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wer antibilitic tharapy fur Lyme boreeliosls, Ly Seaviogy:
15G antibodies 1 i fweglurfest were pusitive, 1gM neg-
ative I four palieats; in 1wy patients buth IgM and g
weie negative, Artiblotic therapy may abrogate the an-
tibody respanse to the infection as shawn by our results,
Patienls may have subclinical or clinlcal disease wilhout
diagnustic antibody thers. Persistence of B. burgdorferi
cannel be oxcluded when tke serum is negative for an-
ubodies against il
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Lyae boreeliowis, the mosl widespread disease
transmitied Ly ticks, and caused by the spirochetal
vrganism Barrelia burgdurferi (1) is characterized by
various clinical stages, including dermatologic,
neurvlogic, cardiae, rheumatologic, and ocular
manifestations (2). Overlapping symptomatology
of these stages is possible. Disease usually

with the characteristic locallzed skin lesion Erythe- -

ma migrans af the site of the tick bite, whereas the
later phases—weeks, months to years after the pri-
mary infection—is marked by a disseminated in-
fection,

With respect to ocular manifestations, conjunic-
livilis, keratitis, Iritls, uveltls, vitritis, endophthal-
mitis, ischemic optic neuropathy, optic neuritis,
oculomotor palsy, and retinal vasculitis have been
reported (3-10). The diagnosis in all reported cases
was made by clinical signs and serological tests for
antibody lo 8. burgdorferi, This case report presents
a patient in whom 8. burgdorferi was first isolated
from an iris biopsy. Additionally we report about
the isolation of B. burgdorferi after corticosteroid
and antibiotic therapy in patients with latent dls-
seminated Lyme disease and interesting ophthal-
mological findings.

PATIENTS AND METHODS
Patients
See Table 1.

Serological Tests

Antibodies to B, burgdorferi in blood and cerebro-
spinal fluld (CSF) were determined by Indlirect im-
munofluorescence test (IFT) as described previ-
ously (11). To avoid unspecific false positive reac-
tions, the test samples were absorbed with
Treponema phagedenis, Antibody titers »1:64.were
regarded as significantly elevated, titers of 1132 as
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TABLE 1. Clinical and microdiological findings

Antibouies 1o 8. burgdorier!

Iseiption ol
Patlant Disanse Sorum CSF 8, burgdortari
nojage Systemic Qeutar Trosimeni Ight 156G WM e rom
[ Nong Panuveitls. Corticosterold NE 5930 NO Irls blopay
leldocyclitls Oeoxycyciing
Uss €. migrans Iehis=yvaitis Doxycycline NE NE NO Skin blopsy
Conticostercly
Cefirisxonn
T None None Celotarimo NE 164" NE CSF
450 None Painful eyes Calirlaxone NE 1:64% NE CSF
&62 Arthralgias Conjunctivitis Peniculin NE NE NE c8rF
lymphadencpathy Celtrlaxane
625 Radicuiar pain Ititls Cellriaxone NE 1.64% NE CSF

ND. nol done; NE, negalivo; SSF. carabrospingl fuid
* ELISA |positive > 200 U).

CIFT-ABS {positiva Iy & 1 54, sorcerling 1232, nogative %1.18)

borderline. Intrathecal production of antibodies
egainst B. burgdorfori was assessed by comparing
the CSF/serum ratio of enzyme-linked immunosor-
bent assay (ELISA) 3G velues (units per milliliter)
with the CSFfserum ratio of total IgG (CSFiserum
index). A CSF/serum index of <2 was considered
normel and >2 was considered elevated.

Bacteriological Examination

The iris biopsy and the samples of CSF and skin
blopsy were examined for B. burgdorferi by dark.
field microscopy and by culture in MKP medium
as previously described (12,13). The cultures were
inzubated at 33°C for »5 weeks and examined
weekly by darkfield microscopy and subeultures.

isclates were identified wilth monoclonal anti-
bedies L321Fi1 and (22178 by Western Blot (14).
The susceptibility of the strains lo different antibi-
otics weve tested by MIC (minimal Inhibitory con-
centration) using in vitro test in tube {13), Tests for
monoculture of the isclates were done on solid me-
dia PMR agar (15).

