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Class-specific enzyme-linked immunosorbent assays (ELISAs) with purified recombinant antigens of Bor-
relia burgdorferi sensu stricto and Western blot analyses with whole cells of this spirochete were used to test

human sera to determine wj

ch antigens were diagn

ostically important, In analyses for immunoglobulin M

hi
(IgM) antibodies, 14 (82%) of 17 serum samples from persons who had erythema migrans reacted positively
by an ELISA with one or more recombinant antigens. There was frequent antibody reactivity to protein 41-G
(p41-G), outer surface protein C (OspC), and OspF antigens. In an ELISA for IgG antibodies, 13 (87%) of 15
serum samples had antibodies to recombinant antigens; reactivity to p22, p39, p41-G, OspC, and OspF
antigens was frequent. By both ELISAs, serum specimens positive for OspB, OspE, and p37 were uncommon.
Analyses of sera obtained from persons who were suspected of having human granulocytic ehrlichiosis (HGE)
but who lacked antibodies to ehrlichiae revealed IgM antibodies to al recombinant antigens of B. burgdorferi
except OspB and IgG antibodies to all antigens except OspE. Immunoblotting of sera from the stady group of
individuals suspected of having HGE reaffirmed antibody reactivity to multiple antigens of B. burgdorferi. There
was minor cross-reactivity when sera from healthy subjects or persons who had syphilis, oral infections, or

rheumatoid arthritis were tested by ELISAs with p37,

-G, OspB, OspC, OspE, and OspF antigens. Although

the results of class-specific ELISAs with recombinant antigens were comparable to those recorded for assays
with whole-cell antigen and for individuals with confirmed clinical diagnoses of Lyme borreliosis, immuno-
blotting is still advised as an adjunct procedure, particularly when there are low antibody titers by an ELISA.

For the laboratory diagnosis of Lyme borreliosis, enzyme-
linked immunosorbent assays (ELISAs) are relied on heavily
for initial screening of sera (11, 14, 23). Immunoblotting meth-
ods also are used to detect antibodies to Borrelia burgdorferi
(3, 6, 15, 20, 30, 31), but extensive application of these proce-
dures can add considerable cost to diagnoses. Current ELISAs,
which contain whole-cell B. burgdorferi sensu lato, can yield
false-positive results (25). Cross-reactivity of treponemal anti-
bodies with flagellin has been reported (2, 25), but nonspecific
reactions also can occur when there are elevated concentra-
tions of antibodies to other antigens shared among unrelated
bacteria (14), such as Escherichia col;. Furthermore, antibodies
to heat shock proteins, major antigens common to different
bacteria (4), likewise can cause specificity problems. There is
therefore a need to develop more specific ELISAs, without a
loss of sensitivity, to evaluate these methods and to compare
the results with those of immunoblot analyses.

The production and application of highly specific recombj-
nant proteins (p) of B. burgdorferi, such as outer surface pro-
tein C (OspC), OspE, OspF, p22, p35 (47-kDa fibronectin-
binding protein), and p39 have improved ELISA performance
(2, 6, 10, 16, 23, 26, 27, 29). Evaluations of ELISAs with the
VISE antigen are also eéncouraging (17, 18). However, the im-
THune responses of patients infected with B burgdorferi vary
greatly, and certain key antigens may not always be expressed
in hosts or be recognized immunologically (2).’A series of key
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immunologic markers of B. burgdorferi infections have been
identified by performing Western blot analyses, and recombi-
nant antigens have been produced for ELISAs, The purpose of
the present study was to further evaluate the use of recombi-
nant antigens of B. burgdorferi in class-specific ELISAs to de-
termine which antigens are diagnostically most important.

