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Lyme borreliosis is the most clinically complex of the
spirochetal infections for a variety of reasons. First, is the
potential for manifestations involving multiple systems,
particularly the skin, joints, nervous system, and heart.
Second, there are both early and late manifestations, as
well as intervening periods of clinical latency in which
infected patients are asymptomatic [1–3].

These general characteristics, however, do not distin-
guish Lyme borreliosis from another important spirochetal
infection, syphilis. The greater clinical complexity associ-
ated with Lyme borreliosis becomes apparent only after
more thorough analysis. The clinical manifestations of
syphilis in Europe and North America, and approaches to
diagnosis and prevention are presumed to be identical.
This is not the situation for Lyme borreliosis. Differences
arise because of the greater diversity of species of Lyme
borrelia in Europe compared to North America [1, 2, 4]
and because the only borrelial species known to cause
infection in North America (Borrelia burgdorferi [also
referred to as B. burgdorferi sensu stricto]) causes less
than 30% of infections in Europe [5]; the other borrelial
pathogens in Europe include B. afzelii and B. garinii
(Table 1). Certain clinical manifestations are closely asso-
ciated with infection due to a particular species. As a
consequence, some dermatological conditions, such as
acrodermatitis chronica atrophicans and borrelial lympho-
cytoma, are nearly exclusively found in Europe [1, 2],
whereas other manifestations, such as erythema migrans
or neurological symptoms and signs, occur in both loca-
tions.

Differences also are apparent in regard to diagnostic
testing between Lyme borreliosis in North America and
Europe [6]. Both the greater diversity of species causing
infection, and the lower frequency of seropositivity in
European patients with erythema migrans caused by
B. afzelii compared to B. burgdorferi [7, 8], makes sero-
logic diagnosis much more challenging in Europe.

The papers on Lyme borreliosis in this issue of Wie-
ner klinische Wochenschrift discuss important aspects of
prevention and treatment of Lyme borreliosis based on
studies principally conducted in North America [9, 10].
Avoiding tick bites is the centerpiece of prevention. While
general approaches to prevention should largely be the
same in Europe and in North America, differences in the
infecting borrelia species, as well as in the vector ticks, do
appear to impact on prevention strategies. For example,
the monovalent recombinant outer surface protein A
(OspA) vaccine preparation found to be approximately
80% effective for prevention of definite cases of Lyme

borreliosis in North America [11], would be expected to
be less successful in Europe, given the much greater di-
versity of the OspA molecule on the species of Lyme
borrelia there [12, 13]. Unfortunately, marketing of the
OspA vaccine preparation was discontinued due to poor
sales, although a similar preparation remains available for
use in dogs. An experimental OspA vaccine preparation is
being evaluated for immunization of field mice and early
studies have shown promising results [14]; a noteworthy
feature of certain OspA preparations is their effectiveness
as an immunogen for mice when ingested [15, 16].

Another interesting difference between continents is
the much shorter time from tick bite to transmission of
Lyme borrelia in experimental studies of animals, by the
European tick Ixodes ricinus [17], compared with the
North American ticks I. scapularis [18–20] and I. pacifi-
cus [21]. Clinical studies have suggested that there is a
substantial delay in transmission of B. burgdorferi to hu-
mans after attachment of I. scapularis ticks [22, 23], but
similar data are lacking for I. ricinus tick bites. Pending
such studies, Europeans may be well advised to check for
and remove attached I. ricinus ticks within 6 hours of
exposure.

Single-dose doxycycline (200 mg) was found to be
87% effective for prevention of Lyme borreliosis in North
America after an I. scapularis tick bite [23]; and longer
courses of antibiotics (10 days) were 100% effective [24–
26]. Korenberg et al reported on the use of doxycycline
for prevention of Lyme borreliosis in persons bitten in
Russia by I. persulcatus ticks shown by microscopy to
contain spirochetes [27]. None of the 120 subjects who
received a 3 day course of doxycycline and none of an
additional 141 subjects who received a 5 day course of
doxycycline developed erythema migrans at the tick bite
site, the only certain criterion of failure of antibiotic pro-
phylaxis. Overall, 3 (1.1%) of the 261 doxycycline treated
subjects developed any evidence of Lyme borreliosis com-
pared to 12 (12.4%) of 97 persons who received no anti-
biotic therapy (p < 0.001). However, given anecdotal re-
ports of the failure of antibiotic prophylaxis of I. ricinus
tick bites in Slovenia [28], controlled studies should be
performed in Europe before extrapolating from results
observed in either North America or Russia.