Other Laboratory Examinations

The CSF was examined for white blood cells and
telal protein, Iscelectric focusing was used to de-
lermine oligoclonal 1gG bands in the serum and
CSE. Concentration of albumin and 13G in serum
and CSF were determined by kinetic nephelome-
try. Serologleal examinations for syphilis and rheu-
matoid factor were performed.

RESULTS
The clinical and microbiological data are pre-
sented in Table 1.
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Spirochetes isolation was successful between 2
and 16 subcuitures in MKP medium. The [solates
showed typical protein pattern of B. burgdarfert In
SDS-page and were identifled with monociona) an-
tibodles L321F11 and L221F8 as B, burgdorferii- The
in vitro susceptibility of the Isolates to antbictics
was the same as in other stralns tested (13,16,17).
The growth of 8. burgdorferi on PMR agar is ghown
in Fig. 1. ey

80§rellae were isolated after antibjotic and
costeroid therapy, from iris biopsy of one patient
with chronic recurrence uveitis and acute panuvei-
tis, as well as from skin biopsy of one patient with
E. migrans and ocular manifestations, and also
from the CSF of patients with “latent newroborre-
iiosis.” Hewever, the cell count in the CSF was
normal and [n all six reported patients the speafic
IgM antibody titers in serum were negative.

Serologlca{examimﬁom for theumatoid factor

and syphilis were negative.
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FIQ. 1, Borrella burgdorler! growih on"'PMR-agat.
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Case |

A 24-year-old woman developed blureed vision
in the right ¢ye in 1991, She had a history of sev-
eral years of chronic recurrent anterior and poste-
rior uveitis. Since 1985 she had suffored (rom re-
current bilatesal iridecyclitis and had been on im-
munosuppressive therapy. Lyme antibody titers
had not beon determined. Three years later in
1988, the IgC antibody tliters against 8. burgdorferi
in serum were positive, while the IgM titer was
negative. The patienl was treated with syslemic
doxycycline al o duse of 200 mg/day for 4 weeks;
the [gG antibody titer decreased. In 1989 the pa-
lient received doxycycline, again at a dose of 200
mg daily for 4 weeks, alter the Lyme IFT-1gG had
been repeatedly positive. In August 1991 the pa-
tient was admitted Lo hospital because of acute
panuveilis with iriducyciiiis, anterior chamber and
vitreous cells, subtotal postecior synechiae, and a
lens covered by a dense membrane. Fundoscopy
reveaied macular pucker, a cystoid macular
edema, and on exudative inferior retinal delach-
menl. A sester iridectomy and prepupillary mem-
branectomy were performed to improve fundus vi-
sualization to rule out a rhegmatogenous retinal
detachment. Laboratory investigations included

FiG, 2, Borrelia burgdorleri from iris
biopsy (darkfleld x600).

aquevus humor for antibody titer determination
against B. burgdorferi as well as excised iris tissue
for culture isolation of borreliae. The Lyme ELISA
{(IgC) In serum was 593 U (norm <200 U) and In
aqueous humor, 42 U,

8. burgdorferi was cultured from the iris excdsion
and prepupiliary membrane after prolonged in-
cubation in 16 subcultures of MKP medium (13)
(Fig. 2).

Borreliae could be visualized in Levaditis stained
biopsy (Fig. 3). Gram stains of biopsy specimens
showed no organisms and bacterial cultures (aer-
obic-anaerobic) showed no growth of other bacte-
na, E. migrans was not noted, aithough a tick bite
was recalled.

Cage 2

A SS-year-old woman developed E. migrans, 4
weeks after a tick bite. Three days later a akin bi-
opsy and Lyme IFT and ELISA was done, and at
the same time oral doxycycline 200 mg/day for 10
days was initisted. The Lyme IgM and 1gG were
negative; however, B. burgdorferi was Isolated from
the skin biopsy, E. migrans disappeared after 3
weeks,
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FiQ. 3. Borrelia burgdorier! (Le-
vaditi slainad l+is biopsy),

Al the follow-up examination, 4 weeks after the
antibictic therapy, a subsequent biopsy (taken in
the immediate vicinity of the prior blopsy) for cul:
ture of 8. burgdorferi was negative, as was the
Lyme serology.

