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Borrelia burgdorferi DNA in the Urine of Treated Patients
with Chronic Lyme Disease Symptoms. A PCR Study of 97 Cases

Summary: The presence of Borrelia burgdorferi DNA was established by PCR from urine
samples of 97 patients clinically diagnosed as presenting with symptoms of chronic Lyme
disease. All patients had shown erythema chronica migrans following a deer tick bite.
Most of the patients had been antibiotic-treated for extended periods of time. We used
three sets of primer pairs with DNA sequences for the gene coding of outer surface protein
A (OspA) and of a genomic sequence of B. burgdorferi to study samples of physician-
referred patients from the mideastern USA. Controls from 62 healthy volunteers of the
same geographic areas were routinely carried through the procedures in parallel with
patients’ samples. Of the 97 patients, 72 (74.2 %) were found with positive PCR and the
rest with negative PCR. The 62 healthy volunteers were PCR negative. It is proposed that
a sizeable group of patients diagnosed on clinical grounds as having chronic Lyme disease
may still excrete Borrelia DNA, and may do so in spite of intensive antibiotic treatment.

Introduction

Lyme disease is caused by the spirochete Borrelia burg-
dorferi and is transmitted to humans and other vertebrate
hosts by Ixodes ticks. The disease has been classified to
occur in three stages with an early stage revealing an ery-
thema chronica migrans which provides a diagnostic basis
for the infection [1, 2]. However, erythema chronicum mi-
grans is only recognized in approximately half, or even
less, of the patient population. In the second stage, dis-
seminated infection occurs within days, weeks or years
in untreated (and treatment-resistant) patients who may
develop arthritis, cardiac and neurologic abnormalities.
The third stage is considered to begin months or years
after infection, with time periods of varying length of
latency. Neurological involvement in this stage of per-
sistent infection may occur as encephalopathy, memory
loss, peripheral sensory disturbances and a variety of other
symptoms. Definitions of clinical criteria characteristic
for early and late stages, as well as treatment courses,
have been proposed [1, 2]. In the majority of cases the
diagnosis is made on clinical grounds with the support of
laboratory findings. However, in the absence of an ob-
served erythema chronicum migrans, the onset of clini-
cally recognized symptoms places many patients likely in
stage two with late manifestations or in stage three. The
clinical diagnosis of Lyme disease is often supported by
detection of characteristic serologic responses. Serologic
data provide information with potentially high sensitivity
and specificity although significant inter-laboratory pro-
cedural differences and test variabilities have been found
[3]. Characteristic serological patterns develop during
early and late stages of the disease and reflect the chang-
ing expression of antigenic determinants of the bacterium
such as surface proteins (OspC, OspA, B) and other pro-
teins [4—7] including flagellar epitopes [8, 9]. However,
a group of infected patients may remain seronegative for
months, or fail to develop a complete antibody profile [1,

Infection 24 (1996) No.5 © MMV Medizin Verlag GmbH Miinchen, Miinchen 1996

6—9] even after a more prolonged course of the disease.
Since only a portion of clinically diagnosed Lyme disease
patients fulfills the current serological criteria used for
positivity [4—6], the search for direct evidence of the bac-
terium or its components becomes desirable and neces-
sary. Such tests include culturing of B. burgdorferi which
has been acquired from skin [9, 10], blood [11, 12], joint
fluid [13], and urine [12, 14]. Other direct tests include
the microscopic visualization of spirochaetes [15], in-
direct immunofluorescence [16] as well as immune cap-
ture methods {17] for detection of antigens or membrane
vesicles of B. burgdorferi. Unfortunately, culturing has a
low rate of success and the other tests listed above are
labor intensive and often still in the investigative phase.
The detection of B. burgdorferi-specific DNA by use of
the polymerase chain reaction (PCR) has proved its value
as a sensitive diagnostic tool in cases of active Lyme
disease. PCR has revealed B. burgdorferi sequences
[9, 18—20] in biopsies of patients’ erythema chronicum
migrans [10] and in cerebrospinal [19, 21, 22] and syno-
vial fluid [13] in patients with chronic Lyme disease. The
excretion of Borrelia DNA in the urine has been reported
for patients with active Lyme disease [23, 24] and neuro-
borreliosis [21, 22, 25]. Criticism of PCR focused often
on the reliability of the methodology, in part due to inhibi-
tors of the reaction, but mainly due to the potential of
carryover of amplified DNA into other samples. However,
carryover is avoidable with proper handling during routine
procedures and can be recognized by the use of appropri-
ate controls.
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Our study used PCR to determine whether B. burgdorferi
DNA is present in the urine of a physician-selected group
of chronic patients. All patients had originally presented
with an erythema chronicum migrans and were sub-
sequently under medical care because of continuing, often
gradually worsening Lyme disease-like symptoms. Physi-
cians of various medical specialties had asked us to per-
form such PCR tests to assist them in their evaluation of
whether chronic Lyme disease was the cause of the pre-
sent illness or whether an additional disease might be re-
sponsible or might be overlaying its symptoms on a
patient’s Lyme disease background.

