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Aﬁ{libuﬂy Responses to the Three Genomic Groups of Borrelia burgdorferi in
Kuropean Lyme Borreliosis
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Lgrmuany

The antibody responses to the three genomic groups of Borrelia burgdorferi (B. burpdarferi
sensu stricto, Borrelia garinii, and Rorrelia afzelil) were determined in 97 Germar patients with
various manifestations of Lyme borreliosis. The geometric mean antibody titers in each patient
group, determined by ELISA, were similar with each antigen preparation. By Western blotting,
however, patients with meningopolyncuritis tended to respond to more spirnchetal polypeptides
of B. garinil, the group 2 strain, whereas those with arihritis recognized morc antigens of B.
afzelii, the group 3 strain (P < ,03), as did those with acrodermatitis, (nly 1 patient each with
erythema migrans, arthritis, or acrodermatitis had weak reactivity with outer surface protein A
(OspA), and noné responded to OspB. It 18 concluded that diferences among  the
three groups of B. burgdorfert may result in variations in the antibody response in European
Lyme borreliosis.
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Lyme borreliosis, which 15 caused by the tickborne spiro-
chete Borrela burgdorferi, is endemic in hoth Lurope and
- North America [ 1. The illness frequently begins with a skin
Y lesion. erythema migtans. followed by dissemination of the
spiochele o many sites [1, 2] Weeks to months later, pa-
lients may have acute meningitis or meningopolyneuritis [3.
4. and months to years later, arthnbis [3], acrodermatitis

Lo date, all North Amencan strains have belonped to the
st group. B. hurgdorferi sensu siricto, Although all three
groups have been found in Europe, most isolates have been
group 2 and J stramns [10-14a], According to taxonomic

rules, these groups represent different genomic species:
group 2 strains have been renamed Borrelia parinii, and
group 3 strains have been renamed Borrefia af-elii |14, [4a],

o chironica atrophicans [6], or chronic neurologic abnormali-  Of the isolates tested to date, all cerebrospinal Auid isolates
ties may develop |/, 8]. Although the clinical features of the  have been eroup | or 2 strains. whereas most skin isolates
i, disease are similar in Europe and the United States, some  from patients with acrodermalitis have heen group 3 steains

differences have been noted. Borrelial lymphocytoma, acro-  [10-14a)

- dermatitis, and encephalomyelitis have been seen primarily European and US investigators have also found differ-
i in Lurope |8, 9], whereas widely disseminated early infec-  encesin the antibody responses of patients with Lyme borre-
0 ton, secondary annular skin lesions, and artheitis have been  liosis. In Europe. Wilske and colleapues {15, H.]] reported
Jac- tound more commonly in the United States [2. 4] In the  (ha patients with erythema migrans most commonly had
ver United states, the typical early neurologic picture is Lyme leM responses to the 22-kDa outer surface prolein F{f-'}.'ip{"j
- meningitis with prominent headache and stff neck [3); in  and (o the 41-kDa flagellar antizen of the spirochete. and
e Europe, meningopolyneunts (Bannwarth's syndrome) with — most patients with meningitis had [2G bands at 22, 41, and
ot severe radicular pain is more common [4]. It has been de- 60 kDa |13, 16]. Zoller et al. [17] reported that bands at 21
M- 3 bated whether these apparent differences are due to observer  and 41 kDa were usually the first to appear, followed by
" Q4 vanauon or to actual differences in the discase. hands at [3, 18, 21,23, 30, 39. 60. 73. and 94 kDa in later

: Recent work in the classification of 8. burgdorfer has be-
w4 gun to clarify the issue of geographic differences in Lyme
| disease [10-14a]. By a variety of methods, three penomic
X roups of B, burgdorferi have now been identified [10-14a,
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stages of the nfection [17]. As with European patients, we

found that US patients with erythema migrans usually had
1gM responses to a 21-kDa OspC and to the 41-kDa flagellar s/

antigen [ 18], The 21-kDa polypeptide in our antigen prepara-

lion reacts with monoclonal antibody L22 1F8, which is spe-

ciic for Ospl of the spirochete [19). However, within
| months aiter disease onsel, US patients often had reactivity
with even more spirochetal polypeptides. including those at