The patient responded well for 1 year but then
developed iritis and uveilis of the lelt eye. She also
noted episodes of vertigo and tinnitus. Cultures
and stains for bacteria and fungi were negative,
the Lyme IgM and [gG were normal, For the fol-
lowing 6 weeks the inflammation was treated with
high doses of topical and systemic corticosteroids
with moderate effect. After t month of therapy she
developed iritis and uveitis of the right eye. Intra-
venous ceftriaxone 2 g/day were administered for 3
weeks due to her Lyme history and symptomatol-
ogy in both left and right eyes. The patient has
remained weli since, withoul further recurrence.

Case 3

A 17-year-old man had noted several tick bites
during the months of August lo December alter
having jogged in the woods. In December (within
2 weeks) he developed a bilateral tinnitus, A com-
plete EENT examination as well as neurologic ex-
aminations was normal. Upon physical examina-
tion, the patient was afebrile and meningeal signs
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were not present, Bilateral tinnitus was the only
clinical symptom. Lumbar puncture ravealed o
mal cell counts (3/3), and total protein (21 mg/ll)
Oligocional IgG bands were not detected and no
Intrathecal specific antibodies agaiast 8. burgdorfer:
could be demonstrated.

Serum Lyme [FT 1gGC was positive (1:64), IgM
was negative (<1:32). B. burgdorferi was isolale:
from CSF after 2 weeks incubation in MK me
dium. The patient was treated with cefotaxime ) »
2 g per day i.v. over 5 days followed with cepha-
lexin for 8 days. Control cultures for B, burgdorfer
3 months later were negative, The same Lyme 5o
rological test results were obtained an thase prios
to therapy,

Case 4

A 60-year-old olherwise healthy man develop
recurrent episodes of red, painful eyes in 10wl
was treated with topical corticostecoids In varly
1991 he developed short-lived vertigo with luad
aches.

A tick bite or Erythena migrans had never beun
seen. The neurological examination was o
pletely normal.

Serum Lyme 1gG was L:64 and IgM was negs
tive, Because of positive serum Lyme IFT 1gG, 4
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! Diney Fabde B0 L ambag patui ansd a cubiore toc B purgdurfee e CSF was nege
ceeabed et cates for cell soanie g total ative,
Pt Aatedy o 00 Bagdufern i CSF were not
Aot honsever, when CSF was callivaled in DISCUSSION
A i 1 horgdosfess conrll be isolated, .
Phwes was naes sologival evidence for a bacterial The diagnosis of Lyme disease is based on clin-

s vetal indicton, eacept Lynw borreliosis. Vhe cef+
trianone wos adnunistered ot 2 giday fur 14 days,
Al L (olluw-up examination 4§ months alter the
antibintic therapy, cultures foe 8. buegdorfeed were
negative and the complaints disappeared.

Case 5

A 62 yearlys woman had a tick bite in February
1990, Within 1th days she developed fever and cer-
vical lymphadenupathy followed by conjunctivitis,
arthralgias, numbness an es and fingers, and ex-
treme faligue. The patient reccived oral penicillin
for 12 days in February and again in May. In June
1991 the patient was referred to 2 neurological
clinic due 10 persistent arthralgias and numbness.
The neurotogical examination showed hypaesthe-
s13 and hypaigesia on loes and {ingers of both
sides as well s pallhypesthesia on malieoii left 4/8
and right 5. The rest of the neurclogical findings
were normal. Lumbar puncture releaved 64 mg/di
protein and &3 celis. Antibody titers to 8. burgdor-
ferd in serum and CSF were negative, bul B. burg-
darfers was izolated from CSF after 4 weceks incu-
baticn in MKP medium. Now ceftriaxone was
given 2 galay iy lor 14 days. Antibiatic Ireatment
resulled in marked ceduction of arthralgias and
numbness. Cultures from CSF were negative.