We used three primer pairs as well as nested primers in
the search for the presence of DNA sequences of the outer
surface protein A (OspA) [18, 20] and of a chromosomal
sequence of B. burgdorferi [23]. Our data show that a
high percentage of this group of patients excretes B. burg-
dorferi-specific DNA and does so after periods of pro-
longed antibiotic treatment.

Materials and Methods

Patient population: The majority of patients lived in areas en-
demic for Lyme disease — in New Jersey, Pennsylvania, Dela-
ware and New York and presented with symptoms defined as
late manifestations of Lyme disease (stages two and three
[1, 2]). Practising physicians selected the patients for this study
largely on clinical grounds.

Background information was collected from the physicians and
their patients by means of questionnaires and telephone affir-
mations pertaining to date of tick bite, erythema chronicum mi-
grans, onset and character of clinical symptoms, start and type
of antibiotic treatment, dosage and length of treatment and pre-

sent health status. An erythema chronicum migrans at the site of ’

a tick bite had been observed in all cases. It should be reempha-
sized that this study deals with clinically chronically ill patients
and does not represent a typical cross section through the overall
population of treated Lyme disease patients. Serological data are
not referred to in this study, as they were not complete in the
majority of cases. This fact was due to the patients’ repeated
switching of physicians and hospitals and the resulting incom-
plete access to records.
Specimens: Incoming specimens were handled in a sterile hood
in a separate laboratory. Centrifuges and rotors were operated in
sterile hoods, routinely cleaned, and UV-sterilized. Tubes and
pipettes were discarded after use, buffers used only once. Frozen
samples of first morning urine were treated in parallel with PCR-
negative control urines as follows: after centrifugation at
10,000 X g, pellets were resuspended in 1Xdiluted SSC
(20 X :sodium citrate [88 g/1], 3 M NaCl), and washed again in
the same buffer.
Isolation of DNA: The sediments were resuspended in 0.2 M
Na-acetate pH 7.0 and 0.25 % SDS with 10 pl of 0.2 mg/ml Pro-
teinase K (Sigma, St. Louis, MO), incubated for 2 h at 50°C,
extracted with phenol chloroform and precipitated in 3 M so-
dium acetate (pH 5) and cold ethanol, washed in 70% ethanol,
_centrifuged, dried, and stored in 50 mM Tris-HCI, 1 mM EDTA
at 4°C. The DNA concentration, determined by UV absorption
with thymus DNA as standard and adjusted to 2 pg/ml, was used
in a 50 pl PCR reaction mixture. In a number of experiments
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we also extracted specimens by boiling in 5% Chelex 100 Resin
for 10 min [26] in sets parallel to phenol extracted specimens.
Primers: Oligonucleotide primers were chosen from highly
conserved regions of the OspA gene, GeneBank accession num-
ber X14407 of B. burgdorferi [18], synthesized on an Applied
Biosystems DNA synthesizer and purified through OPC car-
tridges (Applied Biosystems, Foster City, CA). Selected from
the OspA sequences were primer A = (5-AAGTACGATCTA-
ATTGCAACAG) and primer B = (5-TTCCTTCTTTAACCA-
CCAATGT) which are located from nucleotide number 301 to
322 and from 700 to 679 of the complementary strain, respec-
tively. Furthermore, OspA primer sets, reported by Guy and
Stanek [19] were used as nested primers with the primer pair
C = (5-GAGCTTAAAGGAACTTCTGATAA) and D = (5-
GTATTGTTGTACTGTAATTGT) (nucleotide 334—356 and
from 894—874 respectively, plus the second primer pair E =
(5-ATGGATCTGGAGTACTTGAA) and F = (5-CTTAAAG-
TAACAGTTCCTTCT) (nucleotide 362—381 and 713—693).
All primer pairs including the nested primer pairs were used in
parallel sets. A further primer pair was synthesized with the ge-
nomic DNA sequence of a clone (Ly-1) [23] with the + end 5'-
GAAATGGCTAAAGTAAGCGGAAT, nucleotide 16 to 38
(primer 01) and 5-TCTGTAAACTAATCCCACCTAAAA, nu-
cleotide 240 to 217 (primer 02) of the complementary strand.
Hybridization with OspA sequences was performed with a
400 bp probe (see below). In addition, we often employed in
parallel an oligoprobe of 18 nucleotides with the sequence 5’
GAGCAGACGGAACCAGAC. The probe for the genomic se-
quence was 5-TATTTTAGATGAGTATGGTT. The oligoprobes
were p32P end-labeled with T4 polynucleotide kinase with a
specific activity of 1—-2 X 10° cpm/pl.