MATERIALS AND METHODS

Study groups. Human sera that had been stored at —60°C at the Connecticut
Agricultural Experiment Station and used in earlier investigations (21-25) were
reanalyzed by class-specific ELISAs (21, 23). The first group consisted of 17
Serum samples from 17 patients who had physician-diagnosed erythema migrans
and antibodies to B. burgdorferi whole cells, as determined by a polyvalent
ELISA. These persons, all Connecticut residents, sought medical attention and

&ave blood samples prior to antibiotic therapy between 1 and 5 weeks after the

and to compare banding patterns with Teactions to recombinant antigens of B.
burgdorferi in ELISAs. To further assess the specificities of class-specific ELISAs
with recombinant B. burgdorferi antigens, sera from individuals with the following
were selected: syphilis (n = 24 serum specimens), acute necrotizing ulcerative
gingivitis or periodontitis (n = 6), and theumatoid arthritis (7 = 7). The syphilitic
sera had antibodies to Treponema pallidum at concentrations of 1:1,024 or
greater, as determined by a standardized fluorescent-treponemal antibody-ab-
sorption test (25). The final group consisted of 29 serum samples from healthy
subjects (negative controls) who lived in urban or suburban areas of Connecticut
Wwhere this disease and ticks are uncommon. Details on the clinical findings,
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5% CO,. Cells were examined for cytopathologic effect
for up to 7 days after inoculation.

C. G. Sibley and B. L. Monroe Jr., Distribution and
Taxonomy of Birds of the World (Yale Univ. Press,
New Haven, CT, 1990). Common and scientific
names of birds are used in accordance with those
listed in this book.

Total numbers of mosquitoes by species that were
collected in 14 towns in Fairfield County. CT, and
tested for virus from 6 September through 14 Octo-
ber 1999: Ae. vexans, 1688; Ae. cinereus, 172; Ae.
trivittatus, 131; Ae. taeniorhynchus, 123; Ae. sollici-
tans, 109; Ae. cantator, €3; Ae. triseriatus, 28; Ae.
Jjaponicus, 19; Ae. canadensis, 1; Anopheles puncti-
pennis, 82, An. quadrimaculatus, 4. An. walkeri, 2;
Coquillettidia perturbans, 15; Culex pipiens, 744; Cx.
restuans, 27; Cx. erraticus, 4; Cx. territans, 1 Culiseta
melanura, 76; Cs. morsitans, 1; Psorophora ferox, 4;
and Uranotaenia sapphirina, 104.

M. Z. Ansari, R. E. Shope, S. Malik, J. Clin. Lab. Anal. 7,
230 (1993). Isolates were tested initially in an ELISA
against reference antibodies to six viruses, in three
families, isolated from mosquitoes in North America.
The antibodies were prepared in mice and provided
by the World Health Organization Center for Arbo-
virus Research and Reference, Yale Arbovirus Re-
search Unit, Department of Epidemiology and Public
Health, Yale University School of Medicine. The an-
tibodies were to Eastern Equine Encephalomyelitis,
Highlands ), Cache Valley, LaCrosse, Jamestown Can-
yon, and St. Louis Encephalitis viruses.

 Most dead birds were collected by state or town per-

sonnel in Connecticut and sent to the Pathobiology
Department at the University of Connecticut, Storts,
where they were examined for postmortem and nutri-
tional condition, gross lesions, and microscopic evidence
indicative of encephalitis. Brain tissue from birds with
presumed encephalitis were frozen at —70°C and then
sent to the Connecticut Agricultural Experiment Sta-
tion, New Haven, for virus testing. Corresponding brain
sections were processed for histologic examination. A
10% suspension of each sampled brain tissue was pre-
pared in 1.5 ml of phosphate-buffered saline by tritu-
rating with a mortar and pestle (3). Two to seven tissue
samples from each brain were tested for virus. Alundum
was added to facilitate homogenization of tissue. Sus-
pensions were centrifuged at 520g for 10 min. The
supernatant of each sample was then passed through a
0.22-pm fitter before inoculation of a 100-pl sample
onto a monolayer of Vero cells. Cells were grown and
examined for cytopathologic effect (3). Isolates were
initially tested against reference antibodies (6).
Connecticut towns from which dead crows were col-
lected and virus isolated from brain tissues (number
of isolates in parentheses): Bridgeport {n = 1), Darien
(n = 1), Fairfield (n = 4), Greenwich (n = 3), Hamden
(n = 1), Madison (n = 1), Milford (n = 1), New
Canaan (n = 1), New Haven (n = 3), North Haven
(n = 1), Norwalk (n = 1), Redding (n = 1), Stamford
(n = 5), Stratford {(n = 1), Weston (n = 1), Westport
(n = 1), and Woodbridge n=1).

The Cooper’'s hawk was observed alive on the
ground on 25 September 1999 and was described
as having difficulty standing, spinning in circles,
and having seizures. It died 11 hours after being
found. Gross pathology of the brain showed exten-
sive hernorrhage.

