tation is shown for fla only but is the same for ospA and IL4pr. Wild-type gene
segments (e.g., wt-fla) were amplified by PCR and cloned into pGEM plasmids.
These were internally modified by the addition of a random 75-bp DNA segment
(e.g., m-fla). BC3p was created by trimolecular ligation of the modified gene
segments into a single molecule. BC3 is the linearized trimolecular gene segment
cut from the pGEM plasmid.

FIG. 4. Competitive PCR amplification of ospA from known numbers of
Borrelia spirochetes. A 5-ml volume of BC3 (2.5 pg) was spiked into 5-ml samples
of log dilutions of 3 3 107 B. burgdorferi genomic equivalents. Results are ospA
PCR products from 35 cycles of amplification.

2068 BROWN AND REINER INFECT. IMMUN.



a constant level of BC3 competitor (0.25 pg), the samples from
days 7 and 14 needed to be diluted only 1:10, while the day 21
samples required a 1:50 dilution for amplification of both prod-
ucts. This allowed us to estimate that the ankles on day 7
contained about 1.5 3 106 spirochetes, which increased to
about 9 3 106 by day 21 in both strains.

We also examined spirochete loads in ankles and other dis-
tant tissues by culture (Table 1). There were no differences in
spirochete recovery from ankles of DBA or C3H mice at any of

the time points tested. Cultures from ankle tissues were uni-
formly positive for both resistant and susceptible mice and
contained similar numbers of spirochetes (data not shown).
Urinary bladder was the only other tissue with a positive cul-
ture on day 7, with one of three mice of both strains positive.
There were few differences in the culture results of distant sites
at days 14 and 21 of infection, with the notable exception of
blood at day 14. All of the cultures from DBA mice were
positive, with high numbers of spirochetes, while the cultures
from C3H mice were negative. Spirochetes were absent from
the blood of two of three DBA mice by day 21, with the
remaining positive culture containing fewer spirochetes. These
results confirm the PCR analysis, demonstrating relatively
small differences in spirochetal burden in the ankles of resis-
tant and susceptible mouse strains following footpad infection
during the peak of arthritis development.

DISCUSSION

The infection of inbred mouse strains with B. burgdorferi
recapitulates a portion of the disease spectrum seen in human
Lyme disease. C3H mice develop severe arthritis, while DBA
mice develop only mild arthritis or joint inflammation (6). The
presence of live B. burgdorferi spirochetes is required for the
development of pathology, as repeated injections of heat-killed
spirochetes or whole-B. burgdorferi antigen has no effect in rats
(5), hamsters (17), or mice (11a). When injected intradermally,
susceptible C3H mice are more permissive than resistant
BALB/c mice to B. burgdorferi growth and dissemination and
harbor higher numbers of spirochetes within their tissues (29).
A higher spirochete tissue burden has been suggested to be the
cause of the increased development of pathology in susceptible
animals. However, whether resistant mice harboring relatively
equal numbers of spirochetes in their ankles would develop
pathology equivalent to that of susceptible mice has not been
tested. To investigate this question more fully, we gave footpad
injections of high numbers of B. burgdorferi spirochetes to
resistant and susceptible mouse strains and monitored arthritis
development. To quantify tissue spirochete burden, we created
a competitive PCR construct containing modified Borrelia
chromosomal (fla) and plasmid (ospA) gene segments. This
molecule allows direct comparison of the levels of spirochetes
in tissues of different mouse strains. Our data show that the
presence of high numbers of spirochetes within the ankles of
resistant mouse strains does not dictate the development of
Lyme arthritis. With their ankles harboring relatively equal
numbers of spirochetes, DBA mice remain arthritis resistant
while C3H mice develop severe Lyme arthritis. Thus, an inap-
propriate or overly exuberant immune response, and not tissue
spirochete burden, might contribute to genetic differences in
the propensity to develop experimental Lyme arthritis.

Several studies have suggested a correlation between the
development of Lyme arthritis and high numbers of spiro-
chetes in tissue (7, 21, 29). Using in vitro cultivation of infected
tissues, Keane-Myers and Nickell (16) compared spirochete
levels in ankles and ear punches from BALB/c and C3H mice.
The reported differences in spirochete burden were less than
10-fold between the resistant and susceptible animals. Using a
similar subculturing technique, however, Anguita et al. (2)
found that C3H mice treated with antibody to interleukin 12
had a decrease in arthritis severity but an increase in spirochete
burden as assessed by ear punches. Those researchers sug-
gested that both the tissue spirochete burden and the resulting
immune response were likely to play important roles in the
pathogenesis of Lyme arthritis.

