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Lyme borreliosis in Hungary
in the years 1984 through 1989

A LAKOS®

Abstract: Lyme borreliosis (Lb) is one of the most important bacteriological and
clinical discoveries of the last few decades. Thefirstisolation of the pathogen called
Borrelia burgdorferi (Bb) in 1982 started off a tremendous interest in this tick-borne
illness. Recently, Lb has become the most frequently reported vector-borne infection
in North America and Europe. The aim of the present study is to describe the clinical
picture and epidemiology of Lb in Hungary. This work was inspired by thefirstrec-
ognition of Lb cases in 1984. By the end of 1989, 1175 cases had been found. Of
them 44%o had the characteristic skin lesion of erythema chronicum migrans (ECM),
30% had neurological involvement and 25% showed arthritis. The clinical, therapeu-
tical and epidemiological features of Lb based on 1175 Hungarian cases are
presented.
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INTRODUCTION

Lyme, Old-Lyme and East Haddam are little rural towns in Connecticut,
U.S.A., where a cluster of juvenile rheumatoid arthritis cases was reported in 1975.
Steere and his co-workers investigated the origin of this endemic and described the
new disorder in 1975-1977.

Recently, Lyme disease is the most frequently reported tick-borne infection.
The most important vectors are Ixodes dammini and Ixodes pacificus in North
America, as well as Ixodes ricinus in Europe. The pathogen was first isolated by
Burgdorfer and named Borrelia burgdorferi (Bb) (Photo 1). Nowadays, by the sugges
tion of Bozsik et al. (16) the disease is called Lyme borreliosis (Lb). After the isola-
tion of the new spirochete, it became possible to prove that erythema chronicum
migrans (ECM), acrodermatitis chronica atrophicans (ACA), lymphadenosis benig-
na cutis (LBC), and a group of meningoradiculitis. Bannwarth's syndrome (BS) are
different manifestations of the same disease. Bb infection may also cause carditis,
chronic arthritis and several other forms of neurological disorders. Most recently,
otoneurological and ophthalmological complications as well as fetal injury have
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been reported. The disease is famous for protean, chronic, fluctuating manifesta-
tions resembling another spirochetal illness, syphilis and is a candidate for the
award of the "great imitator" .

Lb occurs world-wide. By W H O estimates, we have to face 300.000 new cases
per year. Probably, Europe is the most infected areain the world; L b has been re-
ported by 19 of the 32 European countries (161).

The aim of the present study is to describe the clinical picture and epidemio-
logy of Lb in Hungary. This work was inspired by the first recognition of Lb casesin
1984. 1t became obvious that the disease was not a rarity and after the introduction
of serological testing for Bb in 1986, the number of identified cases has increased ex-
ponentially with time.

The clinical, therapeutical and epidemiological features of Lb based on 1175
Hungarian cases are described in this paper. Thefirs isolation of Bb from ticksis
also reported.

Abbreviations:

ACA - acrodermatitis chronica atrophicans, Lb - Lyme borrdiogs

Bb - Borrelia burgdorferi, LBC - lymphadenass benigna cutis

BS - Bannwarth's syndrome, PN - periphea neuritis

ECM - erythema chronicum migrans IFA - indirect immunofluor escence assay

CNSl - central nervous sygem involvement

MATERIALS AND METHODS

Patients

The present study starts with the first recognized Hungarian L b cases in July
1984 and finishes in the end of 1989. A total of 3549 patients were tested for Bb
antibody during this period. Of them, 3304 were suitable for further investigation.
Serum and/or CSF samples were sent by 851 physicians from 191 hospitals to our la-
boratory. Of the 436 patients seen by the author 167 cases were treated by him.
Moreover 692 patients were examined in his ingtitute, the Central Hospital for I n-
fectious Diseases. Questionnaires were filled up for data processing in these latter
cases.

Methods

Serology

Standard indirect immunofluorescence test (IFA)was used. We started by
using as antigen Borrelia burgdorferi strain N 34, originated from a German neuro-
logical case of Lb, went on to a Swedish tick isolate, G 152, and since December



1986 antigen 297 have been used which was isolated from an American case of neur-
oborreliosis. I nthe serological reaction there was no detectable difference between
the three antigens. Antigenicity was much more influenced by the culture conditions
than by differences in the original antigenic structure. That iswhy a large amount of
pooled antigen was produced in March 1987, and it was frozen in small portions.
These portions wer e routinely tested, but aloss of antigenicity was never found. All
samples wer e tested twice, in different series. I nthe case of discrepancy the test was
repeated. 1gG antibody was tested only.

Serum dilution of at least 1:128 was regarded as positive, which was equivalent
to the 95th percentile cut-off level of 200 Hungarian blood donors. Every micro-
scope slide contained three sample drops of control sera: one negative, one border-
line and one positive, diluted 1:100. Figure 1 shows that no antibody titer above
1:256 was found among blood donors. This means that the predictive value above
this titer is nearly 100%. These high titers were reported to clinicians as " strongly
positive'. Ifatiter of 1:256 was found, then the " positive" sign was used with apre-
dictive value of 98.5%. Similarly, 1:128 dilution was equivalent to "weak positive"
and 1:64 to "unequivocal" finding. The cut-off level in the CSF was established in
the same way. The CSF was drawn from 93 patients subjected to myelography. Only
one samplewas found to have atiter higher than 1:4; this was accepted as the cut-off
level.

Borreliaisolation fromticks

Thirty-one Ixodes ricinus (17 male, 14 female), five Haemaphysalis inermis
(three female, two male) and two H. punctata (male) field collected adult tickswere
prepared. Ticks were dissected under stereomicroscope in a drop of BSK medium.
One part of the midgut diverticula was dropped into culture media, incubated at
31°C and checked weekly for borrelia. The remaining part was transferred to a
microscope slide, covered and depressed with a coverdip and examined under dark-
field microscope. The coverdip was then removed and the material was air-dried
and fixed in acetone and tested by direct or indirect immunofluorescence. For direct
immunofluorescence the preparations were flooded with fluorescein-isothio-
cyanate-conjugated antibody produced in hyperimmunized rabbits (kindly provided
by R. Gustafson, Huddinge Hospital, Stockholm). A serum sample with extremely
high antibody titer, drawn from an ACA patient was applied for the indirect immu-
nofluorescence test. The antigenic structurewas evaluated by Western blot. Three
patients serawere used as antibody: an American case of Lyme arthritis, aHunga-
rian arthritic case and a BS patient. All three patients had extremely high borrelia
antibody titers. A negative control serum from ablood donor was also applied.

Statistical analysis

The statistical calculationswere doneby an ATARI 1040 ST computer with the
EPI INFO software developed by the Centersfor Disease Control. Fisher's exact
test was used for statistical analysis.



In the statistical analysis some of the data were missing in most cases. That is
why only a part of the patients are shown in the figures and tables. The number of
cases available for actual calculations areindicated, but the missing data ar e not.

The categories of "Lyme-case" or "non-Lyme" will frequently be used in data
processing.

A patient was regarded to have Lb if one of the criteria below was fulfilled:

1 If a typical picture of Lb was seen (ECM, ACA, LBC, BS) independently of
the serological results.

2. If a significantly elevated specific antibody level was found in the serum
and/or inthe CSF.

The frequently seen manifestations of Lb will be called major symptoms. These

major symptoms can easily be judged on the clinical examination.

1 ACA: Thediagnosis was based on the typical dermatological picture.

2. Arthritis: Joint involvement with swelling was accepted only. Bone and joint
pains were classified separately. The category of arthralgia was used in the
latter case.

3. Bannwarth's syndrome: Lymphocytic meningitis accompanied by radicular

pain and sensory disturbances.

. Carditis: Wasaccepted only when ECG changes were documented.

5. ECM: Thediagnosis was based on the typical dermatological picture. The ca-
tegory of "complicated ECM" is used if any extradermal symptom (fever,
malaise, or major symptoms: eg. facial palsy) were detected.

6. Facial palsy: Only the peripheral type is included in this category. Many cases
of this group were enrolled by screening tests. All the Bell's palsy cases
which had been seen in three hospitals were screened for Bb antibody in the
last two years of the study.

7. Central nervous system involvement (CNSI): Patients with CSF pleocytosis
were assigned to this category. Meningitis was accompanied by mild ence-
phalopathy in almost every case. Therefore the two overlapping syndromes
(meningitis and encephalitis) were not separ ated.