Case 6

A 25-ycar-eld man was adimitted te hospital be-
cause of intensive radicular pain and blurred vi-
sion. e alsu had minor headaches, bul he denied
having fever or chills. The neurologic finding was
a discrete hypaesthesia on the left forearm and bi-
lateral iritis was present, One year earlier he had a
2-week episode of blurred vision, which cleared
wilh oral prednisone therapy.

The patient had no history of tick bite and none
of £, migrans, The IFT IgG antibody titers against
8. burgdocferi in serum were positive (1:64); anti-
body titers in CSF were negative. Lumbar punc-
ture revenled normal values for cell counts and lo-
tai protein; nevertheless, 8, burgdurferi was isolated
from CSF. The isolation was successful on the sec-
ond subculture in MKP medium. Cellriaxene was
adminisiered 2  daily intravenously for 14 days.

Five months after the therapy he remalned well

ical symplums, epidemiology, specific igG and
IgM aynligody lo Bf burgdorferi in serum and CSF
and isolation of borreliae. The diagnosis may be
difficult in the late phase of the disease, particu-
larly for ophthalmogists and rheumatologists.
Characleristic of Lyme borreliosis is that its clinical
piclure is rarely complete and symptoms are over-
lapping, which makes disgnosis more difficult. A
boreelial infection is usually confirmed by deter-
mining U. burgdurferi anlibodies, Howaver, intes-
pretation of serological tesls and results may not
be straightiorward. False-positive and false-
negative resuits occur, Negative serclogic results
do not necessarily exclude Borrelia infection (18-
20). As.shown here and previously reported, anti-
biotic [herapy may abrogate the antibody response
to the infection, but B, burgdorferl may persist: in
clinically unclear cases, much greater significance
is therefore attached to the isolation of BFburgdor-
feri, )

We were able lo isolate B. burgdorferi from CSF
and skin bicpsies months to years after the anuoi-
otic therapy and disappearance of Erythema mi-
grans, The lack of repealed insect bite and Erythema
migrans, negative AB-tilers against B. burgdorferi
and negative CSF examination suggest persistence
of 8. burgdorferi rather than reinfection.

How often 8, burgdorferi may persist ir the CSF,
skin, or other tissues after thecapy or its-effect in

roducing atypical manifestations of diséasé'ls not
rnown. The reason for the persistence of'8, ‘burg-
dorferi in patients after the treatment with entibiot-
ics is not completely understood. A number of fac-
lors may play a role, e.g., virulence of 82 burgdor-
feri, tissue penetration of antibiotics, insufficent
antibiotic therapy (either duration or dose), intra-
cellular localization of borzeliae (21), possibility 'of
B. burgdorferi survival in tissue and certain types‘of
cells, and not at least the immunity of ‘patients,
The capacity of B. burgdorferi to hide in various
human lissue (heart muscle, spleen, brain)(22-24)
and an Insufficient antibiotic tissue level are aritical
for the therapy.

Antibiotic treatment with amoxicillin or doxycy-
cline has been recommended for £, migrans, peni-
cillin G, and cephalosporins, ceftriaxone, and ce-
fotaxime for central nervous system infection'and
late stages. It is known that the therapy’ of late
stages of the Lyme borreliosis can be complicated,
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Nul seldom, there are known recurrences of the
disease and persistence of 8. burgdvrferi, also after
adequate antibiolis therapy (18,25).

The persistence of B. birgdorferi and clinical re-
currence in E, migrans stage are rarely noted
(18,20), as the therapy seems to be mostly elfective
and suficient. In certain circumstances the ¢linical
and [aboratery investigations (3~4 months alter the
completion of antiblotics therapy), are probably
toc short for the enddiagnosis. Furthermore, in
most E. wiigrans patients & contro! of the therapy
effect is never done, However, we must lake into
consideration that changes in clinical symptom-
atology (after months) can lead the patient to
change doctors.

The curzent antibiotic therapy (antibiotic, dose,
duration) is very different, so we have very differ-
ent clinical and laboratory findings. However, the
randomized irials comparing various antibiotics in
their clinical response, minimal inhibitory concen-
tration (MIC) and the serum and CSF concentra-
tion supporl the selection for stage-specific teeal-
ment, According to the dala of recent cilnical stud-
ies, the cephalosporins are more efficient than
penicillin G in lale (26,27) but not in early Lyme
borreliosis (28). Dattwyler etal. (27), Diringer el al,
(29) and Pal et al. (20} reported that ceftriaxons and
cefotaxime were effective In treating patlents with
meningoencephalitis and late borreliosls who did
net respand Lo penicilin G therapy.