So much similarity in antimicrobial susceptibility ex-
ists among isolates of different species of Lyme borrelia
(at least in the limited testing done to date) [29, 30], that
there is little reason to expect differences between North
America and Europe in either the efficacy of specific
antibiotics or in duration of therapy. In both locations,
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doxycycline or amoxicillin, certain cephalosporins such as
cefuroxime axetil, cefotaxime or ceftriaxone, and certain
macrolides such as azithromycin are highly efficacious
[31–35].

Increasing attention is being paid to reducing duration
of antibiotic therapy in many infectious diseases [36–38].
Shorter courses of antibiotic treatment are likely to be
safer, less costly, more convenient for the patient, and less
likely to promote the emergence of resistance in fecal
flora. Prolonged administration of a single antibiotic can
lead to the selection of intestinal bacteria, not just resistant
to the antibiotic used, but to multiple structurally unrelat-
ed antimicrobials (36,39,40). A recent double-blind, ran-
domized, controlled trial from North America showed that
10 days of doxycycline had similar efficacy to 20 days of
treatment in patients with early Lyme disease who had
erythema migrans [41]. Of note, although many patients
remained symptomatic at the end of the course of anti-
biotic therapy, they continued to improve after treatment
and did so at the same rate regardless of whether they
were treated for 10 or 20 days with doxycycline therapy.
The possibility that antibiotic therapy might be shortened
even further is suggested by a study of patients with
erythema migrans reported from Germany [42].

In this issue of Wiener klinische Wochenschrift, Datt-
wyler and colleagues [10] report on a non-blinded, ran-

domized multi-center trial in which 14 versus 28 days of
ceftriaxone were compared in 143 patients from North
America with late stage Lyme borreliosis, manifested pre-
dominantly as Lyme arthritis. At time of last evaluation up
to one year after completion of antibiotic treatment, clin-
ical cure rates were 76% in the 14-day group and 70% in
the 28-day group (p = 0.50). To be considered a clinical
cure all signs and symptoms had to have resolved com-
pletely. At time of last evaluation, there were 5 patients
who had no change in their symptoms in the 14-day
treatment group compared to none in the 28-day treatment
group (p = 0.07). Use of a variable time point for the
primary outcome measure, however, may have served to
exaggerate rather small differences. At the 3, 6 or 12
month specific time points of evaluation, there were 1–2
non-responders in the 14-day group versus 0-1 non-re-
sponders in the 28-day group. Whether there is a sub-
group of patients who might benefit from a treatment
course extended to 28 days, could not be determined from
this study. In favor of shorter treatment courses, a signif-
icantly greater proportion of patients assigned to the 28-
day treatment arm had to have their therapy discontinued
prematurely due to adverse events (p < 0.02). Several
patients in this study (including both treatment groups)
developed well recognized potentially life-threatening
complications associated with ceftriaxone therapy [43,

Table 1. Comparison of selected aspects of the treatment and prevention of Lyme borreliosis in North America and Europe

Feature North America Europe Comment

Principal vector Ixodes scapularis Ixodes ricinus In Europe, greater diversity
Principal etiologic agents Borrelia burgdorferi Borrelia afzelii of clinical manifestations and

Borrelia garinii more obstacles to serodiagno-
Borrelia burgdorferi sis, because infection may be

due to at least 3 different
species of Lyme borrelia

Transmission of Lyme 0% within 24 50% within 24 To prevent transmission of
borrelia to experimental hours (ref. [20]) hours (ref. [17]) Lyme borrelia to humans,
animals by vector I. ricinus ticks should probably

be removed within 6 hours of
attachment, whereas removing
I. scapularis ticks within
24 hours should be adequate

Chemoprophylaxis Single-dose doxycycline No controlled studies Anecdotal failures of
87% effective have been reported antibiotic prophylaxis of

on the use of antibiotic I. ricinus tick bites are
prophylaxis for reported (ref. [28])
I. ricinus tick bites

Immunoprophylaxis A monovalent OspA Not available A multivalent vaccine would
vaccine preparation was be preferable in Europe,
~ 80% effective, but is due to the greater antigenic
currently not marketed diversity of the etiologic

agents

First-line treatment Doxycycline Doxycycline Although more study is
Amoxicillin Amoxicillin needed, type of antibiotic
Cefuroxime axetil Phenoxymethyl penicillin and duration of therapy is
Ceftriaxone Cefuroxime axetil expected to be similar between

Ceftriaxone North America and Europe
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44], including three cases of diarrhea due to Clostridium
difficile, one case of cholelithiasis, and one case of gran-
ulocytopenia.

