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INTRODUCTION

Recently, we rePonw on the discovery of two diffcrent
types of ¢ i induced by subi concen-
trations of ciprofloxacin in a Borrelia burgdorferl skin iso-
late and described the typical phage-induced alterations of
the borrelial morphology (1). o

o NOLEHO 8. c

d quin-

mamma of a 63-year-old woman. The tick isolate was cul-
tivated from a nymphal tick removed from a patient visiting
our out-patient clinic.

Isolation and subcultivation of the borreliae were accom-
plished in BSK I-medium (7) modified by adding 0.15%
agarose (Serva, Fine Biochemicals Inc., Paramus, New

isa q
olone related to nalidixic acid. By inhibiting the bacteral
DNA-gyrase, this drug has a high in vitro activity against
many gram-positive and gvam-.ncgnﬂve bacteria (2{. In sev-

1 fons of i N

Jersey, No. 11397) (8). The two isolates were classified by

ing p el of RNA
compleruentary to amplified Borrelia burgdorferi-specific
gene segments (9, 10). Both isolates were found to belong
to the fes Borrelia burgdorferl sensu sticto, ac-

eral teports, the : f
treated gram-negalive and gram-positive bacteria were de-
scribed comprehensively (2-4). To our knowledge, there

cording to the Borrelia burgdorferi subspecies classifica-
tion defingatet! by ‘Baranton et al. (11).

are only two studies dealing with the in viiro susceplibility
of Borrelia burgdorferi to cip in. Preac-Mursic et
al. reported in 1987 that ciprofloxacia showed only low
activily against Borrelia bnrgdm:fm' (5). Similar results were
reported by Levin et al. (6) in 1993. So far, we arc not
aware of reportd ing ultra of
piroct caused by cip:

In the present study, we determined the in vitro minimum
inhibitory ation (MIC) of ciprofloxacin for two
Borrelia burgdorferi isolates and examined the morpholog-
jcal altcrations of the borrelial cells after treatment with
ciprofloxacin concentrations ranging frow the MIC of 1to
8 pug/mki.

Morcover, we examined borrelial cells exposed to sub-
inhibitory concentrations of clprofloxacin in order to look
for the presence of further lysogenic isolates.

MATERIALS AND METHODS
Borvelia burgdorferi isolates

The Borrelia burgdarferi skin isolate was obtained b
biopsy from an erythera migrans lesion located at the left

+Corresponding author.

ldation of MICs of ciprofl

In vitro susceptibility to ciprofloxacin (Bayer, Leverku-
sen, No. 521532) was determined via the broth dilution
method (5). Here, 100 gL of an actively growing culture
(log-phase) containing 107 cells/mL were added to tubes
with 9.9 mL BSK Il-medium, resulting in a final concen-
tration of 10° cells/mL. Ciprofloxacin concentrations ranged
from 0.125 to 8 pg/mL. Control tubes without antibjotics
were inoculated with 100 #L of the log-phase culture. Bach
concentration was prépared in triplicate. Cultures were ex-
amined for the presence of spirochetes by dark-field mi-
cxoscogy afler 5 days of incubation at 33°C. The MIC was
defined as the lowest concentration of ciprofloxacin com-
pletely inhibiting growth, i.e., at which the spirochete count
was 10° cells/raL. or less.

The number of spirochetes was determined by using
Petroff Hauser counting chamber.

Preparation for electron niicroscopy

Bach tube was centrifuged at 4000 X g for 20 minutes
at33°C. The resulting pellets were suspended in SMC [0.03%
sucrose in redestilled water with 0.01 M CaCl, and 0.01
M MgCl, added (12)). Two drops of each suspension were
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FiG. 1. Untreated Borrelfa burgdorferl with a (a) smooth-structured
outer cell membrane without blebs and (b) imchanged peptidogly-
can layer. Phosphotungstate stain, X 68,000, fixed, Bar = 0.1 pm.

placed on grids for electron microscopy. In some experi-
ments, the samples were negatively stained with 2% phos-
photungstic acid for 30 seconds. In other experiments. the
samples were first fixed with 1.5% glutaraldchyde (pH 7.2,
in 0.1 M PO,-buffer) and then negatively stained with 1%
phosphotungstic acid for 30 seconds.

‘We decided to examine fixed and unfixed borrelial cells
of each ciprofloxacin concentration, as the specific cipro-
floxacin-induced cell alterations were better visible in the
fixed samples; the bacteriophages. however, were better
visible in the unfixed samples.