D. L Swofford, PAUP: Phylogenetic Analysis Using Parsi-
mony Users Manual (llinois Natural History Survey,
Champaign, 1993). Data were analyzed by PAUP 4b.1
with maximum parsimony, maximum likelihood, and
neighbor-joining analysis. The data set was identical for
all analyses. A total of 933 characters was used, including
insertions created during (Clustal X ) alignment. All char-
acters were unordered and had equal weight; all sites
were assurned to evolve at the same rate. Four hundred
and forty-six characters were constant, 281 characters
were parsimony-uninformative, and 206 characters were
parsimony-informative. Gaps were treated as missing.
For maximum parsimony analysis, the best tree found =
754; number of trees retained = 1. The branch and
bound method of search was used to guarantee finding
the shortest tree (or trees). For the bootstrap analysis,
500 replicates were run with the maximum parsimony
method. Maximumn likelihood analysis settings corre~

1.

12.

sponded to the Felsenstein model. Transition/transver-
sion ratio = 2 (x = 3.88125); molecular clock was not
enforced; trees with approximate likelinoods of 5% or
further from the target score were rejected without
additional iteration; “MulTrees” option was in effect;
topological constraints were not enforced. Score for best
tree found by maximum likelihood analysis =
4278.24084; number of trees retained = 1. Trees were
run as unrooted. Passage 2 of each virus isolate was
grown in Vero cells (3) at 37°C. Infected cells were
scraped from the bottom of the flask, centrifuged at
4500g for 10 min, and the supernatant was discarded.
RNA was extracted from the pellet using the Rneasy
mini protocol (Qiagen), eluting the column twice with
40 pl of ribonuclease-free water. Two microliters of each
eluate were used in a 50-ul reverse transcription—poly-
rmerase chain reaction (RT-PCR) with the GeneAmp EZ
fTth RNA PCR kit (Perkin-Etmer). Primers WN-233F-
GACTGAAGAGGGCAATGT TGAGC and WN-1189R-
GCAATAACTGCGGACYTCTGC used in the reaction were
designed to specifically amplify WN and Kunjin viruses
based on an alignment of six flavivirus isolates listed in
GenBank [SLE virus capsid, membrane, envelope: acces-
sion M16614; Japanese encephalitis virus polyprotein:
accession M73710; Kunjin virus gene for polyprotein:
accession D00246; Nigerian WN virus complete ge-
nome: accession M12294; Romania WN virus strain
R097-50 polyprotein gene, partial, accession AF130362;
Romania WN virus strain 96-1030 polyprotein gene,
accession AF130363]. PCR products were purified with
the QIAquick PCR Purification Kit (Qiagen) and submit-
ted to the Keck Biotechnology Center at Yale University,
New Haven, CT, for sequencing. Sequences were aligned
with Clustalx 1.64B [J. D. Thompson, D. G. Higgins, T. &
Gibson, Nucleic Acids Res. 22, 4673 (1994)]
Supplemental web material is available at www.
sciencemag.org/feature/data/ 1046471.shL.

T.F. Tsai et al., Lancet 352, 767 (1998); H. M. Savage
et al., Am. J. Trop Med. Hyg. 61, 600 (1999).
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17.
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20.

21
22.

23.
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F.-X. Berthet et al., J. Gen. Virol. 78, 2293 (1997).
K. C. Smithburn et al, Am. J. Trop. Med. 20, 471
{1940).

. C. G. Hayes, in The Arboviruses: Epidemiology and

Ecology, T. P. Monath, Ed. (CRC, Boca Raton, L,
1989), vol. 5, chap. 49.

Z. Hubalek and J. Halouzka, Emerg. Infect. Dis. 5,643
(1999).

C. B. Philip and ). E. Smadel, Proc. Soc. Exp. Biol. Med.
53, 49 (1943).

. R. M. Taylor et al., Am. J. Trop. Med. Hyg, 5, 579

(1956).