8. LBC: Thediagnosis was based on the typical der matological picture.

9. Peripheral neuritis: Patients were enlisted in this category with complaints of
paraesthesia or limb weakness even if " objective’ signs of neurological invol-
vement could not be detected.

N

RESULTS

Clinical Manifestations

Dermatological involvements

Erythema chronicum migrans (ECM). ECM isthe most typical sign of Lb.In-
flammation of the skin usually begins within a month after tick bite. It showed a



fluctuating course duringayear in some untreated cases. Thelesion develops from a
small papule at the site of tick bite (Photo 2-6). I n our cases, the longest diameter of
the slowly enlarging ring was 90 centimetres, the shortest 5 centimetres. Occasion-
ally the erythemawas accompanied by burning sensation or mild pain. Sixty-one out
of 519 patients complained of definite general symptoms. myalgia, headache, ma-
laise. Only six had fever above 38°C. Two-thirds of the ECM cases had no other
symptom. Multiple ECM ringswere observed in 16 of the 131 (12.2%) personally
examined ECM patients. I nthose cases the skin lesion developed not only at the site
of tick bite but in different areasof the body.

Lymphadenosis benignacutis (LBC). LBC isa solitary tumour-like skin lesion.
Nevertheless, by histological examination a benign lympho-plasmocytic infiltration
is detected. L BC prefers the two coldest parts of the body: usually one of the nip-
ples or ear lobes areinvolved. I nall of our eight patients, the skin lesion was seen at
the latter site. It was often accompanied by a bluish or reddish discolouration at the
edge of the external ear. IfECM had preceded the L BC the ear was always involved
at the same site. Similarly, all the noticed tick bite were close to the ear. In one pa-
tient, ipsilateral facial palsy was also seen. Five of the eight cases were seropositive.

Acrodermatitis chronica atrophicans (ACA). This unusual manifestation of Lb
was diagnosed in 16 patients. The first sgns were aspecific: bluish-red or cyanotic
infiltration with pasty consistency on the distal parts of limbs, particularly on the ex-
tensor surfaces. Although the disorder usually appeared on both hands or both feet,
it was never strictly symmetrical. If ACA was preceded by ECM, the latter had al-
ways involved the same region where ACA developed later. Theinvolved skin grad-
ually thinned, decolourated and wasted, while the inflammation spread on the
edges, often in spots. Almost all of the patients had small joint arthritisin the re-
gion of ACA (84). Three patients had problems after antibiotic treatment: they had
to buy new shoes because their feet became smaller again.

Carditis

Eighteen cases of Lyme carditiswere diagnosed. Rhythm disturbanceswere the
principal signs in all of them. Fluctuatingtachycardia was registered by ECG in six,
otherwise healthy patients. Repeated ventricular or supraventricular extrasystole
was found in two cases. Atrioventricular block was the most typical sign of Lyme
carditis: 1<, 2nd and 3rd degree AV block was seen in nine, two and three cases, re-
spectively. The latter three required temporary pacemaker treatment (87, 88).
Moderate cardiomegaly and mild pericardial effuson were demonstrated by echo-
cardiography in one case only. Moreover nine seropositive and/or ECM cases had
cardiac pain or palpitation, but ECG did not reveal any abnormality. These cases
were not enrolled into this group. Spontaneous improvement of carditiswas seen in
13 cases, but subsequently facial palsy developed in one and gonarthritisin another
patient.
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Table1
Freguency of meningitis in facial palsy

Meningitis
Etiology no yes sum
non-Lyme 46 25 (35.2%) 71
Lyme 25 36 (59.0%0) 61
Sum 71 61 132

p<0.005

Neuroborreliosis

Bannwarths syndrome (BS). Twenty-four typical cases of BS were diagnosed.
The low number of patients in this group may be due to the strict diagnostic criteria.
Only clinically unambiguous cases with CSF pleocytosis were enrolled. Usually the
neurological examination found only mild organic signs, and nuchal rigidity was
missing. In many cases, lumbar puncture was made only after receiving the positive
serum antibody finding or after the more severe general symptoms or headache had
developed (74). Fever was observed in about half of the paediatric patients but ina
lower percentage in adulthood. Myelography was done in half of the patients and
CT in almost all of them. CNS tumour or discopathy was the suspected diagnosis in
almost every case. The clinical symptoms resembled multiple sclerosis in four pa-
tients.

Pleocytosis was mild (average: 267) in most cases of Lyme meningitis (Fig. 2),
but in three cases more than 1000 cells/mm® were observed. CSF cytology revealed
25-35 per cent granulocyte in two cases of Lyme meningitis. In nine of the 14 CSF
samples where plasmocytes were looked for, at least 5 per cent were noted. The pro-
tein level was elevated in almost every Lyme meningitis case (average 1.17 ¢/,
SD:0.91) and in half of them it was extremely high (Fig. 3). The very high CSF pro-

Table 2
Frequency of bilateral facial palsy in Lyme borreliosis

Facial palsy
Etiology unilateral bilateral sum
non-Lyme 470 18* (3.7%0)* 488
Lyme 149 17(10.2%%6) 166
Sum 619 35 654

p<0.005
* 6/18 Guillain-Barré syndrome



Table 3
Relapsing facial palsy in Lyme borreliosis

Facial palsy
Etiology single relapsing sum
non-Lyme 443 45 (9.2%0) 488
Lyme 159 7 (4.2%) [0%]* 166
Sum 602 42 654

p<0.05
* Multiple or single relapse after six months

tein level was even more typical of the Bannwarth's syndrome patients (Fig. 4). CSF
sugar levels were usually found to be normal (average 2.98 mM/L, SD:0.89) how-
ever, low sugar levels were measured in significantly more cases of Lyme meningitis
than in other diseases with CNSinvolvement (Fig.5). The difference was striking in
BS (p=0.0005). Four cases of typical BS were originally treated with antitubercu-
lotic drugs because of the chronic lymphocytic pleocytosis, high protein and low
sugar levels in the CSF. Culture for mycobacteria was negative in all four cases.

Facial palsy. Shortly after Bb antibody testing was started, the high frequency
of peripheral facial paresis among Lb patients became obvious (76). Facial palsy was
often associated with meningitis (Table 1) or, in many cases, it was just one symp-
tom forming part of Bannwarth's syndrome. There were also many occasions when
it presented by itself, thus fulfilling the diagnostic criteria for Bell's palsy. Bilateral
presentation was more frequently found among Lb patients (Table 2). Of the se-
ronegative patients with diplegia, six suffered from Guillain-Barré syndrome. The
relapsing facial palsy often proved to be seronegative (Table 3). In the relapsing
case of facial palsy caused by borrelia the second attack was seen within 6 months,
while the symptom-free intervals were longer (usually several years) in the serone-
gative patients. In the idiopathic group multiple relapses were regularly seen, but
never among Lb patients.

In a previous study, thirty well-documented and untreated Bell's palsy cases
were analysed. We found that Bell's palsy caused by Bb has a better outcome in spite
of the initially more serious paresis (102).

Central nervous system involvement. Patients with CSF pleocytosis but not ful-
filling the criteria of BS were included into this group. In many cases, lymphocytic
meningitis was found, clinically indistinguishable from those of viral origin. How-
ever, in cases of borrelia meningitis there was a strong tendency for longer recovery
and more serious fatigue as compared to viral meningitis. More pronounced dif-
ferences could be observed in the encephalitis. In Lb, symptoms started less dra-
matically and coma seldom developed. Convulsion appeared in three cases only.
Serious fatigue and memory disturbances developed in almost every long-standing



Lb case. Slight mental deterioration was mainly observed in adults, but could some-
times be noticed in children aswell.

Neuritis. In one patient coronarography was performed because of serious
chest pain, another was operated on because of suspicion of gastric perforation, and
in a third case surgery was performed because of symptoms resembling vertebral
disc herniation. The pain - which was the leading symptom in almost every case -
seldom was so serious. Migrating paresthesia, numbness, fluctuating headache,
fatigue and sleeplessness usually rose the suspicion of neurotic syndrome in the
physicians. Paresthesias wer e rarely accompanied by severe paresis. Complete para-
plegia developed in three cases only. Reflex asymmetry could be demonstrated in
half of the patients with neuritis. Cranial nerves other than the facial nervewere sel-
dom involved. Theeye movements wererestricted in 17 cases.