RESULTS
Ciprofloxacin susceptibility
‘The mean MIC of both Isolates was | pmL.
uls of dorferi cells

The untreated spirochete in Fig. 1 confirms the often-
described structural characteristics of borrelial cells (12—

d Borrella

15).
No‘rhagcs were observed in borreliae grown in the un-
treated control cultures.

Alb h tnduced by ibitory
ciprofloxacin concentrations

While the majority of the cells presented a regular shape,
n{rpmximalely 20% of ‘the borrelial cells of both isolates
showed severe abnormalities of ultrastructure when ex-
posed to sub itory ciprofl i i 1ang-
ing from 0.125 to 0.5 pg/mL. In the phage-carrying and
morphological-altered borreliae, the outer envelope ap-
peared to be undamaged, while the protoplasmic cylinder
showed at least three different stages of destruction (1):

(1) numerous imegular constrictions of the normally smooth-

structured peptidoglycan layer,

(2) disruption of the protoplasrmic cylinder into several seg-

ments within a largely intact outer envelope, and

(3) smal) plasmolyzed protoplasima cylinder debris particles

within an enlarged and lrregularly shaped outer enve-
lope.

In both isolates, plasmolyzed cells wete filled with clus-
ters of numerous unassembled heads and (ails of bacterio-
phages (Fig. 2) showing an A-1 morphology (1, 16-18).

diug to the ification of Ack 17), this
consists of an isometric head (30 nm), a thin collar, and a
fong contractile tail (length 50 to 64 nm, width I3 to 19
nm) with a baseplate. In contrast to our former study (l)«.i

Fic. 2. (2) Unassembled talls and (b) heads of A-1 bacterlophages
Inside of a Borrelia burgdorferl cell. Phosphotungstate stain, X
330,000, unfixed., Bar = 30 nm.

be observed within the borrelinl cells. We detected no phages
in borrelial cells exposed 1o ciprofloxacin concentrations
equal 1o or higher than the MIC or in the untieated controls.

ULTRASTRUCTURE OF BORRELIA BURGDORFERI
EXPOSED TO CIPROFLOXACIN CONCENTRATIONS
2| pg/mL

As previously described, nearly 20% of the cells showéd
severe phage-induced morphological {ons at subin-
hibitory ‘( In the ining bor-
reliae, which presumably wers not infected by temperate
phages, no ultrastructural changes were seen when exposed
to ciprofloxacin concentrations from 0.125 to 0.5 pg/mL.

The majority of borrelial cells exposed to a ciprofloxacin
concentration of | ug/ml showed Irvegular constrictions
of the peplidoglycan layer, which were located near the end
of the cell (Fig. 3a). Obviously, as a result of these imreg-
ularly located constrictions, abnormally short distinct frag-
menis of borelial cells (Fig. 3b) became visible. The size
of these fragments ranged from 0.6 to 0.8 pm. Moreover,
the protoplasmic cylinder complex of Borrelia burgdorferi
cells exposed to 1.0 pg/mL q?cipmﬂoxacin showed elec-
tron-lucent swellings (Fig. 4a).

At a clprofloxacin concentration of 2 pg/mL, approxi-
mately 75% of the treated cells revealed numerous defects
of the peptidoglycan layer (Fig. 5a). The diameters of the
protoplasmic cylinder complex varied from 0.09 to 0.20
pm (Fig. 5 arrows). Finally, at 4 and 8 pg/mL (Fig. 6a),
in almost all cells the protoplasmic cylinder complex and
the outer envelope were disrupted into many small plas-
molyzed particles.

Al ciprofloxacin concentrations from 0.125 to 2 pg/mL,
spherical structures were seen (Rig. 7). Coiled up spiro-
chetes were lying within these spheres.

No bacteriophages became visible in borrelial cells treated

Fic. 3. Ultrastructurat alterations In Borrella burgdorderl after being
exposed to a clprofloxacin concentration of 1 pg/ml. () Irregular
onstriction of the peptidoglycan layer at the cell periphery. (b) Ab-
normal short fragments of boreelial cells showing a length of 0.8 pm.

only unassembled heads and tails of A-1 coul

staln, X 97.000, fixed. Bar = 0.1 pm.
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FiG. 4. Ultrastructural alterations In Bocrella burgdorferl after being

{o a clprofloxacia concentration of 1 pg/ml. (a) Electron-
lucent swelling of the protoplasmic cylinder complex. Phospho-
tungstale stalo, X 97,000, fixed. Bar = 0.1 pm.