M. Kitaoka, Jap. Med. J. 3, 77 (1950).

T. H. Work, H. S. Hurlbut, R. M. Taytor, Am. J. Trop.
Med. Hyg. 4, 872 (1955).

_____, Proc. Soc. Exp. Biol. Med. 84, 719 (1953).
Cells were fixed at 4°C in a 2.5% (v/v) glutaralde-
hyde-2% paraformaldehyde solution containing
0.1% (w/v) CaCl, and 1% (w/v) sucrose in 100 mM
Na cacodylate buffer (pH 7.4), postfixed in 1% (w/v)
0s0,, dehydrated through an ethanol and acetone
series, and embedded in an LX-112-Araldite mixture.
Thin sections were poststained with 5% (w/v) uranyl
acetate in 50% (v/v) methanol followed by Reynold's
lead citrate and examined in a Zeiss EM 10C electron
microscope at an accelerating voltage of 80 kV. Virus
particles measured 35 to 40 nm.

R. S. Lanciotti et al., Science 286, 2333 (1999).
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TABLE 1. Reactivity of human sera to whole cells and recombinant
antigens of B. burgdorferi in class-specific ELISA for IgM antibodies

No. of serum samples positive

Total no. for reactivity to:
of serum
Study group samples o Outer spr;’aace
tested oo P22 p37 p39 p4l.Ge  Protein
—_—
B C E F
EM? 17 I T: 352 907 4.5
HGE* 18 18 6 11 8§ 13 0 16 5 12
HGE and LB a7 17 § .55 12 0-12.3. 79
Syphilis¢ 24 20 2 0 3 4 0 00 4
Oral infections” 6 1 0 00 0 0 10 1
RA? 7 2 1= 3.2 0 0 01 o
Normal* 29 0 5 1 4 2 0 10 o0

“In reanalyses of sera (excluding sera from the HGE groups), some results
were the same as those published earlier (23, 24) and are listed here for com-
parison.

®EM, erythema migrans; no clinical or serologic evidence of HGE.

“HGE, suspected HGE with antibodies to B. burgdorferi (24) but lacking
antibodies to ehrlichiae.

< Antibodies to the organisms that cause both HGE and Lyme borreliosis
(LB).
¢ Secondary or latent syphilis with high titers.

Gingivitis or periodontitis infections with treponemal antibodies (24).
8 RA, rheumatoid arthritis; no clinical signs of Lyme borreliosis.
/ Healthy subjects with no clinical evidence of spirochetoses.

sources of sera, and results of serologic testing for antibodies to the HGE agent
have been reported elsewhere (21-25).

Antigens. B. burgdorferi (strain 2591) whole-cell antigen and the following
recombinant antigens were tested by class-specific ELISAs: P22, p37, p39, p41-G,

methods with primers (upstream primer, 5'-TAGTGGTAAAGGTACTCTT. -3';
downstream primer, 5 '—TTAAATAAA‘ITCI'ITAAGAAAC—S’) whose se-
quences were based on a previously published sequence (GenBank accession no.
124194) (28). The purified glutathione S-transferase fusion proteins were pro-
duced from either strain 2591 or strain N40 of B. burgdorferi, isolates of spiro-

other reagents to check for false-positive reactions in ELISAs,

ELISAs. Class-specific assays, developed before (21, 23), were used to detect
immunoglobulin M (IgM) or IgG antibodies. The Teagents used in tests with
whole-cell, p41-G, OspB, OspC, OspE, and OspF antigens and net optical den-
sity (OD) values for determination of cutoff values for positive serum specimens

ELISAs to determine critical Tegions for positive results. For serum dilutions of
1:160, 1:320, and 1:640 or greater, net OD values were highest for the p39 antigen
(0.18, 0.16, and 0.11, Tespectively) compared with those computed for the p22
(0.08, 0.04, and 0.4, respectively) and the p37 (0.04, 0.04, and 0.04, Tespectively)
antigens in analyses for IgM antibodies. Cutoff values for detection of IgG
antibodies were the same as those caleulateq for the p22 antigen in the ELISA
for IgM antibody but were higher for the P39 (0.51, 0.33, and 0.22, respectively)
and the p37 (0.23, 0.17, and 0.12, respectively) antigens. In each case, cutoff
values were determined by performing statistical analyses (three standard devi-
ations plus the mean) with the net absorbance values for the respective data sets.
Antigen concentrations, determined by a commercially available protein assay
(Bio-Rad, Richmond, Calif.), of 5 ug of protein per ml were most suitable for
Tetrieval of optimal reactivity with positive human sera.