The CSF concentrations of penicillin G, cefotax-
Ime, and ceftriaxene in our studies demonstrale
Ihat both cephalosporins penelrate 1o a greater ex-
tent than penicillin. The CSF levels are evidently
above the MIC 90 values for B. burgdorferi. The
concentration of penicillin G did rot reach the MIC
90 in any of our patients (31,32). Data from con-
trolled clinical studies are still scanty, and the ob-
servation period after the therapy is often loo
short. Fusthermore, proof of a successful therapy
Is based not only on the disappearance of clinical
symploms but also on the elimination of B, burg-
dorferi; this Is difficult to achleve and seldom per-
formed, However, the recurrence of the disease,
longtime persistence of B, burgdorferi in untreated
2¢ well as in treated patlents, unpredictable pro-
‘gression of the disease and the isolation of B. burg-
orferi from CSF (without inflammalory sigas) of
patients with E. migrans (n.p.), it seems appropri-
ate to treat patients in Stage [ as effectively as pos-
sible. The lsolation of B. burgdorferi from CSFin £.
migrans without inflammatory signs support an
early dissemination of the borreliae.

The results of randomized prospective therapy
studies and case reports show that also with ade-
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quate anuibiotic therapy cure is often impossible

with one lreatment course, An interval therapy
with substantiaily larger deses of antiblotics—2 x
200 mg doxycycline, 2 x 800 mg amoxicillin for 7
days/Z limes with an antibiotic-free interval of 7
days—is advisable, The patients with an active
central nervous infection, carditis, or eye manifes-
tations should be treated inteavenously with ceftri-

axone or cefotaxime (1 x 4 g or 2 X 3 g/day, 7

days2 times with an antibiotic-free interval of 7
days).

This treatment regimen, which takes into con-
sideration the long generation time of B, burgdorferi
and the antibiotic mechanism of action can proba-
bly be more effective than the regimeh used. The
higher doses of antibiotics reach correspondingly
effective higher serum, CSF, and tissue antibiotic
concentrations and the repeated doses of antimi-
crobials killed the survivor borreliae. Likewise a
combination of two antibiotics must be taken in
consideration. The interval therapy and/or a com-
bination therapy are often used, are obligatory ir:
the treatment of complicated or chronical bacteria
infection. Howeves, currently recommended treat-
ment regimens are Inadequate for some patients;
the therapy ought to be realized and controlled
mare individually,

In conclusion, our first isolation of 8, burgdorieri
irem eye tissue confirms invasion of the ocular
space by B. burgdorferi. Furthermore, this isolate
demonstrates that in eye conditions we have to
think of Lyme infection—on 8. burgdorferi parsis-
tence and on an adequate therapy with antiblotics,
Further cases, with varied dlinical symptoms and
courses, show that negative serological tests do
not exclude B. burgdorferi infection,
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| J fore Pabe 7)) Lumbar phnwiaie
feveabet somond vatlies for cell connin amld total
Pt Aty b B fregituefere oy CHEF were
doesnad v, when €50 was caltivated in
RO i 0 Bangdisfien coukd be iselated.
Fhere s o s ctopwal evidence for a bacterial
s vl oafection, exeept Lyme boreeliosis. The cef-
i was adnvaistered at 2 pday for 14 days,
At the follew-up examination 4 months after the
antibivtic therapy, cultures for B, bwrgdorferi were
negative and the complaints disappeared.