Progressive borreliosis. Only one of our patients met the strict criteria of pro-
gressive borreliosis. Thediagnosis was undoubtedly proved by the success of therapy
(72).

Arthritis

In five cases, acute arthritisdeveloped while ECM could still be seen. All had
largejoint involvement. I none patient gonarthritispreceded ECM. Inthe region of
the involved knee atick had been found ten days (!) earlier. ECM developed in the
same region two weeks after the tick bite.

When arthritis developed after a short incubation time, mainly large joints
were swollen. In those patients who had arthritisin two months after tick bite or
ECM large and small joints were equally involved. In cases of a longer incubation
period small joint inflammation predominated (Fig.6). A significant difference was
found in the median incubation time between large, mixed (large and small) and
small joint arthritis. It was 66, 137 and 302 days, respectively. In 102 patients, arth-
ritis was the only sign of Lb. Temporomandibular arthritis was observed in five
cases.

The relapsing-remitting cour se of joint inflammation was especially char acter -
istic of the largejoint arthritis. The highest number of relapses (six) were observed
in a patient who had chronic synovitis in the knee. He remained therapy resistant
despite treatment with high doses of antibiotics (iv. penicillin, doxycycline, ceftriax-
one). Occasionally, arthralgiapreceded the frank arthritis. The time that elapsed
between the onset of arthralgia and of frank arthritis was highly variable, the shor-
test being 3 days and the longest up to 3 years. In some cases arthralgia persisted as
long as 5 years after the improvement of frank arthritis. In many cases - sometimes
during, or shortly after the treatment - largejoint arthritiswas followed by small
joint inflammation.

Pregnancy and borreliosis

Only three borrelia infections were diagnosed during pregnancy. EC M de-
veloped in the third trimester in two cases and facial palsy appeared in the second
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month of pregnancy in the third woman. Two newborns' sera were tested for Bb.
Both of them contained specific 1gG antibody (1:64 and 1:128) but neither of the
newborns showed clinical signs of infection.

Screening tests

The cut-off level was based on testing sera from 200 blood donors. Moreover,
516 inhabitants from Budapest and 224 residents from Veszprém county, as well as
125 infants with enteritis were tested. Of them 6%, 4.5% and 2.3% proved to be
positive. Among the infants, no antibody titer above 1:128 was found.

Epidemiology

In Figure 7, the number of tested patients can be seen in yearly distribution. As
the disease became well known in Hungary, more requests for borrelia antibody
testing arrived. The number of tested patients increased exponentially, but the pro-
portion of Lb cases decreased year by year.

Frequency of symptoms

The three main symptoms are shown in Figure 8. Only frank arthritis is in-
cluded here. It is important to underline that 20% of our patients had more than
one major symptom consecutively or at a time (Fig. 9). In many cases, this complex
clinical picture led to the suspicion of Lb. There was a group of patients which could
not be enrolled into any of the nine major symptoms. This group was not processed
in the further statistical calculations. The importance of ECM is outstanding in di-
agnosing Lb. In Figure 10, only cases with complicated ECM and their accompa-
nying symptoms are shown. The frequency of joint manifestations is impressive.

Tick bite and its occurrence

Hungary is divided into 64 equal squares along the latitudes and longitudes in
Figure 11. Those patients are represented here who had information about the geo-
graphical place of tick bite. The bars are proportional to the number of tick bites in
each square and they roughly draw the relief map of Hungary. Half of those patients
who had noticed a tick bite were proved to have borrelia infection. Our data suggest
that Lb is prevalent in every area of Hungary where ixodid ticks can be found. Many
patients were bitten by a tick in their own garden in Budapest. In our material al-
together 886 patients noticed tick bite, and 932 did not. Information about tick bite
has not been registered in one-third of our patients (Fig. 12). One-fifth of Lb cases
did not notice tick bite. The frequency of tick bite recognized by symptoms is shown
in Figure 13. It was striking that those patients remembered the bite, whose derma-
tological involvement (ECM and LBC) appeared at the site of it. The tick bite was
less frequently observed or remembered in the facial palsy group. This is probably
due to the screening characteristics of this manifestation. (Neither the physician nor
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the patient considered borreliainfection as a real possibility, when the question-
naire was filled in.) The risk of neuroborreliosis was 2.42 times higher in cases of
multiple tick bites (Table 4).

Seasonality

The total number of Lb cases and the number of seropositive patients are
shown in Figure 14, in monthly distribution, according to the first clinical symptom.
Taking into consideration that much more patients material was sent to our lab for
serological testing in the summer months, a better picturecan be drawn if Lb cases
are represented in the proportion of the patients tested (Fig. 15). An accumulation
became visible in the early springand late autumn.

ECM showed a midsummer seasonality while A C A had no seasonality at all.
The analysis of the few LBC cases suggests a more balanced seasonal distribution
than that found for ECM. Dividingthe rheumatological manifestations into arthral-
gia and frank arthritisseems to be justified by differences in the seasonal distribu-
tion of the two forms (Fig. 16). Neuroborreliosis has a seasonal pattern too. It is
most pronounced in the CNS manifestations in the midsummer months, while in
the case of peripheral neuritisan autumnal peak can be seen. Facial palsy hasarela-
tively balanced distribution. Because of the screening characteristic of the latter
symptom, it is worth to show the seropositive cases as a percentage of all cases
examined (Fig. 17). A weak accumulation of the seropositive cases in the early
spring and a stronger one in the autumn can be seen. The seasonal pattern can be
better understood by showing the incubation time from the tick bite to the onset of
different symptoms. Itisthe shortest in ECM: from a few daysto 4 months (median:
10 days). Thelongest incubation time (1-3 years) was found in ACA. In most of the
neurological manifestations an incubation time of 10-50 days (median: 32 days) was
measured. Most of the frank arthritisdeveloped from two months to two years, but
15% of them appeared in one month after the tick bite (Fig. 18). Arthralgia may de-
velop at the onset of infection or several months later. Similar data can be derived
by analysing the time that elapsed from the onset of ECM to the appearance of
complications (Fig. 19). Neurological symptoms usually appear within a short time.
Three peaks can be seen in the arthritiscases. an early form, almost at the time of
development of ECM, the second with an incubation time of 3-8 months, and a late
form appearing after 3 years. Arthralgia may develop at any time during the long
disease process.

Age

The average age of the total examined population was 33.3 years, and that of
the L b cases was 34.3 years. Theyoungest seropositive was a 14-month-old patient
suffering from ECM and facial palsy, the oldest an 83-year-old man with arthritis.
Figure 20 shows that most of the patients examined were in the 10 to 15-year-old
age group and in young adulthood. I n contrast, the ratio of L b cases in the exam-
ined population was highest in the youngest and in the oldest age groups. The high
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Table4
Frequency of multipletick bitein neuroborrdiods

tick bite
Etiology dngle multiple um
non-Lyme 188 25(11.7%) 213
Lyme b4 39(24.9) 160
SUm 209 64 373
p<0.001

Table5

Rdative ris of different symptoms of Borrelia burgdorferi infection in children

Risk factor P
Lyme (all) 0.7 NS
ACA 0.0 0.004
Arthritis 0.78 NS
BS 08 NS
Carditis 06 NS
ECM 132 001
Facial palsy 0.9 NS
CNSI 09 NS
LBC 2312 0.0002
Periph. neuritis 027 003
* nat ggnificant

Table6

Frequency of arthritisamong symptoms caused by B. burgdorferi

Arthritis
No Yes um
adult 617 244 (28.3%) 861
child 212 45 (18.6%) 257
um 289 1118

p<0.001
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incidence of monosymptomatic ECM among young children is apparent. Theratio
of monosymptomatic and total ECM cases decreased with age (Fig. 21). Therelative
risk of the development of Lb symptoms in childrenis shown in Table5. Lyme arth-
ritis is rare in childhood (Table 6). Among L b patients, facial palsy was twice as
common in children (Table 7).

Sex

A total of 1563 males and 1741 females were examined. Among Lb patients 589
males and 586 females were found. The relative risk of Lb was higher in men
(relative risk: 1.12; p<0.05). Without ECM, the odds ratio of Lb was 15 times
higher in men (p<0.001). Maleswere more often seropositive (p<0.001) and infre-
quently suffered from ECM (p<0.05). Neuritisand carditiscaused by Bb were found
mor e often among men (p<0.05).