Probe subclone and sequencing: The 400 pb probe was cloned
according to Chiba et al. [27] by adding to the primers A and B
of OspA extraneous nucleotides (5-GAGCTC-3’) which com-
prise Sstl cleavage sites at their 5’ ends. After subcloning the
PCR fragment of OspA into pBluescript SK(—) plasmid (Strata-
gene, La Jolla, CA), purification in phenol-chloroform and etha-
nol and preparation of pBluescript SK(1) and Sstl cleaving, the
PCR product was recovered from 0.8 % agarose gel, ligated to
the cleaved pBluescript SK(—) with T4 DNA ligase (Gibco
BRL, Gaithersburg, MD), transfected in Jm83 cells and grown
overnight; its DNA was purified according to Sambrook et al.
[28]. Sequencing of subclones by dideoxy-nucleotide chain-ter-
mination and Sequenase 2.0 system (USB, Cleveland, OH) re-
vealed the amplified 400 pb portion of the OspA gene to be iden-
tical to the published sequence of OspA. This subclone was used
as a routine probe during the study. A a32P Prime-It Random
Primer Kit (Stratagene) was used for labeling according to the
instructions by the manufacturer. For PCR, 25 ng of DNA tem-
plate, 10 pl random oligonucleotide primers plus H,O were used
in a total of 34 pl. Subsequent to boiling (5 min), cooling, centri-
fugation, 10 pl of 5 X primer buffer containing dATP, dGTP, and
dTTP were added to the supernatant plus 5 pl labeled nucleotide
([o-**P dCTP], 3000 Ci/m mole) and 1 pl T7 DNA polymerase.
Incubation (37°—40°C, 30 min) was followed by addition of
2 ul Stop mix (Stratagene) and purification (Centre-Sep col-
umns, Princeton Separations Inc., Adelphia, NJ). Radioactive
counts of approximately 2X10° dpm were used in each hy-
bridization procedure.

PCR. Gene-Amp reagents (Perkin Elmer Cetus, Norwalk, CT)
were used in a thermal cycler (MiniCycler, MJ Research
Watertown, MA).
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2 pg DNA from urine or B. burgdorferi B31 cultures were
amplified in 50 pl mixtures (PCR buffer II, Perkin Elmer Roche,
Branchburg, NJ: 15 mM MgCl,, 200 uM of each of the deoxy-
nucleotide tri-phosphates and of the primer pairs [1 pM] and
Amplitag DNA polymerase).