Case s

A 62-yearsoid woman had a lick bite in February
1990, Within 11 days ghe developed fever and cer-
vical lymphadenopatbhy followed by conjunclivitis,
arthealgias, numbness on toes and fingers, and ex-
treme fatigue, The patient ceceived ural penicillin
for 12 days in February and again in May. In June
1991 the patienl was referred 1o 8 neurological
cliniec due 10 persisient arthralgias and numbness.
The ncurological examination showed hypaesthe-
s1a ond hypaigesia on toes and fingers of bath
sides as well as palihypesthesia on malleoli left 48
and right 58 The rest of the neurological (indings
were normal. Lumbar punclure releaved 64 mg/di
protein and 6/3 cells, Anlibady titers 1o 8. burgdor-
feri in serum and CSF were negalive, but B, burg-
dorferi wag izolated from CSF after 4 weeks incu-
batien in MKP medium. Now ceftriaxone was
given 2 paday v for 14 days. Antibiotic lreatment
resulted in marked reduction of arthralgias and
nuimbness. Cultures from CSF were negative.

Case 6

A 25-year-uld man was admitled te hospital be-
cause of inlensive radicular pain and blurred vi-
sioi. ble also had minor headaches, but he denied
having fever or ¢hllls, The neurologic finding was
a discrote hypacesthesia on the leit forearm and bi-
lateral izitis was present, One year eaclier he had a
2-week episode of blurred vision, which cleared
with oral prednisone therapy,

The patient had no histery of lick btz and none
of & migrans, The IFT 1gG antibody tilers against
B. burgdorferi in serum were positive (1:64); anti-
body titers 'in CSF were negative. Lumbar punc-
ture revealed nermal values for cell counts and to-
tai protein; nevertheless, B, burgdorjeri was isolated
from CSF. The isolation was success{ul on the sec-
ond subcullure in MKP medium, Ceflriaxone was
administered 2 g Jdaily intravenously for 14 days.

Five months after the therapy he remained well

avid A cultare for B Trgduefers from CSF was neg-
alive.

DISCUSSION

The disgnosiy of Lyme disease is based on clin-
ical symploms, epidemiology, specific 1gG and
IgM antibedy Lo B, burgdorferi in serum and CSF
and isciation of borreliae. The diagnosis may be
difficult In the late phase of the disease, particu-
larly for ophthalmogists and rheumatologists.
Characteristic of Lyme borrelicsis is that its clinical
picture is rarely complete and symptoms are over-
lapping, which makes diugnosis more difficult. A
borrelial infection is usually confirmed by deter-
mining U, Purgdurferi antibodies. However, Inter-
pretation of serological tests and results may no!
be straightforward. False-positive and false-
negative resuits occur, Negatlve serologic results
do not necessarily exclude Borrelia infection (18-
20). As.shown here and previously reported, anti-
biotic therapy may abrogate the antibody'response
to the infection, but B. burgdorferi may persist.’ in
clinically unclear cases, much greater significance
is therelore attached to the isolation of B} burgdor-
feri, :

We were able to Isolate B. burgdorferi rom SF
and skin bicpsies months to years after the anuoi-
otic therapy and disappearance of Erythema mi-
grans. The lack of repealed insect bite and Erythema
igrans, negative AB-titers against B. burgdorferi
and negative CSF examination suggast persistence
of B. burgdorferi rather than reinfection,

How often B, burgdorferi may persist ir the CSF,
skin, or other tissues after therapy or its:effect in
producing atypical manifestations of diséase’ls not
known. The reason for the persistence of'B,\burg-
dorfert in patients after the treatment with antibiot-
ics is not completely understood, A number of fac-
tors may play a role, e.g., virulence of B/ burgdor-
ferl, tissue penetration of antibiotics, insuffident
antibiotic therapy (either duration or dose), intra-
cellular localization of borreliae (21), possibility ‘of
B, burgdorferi survival in tissue and certain types‘of
cells, and nol at least the immunity of patients.
The capacity of B, burgdorferi to hide in Various
human tissue (heart muscle, spleen, brain) (22-24)
and an insulficlent antibiotic tissue level are critical
for the therapy.