18, 21, 28, 30, 31, 34, 39, 41, 45, 58, 66, 74, and 93 kDa

| 18] It is unclear whether these differences are due to differ-

el clena in patient selection, interlaboratory variation, or
antigenic differences among strains of B. burpdorferi

In the current study, analogous to our recent study in US

patients [ 18], we determined the antibody responses to the
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three genomic groups of 5. burgdorferi in German patients
with various manifestations of Lyme borreliosis
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Figure 1. Colloidal gold stain
of 3 B burpdorfer: steains: G39/
40 (group 1). FRG (group 2) and
[P3 (group 3). Numbers at left
: are molecular masses (in kDa).
-«  Arrows indicate diflerences among
straing. Monoclonal antibodies
were uscd 1o identify locations of
11kDa vuter surface protein C
(OspC). the 31 and M-kDa
QspA and OspB, and 41-kDa fa-

. ‘_'& aellar antigen.

“Patients and Methnds

Patients. Sera were obtaingd from 97 German paticnis with
various manifestations of Lyme worreliosis. Most scra were ongl-
aally sent for testing ai the Medizinisch-Diagnustisches Labora-
onum. a central reference laboratory 1n Cologne. These sera,
which included samples from all 29 patients with erythema mi-
grans, all 27 with meningopolyneuritis (Bannwarth's syn-
drome). 12 of 26 with arthrilts. and & of 12 with aerodermatiis.
came from locations throughout Germany. The remaining 21
sera from patients with arihritis or acrodermatitis came from SiX
(ierman physicians (see Acknowledements). The refernng phy
cians made clinical diagnoses of Lyme borreliosis and supplied
linical data including the date of disease onset, history of tick
hite. and clinical manifestations of the infection. Tween 20 (M-TBS). they were incubated with palient Serd

Antigen preparations. Supernatants from sonicated lysates (1:250 in M-TBS) and with alkaline phmphamsc—mnjugmcd
af whole spirachetes were prepared as described [20). The group  goat antibodies to human 1gM or 1gG (1:30001n M-TBS), all fo
| sirain of B. hurgdorferi, G39/40, used in this qudyandinthe L0 Finally, the substrate, | mL ol N N-dimethylformamide

f with 30 mg of nitroblue tetrazolium and | mL of N.N-dimethyl-

previous study of LS palients, was isolated from an [ vodes dan-
ifard. Conneeticut [21]. The group 2 strain. 5 mg of S-hromo-4-=chloro-3-indolyl phos-