In analyses of test sera, polystyrene plates contained negative and positive
control sera and checks for glutathione transferase, phosphate-buffered saline
(PBS) solution, and horseradish peroxidase-labeled goat anti-human antibodies.
Positive control sera, obtained from subjects who had erythema migrans, were
confirmed as having antibodies to 3, burgdorferi by Western blot analyses. The
working dilution of both conjugates. which were commercially prepared (Kirkeg-
aard & Perry Laboratories, Gaithersburg, Md.), was 1:10.000. Murine monoclo-
nal antibodies used earlier (23) and an antiserum available for the p39 recom-

J. CLIN. MicROBIOL.

binant antigen were included in addition 1o the immunoblomng-positive human
control sera to verify the reactivities of recombinant antigens in the ELISAs.

Immunoblots. In general, procedures used previously (16) were applied to
perform Western blot analyses of human sera. Briefly, B. burgdorferi (strain N40)
proteins, resolved in 12% gels by sodium dodecyi sulfate-polyacrylamide gel
electrophoresis, were transferred to nitrocellulose membranes, Human sera were
diluted to 1:100 in PBS solution before testing. The blocking reagent was PBS
solution containing 5% nonfat dry milk. The secondary antibody (a 1:1,000
dilution of alkaline phosphatase-conjugated goat anti-human immunoglobulin)
and substrates used in color development were purchased (Kirkegaard & Perry
Laboratories).

RESULTS

In analyses for IgM antibodies, 14 (82%) serum samples
from the patients who had erythema migrans and antibodies to
whole-cell B. burgdorferi in an ELISA also tested positive with
One or more recombinant antigens (Table 1). The numbers of
Serum specimens positive for p41-G, OspC, and OspF antigens
were lower than those recorded positive by an ELISA with
whole-cel] antigen, but these recombinant proteins were rec-
ognized more frequently than the p22, p37, p39, OspB, and
OspE antigens. All serum samples from 18 subjects who were
diagnosed with HGE and who lacked antibodies to ehrlichiae
were positive for IgM antibody to one or more recombinant
antigens; the reactivities of the samples for p22, p37, p39,
p41-G, OspC, OspE, and OspF antigens were notably more
frequent than the reactivities of the samples from the erythema
igrans group. A similar pattern of IgM antibody reactivity
(except for reactivity to OspE) was noted when sera from
patients who had antibodies to the HGE agent and B. burg-
dorferi were tested. In tests of reproducibility (i.e., different
days of analyses), antibody titers for 30 (77%) of 39 serum
samples varied twofold or less, whereas titers for seven and two
serum samples differed by fourfold and eightfold, respectively.

Patterns of serum reactivity to whole-cell and recombinant
antigens of B. burgdorferi in ELISAs for IgG antibodies were
similar to those observed in analyses for IgM antibodies. Thir-
teen (87%) of 15 serum samples from persons who had ery-
thema migrans and antibodies to whole-cell antigens also re-
acted to one or more recombinant antigens. The numbers of
serum samples with reactivity to the P22, p37, p41-G, OspE,
and OspF antigens for the erythema migrans study group were
comparable to those recorded for both HGE groups (Table 2).
However, reactivity to P37 and OspE remained infrequent.
Aside from the results for the p22, OspB, and OspE antigens,

TABLE 2. Reactivity of human sera to whole cells and recombinant
antigens of B. burgdorferi in class-specific ELISA for IgG antibodies

No. of serum samples positive

Total no. for reactivity to:
Study group? osisf;ll:a r: Outer surface
tested \l}ﬁ’e P22 p37 p39 pa1.Gé __ Proteins®

BsiCuiEnE

EM* 15 15 9D g 6 007616
HGE 18 18 4 3 2 T 2 10y
HGE and LB 17 17 6:.:52°1 g 8 9itist gLy
Syphilis 24 23: 5ad S 0MGASBAT 0T Hp
Oral infections 6 0 0. 2..2 0 0. +1 400
RA 7 1 2.0 6 0 0 000
Normal 28 0 4 0 4 1 0:-3°9 2

“ See Table 1. footnotes b to h. for explanations of the study groups.

®In reanalyses of sera (excluding sera from the HGE groups), some results
were the same as those published earlier (23, 24) and are listed here for com-
parison.