Amplification: 35 cycles, denaturation at 94°C, 1 min; an-
nealing at 56°C, 2 min; extension at 72°C, 2 min. The nested
primer pairs C and D were used in 32 cycles, followed by pair
E and F with 25 cycles; annealing at 54°, 1 min, extension at
72°C, 1 min. After electrophoresis of the PCR product in' 1.5%
agarose gel (containing Tris boric acid, EDTA, plus ethidium
bromide) the fluorescence bands were recorded, the gels were
denatured in 0.25 M HCl, followed by 1.5M NaCl, 0.5 M
NaOH, and neutralized in 0.5 M Tris pH 7.4, 8 M NaCl. Transfer
to Hybond N* membrane (Amersham, Arlington Heights, IL)
with transfer buffer (20 X SSC) [20], was followed by one rinse
and cross-linking with 0.12 J of UV or paper-drying and baking
at 80°C for 2h. To prevent DNA contamination by product
carry-over, the PCR instrumentation (cycler and ancillary equip-
ment) was operated in rooms separate from the areas where
buffer preparation and vial preparation took place. Stoppered
micropipette tips and disposable centrifuge tubes were used
throughout. All re-useable equipment was UV-treated after each
run; glassware was acid cleaned. Parallel to our standard pro-
cedures, the amplification product [29] was inactivated with
isopsoralene (IP) (4’-aminomethyl 4.5’-dimethylangelicin, HRI
Associates, Inc.). The PCR product of urine from ten patients
and DNA-free controls was tested with IP concentrations of be-
tween 10 and 50 pl/ml and irradiated for 60 min with long wave
UV of 25 uW/cm®. The results of the IP-inactivated samples
were indistinguishable from those of the non-crosslinked parallel
tests of the same material.

Hybridization: Pre-hybridization: 6h in 50% formamide,
5XSSC, 0.5% sodium dodecylsulfate (SDS), denatured salmon
sperm DNA, 5 X Denhardt’s reagent (containing 5 g Ficoll type
400, [Pharmacia, Piscataway, NJ], 5 g polyvinyl pyrrolidine, 5 g
bovine serum albumin [Fract. V, Sigma, St. Louis, MO] and
50 ml H,0). Hybridization with the a->*P-labeled probes in hy-
bridization buffer [28], incubation for 12 h at 42°C, washing in
2XSSC (plus 0.1% SDS) and shaking for 30 min at 22°C,
further washing for 30 min in 0.1 XSSC + 0.1% SDS at 42°C
and drying of the membrane; subsequently exposure to Kodak
X-OMAT Imaging film at —70° for 2—4 h.

PCR controls: DNA samples of cultured B31, corresponding to
DNA of 100—200 B. burgdorferi, were routinely run in the
Southern blots together with molecular weight standards (Gibco
BRL, Gaithersburg, MD); to guard against false positives, two
(most often more) lanes per gel (Figure 1) contained samples
from healthy volunteers. PCR was repeated whenever a question
arose regarding the presence of very faint bands or unusual band
positions. Forty patient samples were repeated at least once, us-
ing the primer pair A, B.

PCR sensitivity: When samples of normal urine or buffer were
“spiked” with B. burgdorferi DNA, serial dilutions of the DNA
extracts revealed, after hybridization to the corresponding probe,
the presence of B. burgdorferi DNA of ten (or fewer) cells. The
nested primer pairs CD and EF most often showed an enhanced
sensitivity over that of the primer pair AB. The signal from the
genomic sequence was, in general, less frequent than that of the
OspA primer pair AB.

Bacterial cultures: B. burgdorferi strain B31 (ATCC35210) was
grown at 35°C in BSK-H medium [30] supplemented with 0.6 %
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rabbit serum R-7136 (both from Sigma) to densities of 10°—
107/ml as counted by phase light microscopy. The cells were
washed 3 Xin PBS containing 5 mM MgCl,, and the presence
of OspA and OspB antigens was established by Western blotting
with affinity purified anti-B. burgdorferi IgG, anti-OspB IgG
(Kierkegaard and Perry, Gaithersburg, MD) and anti-OspA IgG
(a gift from A. Barbour).

Results

All patients came from areas of high Lyme disease inci-
dence and had been treated with antibiotics for various
lengths of time before PCR testing. The antibiotics used
were those commonly employed for Lyme disease treat-
ment [31] belonging to a) the beta-lactam group: amoxi-
cillin, ampicillin; b) the cephalosporins: cefotaxime, ce-
fixime, ceftriaxone (i.v.); c) tetracycline, doxycycline; d)
macrolides: clarithromycin, erythromycin, ceftriaxone. In
almost all cases, the sequence of treatment started with
amoxicillin or ampicillin, followed weeks or months later
with doxycycline, cefixime and or clarithromycin, eventu-
ally with ceftriaxone i. v. More recently, patient treatments
were most often started with doxycycline, azithromycin,
clarithromycin, followed by ceftriaxone i.v. The age dis-
tribution among the patients varied widely with a mean
age of 41.5 years, the oldest patient being 72 years, the
youngest 4 years old. The ratio of men to women was
1:1.5. Figure 1 shows an agarose gel of PCR products
from phenol-extracted patient urines. The nested primers .

