










Culture versus PCRfor Lyme disease diagnosis

atrophicans lesions are shown in table 4.
Thirteen specimens were positive overall, with
MKP culture being most successful in detecting
spirochaetes. However, differences were not sta-
tistically significant. Three specimens were posi-
tive by all three detection methods.

ATYPICAL/PARTIALLY TREATED ACRODERMATITIS
CHRONICA ATROPHICANS LESIONS
Sixty six atypical acrodermatitis chronica
atrophicans lesions were tested. Of these, one
was positive by MKP culture only and one was
positive by PCR only. Twenty lesions from
patients who had received partial antibiotic
therapy for acrodermatitis chronica atrophi-
cans were tested; all were negative.

Discussion
From its inception, this study was not confined
to a small, carefully selected group of patients
displaying classic signs and symptoms ofLyme
borreliosis. In addition to patients presenting
with classic erythema migrans or acrodermati-
tis chronica atrophicans lesions and a history of
tick bite, we also chose to investigate atypical
lesions, lesions in patients who had received
partial antibiotic treatment, and skin appearing
to be clinically normal at the site of spontane-
ously resolved lesions (as reported by the
patient). For the diagnosis ofLyme borreliosis,
we do not consider that either clinical assess-
ment, culture, or serological tests can serve as a
"gold standard" against which assay by PCR
can be evaluated and compared. Therefore, no
attempt was made to calculate sensitivity and
specificity on this basis. Also, it should be noted
that the PCR and culture results reported here
are based on a direct analysis of clinical speci-
mens. We did not perform PCR analysis on
partially-grown cultures of skin biopsies as
reported previously.20 Although this procedure
may enhance the sensitivity of the assay, it
combines the slow turnaround time of culture
with the high cost of PCR, both of which are
undesirable in clinical diagnosis. To address the
issue of sequence variability among European
strains of B burgdorferi sensu lato, primers
derived from the highly-conserved flagellin
gene were used for detection as discussed
previously.2' 26

Despite the wide range of skin biopsies
tested, classic erythema migrans lesions consti-
tuted the vast majority of the specimens. This
would be expected in a Lyme borreliosis
endemic region. When total skin specimens per
month were plotted, as in fig 1, the result was
essentially the same; the graph showed the
same seasonal peaks and troughs but with total
numbers that were slightly higher. The highest
success rate in culturing borrelia from typical
erythema migrans lesions was obtained on-site,
using MKP medium, the aggregate rate over
the two year period being 36%. Culturing at a
distance in BSK II medium was less successful
(24%). Reported culture isolation rates for
borrelia from erythema migrans specimens
have varied from a high of 86%28 to less than
8%.29 However, the higher value represents

results from a short term study of a small
number of patient samples (< 30). Typically,
culture isolation rates of 30-70% have been
reported for erythema migrans specimens col-
lected over longer time periods.'0 31 We found
difficulty in attaining a consistently high isola-
tion rate over the two year period of this study;
as shown in fig 1, success rates fluctuated over
time. This was true also of direct detection by
PCR assay, for which the overall success rate
(25%) was slightly higher than BSK II culture,
but considerably lower than MKP culture.
However, in certain months, the PCR assay
outperformed both culture methods. We were
not able to define precisely the reasons for the
varying success rates of BSK II and MKP cul-
ture methods. No significant changes were
made to the composition of either medium
during the study period. However, variations in
different batches of medium components
(especially rabbit serum) may have played a
role in this phenomenon.