 All sera were positive in ELISAs for IgG antibodies to whole-ce}] B. burg-
dorferi antigen (23).
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the numbers of serum specimens with reactivity to the remain-
ing recombinant antigens for the HGE study groups were low-
er in analyses for 1gG antibodies than in tests for IgM anti-
bodies. In both class-specific assays, OspC, OspF, and p41-G
were frequently recognized antigens for subjects with B. burg-
dorferi infections. Tests on the reproducibility of antibody titers
for 31 serum samples analyzed on different days revealed
changes of twofold or less (78%), fourfold (10%), or eightfold
(12%).

Analyses were performed to assess specificity. Syphilitic sera
with high concentrations of T. pallidum antibodies (1:1024 or
greater) reacted frequently with B. burgdorfer: whole-cell anti-
gen in ELISAs for the detection of IgM (Table 1) and IgG
antibodies (Table 2). Aside from this study group, the preva-
lence of false-positive reactions with whole-cell antigen was
Jow when sera from persons who had oral infections or rheu-
matoid arthritis were tested. The sera from healthy subjects
were negative by both class-specific ELISAs with whole-cell
antigen. The overall frequency of nonspecific results for the
syphilitic sera was low when recombinant antigens were tested.
Similarly, infrequent false-positive reactions were noted by
both class-specific assays when sera from persons who had oral
infections or rheumatoid arthritis were tested with p22, p37,
p41-G, OspC, OspE, and OspF antigens. The reactivities to the
p22 and p39 antigens of the sera from the rheumatoid arthritis
study group paralleled those recorded when sera from healthy
subjects were tested by both class-specific ELISAs. Of the total
of 27 serum specimens from healthy subjects with false-positive
reactions by screening with recombinant antigens in both class-
specific assays, 9 (33%) had 2 titer of 1:160. The antibody titers
for the remaining 18 serum specimens ranged from 1:320 (n =
11) to 1:640 (n = 7). In analyses for IgM antibodies, a titer of
1:160 was recorded for three and two serum specimens tested
with OspC and p41-G antigens, respectively. There were no
false-positive reactionsn analyses with OspB, OspE, and
OspF antigens. The prevalence of nonspecific reactions was 2
specimens or less when 29 serum specimens from healthy sub-
jects were tested with p37, p41-G, and OspC antigens. In tests
for IgG antibodies, the numbers of false-positive specimens
were likewise low when p37, OspB, OspC, OspE, and OspF
antigens were screened with 28 serum specimens from healthy
subjects; an antibody titer of 1:160 was recorded for each
reaction. Controls for glutathione transferase, PBS buffers, and
enzyme were negative by all tests.

Western blot analyses of 18 serum specimens from 18 sub-
jects who were suspected of having HGE but who lacked an-
tibodies to granulocytic ehrlichiae frequently revealed specific
antibodies to two or more key immunodominant proteins of B.
burgdorferi (Fig. 1). The immune responses of the patients
varicd. In analyses for IgM antibodies, 14 serum specimens had
antibodies to proteins with molecular masses of about 24 kDa
(OspC), 39 kDa, and 41 kDa. Five of these samples also con-
tained antibodies to a 93-kDa peptide. One serum sample had
antibodies to the 39- and 41-kDa proteins, while an immuno-
blot of another serum specimen showed distinct bands at about
19 kDa (OspE), 24 kDa, and 39 kDa. Two serum specimens
had antibodies only to flagellin (41 kDa). In analyses for 1eG
antibodies, immunoblots showed frequent reactivities to mul-
tiple proteins of B. burgdorferi. Thirteen serum specimens had
antibodies to OspC and to the 39- and 41-kDa proteins. Other
peptides often recognized immunologically had molecular
masses of about 68 kDa (n = 10 serum specimens) and 37 kDa
(n = 5). Less frequent antibody reactivity was noted for 34-
kDa (n = 3) and 93-kDa (n = 2) proteins.

