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LYME - Chronology
Year of discovery Tick-borne diseases symptoms described ...

1883 first known case of Acrodermatitis chronica atrophicans (ACA) (Buchwald  A, 1883)

1900 - 1909 Erythema chronicum migrans (Afzelius  A, 1910; Lipschütz B, 1914) Ixodiasis = tick fever
Spirillum-detection
Six  ACA-cases presented at dermatologic meeting / Stockholm = bites caused by ticks/ insects 

1913 Tick-paralysis intoxication?

1922 Meningopolyneuritis = Paralysie par les tiques

1914
1930 - 1937
1931
1940
1948

Far-East (Taiga) Encephalitis – cases described
Russian Spring-Summer-Encephalitis = RSSE (Zilber LA, 1939)
„Meningitis serosa epidemica“ in Austria (Schneider H. 1931)
Kumlinge Disease at Aaland Islands (Oker-Blom N, 1956)

„European“ TBE in Czechoslovakia (Krejci J, 1949)

1941 Meningoradikulitis (Bannwarth) =  „rheumatic“? (Bannwarth A, 1941)

1951 Meningitis in case of Eryth. chr. migrans (Hellerström)  (Delank HW, 1989)

1970s Physicians in New England identified groups of children in an area 
around Lyme, CT, who had an unusual rash and associated arthritis

1975 Lyme-disease (Steere AC et al, 1977)

1981 Etiology of Borrelia in case of  Lyme-disease
(Burgdorfer W et al, 1982)B. burgdorferi spirochetes 
related to the illness were identified in the gut of ticks
(Willy Burgdorfer) (named in honour to Amédée Borrel)

1982 U.S. CDC-surveillance program started



Life Cycle of ticks (Ixodes ricinus)

Dobler G, Gniel D, Petermann R, Pfeffer M; Epidemiology and Distribution of Tick-Borne Encephalitis; 
Wiener Med .Wochenschr. 2012; 162:230-238

(only for TBE-virus)



Transmission of Borrelia

• Borreliae live in the gut of the ticks (several hundreds)

• Microbes and proteins can persist in the gut of ticks, 
where no digestion occurs1

• Transmission of the borreliae starts 36-48 hours after 
feeding

• When a nymph engorges upon a host, densities of over 
100,000 bacteria per nymph are reached

1 Wickramasekam et al. Emerg. Infect. Dis 14, 1273-1275 (2007)



How does infection occur?

Source: Apotheken Umschau, 74-75, Juni 2005
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Activation of Borrelia spp. in the tick: 
antigenic switch from OspA to OspC

OspA OspC



Distribution of Vectors for Borrelia spp.



I.dammini/scapularis

I.pacificus

LYME and TBE worldwide
distributed by Ixodes (I.) ticks

LYME-Borreliosis

TBE

I.ricinus

40% of ticks with at least 2 pathogens
Double (and more) infections have been detected:
Borrelia burgdorferi + TBE +  

More than one infection can be 
acquired by a single tick bite

Sun Yi et al. Acta Parasitol. Med. Entomol. Sin. 14, 231-240 (2007);
Map: D.Gniel, 2012





Comparative Incidence of LYME-Borreliosis
(average past 20 years)                                 

Case numbers  (2012) Europe:  ~ 90.000 
Russia:  ~ 50.000 
US:         ~ 40.000 
China:     ~30.000 

Source : ECDC 2014



Source : RKI 2006



Lyme Disease: Erythema migrans



Lyme Disease: Different Clinical Manifestations



Patients with Borreliosis expresss Anti-OspC and Anti-FlaB, 
but not Anti-Osp-A

Vaz et al. Infect Immun 2001:69;7437-7444



Prevalent Borrelia strains in the US and in Europe



Borrelia species by geography and disease 

relative distribution in %          OspA
Europe USA         serotype 

B. Burgdorferi (sensu stricto) 9,3% 100,0%          1
B. afzelii 64,5% - 2
B. garinii 25 % - 3-7

The three species are summarized to B. burgdorferi sensu lato complex

Leading symptoms for Lyme Disease:

Europe: Neuroborreliosis + Acrodermatitis

U.S.:     Arthritis



OspC-mediated immune response does not offer protection

Mechanism of OspA-mediated protection:

Baxter Confidential

In unfed ticks: B. burgdorferi s.l. present in tick mid-gut express OspA

During blood meal
Uptake of OspA-antibodies from OspA-immunized host
Binding of antibody to spirochetes in the tick mid-gut

- Killing through bactericidal antibody
- Antibody blocks attachment to receptors on tick gut epithelium

Failure of spirochetes to migrate into salivary glands
Transmission to the OspA immunized host is blocked

Implications for OspA vaccines
Dependence on high concentration of circulating antibodies for protection



Two OspA vaccines in the past

1Steere A. et al. N. Engl. J. Med 339, 209-215 (1998)
2Sigal L.H. et al. N. Engl. J. Med 339, 216-222 (1998)

Pasteur Merieux Connaught

ImuLyme

Smith Kline Beecham

LYMErix

30µg OspA 1

+ aluminium hydroxide

phase III: 10,936 persons1

months 0, 1, 12

efficacy:
after 2 doses 83%
after 3 doses 100%

marketed in Dec. 1998

(15-70 years of age)

30µg OspA

No adjuvant

phase III: 10,305 persons2

months 0, 1, 12

efficacy:
after 2 doses 68%
after 3 doses 92%

marketed : never



Reactogenicity of LYMErix®

Ø From December 1996 through August 
2000, during the first 19 months after 
licensure, approximately 1.4 million 
doses of LYMErix®
Ø 905 adverse events (0.06%) were 

reported to the VAERS
Ø Arthralgias (250 reports)
Ø Myalgias (195 reports)
Ø Arthritis (59 patients)
Ø Arthrosis (34 patients)
Ø Rheumatoid arthritis (9 patients)

Ø Arthritis below the expected 
background incidence 

Ø Analysis of HLA-DR profiles and OspA 
immunity in a subgroup of these 
patients was not suggestive of a 
vaccine-induced process

Lathrop et al. Vaccine. 20:1603 2002
Ball et al. Arthritis Rheum. 60:1179 2009

Arthritis

Market withdrawal in 2002 amid increasing

Ø controversial activities of lyme activists, 

Ø media coverage, 

Ø fears of vaccine side effects, 

Ø and declining sales



Baxter:
Safety and immunogenicity of a multivalent OspA vaccine - Phase1/2

LYME-Vaccine Details:

3 recombinant (chimeric) Osp A antigens (protective epitopes): 

Osp A-1 – OspA-2 (B. burgdorferi sensu stricto – B. afzelii)
Osp A-5 – OspA-3 (both B. garinii)
Osp A-6 – OspA-4 (B. garinii and B. bavariensis)

The hypothetical risk of T-cell cross-reactivity (molecular mimicry of OspA-1 with human LFA1) has been
eliminated with the replacement of the putative cross-reactive OsPA-1 epitope with the corresponding
OsPA-2 sequence

OspA T-cell epitope mimicking
human Leukocyte Function-associated 

Antigen 1 (hLFA-1) sequence

The resulting rOspA molecule contains the first of the three surface exposed loops recognized by
protective Mab LA-2 (green color). The second and third loops recognized by LA-2 are replaced
by equivalent sequences from serotype 2 molecule (red color).

Livey I et al. Clin. Infect. Dis, 2011; 52 (Suppl. 3): S266-S270 

Protective
Antibody







Stop of development due to marketing considerations:

Clinical endpoints for vaccine efficacy in phase III difficult, 

studies very expensive 
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Conclusions
ü An effective vaccine against borreliosis is needed

ü Probably OspA-vaccine necessary

ü Antigen with potential for global efficacy identified

ü Immunogenicity proven

ü Association with arthrits rejected / not proven

ü High antibody titers for efficacy needed

(frequent boosts necessary?)

ü Determination of endpoints for protective efficacy difficult

ü Further studies needed: Phase III very long and expensive

Ø Technical way to effective vaccine probably identified, 

marketing and public need to be convinced



Thank you