Ser ology

The time elapsing from the tick bite till serology isvery important in the judge-
ment of aserological test. Each interval of Figure 22 contains ten per cent of the pa-
tients. A relatively big portion of patients was found to be seropositive shortly after
the tick bite. The mean antibody titers are shown in Table 8. Only the typical L b
symptoms arepresented here.

Which parameters determine the seropositivity? It can be assumed that sys
temic infection has a bigger chance to result in seropositivity than a localized one.
Time is another factor that significantly affects seropositivity. Figure 23 shows the
seropositivity ratio as a function of time elapsing from tick bite to the onset of
ECM. "Complicated ECM" contains cases not just with major symptoms (e.g. facial
palsy or meningitis) but with all the general symptoms (e.g. headache, fever, fatigue)
aswell. It is not surprising that more seropositives were found among patients with
complicated ECM, but it is astonishing that incubation time has an effect on the
serological results: the longer time elapsed from tick bite the more patients became
seropositive in the complicated ECM group. | n monosymptomatic ECM, the oppo-
site was found. Taking all ECM cases, the time that elapsed from the onset of ECM
to serology had no effect on the seropositivity ratio. Thesurprising result was due to
two opposite tendencies: complicated ECM cases became seropositive more often
as a function of the elapsed time, while monosymptomatic cases were more often
found to be seronegative (Fig. 24). In Fig. 25, the incidence of complication is
shown as a function of the time that elapsed from the onset of ECM to the serology
(start of therapy). There is a significant increase in each group, but seropositive
ECM became more frequently complicated with the elapsed time than did the se-
ronegative one.

Because most of the patients had become seropositive by the time of the sero-
logical test, seroconversion was registered in 109 patients only. A significant dif-
ference was found in seroconversion rate between the different clinical symptoms of
Lb (Fig. 26). It can be assumed that the early manifestations of Lb give a possibility
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Table 7
Freguency of facial palsy among manifestations caused by Borrelia burgdorferi

other symptoms facial palsy um
adult 755 106(12.3%) 861
child 199 58 (22.5%) 27
Uum 94 164 1118

p<0.001

to demonstrate the seroconversion. ECM is an exception because the diagnosis
usually coincided with the prompt start of therapy, and it usually prevented the fur-
ther elevation of antibody titer. BS usually had become seropositive by the time it
was diagnosed. Thehighest per cent of seroconver sion was found among Bell' spalsy
patients. This was probably due to the serological screening of this illness. Six pa-
tients proved to be false positive: three had syphilis, two leptospirosis and one case
of systemic lupus erythematosus.

Therapy

Our patients had been treated with several antibiotics, but only the penicillin-
and doxycycline-treated groups were big enough for statistical analysis. Patients
were not selected randomly for the different treatments: the treatment depended on
the physicians choice. The original treatment was altered only if progression was
noted. Only patients receiving monotherapy were selected for further analysis.
"Low" and "high" doses of antibiotics were distinguished. I n adults, for the treat-
ment of ECM, 6 megaunitsdday Phenoxymethylpenicillin or panemecillinum for
nine days and at least 200 mg/day doxycycline for 30 days were considered a high
dose. Every oral or intramuscular treatment for other concomitant symptoms was
considered a low dose. Inthe latter cases, at least 20 megaunits/day penicillin G for
10 dayswas accepted as a high dose.

ECM cases arethe best for the judging the efficacy of a treatment, because in
this manifestation it is easy to demonstrate both the start and the end of the disease.

Table8
Antibody titersin different manifesations

averagetiter (reciprocal) average of exponents (2*)

ECM 76.1 6.25
LBC 1372 71
BS 4275 874

ACA 739.2 953



par cant of patiente
80-1

60 -

20- — Complicated (n-140)
All ECM

-*+ |solated ECM (n-306)

<10 10-24 26-49 60-160 >160

Time elapsing from ECM to aerology (day)
+ p0.0006

Fig. 24. Seropogtivity ratio asa function of time that dapsed
from ECM to the ssydogy (n=446)

Per cent of complicated casea
1 « p«0.00001

«10 10-24  26-49 60-160  >150
Time that elapsed from ECM to treatment
(days)
Fig. 25. Frequency of complicationsin ECM patientsas a
function of time that dapsed from the onset of symptoms to
treetment (n=446)

Per cent of patients

mil 't

Bsnnwsrth's ay. ECM Arthritis  Neuritis CNB8I Csrdltls Facial palsy

Fig. 26. Seroconverson ratein different symptoms of Lyme
borrdiods (n=109)

Per cent of patienta
60-p .

Total resolution (day)
P'0.0006 (panlclllin « tetracyclin) p<0 0001 (treatad-untrsatad)

Fig. 27. Influence of the antibictic choice on the improvement of

e ythema chronicum migrans (n=154)



Lyme borrdiogsin Hungary )

Table9
Borrelia isolationfr omticks by different techniques

methods dark- direct indirect cultivation
fidd IF IF

Tick-isolates

MK5 N +
MK6 N +
GyK3 + N + -
GyK4 + N + +
GyK6 - N - +

* N=not done

All the other symptoms may have an obscure onset or finish. A significantly faster
improvement was seen in the penicillin- than in the doxycycline-treated group (Fig.
27). In Figure 28, the data of patients followed up for a long term can be seen. The
seronegative ECM cases only exceptionally became seropositive after treatment.
Antibody titer decreased significantly in most of the antibiotic treated patients, but
only 25% of them became seronegative. Not just the antibiotic itself, but the dosage
also had a strong influence on the rapidity of improvement. Only a dight difference
was found between the low-dose treated and the untreated groups (Fig. 29). On the
contrary, high-dose treatment resulted in arapid disappearanceof ECM.

Treatmentfailure

Twelve (5.1%) of the 234 ECM patients followed up for along-term developed
new symptoms of L b despite having been treated with adequate antibiotics. In five
of them, the second symptom of Lb appeared during the treatment, so they may not
be considered as treatment failures. Major symptoms developed in four of there-
maining seven cases. meningitis, facial palsy and recurrence of ECM were observed,
each after the low-dose oral penicillin treatment. The fourth patient was treated
with 250 mg tetracyclineq.i.d.; ECM disappeared on the 14th day. A year later, arth-
ritis of the knee and the elbow developed, then improved spontaneoudy. A fluctuat-
ing, second degree atrioventricular block developed 18 months after the onset of
ECM, and it was cured after ceftriaxone treatment. Slight, spontaneously improving
symptoms such as headache and arthralgia developed in the further three cases. In
cases without ECM ,a second illness was registered in five mor e cases.
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Isolation of Borrelia burgdorferi from ticks

Thirty-one Ixodes ricinus ticks were dissected (78). Five of them proved to be
infected with Bb (Table 9). In two ticks, direct dark-field microscope examination
revealed 10-12 u long spirochetes indistinguishable from our standard borrelia
strains cultivated under artificial conditions. These two tick isolates could also be
detected by indirect immunofluorescence test, but gave weaker reaction than the
standard strain. One of the spirochete strainswhich could be visualized by dark-field
microscope, had also been seen in the culture medium but it was then lost during
the serial passages. Cultivation was successful from three other ixodes females, but
only two of them (Mk5 and Mk®6) grew well enough for further analysis. The third
one (GyK4) was heavily contaminated. All the cultivated strains gave a strong reac-
tion with IFA. The antigenic pattern was analysed by Western blot (Fig. 30). Both of
them produced strong reaction with all the patients’ sera in the characteristic 60 and
41 kDa molecular weight range. A slight difference of the antigenic pattern could
be detected between the two strains. Strain Mk6 showed more bands in the 41-60
kDa region. The specific band of 32 kDa OspA gave a slight reaction only, and the
35 kDa molecular weight OspB could not be visualized.

Spirochetes could not be detected in the few collected haemaphysalis ticks.

DISCUSSION

Epidemiology

The prevalence of Lb in Hungary is impossible to determine yet. The fact that
most of the patients had been seen by 4-6 doctors till the correct diagnosis was es-
tablished, suggests that Lb is still underestimated in Hungary. On the other hand,
twice as much patients were tested in 1989 than in the previous year yet the number
of Lb cases showed only a small increase. On the whole, one-third of the 3304 pa-
tients was proved to have Lb. This proportion corresponds to the findings of the
Centers for Disease Control (CDC) in U.S.A. (22). Our data are comparable with
those, because we followed the case definition of the CDC (23).