RG. 5. L alterations in Borrelia after belng
exposed to a clprofloxacin concentration of 2 p,/ml. (a) Numerous
defects of the peptidoglycan layer. Note the different diameters of
the protoplasmic cylinder complex (amaws). Phosphotungstate staln,
X 97,000, fixed. Bar = 0.1 pm.

Fic. 6. Ul I alterations in Borvella burgdorfert after being
expased 1o a ciprofioxacln concentration of 8 wg/ml. (a) Debrls of
the disrupted lasmic cyllnder complex partially enclosed by
tragments of the outer envelope. Phosphotungstate stain, X 90,000,
unfixed. Bar = 0.2 jum.

FiG. 7. lteratic

3 in Borrelia b after being
exposed to a clprofoxacin concentration of 0.125 pg/miL. Coiled-
up spirochete forming a spherical structure (spheroplast). Phospho-
{ungstate staln, X 37,000, unfived. Bar = 1 pm.
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with ciprofloxacin concentrations of 1 ug/mL (MIC) and
more.

DISCUSSION

‘The MIC of 1 pug/nl for oux Borrelia burgdorferi sixains
was comparable to that found by investigators of other studies
(5, 6). Our data confirm that Borrelia burgdorfer| shows

onl; il

y to cip

he hology of our d Borrelia
burgdor{nl Isolates (Fig. 1) comesponded with former
morphological descriptions by Barbour and Hayes (13),
Hovind-Hougen and coworkers (12, 14), and Hayes and
Burgdorfer (15). Also, the measurements for length and di-
ameter as well as the numbers of flagella were character-
istic for Borrelia species (12-15).

Both Borrelia burgdorferi isolates examined in this study
contained temperale bacteriophages showing an A-1 mor-
phology that were inducible exclusively by subinhibitory
ciprofloxacla concentrations (Fig. 2). These phage-carrying
Borrelia burgdorferi cells showed severc ultrastructural al-
terations of their morphology (1), which completely dif-
fered from the ciprofloxacin effects on borreliac observed
at concentrations of 1 to 8 pg/mL. Inductlon of prophages
occurred only at subinhibitory . i i
tions, presumably as production and release of bacterlo-
phages depend on an undisturbed metabolism of the host
organism. Including our former study (1), we examined (wo
erythema migrans iohln and one tick igolate for the pres-
cace of b iop All lysogenic borreliac i
A-1 bacteriophages, the first skin isolate in addition a B-1
bacteriophage (I).

Besides these phage-induced ical ions of
borrelial cells, other scvere ciprofloxacin-induced ultra-
structural changes could be observed at concentrations of
1 pg/mL (MIC) and more. The normal cell division was
considerably disturbed at a clprofloxacin concentration of
1 pg/mL (MIC). Multipli of Borrelia burgdc
occurs by binary wansverse fission (13). Usually, cell di-
vision is started by constriction of the peptidoglycan layer
in the middle of a long cell (13). Obviously, as a result of
the ircegular constiction of the peptidoglycan layer in the
periphery of abaormal clongated borrelial cells, very short
cell fragments becarae visible (Fig. 3). The damaging ef-
fect of ciprofloxacin first led to swellings (Fig. 4a), afler
that to membrane defects (Pig. 5a), and finally to the dis-
ruption of the protoplasmic cylinder complex (Fig. 6).

At ciprofloxacin concentrations ranging from 0.125 to 2
#g/mL, large spherical forms filled with remnants of the

rotoplasmic cyr\nder complex, as described before (Fig.
l‘; , were observed (13, 15), but the significance and f\]nc-
tion of such are still unk p
with the results of Voigt and Zeiler (2), Elliott et al. (3),
and Rodgers et al. (4), who demonstrated that ciprofloxacin
primarily affected areas located in the cell wall of gram-
negative and gram-positive bacteria, we found severe mor-
ph i i ing mainly the
cylinder complex of Borrelia burgdorferi.
In contrast to penicillin-treated borreliac, which showed

even at
tions (Schaller M, Neubert U. Morphology ‘of Borrelia
b i exposed to b Ipenicillin. Infection, in press),
in borreliac, no ciprofl induced changes
were visible at conceatrations below the MIC.