—=n B ] em=mm
- _ . —— [re—
-

:
formarmide with

mini tick in G
h FRG. was tsolated from [xodes ricius near Cologne [22]- The phate mixed in 100 mL of carbonate buffer (100 mAf NabLU,, T
group 3 ceain. 1P3. was isolated (rom Ivades persulcaius near | mM Mgy, pH 9.5), was added for 13 min. The same POSILIVE _]
Leningrad [23). All 3 strains used in this study were high-pas and negative control samples Were included with each assay. r
sage isolates, which were classified by Richard Marcom (Rocky ~ Statisties. The identity of groups was compared in J X 2 :
Mounwin Laboratory, Hamilton. M) using 168 ribosomal tables by x* analysis, and the distribution of values among the i
RNA sequence determination i described [11. 24]. The récom: groUPS Wi compared by 1 test. All 7 valuzs are two-tailed, c
hinant preparations of OspA and (spB used in this study were al
purified maltose-hinding protein-Osp fusion profeins denved m
= from group | strain B3| [25]. These fusion sroteins contained  Results gl
the full-length OspA or OspB sequence withoul the lipid moiety e3
or the signal sequence. Comparison of anfigen preparations.  When the antigen
ELISA. Specific 1gM and 25 antibodies 10 (he spirnchetal prcparﬂﬁ{mﬁ made from group | strain (339740, proup B}
preparations were measured hy indirect ELISA. as described  strain FRG, or group 3 rain 1P3 were stained with collowdal né
[18]. Microtitration plates were coated over night with S0pg/mL gold, the 41-kDa fagellar protein, the 32 66 and T4-kDa i
(1gM) or 25 py/mL (1gs) u:.!tlg,t‘rl prl:pifmlli}ll'liﬁlg."ﬂu- FRG.OC peat-shock proteins, and the 37 and 45-kDa polypeplides 10
o G wilh 5% nonfat dried mi;k‘ the plales WEfe 5 nneared at the same locations and stained with similar in- 1A
ncuhated with paticnt sera (11100 for M. 1:400 tor Lgls) and . S R L . L=
Wi alkaline phosphatasc-conjugated goat anti-human 1eM or ensity (figure 1). The strains differed in the migration of the lgt
- i ghe i &' k urf: (eins. The molecular weight of Osp(
G, The substrate, | mg/ml pnitiophenyt nhosphate with 8 e DNET.*"“[ AGE A, 3 e IL'E- WHRA 1}
uM zine chloride, was then added. The cutoff optical density waﬁ_“ kDa in the group | strain Ef“d llj kDﬂI in the group 2 an
readings (403 nm) were 38D (1eG) or 3 5D (IgM) above (he  Strain; two bands were seen in s reglon with the group J 58-
mean optical density of 8 normal control samples cludedon  strain, OspA had a molecular weight of J1 kDainthegroup 3 30
the same plate. These samples were representative of 50 prev ' sirain and 32 kDa in the group 2 and 3 strains. QspBmi- '§  ma
ously tested normal control samples. To ealculate an antibody Emlﬂd to 34 kDa in the group | <lrain. to 33 kDa in the group e
response, the value of each sampie Was adjusted with astandard 2 strain, and to 3. kDa in the group 3 strain. The group | and |
curve made from dilutions of a known positive serum. alsoin- 3 gtrains had a prominent 93-KDa polypeptide, whereas he 2
SN gl

cluifdrun t:f i F:’:ﬁ:'t e o group 2 strain had 2 pronounced 100-kDa band.
estern bloming. Western blotting was GOl using @ mint- : i O
blot system as described [18]. Briefly. supernatant from soni- 'E.-HSA' The e fm;iﬂ;d e 91 ':'.E"fm“ FHI:FMS H;E o e
cated B. burgdorferi, G39/40, FRG. o 173 (100 g for 1gM ot various manifestations of Lyme borreliosis were first tested 4, 1),
oM. 50 g for 1gG) or recombinant OspA or OspB (5 pg) was for 1gM and IgG antibody responses 10 each of the three |
clectrophoresed on 2 10% crylamide gel at 173 V. Gel proteins geniomic groups of 8 burgdorferi by indirect ELISA {ﬁglf”
2), From ] to 4 weeke after disease onset, the 29 natients with =

were transferred to nitrocellulose paper at 100 V for | h, and the
erythema migrans sometimes had specific IgM responses hul

o ocallulose was cut into 2-mm strips. The strps were blocked
buffered saline and 0.1% usually did not have [¢G reactivity. From ) weeks 10 0

0 5% nonfat dried milk i TRIS
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Figure 2. Antibody responsesto 2

B. burgdorfieri, group 1 strain Glef B®

40, group ? strain FRG, and group

3 strain [P3, by indirect ELISA. E’
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hatched areas, range of values m
normal control subjects, To calcu-
jate anubody response  (units),
valug of cach sample was adjusted
from standard curve made from di-
lutions of known positive serum.,
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months afler disease onset, the 27 patients with meningopoly-

e —— —— - —

neuritis (Bannwarth's syndrome) ofien had specific TgM or

l9G reactivity or both, Months Lo years alter-disease onset,

the 26 patients with arthritis usually had igh lgG responses
0 the spirochete and only a few had [gM reactivity. Years
after disease onset, all 15 patients with acrodermatitis had
marked lgG reactivity and none had [gM responses. The geo-
metric mean diters in each patient group were similar wilh

each antigen preparation.
Western blotting.  When the 97 sera were tested by West-

ern blotting using each of the three antigen preparations, the
patients with erythema migrans commonly had IgM and
somelimes 1gG responses to the 41-kDu fugellar antigen and

(0 the 58-kDa heat-shock protein of the spirochete (figure
1A. B). The patients with meningopolyneuritis had [gM or
|pCi responses (o these antigens and sometimes to those al

18, 28, 39, 74, and 93 kD (figures 3C, D). The patients with
arthritis almost always had TeG reactivity with the 30-, 41-
5-. and 93-kDa proteins and sometimes with those at 18,
39, 45, and 74 kDa (fgure 3E). The patients with acroder-
matitis usually had reactivity with all of these antigens (fig-
ure 3F).