Lb occurs in all regions of Hungary where the vectors are abundant. The mor-
bidity data of some areas of the U.S.A., where 1-10% of the population becomes in-
fected in every year (45, 80,145), are probably not approached in Hungary. Ticks -
especially the immature forms - may hardly be noticed. Itis important to note that
the tick bite remains unrecognized in many cases (17, 149, 166). In spite of this, a
strikingly big portion of our ECM patients (8096) noticed tick bite. Ofthe 231 ECM
cases reported by Asbrink (6) 38 per cent recall tick bite.

It is awidespread opinion that the American Lb differs from the European one.
Lyme-arthritis has not been recognized in Europe for a long time, while only a few
cases of neuroborreliosis were diagnosed in the U.S.A. (22, 130). There is a signifi-
cant difference in the distribution of Lb symptoms between the European countries.
Half of the patients has neurological involvement in the northern part of Europe



(Sweden, Norway and the Netherlands), while in the southern countries most of the
patients have ECM (160). It has been proved that there is some difference between
the Bb strainsisolated in the U.S.A. and in Europe (162), and this may account for
the difference in the clinical picturebetween the two continents.

The state of medical knowledge may be a major factor in the epidemiological
data. Steere was a rheumatologist who described the disease while he was looking
for the origin of an arthritisepidemic. So the attention of the American physicians
was drawn to the arthritis. Thefirst cases in Europe were described by neurologists
(1,2, 167), who had realized that chronic meningitis responded to penicillin treat-
ment. ECM aswell as A C A have also been known in Europe, since the early de-
scriptions of Afzelius and Herxheimer. Very probably, neurological and dermato-
logical manifestations overshadowed arthritisin Europe.

The first recognized Hungarian L b cases represented the wide range of Lb
symptoms (71). So Hungarian physicianswere informed of the main manifestations:
ECM, neuroborreliosis and arthritis. Since our laboratory was the only one in Hun-
gary where serological test was available in 1986-1989, our position was exceptional
from the epidemiological point of view. Patients representing the whole spectrum of
Lb have been sent to our laboratory from every region of Hungary (75). It is unique
that the clinical and laboratory work has remained in one hand for along time.

The distribution of the different symptoms of Lb in Hungary was found to be
halfway between the two extremes described in Europe and in the U.S.A. (11, 22,
129). Half of our patients had ECM, one-third had neuroborreliosis, but arthritis
was the leading symptom in 20%. The frequency of Lyme-arthritis is especially re-
mar kable when the complications of ECM are analysed separately: the number of
arthritis cases is almost equal to the number of patients with neurological involve-
ment.

Epidemiological studies based on big populations described an age distribution
similar to ours: an accumulation of cases was found in the age ranges of 5-15 and 30-
50 years (21, 22, 44, 107, 129, 138). Strikingly different data can be obtained when
theratio of Lb cases within the total number of tested patients is calculated. Predo-
minance of the youngest and oldest age groups was found in this way. This phe-
nomenon can be explained by the fact that many of the characteristic symptoms of
Lb (eg. headache, paraesthesia, arthralgia) are rarely recognized in the youngest
age groups, or arethought to be a consequence of degenerative illnesses in the older

ages (156).
Clinical picture

Erythema chronicum migrans

It starts shortly after tick bite. The longest incubation time was four months in
our cases, the shortest was 48 hours: this corresponds to data of the literature (6,
158). Because of the usually short incubation period, ECM is unambiguously a sea-
sonal disease but it may occur in the winter months, too (158). A female and child



predominance was remarkable in our material. A female predominance was also de-
scribed by others (6,138). In children, the monosymptomatic appearance is charac-
teristic, while complications more often develop in adults. This phenomenon can be
explained by that women may rather visit a doctor with a simple *"cosmetic'" prob-
lem. Children are examined more thoroughly and their illness may be recognized at
the early stage. Theclinical picture is characteristic and may be problematic to judge
in only few cases. In most of our patients, ECM was not accompanied by other
symptoms, apart from a mild local pain or disaesthesia. Multiple ECM was observed
in eight per cent by Asbrink (6), and with an even greater frequency in the U.S.A.
(11). In an early Hungarian study (151), multiple ECM was found in 23% of all
cases. This figure decreased to half in the present study. The diagnosis of multiple
ECM may sometimes be difficult, but in Lbonly a few rings appear. It is important
to emphasize that it is not worth to wait for serological test results in a doubtful
case: the prompt response to antibiotic treatment supports the diagnosis.

Two-thirds of our ECM cases were presented without any joint symptoms.
General symptoms have been mentioned with varying frequency, 15-70% (6, 110,
158). High fever, rash, sore throat, cough, abdominal pain, vomiting, loss of weight
have been observed (11). We did not find such symptoms. Fever was rarely observed
and high fever never occurred in our cases.

Although the number of complications increases with time that elapses to the
therapy, those American data (145) according to which all of the untreated ECM
patients would later develop arthritis are certainly not true for the Hungarian cases.
In our experience, complications develop only in a small portion of the untreated
ECM patients. Significantly more complications appear in seropositives than in se-
ronegatives during the time elapsing from ECM to treatment. The risk of complica-
tion in a case of a seronegative ECM which started five months ago is not higher
than that in an acute but seropositive one. Our data suggest that things are deter-
mined at the moment of infection. A similar observation was described by Steere
(147): he rarely observed arthritisin cases of untreated ECM but with low antibody
titer. Spontaneous recovery may take several weeks or months. In one of our pa-
tients, ECM recurred over a year. Asbrink (6) reported an average course of ten
weeks. Sixty per cent of our untreated cases recovered within one month.

Lymphadenosis benigna cutis (LBC)

LBC is a rare form of Lb (130). Most of our LBC patients were children. Of the
two possible main localizations (breasts, earlobes) we have seen the latter one only.
Of the nine patients reported by Hovmarket al. (57), only two were children. Both
of them had LBC on the ears. In the elderly, LBC developed on the breasts. Mainly
children with LBC in the ears were reported by Weber and Neubert (158). Sponta-
neous recovery may take up to one year. LBC was preceded by ECM in one, and by
other major complications in two children. ECM and facial palsy appeared on the
same side as LBC developed.



Carditis

Carditisisarare form of Lb (150) but the only manifestation which may cause
death (97). The first European case of Lyme carditiswas described in 1984 (56).
L ess than two per cent of our cases had heart involvement. I n childhood, it is even
less frequently observed (11), we found only three childrenwith ECG disturbances.
In a report summarizing 66 cases of European Lyme carditis (154), a strong male
predominance was found, comparable with our results. Fluctuating AV block was
the characteristic symptom in our cases. The usually supraventricular rhythm dis-
turbances may change rapidly (141,154,168) and the AV block may lead to asysto-
lia (127, 153). Temporary pacemaker treatment was needed in three of our cases.
Pacemaker implantation may be needed in 20-30% of carditis patients (4,141,154).
Pericarditis is rare, but a little pericardial fluid may be disclosed by echocardio-
graphy (46, 85, 141). The incubation time was about one month in our cases. Al-
though chroniccarditishas been reported in many publications (30,48,49,137), the
cour se was usually benign and spontaneous improvement was documented in many
of our patients.

Neurological involvement

BS combines all signs of neuroborreliosis: CNSinvolvement, cranial and pe-
ripheral nerve neuritis. All manifestations which cannot be included in this group
can be considered as aforme frust of BS. Facial palsy was discussed separately be-
cause of its predominance. Theother cranial nerveswere rarely involved.

The detailed discussion of BSis explained by the fact that this manifestation is
so characteristic that it can be diagnosed on the basis of the case history, even with-
out examining the patient. Migrating paraesthesia, sometimes severe radicular pains
and fatigue are the typical signs (2, 117, 155, 167). The symptoms are often vague
and the patients may be misdiagnosed of having a psychosomatic disease. Theobjec-
tive origin of the symptoms would be disclosed by neurophysiological tests (41, 43).
In the other group of patients, symptoms resemble vertebral disc herniation (32,
104). Typical BSwas seldom accompanied by profound neck stiffness or other men-
ingeal signs.

