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We evaluated the new MPM medium for the growth of Borrelia burgdorferi. All 18 blood samples from 17
patients with Lyme disease were negative. Growth studies showed that by day 4, most organisms in MPM were
not viable. Our results reinforce the use of BSK medium as the primary choice for growing B. burgdorferi.

Lyme disease is a complex multisystem infection caused by
Borrelia burgdorferi and is the most common vector-borne dis-
ease in the United States (5). Chronic Lyme disease and post-
treatment Lyme syndrome (CLD/PLDS) are names used to
describe the clinical picture of patients who suffer from chronic
symptoms after what is thought to be adequate antibiotic ther-
apy. The underlying mechanism of these symptoms is un-
known, and the management of these patients is controversial.
Evidence of a persistent infection in these patients, as assessed
by the available direct methods, is generally lacking. Unfortu-
nately, these methods have low sensitivity in some disease
manifestations that are clearly associated with persistent B.
burgdorferi infection. Therefore, negative results may not ex-
clude the possibility of persistent infection. For example, B.
burgdorferi can be cultivated in vitro by using an enriched
artificial medium, named Barbour-Stoenner-Kelly medium
BSK), supplemented with serum (2). However, culture of the
spirochete from clinical specimens has very low sensitivity out-
side of samples taken from patients with erythema migrans,
where the reported sensitivity varies from 20 to 90% (7, 9, 13,
14, 16). The yield of this microorganism in cultures of whole,
untreated blood from patients with acute disease has usually
been 5% or less (6), but the use of plasma, serum, and larger
quantities of blood has increased the yield to about 25% to
50% in blood samples from patients with early disease who
have not received antibiotics (17, 18). Culture of cerebrospinal
fluid yields bacteria in less than 10% of samples (8), and the
spirochete has never been reliably cultured from joint fluid.
PCR results have been variable and usually are similar to the
culture results (6, 11, 13–15). The exception is for joint fluid
from patients with Lyme arthritis, where PCR sensitivity is up
to 85% (10).

In 1998, Phillips et al. described a new medium and methods
for culturing B. burgdorferi, called MPM. Using this new me-
dium, they reported being able to culture B. burgdorferi from
the blood of 43 of 47 patients with CLD/PLDS, all of whom
had relapsed after long-term oral and intravenous antibiotics
(12). Such an improvement in culture sensitivity would be a
major advance in the laboratory diagnosis of Lyme disease. In
a prospective evaluation of MPM and BSK for blood cultures
from CLD/PLDS patients, we were unable to duplicate the
findings of Phillips et al. We tested 18 blood samples from 17
patients evaluated at the National Institutes of Health (NIH)
Clinical Center between July and September 1999. The pa-
tients included 10 patients referred to the NIH with suspected
CLD/PLDS, 5 patients with Lyme arthritis, 1 patient who had

recovered from Lyme disease, and 1 patient with early Lyme
disease. The patients were from Maryland (n 5 12), New
Jersey (n 5 2), Massachusetts (n 5 1), Wisconsin (n 5 1), and
Florida (n 5 1). The patients with suspected CLD/PLDS had
a history of Lyme disease according to the Centers for Disease
Control and Prevention (CDC) clinical definition (six had a
history of erythema migrans), positive serologic analysis con-
firmed by immunoglobulin G Western blot analysis using the
CDC interpretation criteria (3, 4), and persistent or intermit-
tent symptoms for at least 6 months after appropriate antibi-
otic therapy. The usual symptoms included widespread mus-
culoskeletal pain and fatigue, memory and/or concentration
impairment, radicular pain, and paresthesias or dysesthesias.
The onset of symptoms was coincident with or within 6 months
of initial B. burgdorferi infection, the symptoms were significant
enough to interfere with daily activities, and other causes were
excluded. PCR of cerebrospinal fluid and blood, using the
outer surface protein A gene target or the 16S RNA gene
target, was negative in all CLD/PLDS patients. Patients with
Lyme arthritis had mono- or oligoarticular arthritis, primarily
of large joints, exposure to a known area of endemic infection,
exclusion of other causes, and positive Lyme disease serologic
test results. The patient who recovered from Lyme disease was
asymptomatic 1 year after receiving therapy for early neu-
roborreliosis (disseminated erythema migrans, lymphocytic
meningitis, and bilateral facial nerve palsy). The patient with
early Lyme disease had localized erythema migrans and fever.
Two 5-ml blood samples were collected in EDTA tubes from
each patient. From these, one MPM culture and one BSK
culture (described below) were processed from each of 17
participants, while 1 participant had 2 sets of cultures done.
The study was approved by the National Institute of Allergy
and Infectious Diseases Institutional Review Board, and all
patients signed informed-consent forms.