In patients with erythema migrans. an IgM response to the
21-kDa QspC was significantly more cominon with the
group | strain and reactivity with the 41-kDa Ragellar anti-
pen was more frequent with the group 2 strain (£ < .02; table
1), Patients with meningopolyneuritis had IgG responses
more frequently to the 18-, 21-, 28~ 33- 41-, 58-, and 74-
kDa polypeptides of the group 2 strain, but the differences
among the groups were not statistically significant, In con-

trast. patients with arthritis more often had IgC responses 1o
the 18-, 28-, 30-, 41-, 45-, and 66-kDa antigens of the group

T

Genomic Group of Borralia burgdorfen

3 strain (£ < 05) those with acrodermatits also had 10
reactivity more frequently with the 28-, 30-,41-, and 66-kDa
polypeptides of that strain (P < .05). The difierences in reac-
tivity to the 28- and 30-kDa polypeplides were accounted for
by the fact that the same sera recognized the 28-kDa polypep-
tide of the group 3 strain and the 30-kDa antigen of the
stoup | and 2 strains. With all 3 strains, only a few sera had
respcrns'eﬁ to polypeptides in the 31- w 3>-kDa region. the
locations of OspA and OspB. When the sera [rom the ¥/

patients were [eslid uﬁ'm,g recombinant constructs of these
proteins. only | patent cach with e jlh&l]‘tﬂ. MIrans. arthn-

tis, or acrodermatitis had weak reactivity wilh OspA and
none responded Lo OspB.

Altogether, the mean number of bands present on 12V
blots in patients with erythema migrans was only one with
each of the 3 strains(table 2). Paticnls with meningopolyneu-
rlis lended to have more reactivity on IgG blots with spiro-

chetal polypeplides of the group 2 strain, whereas thase with
arthritis recognized more antigens of the group 3 strain (£ <

03). as did those with acrodermatitis.

Discussion

In this study, strains representing the three genomic
groups of B. burgdorferi { B. burgdorferi sensu siricto, B. gar-
inii, and B, afzelii) were found to differ in the molecular
masses of the known outer surface proteins, OspA, OsphB,
and OspC. Probable differences were also apparent m the

molecular masses of polypeptides at 28 or 30 kDa and at 93
or |00 kDa. A recently described OspD protein has a molecu-
lar mass of 30 kDa | 26], but we do not know whether the 2§-

or 30-kDa polypeptides in our antigen preparations are
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QspB than those present in our recombinant proleins. but
their sera almost always lacked reactivily in the 31- to 3-
kDa region with antigens from sonicated whole spirochetes

of all 3 strains. In conteast, in a previous study of 127 U>
| patients with various mamifestations of Lyme disease, T1% of

the 80 patients with arthritis had strong 1gG reactivity with
OspA or OspR or both that developed near the beginning of
prolonged episodes of joint involvement, from 3 months to 7
vears after disease onset | 25]. The combination of the HLA-
DR4 specificity and OspA and OspB reaclivily was asso-
cialed with chronic arthritis and lack of response to anlibiotic
therapy. 11 is not yet clear whether treatment-resistant
chronic arthritis is a feature of European Lyme borreliosts.
In the current study, we did not attempt to develop criteria
for seroposilivity in European Lyme borreliosis, nor did wt
select control groups Lo determine the sensitivily and specific-
ity of such criteria. However, serologic testing for B. burgdor-
feri would appear to be more problematic in Europe than in
the United States. First, infection in Europe may occur with
any one of the three genomic groups of the spirochete, and|

the infecting strain is usually not known [10-14] In the
current study. similar results were obtained with each strain

by ELISA. bul the number of bands in Western blots was

variable. Second, rezardless of the strain used, the antibody
response in European Lyme borreliosis seems 1o he more
cestricted than in the US disease. Third, subclinical intection