The CSF findings of neuroborreliosis are usually considered to beunchar acter -
istic. Cell counts of 1-200 are generally reported (44, 50, 66). I n the present study,
we have noted a higher upper range, with values above 1000 cells/fmm’ in 3.4% of
the patients. The presence of plasmocytes in the CSF has been mentioned in few
previous studies only (66,149), while in the present sudy it was shown to be aregu-
lar finding in the carefully examined CSF samples. Unfortunately, in most cases of
Lyme meningitis the results were given only as "lymphocytic", or " mononuclear
cellsinthe CSF'. Although only 14 CSF samples of Lyme meningitis wer e examined
carefully, 9 out of the 14 contained at least 5% plasmocytes.

In Lyme meningitis, CSF protein is stated to be aimost invariably elevated (2,
105, 114). Also in our material, the CSF protein level was significantly higher in



Lyme meningitis cases than in controls. Elevation of protein levels was even more
striking in Bannwarth's syndrome: only one of our cases had normal CSF protein.

In Lyme meningitis, CSF glucose is generally either stated to be normal in a
majority of previous studies or not mentioned at all (2, 39, 63, 112, 114, 125). L ow
CSF sugar hasonly been reported by a few investigators (12,31,149).

Our data show that in Lyme meningitis, especially in Bannwarth'ssyndrome,
significantly more patients have low CSF glucose levels than meningitis controls.
The selection of controls may influence the statistical analysis, especially since pa-
tients with tick-borne encephalitis are known to have elevated CSF sugar levels. In
our control material there was, however, no difference in CSF sugar content bet-
ween the tick-borne encephalitis cases and the other members of the control group.

The combination of chronic lymphocytic pleocytosis + elevated CSF protein +
decreased glucose content isgenerally considered to be unique for tuber culous men-
ingitis. Our results show that thisrare CSF profile isalso a regular finding in Lyme
meningitis. Especiallyin a case of chronic lymphocytic meningitis accompanied by
radiculoneuritis, the probability of borrelia infection is very high. I'n our material,
four cases of typical Bannwarth'ssyndrome had been treated with antituberculotic
drugs for weeks until the correct diagnosis of borrelia infection was established. Al -
though antituberculotic treatment will have to be given if mycobacterial infection is
suspected, the differential diagnosis of borreliainfection must be kept in mind in
endemic areas.

It isimportant to emphasize that pleocytosis in the CSF isone of the diagnostic
criteria of BS, but CNSinvolvement caused by Bb may occur with a mild CSF ab-
normality or even without a pathological CSF finding. A case of peripheral neuritis
need not be accompanied by CSF disturbances (43,103,165).

Peripheral facial palsy is afrequent symptom of LB (106,115,149). Wetried to
find adividing line between the idiopathic and borreliainduced Bell's palsy. I n our
facial palsy material which consisted of 654 cases, 25.4% proved to have borrelia in-
fection. A lower positivity ratio was reported by Jonsson (62) and Olsson (111), 16
and 20%, respectively. We could prove statistically that the bilateral facial palsy is
very probably caused by Bb. A high incidence of bilateral palsy among L b cases has
also been reported by others (24,106, 114). Therelapsing cases of facial palsy - es
pecially if the relapse was multiple or occurred more than 6 months apart - were
usually seronegative. Themost typical hallmark of borrelia infection is a facial palsy
accompanied by meningitis. The probability of borrelia origin is about 60% in that
case.

Lyme meningitis differed from other lymphocytic meningitis cases by its longer
course and by the lack of meningeal signs. Only a few cases showed sensory loss or
convulsion. These " conventional” encephalitic symptoms seem to be infrequent in
neuroborreliosis but a fev similar case reports have been published by others (33,
36). Five per cent of our cases showed memory impairment that could be measured
by neuropsychiatrieor neurophysiologies examinations (43,128).

Peripheral neuritis is a typical manifestation of neuroborreliosis. Both mild
paraesthesia and serious lancinating neuralgia can occur. One of our patients was



operated on (laminectomy was performed) because his neurological symptoms mi-
micked vertebral disc herniation. Similar cases have been reported (67, 104). Al-
though the motoneuron damage rarely resulted in complete palsy, irreversible mus-
cular atrophy developed in two of our patients. Mild and latent paresis was more
frequently found. In many cases, neuritis appeared shortly after tick bite or by the
appearance of ECM, but all the A CA patients complained of similar symptoms.
This is a clear evidence that polyneuritis can be both an early and a late manifesta-
tion of Lb (55).

The first case of progressive borreliosis was described by Pachner and Steerein
1985 (114) and Ackermann reported on 8 patients (1). We found a similar case in
the following year. Since then, alot of patients and various symptoms have been re-
ported as having late or progressive borreliosis. Although there is no connection
between L b and multiple sclerosis (25, 123,131), the clinical symptoms sometimes
may be similar (1, 31, 67, 73, 165). The MRI result can also be similar in both ill-
nesses (39,42,126,165). Thediagnosis may be difficult because EE G and CSF find-
ings can be normal in chronicneuroborreliosis (40).

Halperin classified the basic types of late neuroborreliosis (43). Memory loss
and impairment of cognitive functions were consistently found in these cases, even
in the absence of "organic" signs of neurologic disorder. Mild peripheral neuropa-
thies were demonstrated by electrophysiologic methods. Severe dementia and M S-
like symptoms (21,92) areexceptional and extreme forms of late neuroborreliosis.

Arthritis

In a few cases, arthritis may appear in the early stage, at the same timeas ECM.
Knees aretypically involved in Lyme arthritis (51, 53, 54, 144, 147). Inour patients,
the large joint manifestations appeared typically after a short incubation period.
Small joint polyarthritisis frequently found after a longer latency. Arthritis can be
the sole manifestation of Lb (34, 51) and can mimic septic arthritis (34,59), juvenile
rheumatoid arthritis (82) or Reiter's syndrome (81). Involvement of the temporo-
mandibular joint is typical of Lyme arthritis(52, 144, 147). Beyond several clinical
symptoms of LB, B. burgdorferi infections remainsinapparent in many cases (3).

Acrodermatitis chronica atrophicans

ACA has the longest latency period. The pathogen can be cultivated from a
biopsy specimen drawn from an areawhere ACA has existed for aslong as 30 years
(6). It is a manifestation typical of adulthood (7, 8, 138). There is a clear female
predominance (55). ACA isthe only form of Lb in which no spontaneous remission
occurs. The bluish-red oedematous der matitis is usually thought to be of vascular
origin. Sometimes mor phea-like mor phology appears (8,83).



Photo 1 Borreliaburgdorferi with different stainingin histological sections
(J. DeKoning)

Photo 2-6. Different manifestations of erythema chronicum migrans
(author's photos)



Stages of Lymeborreliosis

The course of Lb can be divided into stages. ECM is the first stage, the second
one is characterized by neurological and cardiac symptoms, while the third stage is
equal to arthritis (135, 152). Our data show that it is very difficult to fit the various
manifestations into stages. ECM and ACA areexceptions. Although ECM may have
signs indicative of systemic infection, our data suggest that ECM remains alocalized
infection in most patients even when it is left untreated. Theother extreme is ACA.
It is a chronic, progressive illness in each case. To fit organ manifestations into
stagesis questionable because all the other symptoms may have acute, subacute and
chronic forms.

The incubation period can influence the appearance of symptoms. For
example, in ACA the long latency period is coupled with a chronic progressive
course. The same phenomenon can be observed during the early period of ECM.
The longer the time that elapsed after tick bite, the higher the risk of complications.
Similarly, acute BS has a tendency for spontaneous recovery, while symptoms ap-
pearing after a longer period - eg. ACA-associated polyneuritis - have a chronic
progressive course. Arthritis is also a good example: there seems to be a shift from
the large joints to the small ones as the incubation period lengthens. Large joint
arthritis has a fluctuating but basically benign outcome, while small joint arthritisis
a progressive and always chr onic manifestation of Lb.