1234 567 8 910111213 141516 17

A

Figure 1: a) Agarose gel electrophoresis of Borrelia burg-
dorferi DNA after amplification of OspA sequences with the
nested primer pairs C, D and E, F (see text). Lanes 1 (in
both Figure 1 and Figure 2) = marker DNA. (&X174-Haelll
fragment, BRL. Topdown: 1353, 1078, 872, 603, 310, 281,
271, 235 bp, respectively). Lane 2: B. burgdorferi strain
B31 DNA. Lanes 3, 5, 7, 9, 11, 13, 15, 17: DNA from
patient samples of cases 562, 567, 568, 587, 577, 582,
5883, 613 respectively. Lanes 4, 6, 8, 10, 12, 14, 16: DNA
from urine of seven healthy controls. b) Hybridization of
above sample with 32P 400 bp subclone.
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Figure 2: a) Agarose gel electrophoresis of Borrelia burg-
dorferi DNA after amplification of a genomic sequence.
Lane 2: B. burgdorferi strain B31 DNA, phenol extracted.
Lane 3: Target-free control. Lanes 4, 6, 8, 10: phenoi-ex-
tracted DNA from patients. Lanes 5, 7, 9, 11: DNA ex-
tracted with boiling procedure. Patient protocol numbers
445 (lanes 4, 5); 446 (lanes 6, 7); 447 (lanes 8, 9); 448
(lanes 10, 11). b) Hybridization of above samples with 32P
oligonucleotides.

C, D and E, F of the OspA sequence were used. Alternat-
ing rows of identically-treated urine from healthy controls
served to indicate immediately if product carry-over had
occurred. Figure 2 shows the use of the genomic primer
pair 01/02. In addition to the phenol-extracted samples in
lane 4, 6, 8, 10, DNA was extracted by boiling as shown
in lanes 5, 7, 9, 11. Phenol extraction was in general more
sensitive and was used routinely throughout the study.
Of the 97 patients, 72 (= 74.2%) tested positive and 25
(= 25.7%) were negative by PCR (Table 1).

With the exception of two cases, patients were off anti-
biotics for at least one week before sampling for PCR.
The two patients under treatment at the time of sample
collection were both PCR positive. All patients had been
treated for between 3 weeks and 2 months continually and
most of them were, after a few weeks’ pause, again treated
with antibiotics for additional periods of 1—4 months. In
treatments that were even longer, cycles of antibiotic treat-

Table 1: Urine-PCR of 97 antibiotic-treated patients with
erythema chronicum migrans.

25.7
100

Total of 97 patients 72 74.2 25
62 healthy volunteers 0 0 62

167350

ment and intermittent drug-free periods of a few weeks
were repeated several times. In 17 cases, the tests were
repeated at least twice over a period of several weeks and
months between oral or intravenous treatment courses
(amoxicillin, azithromycin and ceftriaxone). In four of
these patients, the PCR had become temporarily negative,
as determined 1 week after ending the treatment period.
However, 4—6 weeks later, all had again become PCR
positive.

Almost all patients in this study reported to be not well at
the present time; most of them were ill and unable to
work, including those (approximately 28%) who had
shown an initial improvement during earlier antibiotic
treatment. Only two patients described their current con-
dition as ‘‘healthy”, with a remaining few symptoms;
their urine PCR, however, remained positive when tested
between 6 weeks and 4 months, respectively, following
their last antibiotic treatment.

We observed that, on average, the time delay between in-
fection (erythema chronicum migrans) and the late onset
of treatment (a median of 8 months) did not affect the
outcome of the PCR result (Table 2). We conclude that
the two parameters are independent (p = 1.0, Fisher’s
exact test).

A similar conclusion can be reached for the association
of the duration of treatment (median of 2.5 months) and
PCR status (Table 3) (p = 0.814, Fisher’s exact test).
Logistic regression was also applied to the data (from
Table 2 and Table 3) to predict PCR status simul-
taneously. Again, no relation was seen.

A close inspection of the information available to us in
relation to the urine PCR of patients testing negative pro-
vided the following scenario: of the 25 PCR negative

Table 2: Delay between erythema chronicum migrans and
treatment.’