Analogous to the findings in the controlled treatment
trial of patients with early Lyme disease (discussed
above), resolution of symptoms in the Dattwyler study
also continued after antibiotic therapy was completed.
Clinical cure rates were greater at 12 months than at 3
months in both the 14-day and 28-day treatment groups.

Lyme borreliosis is a complex spirochetal infection.
Despite the availability of diverse strategies for preven-
tion as described in this issue of Wiener Klinische
Wochenschrift [9], Lyme borreliosis remains the most
common tick-borne infection in both North America and
Europe [45, 46], and the incidence appears to be rising
rather than falling in the United States and some European
countries [47, 48]. Lyme borreliosis, like other spirochetal
infections, is antibiotic responsive. In both early and late
stages of infection in North America, it is, however, in-
creasingly evident that resolution of symptoms is general-
ly not hastened by extending antibiotic therapy beyond 14
days. Patients should be forewarned that they may not be
asymptomatic at time of completion of antibiotic therapy
and reassured that in the vast majority of instances their
symptoms will continue to improve steadily over the
course of time.

Gary P. Wormser, Gerold Stanek, Franc Strle,
and Jeremy S. Gray

Acknowledgements
The authors are grateful for the assistance provided by

Lisa Giarratano.

References
1. Nadelman RB, Wormser GP (1998) Lyme borreliosis. Lan-

cet 352: 557–565
2. Stanek G, Strle F (2003) Lyme borreliosis. Lancet 362:

1639–1647
3. Steere AC, Coburn J, Glickstein L (2004) The emergence

of Lyme disease. J Clin Invest 113: 1093–1101
4. van Dam AP, Kuiper H, Vos K, et al (1993) Different

genospecies of Borrelia burgdorferi are associated with
distinct clinical manifestations of Lyme borreliosis. Clin
Infect Dis 17: 708–717

5. Wang G, van Dam AP, Schwartz I, Dankert J (1999)
Molecular typing of Borrelia burgdorferi sensu lato: taxo-
nomic, epidemiological, and clinical implications. Clin
Microbiol Rev 12: 633–653

6. Aguero-Rosenfeld ME, Wang G, Schwartz I, Wormser GP
(2005) Diagnosis of Lyme disease. Clin Microbiol Rev (in
press)

7. Wilske B (2003) Diagnosis of Lyme borreliosis in Europe.
Vector Borne Zoonotic Dis 3: 215–227

8. Strle F, Nadelman RB, Cimperman J, et al (1999) Compar-
ison of culture-confirmed erythema migrans caused by Bor-
relia burgdorferi sensu stricto in New York State and by
Borrelia afzelii in Slovenia. Ann Intern Med 130: 32–36

9. Wormser GP (2005) Prevention of Lyme borreliosis. Wien
Klin Wochenschr 117: 385–391

10. Dattwyler RJ, Wormser GP, Schoen RT, et al (2005) A
comparison of two treatment regimens of ceftriaxone in
late Lyme disease. Wien Klin Wochenschr 117: 393–397

11. Steere AC, Sikand VK, Meurice F, et al (1998) Vaccination
against Lyme disease with recombinant Borrelia burgdor-
feri outer surface lipoprotein A with adjuvant. N Engl J
Med 339: 209–215

12. Schaible UE, Wallich R, Kramer MD, et al (1993) Immune
sera to individual Borrelia burgdorferi isolates or recombi-
nant OspA thereof protect SCID mice against infection
with homologous strains but only partially or not at all
against those of different OspA/OspB genotype. Vaccine
11: 1049–1054