Antiblotic treatment with amoxicillin or, doxycy-
cline has been recommended for £, migrans, peni-
cillin G, and cephalosporins, ceftriaxone, and ce-
fotaxime for central nervous system infection and
late stages. [t is known thac the therapy of late
stages of the Lyme borreliosis can be complicated.
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Nut scidom, there are knuwn recureences of the
disease and persistence of B. burgdorferi, also after
adequate antibiclic therapy (18,25),

The persistence of 8. birgdarferi and clinical re-
currence in E. migrans stage are rately noled
(18,20), a5 the therapy seems lo be mustly elfective
and suflicient, In certain circumstances the clinical
and laboratory investigations (34 months alter the
completion of antibiotics therapy), are probably
too short for the enddiagnosis. Furthermore, in
most E. migrans patients a control of the therapy
elfect is never done. However, we must lake inlc
consideration that changes in clinical symptom-
atology (after months) can lead the patient to
change doctors.

The current antibiotic therapy (antibiotic, dose,
duration) is very differenl, so we have very differ-
ent clinical and laboratory findings. However, the
randomized trials comparing various antibiotics in
their clinical response, minimal inhibitory concen-
tration (MIC) and the serum and CSF concentra-
tion support the selection for stage-spocific treat-
ment. According Lo the data of recent clinical stud-
ies, the cephalosporing are more elficient than
penicillin G In lale {26,27) but not in early Lyme
borreliosis {28). Dattwyler et al, (27}, Diringer e! al.
(29) and Pal et al. (30} reported that cefiriaxone and
cefolaxime were effective In leeating patlents with
meningoencephalitis and late borreliosis who did
not respond to penicifin G therapy.

The CSF concentrations of peniclllin G, cefotax-
ime, and ceftriaxone in our studies demonstrate
that both cephalosporins penetraie 1o a greater ex-
tent than penicillin, The CSF levels are evidently
above the MIC 50 values for 8. burgdorferi, The
concentration of peniciilin G did not reach the MIC
90 in any of our patients (31,32). Data from con-
trolled clinical studics are still scanty, and the ob-
servation period alter the therapy is cften too
short, Furthermore, proof of a successful therapy
is based nol only on the disappearance of clinical
symptoms but also on the elimination of B, burg-
dorferi; this is difficuit to achieve and seldom per-
formed. However, the recurrence of the disease,
longlime persistence of B, burgdorferi in untreated
as well as In treated patients, unpredictable pro-
‘gression of the disease and the isclation of 8. burg-
dorfert from CSF (wlthout inflammalory signs) of
patients with E. migrans (n.p.), it seems appropri-
ate to treat patients in Stage | as effectively as pos-
sible, The Isolation of B. burgderferi from CSF in E.
migrans without inflammatory signs suppart an
early dissemination of the borreliae,

The results of randomized prospective therapy
studies and case reports show that also with ade-
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quate antiblotic therapy cure Is often Impossible
with one lreatment course. An interval therapy
with substantially larger doses of antibiotics—2 X
200 mg doxycyciine, 2 x 800 mg amoxidllin for 7
doysf2 limes with an antibiolic-free interval of 7
days—is advisable. The patients with an active
centzal nervous infection, carditis, or eye manifes-
lations should be treated intravenously with ceftri-
axont or cefolaxime (1 X d g or 2 X 3 g/day, 7 .
days/2 times with an antibiotic-free interval of 7
days).

This treatment regimen, which takes into con-
sideration the long generation time of B. burgdorferi
and the antibiotic mechanism of action can proba-
bly be more elfective than the regimen used, The
higher doses of antibiotics reach correspondingly
elfective higher serum, CSF, and tissue antiblotic
concentrations and the repeated doses of antimi-
crobials killed the surviver borreliae.. Likewise o
combination of two antiblotics must be taken in
consideration. The interval therapy and/ora com-
bination therapy are often used, are obligatory in
the treatment of complicated or chronical bacterial
infection. However, currently recorumended treat-
ment regimens are inadequate for some padents;
the therapy ought to be realized and controlled
mare individually,

In conclusion, our first isolation of 8, burpdorferi
from eye tissue confirms Invasion of the ocular
space by B. burgdorferi. Furthermore, this isclate
demonstrates that in eye conditions we have to
think of Lyme infection—on B, burgdorferi persis-
tence and on an adequate therapy with antibiotics.
Further cases, with varied dlinical symptoms and
courses, show that negative serological tests do
not exclude B. burgdorferi infection,
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