Theoretically, this phenomenon may be explained by the fact that Bb must
adapt to the host and this takes time. Adaptation can also be seen in vitro. For
example, a strain which had grown well in our own culture medium could hardly be
multiplied in the Statens Seruminstitut. Thenormal Bb concentration could only be
achieved after the 4th-5th passage. Inversely, a Danish strain, growing well in the
Danish culture medium, could be cultured effectively in Hungary only after several
passages. The same phenomenon is likely to exist in vivo. Bb isolated fromA CA
grew slower than another strain cultured from ECM (6). There are three possi-
bilities concer ning the relationship between the pathogen and its host. |f the adapta-
bility of the spirochete is poor, Bb remainsin the skin and will invariably be elimi-
nated, even in untreated patients. I n rapidly generalized infections with acute onset
and a usually benign outcome the host's defense mechanisms overcome the pa-
thogen. Thethird possibility is the case of the slowly adapting Bb. Duringthe long
adaptation period the microbe " learns' how to evade the host's defence mechanism.

Ser ology

Our data show that | FA isareasonably good method for borrelia antibody test-
ing (77). Especially in the early cases it can be false negative because of the low anti-
body titer, and in the treated cases no seroconversion can be detected. Sometimes it
is obvioudy false positive, but high titers are seldom mideading in the everyday
clinical practice. Of course, this statement holds true only of the well controlled
methods. A technique which gives a false positive result in 20% of cerebrovascular
diseases or in multiple sclerosis (100, 101) is unsuitable for diagnostic purposes,



similarly to that which indicated a 30% seropositivity ratio for healthy blood donors
(108). '

Borrelia antibody testing in the C SFhas higher sensitivity and specificity in
neuroborreliosis (64,148,149). Intrathecal production of borrelia-specific antibody
can be detected in almost every case (9, 98, 107, 163). However, it must be remem-
bered that intrathecally produced antibodies against irrelevant virusesar e frequent-
ly found in multiple sclerosis (37). That is why intrathecal production of borrelia
antibodies should not be accepted as a proof of neuroborreliosis without some
reserve (113,123).

All of the serological methods give false positive or false negative results in
some cases (65,94, 96, 98,116,122). Which factors exert any influence on seroposi-
tivity? One of them istime. The highest antibody titers can be measured in the late
form of Lb, especially in ACA. On the other hand, only 35% of ECM patients had
elevated antibody titers. Seroconversion usually occurred 4-6 weeks after the first
symptoms of infection had appeared. Another major factor influencing seropositiv-
ity is the generalization of infection. The chance of generalization is increasing with
time but generalization does not take placein every case.

The appearance of borrelia antibodies takes at least 6 weeks (95, 134). Three
weeks after the onset of ECM only an 1gM response can be detected even by the
very sensitive capture EL I SA (13). In spite of this fact, two weeks (!) after tick bite
we found elevated |1 gGtitersin a considerable portion of patients. Sixty per cent of
this fast-responding group had ECM, so the probability of false positivity is low. We
are convinced that fagt antibody response seen in a certain part of the patients sup-
ports our opinion mentioned earlier, namely that the outcome of the infection is
determined soon after the tick bite. Fast response isasign of systemic infection even
in cases when clinical symptoms are missing. This theory is supported by the results
of an animal experiment in which intraperitonealfy infected mice (generalized infec-
tion from thefirst minute) produced I gG antibodies on the 5th (1) day (10).

Antibody response hasbeen shown to be prevented by antibiotic treatment. No
one knows the reason why no antibody production is induced against Bb surviving
the antibiotic treatment (29,133).

Therapy

Several yearsbefore the first isolation of Bb, some investigators suspected that
the causative agent of ECM and BSwas a penicillin-sensitive spirochete. Thefirst
Lb cases were treated with antibiotics suitable for the treatment of syphilis. Steere
administered 250,000 |1 U of penicillin G or 250 mg tetracycline or erythromycin
g.i.d. against ECM. Although the last one proved to be ineffective, the others signi-
ficantly shortened the illness and reduced the risk of complications. Arthritis de-
veloped in one-third of the penicillin treated patients, and the joint symptoms were
less severe than in the untreated group (140). When the unstable penicillin-G was
exchanged with Phenoxymethylpenicillin, a compound of better absor ptive proper-
ties, complications occurred in less than 10% of patients (142). Penicillin adminis-



tered intravenously at a dose of 20 million units proved to be effective both in
neuroborreliosis and in arthritis (143, 146). None of the 132 ECM patients treated
orally with 2x1 g Phenoxymethylpenicillin developed any complications, while 20%
of the placebo-treated group produced progressive symptoms (6). Similar results
have been published by others (14,110,136), but therapeutic failures have also been
observed both in penicillin- and in tetracycline-treated patients (26, 33, 68, 70,120,
157).

Penicillin treatment was highly effective in our ECM patients aswell. A signifi-
cantly faster improvement was seen in the penicillin- than in the tetracycline-
(usually doxycycline-) treated group. The rate of improvement, is even more in-
fluenced by the dosage of the antibiotic. Low-dose administration can hardly
shorten the duration of erythema chronicum migrans, while high-dose treatment is
significantly more effective. Residual symptoms were seen only in 10% of our cases.
In contrast to the excellent clinical response seen by us, in vitro antibiotic suscepti-
bility results show that Bb isalmost resistant to penicillin (!) but sensitive to tetracy-
cline and even more sensitive to erythromycin and ceftriaxone (60, 121). It seems to
be absurd that an in vitro resistant microbe appears sensitive in vivo. How can that
be?! Our preliminary results also support the opinion of others that traditional MIC
and M BC values cannot be used in the case of very slowly multiplying microbes such
as Bb (109). This is why erythromycin, a drug showing excellent efficacy in vitro,
proves ineffective in vivo (58). Even in an animal model experiment in which ery-
thromycin was administered at a dose 20 times the human dose, it was not able to
kill Bb (61, 121). Thein vitroresults were virtually proved by Johnson's animal ex-
periment. As much as 200 mg/kg penicillin was administered and 90% of the ham-
sters remained infected. However, the antibiotic was given only once a day and only
for 5 days (60)! Hansen applied a treatment model similar to the human practice
and treated infected gerbils with penicillin at a dose of 100 mg/kg t.i.d. for 10 days.
All treated animalsbecame free from borrelia (47)!

To achieve an appropriate CSF level, doxycycline should be given at a dose of
200 mg b.i.d. (5,169), which is hardly tolerable. Because of its bacteriostatic effect,
microbes areable to survive quite a long treatment and start to multiply again (91).
Orally or intramuscularly administered penicillin does not get into the CSF but a
high antibiotic level can be achieved in the serum (86). A minimum incubation time
of 72 hoursis needed to kill borrelia(91). For that reason, orally administered peni-
cillin can be recommended only for the treatment of early ECM. Inour experience,
high doses (4x1 gper os) of penamecillinum are used. That is well tolerated and
highly sufficient to prevent the development of further symptoms and to cause
prompt improvement. At the later stages of Lb, only the intravenously administered
antibiotics are effective. Intravenous administration of penicillin at a dose 3x6 g for
14 days seemed to be an effective treatment of systemic borrelia infection. Our opi-
nion is also supported by the results of some other in vitrostudies (15, 91). Labora-
tory and human clinical studies areagreed on that ceftriaxone is mor e effective than
penicillin (27,28, 60, 89, 90, 159). Rocephin treatment is convenient because of the
once-a-day administration. This antibiotic is usually well tolerated and results in a



relatively high CSF level. As we have only few patients who receive ceftriaxone
monotherapy, we could not collect enough data for statistical analysis. In the
present circumstanceswe do not think of Rocephin as afirst choice of treatment. A
similar conclusion was drawn by Neu (109).

Ticks, borreliaisolation and prevention

At least 20 different diseases are transmitted to humans by ticks (38), the com-
monest being L b (139). The primary vectors of the etiologic agent of Lb are hard-
bodied ticks belonging to the genus|xodes. | xodesdammini, |. scapularis, |. pacificus,
|. dentatus, |. persulcatus and, in Europe, /. ricinusare the main vectors. Although
other blood sucking insects have also been incriminated in the transmission of Bb,
there are no epidemiological data to support this theory. L bis becoming more pre-
valent because of the increased exposure of humans to infected ticks. Humans may
be attacked by ticks even indoors after the petshave carried the ticksinside.

During their two-year life cycle, ixodid ticks develop through four stages of
growth, namely egg, larva, nymph and adult. Each stage (except egg) feeds only once
upon blood from a host animal. Inthe U.S.A. the white footed mouse (Peromyscus
leucopus) isa particularly important host. I n Europe, several small rodents arecon-
sidered as a natural host of Bb. As natural hosts of ticks, birds play an important
rolein spreading ticksin new areas. All stagesfeed on humans.