13. Gern L, Hu CM, Voet P, Hauser P, Lobet Y (1997) Immu-
nization with a polyvalent OspA vaccine protects mice
against Ixodes ricinus tick bites infected by Borrelia burg-
dorferi ss, Borrelia garinii and Borrelia afzelii. Vaccine
15: 1551–1557

14. Tsao JI, Wootton JT, Bunikis J, Luna MG, Fish D, Barbour
AG (2004) An ecological approach to preventing human in-
fection: vaccinating wild mouse reservoirs intervenes in the
Lyme disease cycle. Proc Natl Acad Sci 101: 18159–18164

15. Fikrig E, Barthold SW, Kantor FS, Flavell RA (1991)
Protection of mice from Lyme borreliosis by oral vaccina-
tion with Escherichia coli expressing OspA. J Infect Dis
164: 1224–1227

16. Luke CJ, Huebner RC, Kasmiersky V, Barbour AG (1997)
Oral delivery of purified lipoprotein OspA protects mice
from systemic infection with Borrelia burgdorferi. Vac-
cine 15: 739–746

17. Kahl O, Janetzki-Mittman C, Gray JS, Jonas R, Stein J, de
Boer R (1998) Risk of infection with Borrelia burgdorferi
sensu lato for a host in relation to the duration of nymphal
Ixodes ricinus feeding and the method of tick removal.
Zentralbl Bakteriol 287: 41–52

18. Piesman J, Mather TN, Sinsky RJ, Spielman A (1987)
Duration of tick attachment and Borrelia burgdorferi
transmission. J Clin Microbiol 25: 557–558

19. Piesman J, Maupin GO, Campos EG, Happ CM (1991)
Duration of adult female Ixodes dammini attachment and
transmission of Borrelia burgdorferi with description of a
needle aspiration isolation method. J Infect Dis 163: 895–
897

20. des Vignes F, Piesman J, Heffernan R, et al (2001) Effect
of tick removal on transmission of Borrelia burgdorferi
and Ehrlichia phagocytophila by Ixodes scapularis
nymphs. J Infect Dis 183: 773–778

21. Peavey CA, Lane RS (1995) Transmission of Borrelia
burgdorferi by Ixodes pacificus nymphs and reservoir
competence of deer mice (Peromyscus maniculatus) in-
fected by tick-bite. J Parasitol 81: 175–178

22. Sood SK, Salzman MB, Johnson BJB, et al (1997) Dura-
tion of tick attachment as a predictor of the risk of Lyme
disease in an area in which Lyme disease is endemic.
J Infect Dis 175: 996–999

23. Nadelman RB, Nowakowski J, Fish D, et al (2001) Pro-
phylaxis with single-dose doxycycline for the prevention
of Lyme disease after an Ixodes scapularis tick bite.
N Engl J Med 345: 79–86

24. Costello CM, Steere AC, Pinkerton RE, Feder HM Jr
(1989) A prospective study of tick bites in an endemic area
for Lyme disease. J Infect Dis 159: 136–139

25. Shapiro ED, Gerber MA, Holabird NB, et al (1992) A
controlled trial of antimicrobial prophylaxis for Lyme dis-
ease after deer-tick bites. N Engl J Med 327: 1769–1773

26. Agre F, Schwartz R (1993) The value of early treatment of
deer tick bites for the prevention of Lyme disease. Am J
Dis Child 147: 945–947



384 Wormser et al., Advances in the treatment and prevention of Lyme borreliosis

27. Korenberg EI, Vorobyeva NN, Moskvitina HG, Gorban L
Ya (1996) Prevention of borreliosis in persons bitten by
infected ticks. Infection 24: 187–189

28. Maraspin V, Lotric-Furlan S, Strle F (2002) Development
of erythema migrans in spite of treatment with antibiotics
after a tick bite. Wien Klin Wochenschr 114: 618–619

29. Hunfeld KP, Kraiczy P, Wichelhaus TA, Schafer V, Brade
V (2000) Colorimetric in vitro susceptibility testing of
penicillins, cephalosporins, macrolides, streptogramins,
tetracyclines, and aminoglycosides against Borrelia burg-
dorferi isolates. Int J Antimicrob Agents 15: 11–17

30. Baradaran-Dilmaghani R, Stanek G (1996) In vitro suscep-
tibility of thirty Borrelia strains from various sources
against eight antimicrobial chemotherapeutics. Infection
24: 60–63