Results for classic acrodermatitis chronica
atrophicans lesions mirror those for classic ery-
thema migrans, except that the overall num-
bers were smaller, and fewer specimens were
positive. Thus, the acrodermatitis chronica
atrophicans positivity rate forMKP culture was
23%, that for the PCR assay was 16%, and
BSK II culture was 9%. This was from a total
of 43 specimens. Culture isolation rates from
acrodermatitis chronica atrophicans lesions
have typically been lower than from erythema
migrans; however, in one report, a culture iso-
lation rate of 45% from acrodermatitis
chronica atrophicans was achieved.31 Among
atypical acrodermatitis chronica atrophicans
lesions, only two skin biopsies were positive
from a total of 66 specimens tested.
A small number of erythema migrans status

post specimens and skin biopsies from patients
who had received partial antibiotic treatment
also were positive by one or more methods.
The isolation of spirochaetes from skin appear-
ing normal at the site ofspontaneously resolved
erythema migrans lesions has been reported
previously.23 32 It could also be anticipated that
in the case of incomplete antibiotic therapy,
spirochaetes would still be present in the skin of
some patients.
Throughout the study, many skin biopsy

specimens were positive by only one, or two, of
the three detection methods. Thus, by using
more than one method, and more than one
biopsy sample, the overall yield of positive
results was increased. When all three methods
were combined the overall positivity rate for
typical erythema migrans lesions increased to
54% for analysis of a single lesion and 74% for
two lesions. Tables 1-4 demonstrate an appar-
ently random distribution of positive results
among the three detection methods. This sug-
gests that the distribution of spirochaetes
within skin tissue at the site of an erythema
migrans or acrodermatitis chronica atrophi-
cans lesion is not uniform and that the chance
of obtaining a positive result is subject to a
sampling bias.
This is supported further by experimental

PCR findings where one segment of an
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erythema migrans skin biopsy produced an
exceptionally strong signal by PCR (detectable
by agarose gel electrophoresis and ethidium
bromide staining alone, without the use of a
radioactively labelled probe), while other seg-
ments from the same skin biopsy were culture
negative (fig 2). Agarose gel electrophoresis
alone routinely detects - 5000-10 000 spiro-
chaetes after amplification by the conventional
flagellin gene PCR assay used in this study.26
The very strong signal shown for specimen
number 3 in fig 2A easily represents the upper
limit of this range. The results, therefore, seem
to indicate that while one segment of a skin
biopsy specimen may contain 104 spirochaetes,
adjacent segments may contain no spirocha-
etes, or an insufficient number to allow
detection by culture.

It is conceivable that spirochaetes may be
present in skin as microcolonies dispersed
among regions that contain only a few
scattered organisms. Neubert et al"3 investi-
gated serial sections of erythema migrans and
acrodermatitis chronica atrophicans skin le-
sions and found that, for most skin samples,
not more than two spirochaetes were detect-
able in one or two out of 10 sections scanned.
However, in the case of one skin biopsy, 10-15
spirochaetes were found in each of the 10 sec-
tions studied. Closely similar findings have also
been reported by others.34 In the study by
Neubert et al,33 organisms were clustered
around blood vessels deep in the dermis. More
recently, they reported signs of small vessel
vasculitis, consistent with a localised clustering
of borrelia, in 38% of erythema migrans and
46% of acrodermatitis chronica atrophicans
skin samples investigated using histological
and/or immunohistological methods.35 Clus-
ters of spirochaetes also have been observed in
histochemically stained skin sections36 and
synovial tissues.37
We conclude from these studies that in vitro

amplification assays are not more sensitive than
culture for the detection of borrelia in skin
specimens and that the diagnosis of Lyme bor-
reliosis by skin biopsy will remain problemati-
cal. Our findings indicate that the sensitivity of
direct detection is limited and that the
limitation occurs at the level of sample acquisi-
tion. While positive results by culture or PCR
are highly specific, a negative result does not
rule out Lyme borreliosis; however, examin-
ation of multiple specimens/lesions increases
the likelihood of detecting spirochaetes. Al-
though PCR has the potential to provide a
rapid diagnosis, the necessarily complex labo-
ratory logistics are costly, and the expenses
involved in performing the assays themselves
are not inconsiderable. In contrast, culture iso-
lation, although slow in the case of some speci-
mens, is relatively inexpensive and does not
require a complex laboratory infrastructure.
Moreover, the clinical value of a positive
culture, as opposed to a positive PCR result,
may be considered higher since in at least some
patients PCR may detect dead spirochaetes not
indicative of an active disease process.
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