The MPM medium was prepared as described by Phillips et
al., except that NIH (Bethesda, Md.) distilled water rather than
Detroit tap water was used. Briefly, the MPM formula con-
tained the following per liter of water: 20 g of proteose pep-
tone, infusion from 1,000 g of beef, 10 g of dextrose, 10 g of
NaCl, 4 g of dipotassium phosphate, 1 g of sodium thioglyco-
late, 1 g of purified agar, 0.004 g of Bacto Methylene Blue,
100 g of sucrose, and 5 g of soluble starch. The medium was
autoclaved for 15 min at 120°C and refrigerated overnight
before the final tube and slide cultures were prepared. To
prepare the tube cultures, 10 ml of medium was boiled to melt
the agar, and 1 ml of a sterile 10% solution of autoclaved yeast
extract and 1 ml of a sterile solution of NaHCO3 were added.
The slide cultures were prepared similarly, except that 3 ml of
the yeast extract solution and 10 ml of the NaHCO3 solution
were added to 30 ml of the basal medium and the mixture was
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then poured into a sterile Coplin jar. To make the blood agar
plates, the agar content was adjusted to 16 g/liter and 60 ml of
sheep blood was added directly after autoclaving the medium
to prepare a chocolatized agar. Sterile yeast extract was also
added to a final concentration of 1%. Tube, slide, and plate
cultures were performed using blood (0.1 ml/tube, 0.1 ml/slide,
and 0.5 ml/plate) as specified in the procedures of Phillips et al.
(12). The cultures were incubated at 30°C and held for 4 weeks.
Samples were taken from the tube cultures at 2, 4, 7, 14, and 21
days for staining with acridine orange (AO). AO stain (Becton
Dickinson Microbiology Systems, Sparks, Md.) contains 0.1 g
of acridine orange in 1 liter of 0.5 M acetate buffer (pH 4.0).
The slides were fixed in methanol for 2 min, stained with AO
for 2 min, and read with a 403 objective. All 18 cultures were
negative by tube, slide, and plate cultures.

Simultaneously, blood cultures in BSK broth were prepared
by our standard Borrelia culture method. Approximately 2 to 4
ml of plasma from each patient was inoculated into 100 ml of
BSK broth containing rabbit serum (Sigma, St. Louis, Mo.).
These cultures were incubated at 35°C, examined visually for
growth once a week, and stained with AO if growth appeared
to be occurring or at the end of the 4-week incubation period.
All 18 BSK blood cultures were negative.

To further document the comparative growth characteristics
of MPM and BSK, we used B. burgdorferi strain HB19 to
perform a series of growth studies. High-passage B. burgdorferi
sensu stricto HB19 was obtained from the Rocky Mountain
Laboratories. HB19 was originally isolated from the blood of a
patient from Connecticut (1). Table 1 describes the results of
cultivation of a series of 10-fold dilutions of a suspension (106

organisms/ml) of the organism. A 1-ml volume of each dilution
was inoculated into tubes of MPM broth and of BSK broth.
After incubation, each broth culture was examined for growth
by AO staining, which is more sensitive than the Gram stain for
the detection of slender organisms. AO stains bacteria by bind-
ing to bacterial DNA, and when the staining is done at low pH,
it results in bright orange fluorescence of viable bacteria while
background debris are generally yellow to green. Estimates of
growth were determined by determining the number of organ-
isms per high-power field if organisms were numerous or per
slide if organisms were very few. Although staining the organ-
ism could be demonstrated equivalently in both media on day
2 by AO staining, the majority of organisms in MPM were
green rather than orange by day 4, suggesting decreasing via-
bility. Growth was readily apparent in all except the highest
dilution of the BSK, reaching an optimum at around 7 days.
However, no significant growth occurred at any dilution of the
MPM series. Subcultures from each of the BSK and MPM
tubes into new tubes of BSK at 3 weeks confirmed that the

organisms from the BSK tubes were still viable while those
from the MPM tubes were nonviable and did not initiate
growth when transferred to fresh medium (either MPM or
BSK).

This study demonstrates that the use of MPM does not
enhance the detection of B. burgdorferi from cultures of blood
samples from CLD/PLDS patients. We were unable to recover
the spirochete from the blood of patients with CLD/PLDS by
using either this new medium or BSK. Using a reference strain
of B. burgdorferi, we have also presented evidence that cultur-
ing in BSK remains the best method for growing and main-
taining B. burgdorferi in medium.
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