Yang et al. (29) used PCR to determine differences in spi-

FIG. 5. Competitive PCR amplification of ospA, fla, and IL4pr from ankles of
C3H and DBA mice infected 7 (A), 14 (B), or 21 (C) days earlier. Each lane
represents data from an individual mouse. All samples at days 7 and 14 were
diluted 1:10, and samples at day 21 were diluted 1:50. The amount of BC3 spiked
into the samples was 0.25 pg for all samples except that for day 7 fla, which was
0.025 pg.
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rochete burden in tissues of arthritis-resistant BALB/c and
arthritis-susceptible C3H mice. Following intradermal injec-
tion of 2 3 105 spirochetes into the shaved backs of experi-
mental mice, they assayed various tissues at weekly intervals
for the presence of Borrelia DNA. The susceptible C3H ani-
mals had tissues positive for ospA at weeks 1 through 4,
whereas the BALB/c tissues were only positive for ospA at
week 3. Hearts, ankles, and bladders were the most heavily
infected tissues of both mouse strains. Quantitation of spiro-
chete loads by two different methods indicated 10-fold-higher
numbers of spirochetes in C3H hearts and 5-fold-higher num-
bers of spirochetes in C3H ankles by ospA analysis than in
BALB/c mice. Similar differences were seen in the detection of
fla, but 10 to 20% fewer organisms were detected than when
ospA was analyzed. BALB/c mice also had better spirochetal
clearance from tissues, while tissue loads of C3H mice re-
mained high. The investigators concluded that pathology dur-
ing infection with B. burgdorferi may be correlated with the
presence of greater numbers of organisms in the tissues of
susceptible animals. Our results do not support this conclusion
and show that the presence of high numbers of spirochetes in
ankles of resistant mice does not induce the development of
severe Lyme arthritis. There are, however, several differences
between the experimental protocols used in these two studies
that most likely explain the differences between the conclu-
sions reached. The major difference is likely to be the site of
inoculation. Yang et al. (29) injected animals intradermally in
the back, mimicking the natural route of infection. However,
this requires that the spirochetes disseminate to reach the
target organs, allowing potential differences in dissemination
between resistant and susceptible animals to influence the level
of organisms within each tissue type. It was for this reason that
we chose footpad injection as our inoculation protocol. This
delivers the organisms very near the target site (ankle) and
minimizes the variable of differing rates of dissemination.

The kinetics of dissemination of B. burgdorferi into various
tissues of inbred mouse strains have been studied by several
groups (7, 9, 10). B. burgdorferi spreads quickly from the site of
inoculation to almost all tissues within the host. Following
intradermal inoculation of C3H mice, blood, spleen, kidney,
bladder, ankle, and heart are all spirochete positive by day 7
and the ears are positive by day 10 (7). Arthritis-susceptible
strains have a more rapid dissemination and higher levels of
spirochetes in most of the tissues studied than do arthritis-
resistant mice (29). Thus, resistant mice may be better able to
sequester Borrelia spirochetes at the site of infection than are
susceptible mice (25). The infection site has been shown to be
an important determinant in the development of pathology (8,
13). It is known that the presence of live spirochetes within
joints is required for arthritis development. The failure of
high-passage strains to disseminate and reach joints has been
suggested to be one possible reason why they are nonpatho-
genic (19).

Since PCR does not distinguish between dead and live or-
ganisms, it is possible that DBA mice have a more effective
mechanism for killing Borrelia spirochetes in ankle tissue than
do C3H mice. Viable spirochetes are needed for arthritis de-
velopment, and thus, resistant animals would be protected
from pathology by this mechanism. This explanation does not
seem plausible to us, however, for the following reasons. The
relatively stable or increasing levels of spirochetal DNA in
ankle samples indicate that the numbers of B. burgdorferi spi-
rochetes within ankles of resistant mice are being maintained
or even increased over the course of the experiment. In addi-
tion, spirochetal DNA has been reported to be eliminated
along with viable organisms (3). Finally, the increasing num-

bers of culture-positive tissues at distant sites (e.g., the heart)
over time indicate that viable organisms are migrating into
these sites, which could not occur if the spirochetes were killed
at the site of inoculation.

This report demonstrates that differences in pathology be-
tween resistant and susceptible mouse strains need not be due
solely to differences in spirochete burden. More rapid dissem-
ination and higher tissue spirochete burdens would be ex-
pected to play a role in arthritis development following intra-
dermal infection. The current study demonstrates that when
resistant and susceptible mice harbor relatively equivalent lev-
els of spirochetes in their joints, they can still retain their
distinct disease phenotype. Thus, other host factors besides
degree of microbial clearance are likely to be important for
disease outcome. Identification of these other factors may help
elucidate some of the genetic contributions to inflammatory
diseases.
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