Table 1. Responses of German patients 1o the threg genomic
groups of Borrelta burgdorfert

Antibody i European Lyme Borreliosis

it
Table 2. Freguency of bands on immunoblots in German pa-
ticnts with Lyme borreliasis

LrEnomc group

Blot.
|;|E|:Ij|.-_'m goup (i) | . ]

T e R e i
|gM, erythema migrans (2%) | {-8) | (=8} | (-6
LE

Meningopolyvacunns (27) 3 (0=13) 3(1-16; 3(0-18;
Arthritis { 26) G(1=18)  &(1-17 gi1-18y°
Acrodermatius (15 9(3=20)  10(4-21)  12{5=1]

WOTE. Data are mean no. of bands {range).
* Significant vs. responses 10 group | and 1 steains (£ .03,

with B. burgdorferi appears 10 be more common in Europe
than in the United States [31, 32], Thus, both the scnsitiaty
and specificity of serodiagnostic tests for Lyme borrelioss
scem 10 be lower in Europe.

This study supports the idea that there are regional varia-
tions in Lyme horreliosis. Although skin, nervous system, or
joint involvement probably oceurs with infection with cach
of the groups of B, burgdorfer, arthritis is particularly promi-
nent with group | strains in the United States, meningupoly-
ncuritis may be a feature primarily of B, garinif infections in
Europe. and acrodermatitis chronica atrophicans seems 10 be
a feature of Furopean B. afiefii infections. Thus, differences

among the three groups of 8. burgdorferi are probahly an
important reason for the regional vanation in the clinical

pin:turt ANd Immune response in this infection.
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Figure 3. Western blots of patients: 13M (A] and |
naticnts wilh meningopolyneurn
A-D, results with group 2 strain FRC are shown.
kDa), Numbers at botom are patient numbers.

OspD. The 93-kDa antigen has been acalized L the proto-
slasmic cylinder [27]. It is not yet clear whether these pro-
teins vary among isolates of the same group or whether dif-
ferences occur in other spirochetal proteins that appear 1o

have (he same molecular masses. |
When these antigen preparations were used (0 determine

(he antibody responses to 8. burgdorferi in German palien(s
with various manifestations of Lyme buorreliosis, the resulls

obtained by ELISA were similar with each preparauon.
Enough ant pens seem 10 be shared among the strains Lo give
a similar overall response, With Western blotling, however.
patients with meningopolyneuritis usually rﬂﬂugnizﬁ;l more
spirochetal polypeptides of B garinil the group I strain, anf:!
thase with arthritis or acrodermatitis reacted with more anti-
gens of B. afzelii, the group 3 slrain. In a report of 32 Frtnlr:h
patients, Assous ct.al. [28] found that half of those ﬂ:’lth
yme arthritis had preferential reactivity with a group | 1s0-
late. half of those with Bannwarth's syndrome had more reac-
(ivity with a group 2 strain, and all patients with acrodermati-
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o5 (B) blots in 29 patients with erythema migrans. [gM (C) and IgG (1) blots i 27

in 15 pulients with acrodermatitis. For

reactivity with a group 3 strain. In Germany,

Pt

compared the responses of 2 patent with

nwningcupnly'ﬁeritis. arthrins, or aum:]&rmatj_tis 0 3 uau
ates. The responses in patients with meningiis of arthrs
were similar with each isolate, but the patients with acroder
matitis had more bands with the erythema migrans skin i5.4:l|-
ate PKo. a group 3 strain. Although the infecting Strain s
usually not known, several examples have heen reported 10

which more bands were seen with a heterologous strain than
with the homologous isolate [30], Therefore. a larger number

of bands on blots does not prove that the infection Was
caused by a particular strain.

Sera {rom the German patients in this study usually
reacted with fewer polypeptides in each of the 3 slrains {han
were recognized in the group | strain by US patients in 2
previous study | 18], However, the mos! prominent differ;
ance was the virtual absence of reactivity with OspA and
OspB in German patients. I is possible that the sers .uflh-:&:
natients contained antibodies to other epitopes of UspA ar

s I . e
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