Sixty per cent of ticks collected in Shelter Island, a highly infected area, con-
tained Bb (18). In the Swiss Plateau an infection rate of 36% was found (19). On
well-kept lawns, near the homes of Lyme disease patients a tick prevalence of ap-
proximately 1 per m* was found. Thirty-threeper cent of nymphs and 55% of the
adult ticks contained spirochetes (35). Thirty-four per cent of Ixodes persulcatus
ticks examined in the Leningrad areawas infected by Bb (69). In the most severely
infected region of Germany 40% of the ticks harboured spirochetes (164). Similar
prevalence was found in other parts of Europe (138). In contrast, less than 1% of
ticks contains the tick-borne encephalitis virus, even in the hyperendemic regions
(124).

We have dissected only 31 Ixodesricinusticks: six (16%) of them contained spi-
rochetes. Light and electron-microscopic examination, | FA and Western blot ana-
lysis proved that the isolated strainsarethe causative agentsof Lb. Both strainsthat
could be studied (Mk5 and M k6) showed the characteristic 41 kDaflagellar and the
60 kDa common bacterial antigens. Only a faint band was demonstrated in the re-
gion of 32 kDa OspA, which is typical of the Americanisolates. The 35 kDa OspB
was missing, typically of the Europeanstrains (162). Our data are not sufficient to
judge the Hungarian infection rate but very probably it is similar to the European
situation.

The direct fluorescent technique was reported to be better for detecting Bbin
ticks (118). I nour hands, dark field microscopy and cultivation were mor e successful
than the former method. Haemaphysalis ticks are seldom infected (20, 79), so our
failure to find specimens harbouring borrelia is not surprising.



In an experimental animal model, Piesman et al. found that when infected ticks
were removed within 24 hours after attachment, the risk of borreliatransmission
was very low, while 72 hourslater it reached 100% (119). Although nymphs are sel-
dom infected, because of their tiny size they play an important role in borreliatrans-
mission (93).

Prevention

Wearing closed clothes is frequently recommended for personal prophylaxis.
To take thisadviceis almost impossible in hot weather, and its benefit is also ques-
tionable. Ticks seldom if ever bite on the naked partsof the body. They do not like
climbing up trees and never throw themselves on the victim but can easily be col-
lected from grass and bushes. Ticks are encountered on well-maintained lawns as
frequently asin forests.

Personal protection. Repellents applied to clothing including the insides of
trouser cuffs and socks prevent tick bite. Permethrin has been shown to provide ex-
cellent protection from tick bites. There are also repellents that do not kill ticks
when impregnated into clothing such as N,N-diethyl-m-tolumide (" SZUKU", "Pro-
tect B"). Thetaping of trouser cuffs and tucking them in the footwear prevent ticks
from easily crawlingonto the untreated skin inside the clothing. Ticks are more eas-
ily observed on light- than on dark-coloured clothing. Repellents applied to the skin
may help prevent the attachment of ticksbut their effectiveness is lost within a few
hour s after application.

Tick attachment and removal Ticks attach to their hosts by piercing the skin
and inserting the hypostome with its recurved denticles. A cement-like protein mix-
ture, which is secreted by the tick, and the anchoring hypostome hold the tick firmly
in position. Ticks may be removed by grasping them as close to the skin as possible
with a pair of forceps or tweezers. A steady upward pressureis exerted to detach the
tick from the skin. An antiseptic may be applied onto the skin. Humans visiting
tick-infested areas should periodically and thoroughly inspect their body and
promptly remove ticks. Nymphs feed on their hosts for 4-7 days and adults for 8-11
days. Ticks are most likely to transmit spirochetes after they have fed for more than
48 hours. Prompt removal of ticks clearly diminishes the risk of infection. Ticks to
be removed should never be greased with petrol, paraffin, body milk or any other
chemical. During removal one should keep in mind that the tick's gut may be filled
with borrelia. Any technique that may cause regurgitation can be dangerous.

Eradication of ticks would be more effective than personal protection. Al-
though drastic methods have been applied, their effect remained transient (132). A
method of lasting effect and safe the environment has been developed by Mather et
al. (99).



CONCLUSION

This analysis is based on data collected for five years. Together with our co-
workers, we described the first Hungarian cases and all the important clinical mani-
festations duringthat period.

Some fairly new data have been derived from the statistical analysis. Oneisthat
the incubation period may influence the appearance of clinical symptoms. The
longer the period between tick bite and the onset of ECM, the higher the prob-
ability of complications. In cases when incubation is longer, symptoms present
themselves less rapidly but there is bigger chance of a more serious chronic pro-
gressive course. Peripheral neuritis, memory loss and mental disturbances, aswell as
small joint arthritis are more common after alonger latency period.

We are convinced that the outcome of infection is determined soon after the
tick bite. Fast antibody response is a sign of systemic infection even when clinical
symptoms arestill absent.

Physicians should be familiar with the symptoms and signs of Lb and awar e of
the possibility of both false negative and false positive serological results. Flagellar
antigen EL | SA ismore sensitive than | FA in the early cases.

Facial palsy, when it isbilateral or accompanied by meningitis, isvery probably
caused by Bb. The relapsing cases are usually idiopathic. Facial palsy caused by Bb
has a more serious onset but a better outcome in comparison with the idiopathic
forms.

In Bannwarth's syndrome, not only high CSF protein but also low CSF sugar is
frequently found. The combination of chronic lymphocytic pleocytosis + elevated
CSF protein + decreased glucose content is generally considered to be typical of
tuber culous meningitis. Our results show that thisrare CSF profile isaregular find-
ing also in Lyme meningitis. Especially in cases of chronic lymphocytic meningitis
accompanied by radiculoneuritis, the probability of borrelia infection isvery high.

In spite of the generally accepted opinion, in our experience L b cannot be as-
signed to stages on the basis of the organ manifestations. All the organ manifesta-
tions (eg. dermatological, cardiological, neurological and rheumatological) have
acute, subacute, chronicand chronicprogressive forms.

The efficacy of penicillin and tetracycline was compared in ECM patients. A
significantly faster improvement was seen in the penicillin- than in the tetracycline-
(usually doxycycline-) treated group. The rate of improvement was even more in-
fluenced by the dosage regime of these antibiotics. Low-dose administration can
hardly shorten the duration of erythema chronicum migrans, while high-dose treat-
ment issignificantly more effective.

Half of the Hungarian L b cases presented with ECM, one third had neurologi-
cal symptoms and 18% showed frank arthritis. All the tick-infested territories of
Hungary areinfected by Bb. Thelargest number of Lb cases were bitten by ticksin
Western Hungary, along the northern coastline of Lake Balaton and in the moun-
tains of Buda.



ECM - particularly the monosymptomatic form - occurs more frequently in
childhood and in females. Lb may occur in all age groups. Bannwarth's syndrome is
more frequent in men than in women. Acrodermatitis occurs only in adulthood.

Lb is one of the most important clinical and bacteriological discoveries of the
last decades. Many field of medicine are involved in the protean disease. Lbis pre-
valent in Hungary. Its outcome depends mainly on the physician's knowledge: to
cure a long-lasting, chronic illness only the correct diagnosis should be established
and the appropriate treatment administered.
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Lakos A.: Lyme borreliosis Magyarorszagon, 1984-1989

A Lyme borreliosis (Lb) az utdbbi évtizedek egyik legfontosabb klinikai és bakteriolégiai felfe-
dezése. A kérokozo, a Borrelia burgdorferi 1982-es izolalasa szamos korkép eredetének tisztaza-
sahoz vezetett. Europaban és Eszak-Amerikaban az Lb a leggyakoribb kullancs ltal terjesztett
betegség. A jelen feldolgozas célja a klinikum és a hazai epidemiolégia leirasa. A szerz6 1984-
t6l 1989-ig 1175 beteg diagnosztizaladsaban vett részt. A betegek 44%-anak volt az Lb-re jel-
lemz8 erythema chronicum migransa, 30%-uknak idegrendszeri, 25%o-nak reumatolégiai
tinetei voltak. A kdzlemény ezen betegek klinikai, terapias és epidemioldgiai sajatsagait targyal-
Ja-
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