The results of the ELISAs and immunoblotting were com-
pared to determine if reactions to key recombinant antigens in
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FIG. 1. Representative immunoblots of individual human sera, obtained
from patients who had suspected granulocytic ehrlichiosis in Connecticut dur-
ing 1995 and 1996, showing IgM or 1gG antibodies to lysates of B. burgdorferi
whole-cell antigen. Molecular masses are indicated in kilodaltons. Lanes 3 to 5
show positive reactivities of test sera for IgM antibody, lanes 6 to 9 were judged
to be negative, and lanes 1 and 2 contained negative and positive control sera,
respectively. In analyses of the same sera for IgG antibodies, lanes 5 and 8 were
positive, lanes 3, 4, 6, 7, and 9 were graded as negative, and lanes 1 and 2
contained negative and positive control sera, respectively.

the former tests agreed with those in the latter test with whole-
cell antigen. Class-specific analyses were conducted with 18
serum specimens from HGE patients who lacked antibodies to
ehrlichiae but who had immunoglobulins to B. burgdorferi at
titers of 1:320 to 1:40,960. In tests for IgM antibodies, results of
both assays were in agreement when the OspC (n = 8 serum
specimens), p39 (n = 2), or p4l-G (n = 7) antigen was used
separately in an ELISA. When the findings were discordant,
three serum specimens were positive by an ELISA with OspC
antigen and negative by immunoblotting, whereas seven other
serum specimens were negative by an ELISA and positive by
Western blot analysis (i.c., distinct bands for a 24-kDa protein
were visible). Immunoblotting methods were usually more sen-
sitive than ELISAs when the reactivities to several antigens
were evaluated. For example, 16 and 11 serum samples which
were negative for IgM antibody Dy an ELISA with p39 and
p41-G antigens, respectively, were positive by immunoblotting.
In analyses for IgG antibodies, the findings obtained by both
assays were in agreement when an ELISA contained the OspC
(n = 10 serum specimens), p39 (n = 2), or p41-G (n = 8)
antigen. Two serum specimens were positive by an ELISA with
OspC but were negative by immunoblotting, whereas six serum
specimens were negative by an ELISA with OspC but were
positive by immunoblotting. In addition, 16 and 10 serum spec-
imens were negative when they were tested by an ELISA with
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the p39 or the p41-G antigen, Tespectively, but distinct bands
Were observed for these proteins in immunoblots.

DISCUSSION

of B. burgdorferi infections (1,2, 6,7, 16, 20, 29). Other anti-

HGE (but who lacked antibodies to granulocytic ehrlichiae)
revealed antibodies to B. burgdorferi by class-specific ELISAs

results for p39, OspB, and OspC, the numbers of serum spec-
imens positive for IgG antibodies differed very little among the
HGE and erythema migrans study groups. It is possible that a
patient with a current HGE infection and previous exposure to
B. burgdorferi may produce antibodies to both agents (i.e.,
polyclonal immune Testimulation). Alternatively, there may be
nonspecific polyclonal activation following a single infection
and consequent Cross-reactivity in serologic tests due to immu-
nologic responses to common heat shock proteins or other

J. CLin. MICROBIOL,

are probably exposed to different Pathogens over severa] weeks
or months. Therefore, when HGE, Lyme borreliosis, or human
babesiosis is suspected, tests for the other tick-associated ill-
nesses should be conducted.

Minor Cross-reactivity was noted in analyses when sera from
healthy subjects were tested with recombinant antigens of B,
burgdorferi by ELISAs, but no false-positive reactions were
recorded when whole-ce]] antigen was used. The latter was
probably due to an overall blocking effect associated with the
presence of numerous antigens, including diagnostically irre]-
evant components of B, burgdorferi, in plate wells. The infre-
quent false-positive reactions associated with the P39, OspC,
OspE, and OspF antigens have been Teported previously (5, 6

In general, immunoblotting methods appeared to be more
sensitive than ELJISAs, Results of blotting confirmed the
ELISA findings reported earlier (24), and the banding patterns
were similar to those described previously (5, 6). An increased
sensitivity of immunoblottmg for IgG antibodies has been re-
ported (6), but in other laboratories, ELISA resuits have had
sensitivity comparable to or greater than that of immunoblot-
ting (5). In the present study, there was agreement in results of
both procedures for some sera, but there were also discordant
findings. Moreover, our imn-mnoblotting results were inconclu-
sive for some sera obtained from persons during early Lyme
borreliosis, when current criteria (3, 6) for a laboratory diag-
nosis of Lyme borreliosis were followed. With slow rises in IgM
antibody production, banding patterns can be weak or lacking,
Therefore, whenever possible, muiltiple serum samples ob-
tained at intervals of at least 6 weeks or greater should be
tested by immunoblotting and ELISAs to verify seroconver-
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