Above median 31 11 42
At or below 31 12 43 (median = 8 months)
Total 62 23 85

Fisher’s exact test gives p = 1.0 (not significant).
' Data of 85 patients (= 87.6%) with known delay in treatment.

Table 3: Duration of treatment.’

Above median 35 13 48
At or below 37 11 48
Total 72 24 96

(median = 2.5 months)

Fisher’s exact test gives p = 0.814 (not significant).
' Data of 96 patients (= 99%) with known duration of antibiotic treat-
ment.
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patients, five had begun antibiotic treatment only 10—16
months subsequent to the onset of an erythema chronicum
migrans and were treated for 2—4 months; seven patients
were delayed in treatment for 8 months to several years
but were treated for time periods of 6 months to 2 years.
These numbers, although small, appear to support the
hypothesis that even after a late start of treatment an ex-
tended antibiotic regimen may cause a favorable outcome
of the PCR status.

Controls

Sixty-two healthy adults who lived in areas of Pennsyl-

vania and New Jersey, regarded as endemic for Lyme dis-
ease, served as controls. These persons considered them-
selves as being healthy, had encountered neither joint or
neurological symptoms nor persistent headaches, and had
never been diagnosed with Lyme disease. Of the 62 per-
sons, none showed a positive PCR. In all cases, the test
was double blinded with positive samples interspersed,
and was repeated at least twice, with the same result. Fur-
thermore, many of these specimens were used as controls
to ascertain the absence of product (DNA) carry-over.
Stringent collection and preparation procedures, including
DNA target-free samples, “spiked” urine samples and the
samples of healthy controls used in parallel with patients’
samples resulted in the absence of false positives within
the 3 years of this study. Whenever we employed the post-
amplification inactivation of the amplicon [29] in ten
patient urines, no differences to parallel samples without
amplicon inactivation were observed.

Discussion

The diagnosis for Lyme disease is primarily a clinical di-
agnosis. Since the erythema chronicum migrans is a sig-
nificant symptom in the diagnosis of Lyme disease, we
included only patients with recorded erythema chronicum
migrans in this study. The diagnosis is most often sup-
ported by serological profiles [1, 4], such as an early IgM
and later IgG production against OspC, and a subsequent
anti-OspA and anti-OspB production persisting over
longer periods of time, including other B. burgdorferi-
specific peptide markers [5—7]. Direct evidence for the
presence of spirochaetes in active borreliosis has been
provided in skin, heart, brain, joints, blood, and CSF, with
B. burgdorferi persisting in latent forms in human tissues
for years [1]. The proof of presence of Borrelia-specific
DNA by PCR is also an indicator for the persistence of
the spirochaete in the patient.

PCR allows the identification of fewer than ten DNA se-
quences per sample [20, 23, 24] and has been shown to
operate at the limit of detection with one specific DNA
segment [29]. In our study, the lower limit of detection
was routinely under ten spirochaetes (per sample of
spiked urine). The sensitivity of PCR may vary consider-
ably, possibly due to adsorption of DNA to glass and plas-
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ticware, and due to inhibitors in the sample material itself.
Liebling et al. [24] reported a maximal (100%) PCR sen-
sitivity in urine and in cerebrospinal fluid, lesser sensi-
tivities in synovial fluid, and still less (59%) in serum.
Inhibitory activity was also demonstrated in synovial
samples from Lyme arthritis patients [13] and in forensic
samples [26].

Regarding the test sensitivity, our in vitro controls with
primer pairs A, B of OspA sequences showed an ef-
ficiency of more than 98% from extracts of between 20
and 200 cultured B31 cells. It is possible that a PCR nega-
tive patient might at the time of collection excrete none
or too few spirochaetes to be detected. Also, a particular
urine might contain high amounts of inhibitors. Both in-
stances would result in a negative test. Since PCR positive
results may originate from dead microorganisms or frag-
ments thereof, they do not indicate the presence of live
Borrelia in the sample. Also, ongoing immune processes
around persisting antigens at sites distant from both the
bladder and the lining of the urinary canal would prevent
detection of Borrelia DNA in the urine. Wallach et al.
[12] reported that PCR of blood cultures as well as of
serum failed to reveal the presence of B. burgdorferi in
seven patients with acute Lyme disease, suggesting that
spirochaetes and their DNA may circulate intermittently
or at a level too low to be detected by culture or PCR.
Malawista et al. [14] have shown that 15 days after inocu-
lation, tissue of infected mice became negative both in
vitro and by PCR (probing for OspA and OspB gene se-
quences) subsequent to ceftriaxone treatment. In contrast,
several studies of chronic cases of human Lyme disease
revealed that Borrelia DNA persisted at various sites after
antibiotic treatment [9, 32].