This may be & fusther explanation why ciprofloxacin does
not show the same in vivo cfficacy (Meisel C. personal

40

communication) in ﬁmpu-hon to the S-lactam antibi;
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ogainst infection with Borrelia burgdorferi. Zen-

G.

of carly L) borreli
6). i

'l‘he authors thank Mrs. B, Januschko for her excellent technical
asslst

tance. e
Reprint requests: Mariio Schaller, M.D., Depariment of

tology, Ludwig University, F

Muachen, Peders) Republic of Germany. p

»

©

:

9-11, 80337

\

REFERENCES *

Neubest U, Schaller M, Junuschke E, Stolz W, Sckmicger H.
Bacterlophages induced by clprofloxicin in a Horrelia burgdor.
Jerl skl inolate. Zentralbla Bakieriologie Hygicne 279:307-315,
1993

Voigt WH, Zeiler IUJ. Influcace of ciprofloxacin on the ulira-
structure of gram-ncgative and gram-positlve bacteria, Arzaci-
minclforschung/Drug Res 35 (1), Nr 10:1600-1603, 1985.
Elliot TSJ, Shelion A, Grecawood D. The response of Esche-
richia coll o ciprofloxacin and norfloxacin. I Mcd Microbiol
23:83-88, 1987.

Rodgers FG, Tzlanubos O, Elliott TSI, The effect of antibioics
that lohibit cell-wall, protein, and DNA synthesls on the growih
and morphology of Leglonella pneunophila. 1 Med Microbiol
31:37-44, 1990.

. Proac-Munic V, Wilike B, Schlerz G, Holmburger M, S08 E.

o

= o~

In vitro and In vivo susceptibllity of Borrella burgdorferi. Eut §
Clin Microblol 6:424-426, 1987. -
Levin IM, Nelson JA, Segretl ), Harsison B, Benson CA, Strle
F. In vitro suscepiibilily of Borrelia burgdorferi to 11 antimicro-
bial agents. Antimicrob Ageats Chemother 37:1444— 1446, 1993,
Barbour AG. fsolation and cultivarion of Lyme disease spiro-
chetes. Yalo § Blol Med 57:521-525, 194

Jobnson RC, Kodser CL, Russel ME. Vaccination of hamsters

L4

B

I

o

S

&

Berlla, Sprnger-Verdag, 1993, pp. 2943
6 HW. The b

tralblact ic Hygiene A 263:45-46, 1986

Ross PA, Hogan D, Schwan TG. Polymerase chain reaction saal-
ysis identify to distinct classes of Borrelia burgdorferl. § Clin
Microblol 29:524-532, 1991.

. Wienicke R, Koch ON, Neubert U, Gocbel U, Volkenandt M.

Detection of subtype-specific nucleatlde sequence diferences in
8 Borrelia burgdofer specific genc segment by analysis of con-
formational polymarphism of cRNA molecules. Med Microbiol
Len 2:239-246, 1993.

- Baranton G, Postic D, Saint Geronds I, Boerlin P, Pissarent! JC,

Assous M, t PAD. Delineation of Borreha burgdorferi
sensu stricto, Borrelia garinii sp. nov., and group VS 461, as-
sociaed wlih Lyoe boneliosis. It 1 System Bacterlol 42:378-

. Hovind-Hougen K. Ultrastructure of spirochietes fsolated from

Ixodes ricinus and ixodes dammiai. Yale J Biol Med 57:543—
548, 1984.

. Barbour AG, Hayes SF. Biology of Borrella Species. In Micro-

blological Review. Washington, DC, American Socety for Mi-

crobiology, Vol. 50, 1986, pp. 381-400.

Hovind-Hougen K, Asbrink {p Stlemstedt G, Steere AC, Hovmark
. UM iff among spl Isolated from

Ppatlents with Lyme discasc and related disorders, and from ixodes

richus. Zentraiblatt Baktediologle Hygiene, A 263:103-11 1, 1986.

Hayes SF, B w. of Borrelia

In Weber K, Burgdorfer W, eds. Aspecis of Lyme Borreliosis,

2 of 1o: Laskin

AL, Lechavalier HA, cds. Handbook of Microbiolagy. Cleve-
land, OH. CRC Press, vol. 1, 1973, Pp. 573-516.

Tailed b i i i

4 W. isted by
groups. In Laskia AL and Lechavalice HA, cds. Handbook of

g{;mblala‘y. Cleveland, OH, CRC Press, val. 1, 1973, pp- 579-

Ackermana HW, Anduricr A, Becthiaume L, Joues LA, Mayo
A, Vidaver AK. Guidelines for buctcriophage charactcrization.
Adv Virus Res 23:1-24, 1978.