31. Wormser GP, Nadelman RB, Dattwyler RJ, et al (2000)
Practice guidelines for the treatment of Lyme disease. Clin
Infect Dis 31 [Suppl 1]: S1–14

32. Nadelman RB, Luger SW, Frank F, et al (1992) Compari-
son of cefuroxime axetil and doxycycline in the treatment
of early Lyme disease. Ann Intern Med 117: 273–280

33. Luger SW, Paparone P, Wormser GP, et al (1995) Compar-
ison of cefuroxime axetil and doxycycline in treatment of
patients with early Lyme disease associated with erythema
migrans. Antimicrob Agents Chemother 39: 661–667

34. Dattwyler RJ, Luft BJ, Kunkel M, et al (1997) Ceftriaxone
compared with doxycycline for the treatment of acute
disseminated Lyme disease. N Engl J Med 337: 289–294

35. Arnez M, Pleterski-Rigler D, Luznik-Bufon T, Ruzic-Sabl-
jic E, Strle F (2002) Solitary erythema migrans in children:
comparison of treatment with azithromycin and phe-
noxymethyl penicillin. Wien Klin Wochenschr 114: 498–
504

36. Levy SB (1993) Confronting multidrug resistance. A role
for each of us. JAMA 269: 1840–1842

37. Craven DE, Palladino R, McQuillen DP (2004) Health-
care-associated pneumonia in adults: management princi-
ples to improve outcomes. Infect Dis Clin N Am 18: 939–
962

38. Dunbar LM, Wunderink RG, Habib MP, et al (2003) High-
dose, short-course levofloxacin for community-acquired
pneumonia: a new treatment paradigm. Clin Infect Dis 37:
752–760

39. Datta N, Faiers MC, Reeves DS, Brumfett W, Orskov F,
Orskov I (1971) R-factors in Escherichia coli in faeces after
oral chemotherapy in general practice. Lancet 1: 312–315

40. Murray BE, Rensimer ER, Dupont HL (1982) Emergence of
high-level trimethroprim resistance in fecal Escherichia coli
during oral administration of trimethroprim or trimethro-
prim-sulfamethoxazole. N Engl J Med 306: 130–135

41. Wormser GP, Ramanathan R, Nowakowski J, et al (2003)
Duration of antibiotic therapy for early Lyme disease. A
randomized, double-blind, placebo-controlled trial. Ann
Intern Med 138: 697–704

42. Weber K, Preac-Mursic V, Wilske B, Thurmayr R, Neubert
U, Scherwitz C (1990) A randomized trial of ceftriaxone
versus oral penicillin for the treatment of early European
Lyme borreliosis. Infection 18: 91–96

43. Nadelman RB, Arlin Z, Wormser GP (1991) Life-threaten-
ing complications of empiric therapy for seronegative
Lyme disease. South Med J 84: 1263–1265

44. Ettestad PJ, Campbell GL, Welbel SF, et al (1995) Biliary
complications in the treatment of unsubstantiated Lyme
disease. J Infect Dis 171: 356–361

45. Orloski KA, Hayes EB, Campbell GL, Dennis DT (2000)
Surveillance for Lyme disease-United States, 1992–1998.
MMWR Mor Mortal Wkly Rep CDC Surveill Summ 49:
1–11

46. O’Connell S, Granstrom M, Gray JS, Stanek G (1998)
Epidemiology of European Lyme borreliosis. Zentralbl
Bakteriol 287: 229–240

47. Centers for Disease Control and Prevention (2004) Lyme
disease – United States, 2001–2002. MMWR 53: 365–369

48. Lindgren E, Jaenson TG, Menne B (2004) Lyme borreliosis
in Europe. Influences of climate and climate change, epi-
demiology, ecology and adaptation measures. WHO publi-
cation, WHO Centre for Environment and Health, Rome

Key words: Lyme disease, Lyme borreliosis, tick-borne
infection, Borrelia burgdorferi, prevention, treatment, ceftri-
axone.

Correspondence: Gary P. Wormser, M.D., New York Med-
ical College, Division of Infectious Diseases, Munger Pavilion,
Room 245, Valhalla, NY 10595, U.S.A.,
E-mail: Gary_Wormser@NYMC.edu