Our results show that of the 97 patients, 74.2% tested
positive, whereas 25.7% tested PCR negative. Of the 25
patients that tested negative by PCR, five were treated
10— 16 months after the emergence of an erythema chro-
nicum migrans and received antibiotic therapy for 2—4
months; seven patients, with antibiotics starting only after
between 8 months and several years, were treated for a
total time of 6 months to 2 years. This result seems to
support the view that an extended antibiotic treatment
may be responsible for the negative outcome of the PCR
and may have helped in the elimination of the spirochaetal
population even after a much delayed onset of treatment.
Nevertheless, it seems to be characteristic for most of the
patients in our study that, after antibiotic-free periods of
a few months, they had again become increasingly ill with
neurological and arthritic symptoms, so that treatment had
been resumed.

Karch et al. [33] reported the presence of B. burgdorferi
DNA in urine samples of thirteen healthy adults with posi-
tive serology. PCR became repeatedly negative after treat-
ment of these patients with doxycycline. The authors con-
clude that excretion of Borrelia DNA may occur during
asymptomatic infection. It remains to be determined
whether the persistent presence of Borrelia DNA in the
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majority of the PCR positive patients in our study is the
driving force or a contributing factor to their current
illness.

Patients in the group studied here, including those of the
PCR negative group, suffer from Lyme disease-like clini-
cal symptoms which are difficult to distinguish from other
diseases [1], such as multiple sclerosis, chronic fatigue
syndrome, immune disorders, fibro-myalgia or infection
with other microorganisms and viruses. A few of the
patients in our study for whom recent serological data
were available show an incomplete or negative serological
profile for B. burgdorferi according to criteria of Western
blotting [4, 5]. A further concern has arisen from the dis-
covery that B. burgdorferi-positive patients may be also
co-infected or superinfected with other tick-born agents
such as Babesia and Ehrlichia strains [34]; specific anti-
bodies to these microorganisms have been found in sera
of Lyme disease positive persons [35]. Furthermore, cur-
rently uncultivable Borrelia species carried by a different

tick (Amblyomma americanum) have been observed to
cause a Lyme disease-like illness [36]. These scenarios
create a high degree of complexity of symptoms as well
as the potential of an increased severity and duration of
illness [37] and heighten the consequences of a persistent
presence of B. burgdorferi in the patient, a condition that
would necessitate repeated broad-based laboratory testing
and continued medical attention.
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Zusammenfassung: Borrelia burgdorferi DNA im Urin von
Patienten mit chronischer Lyme-Krankheit nach Therapie.
PCR-Studie mit 97 Fillen. Bei 97 Patienten mit klinisch veri-
fizierter chronischer Lyme-Krankheit wurde mittels PCR in
Urinproben nach Borrelia burgdorferi-DNA gesucht. Bei allen
Patienten war nach Zeckenstich ein Erythema chronicum mi-
grans aufgetreten. Bei den meisten Patienten war eine langfri-
stige Antibiotikabehandlung erfolgt. Wir verwendeten drei Pri-
merpaare mit DNA-Sequenzen fiir das Gen, das fiir das Ober-
flichenprotein A (OSP A) kodiert und fiir eine genomische

Sequenz von B. burgdorferi, um Proben von Patienten zu un-
tersuchen, die von Arzten aus dem mittleren Osten der USA
iiberwiesen worden waren. Proben von 62 gesunden Freiwilli-
gen derselben geographischen Regionen wurden routinemiBig
parallel zu den Patientenproben getestet. 72 der 92 Patienten
(74,2%) hatten ein positives Testergebnis, die librigen waren
negativ. Auch die 62 Probanden waren PCR-negativ. Ein be-
trichtlicher Anteil der Patienten mit klinisch diagnostizierter
Krankheit scheidet offensichtlich Borrelia DNA aus, auch
wenn eine intensive Antibiotikatherapie vorausgegangen ist.
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