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Comparison of Seven Commercial Kits for Detection of 
Antibodies to Borrelia burgdorferi 

J.L. Schmitz, C.S. Powell, J.D. Folds* 

Five enzyme immunoassay (EIA) and two Western blot (WB) commercial kits were 
compared for their ability to detect antibodies to Borrelia burgdorferL The panel of 53 
test sera consisted of 25 sera positive for antibodies to Borrelia burgdorferi, 15 sera 
negative for such antibodies, 5 sera reactive in serologic tests for syphilis, and 8 sera 
containing antinuclear antibodies and/or rheumatoid factor. The rate of  agreement 
with reference results was 93 %, 90 %, 90 % and 88 % for EIA kits from Diamedix, 
Cambridge Bi0tech, Mardx and Sigma respectively. The sensitivity and specificity was 
84 % and 100 % respectively for Cambridge Biotech, 76 % and 94 % for Diamedix, 
68 % and 83 % for Mardx, and 68 % and 83 % for Sigma. The three confirmatory tests, 
Cambridge Biotech WB, General Biometrics P39 EIA and Mardx WB, demonstrated 
75 %, 60 % and 63 % agreement respectively. The sensitivity and specificity was 52 % 
and 100 % respectively for Cambridge Biotech WB, 24 % and 100 % for General 
Biometrics P39 EIA, and 44 % and 100 % for Mardx WB. The results demonstrate the 
variable performance of commercial serologic kits for detection of antibodies to Bor- 
relia burgdorferi. WB appears to be a better confirmatory test than the single protein 
EIA. 

Lyme disease is a,multi-system infection caused 
by the spirochete Borrelia burgdorferi (1, 2). Be- 
cause of the variability of signs and symptoms, 
establishing a clinical diagnosis of Lyme disease 
can be problematic. Thus, laboratory methods 
are frequently used for the diagnosis of Lyme dis- 
ease. While culture provides a definitive diag- 
nosis, it is not routinely used because of the lack 
of sensitivity, the cost and the time required for 
recovery of organisms (3, 4). Antigen detection 
(5, 6) and the polymerase chain reaction (7-9) 
have also been used to detect Borrelia burgdor- 
feri in clinical specimens. Their routine use in the 
clinical laboratory is limited at the present time, 
however. Currently, serologic tests are the 
laboratory methods most frequently used in the 
diagnosis of Lyme disease. 

A variety of serologic tests have been developed 
to detect antibodies to Borrelia burgdorferi. In- 
direct immunofluorescent assay (IFA), enzyme 
irnrnunoassay (EIA) and Western blot (WB) are 
frequently used techniques (10). IFA was first 
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used to demonstrate the reactivity of serum from 
patients with Lyme disease to Ixodes damrnini 
spirochetes (11). This assay has subsequently 
been used clinically as a serologic test. EIAs 
developed for serological diagnosis of Lyme dis- 
ease have been found in some studies to be supe- 
rior to IFA in sensitivity (12-16). Modifications of 
standard indirect EIAs have shown even greater 
sensitivity during early Lyme disease (17-20). 

Because of the potential for false positive results 
in serologic assays to detect Lyme disease due to 
the presence of other bacterial and viral infec- 
tions (2, 21, 22), alternate tests, including WB (10, 
23-25) and a recombinant protein EIA (26), are 
available to confirm the specificity of results of 
standard EIA and IFA. While these assays help 
increase the specificity of serologic testing for 
Lyme disease (24, 26), the problem of sensitivity 
during early disease remains. The development of 
such a variety of serologic tests for diagnosis of 
Lyme disease has resulted in a variety of commer- 
cial kits to choose from when implementing a 
serologic testing program for Lyme disease. 

In this study we evaluated the performance of 
seven commercial Lyme disease serology kits 
using a panel of sera previously assayed for the 
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p resence  of  an t ibod ies  to Borrelia burgdorferi. A 
total  of  four  E I A  kits ut i l iz ing sp i rocheta l  lysates 
as an t igen  were tested. T h r e e  add i t iona l  kits, two 
W B  kits and  an E I A  ut i l iz ing a r e c o m b i n a n t  
39 k D a  p ro te in  as an t igen ,  were also eva lua ted  as 
con f i rma to ry  tests. 

Materials and Methods 

Serologic Kits. The suppliers of the diagnostic kits are 
listed in Table 1. Four EIA and both WB kits utilized 
Borrelia burgdorferi strain B31 as antigen. The General 
Biometrics P39 EIA utilized a recombinant 39 kDa 
protein from Borrelia burgdorferi strain B31 as the anti- 
gen. The serum diluent in the following kits contained 
absorbents: General Biometrics (Escherichia coli pro- 
teins), Sigma and Diamedix (nature of absorbent not 
disclosed). Kits from Mardx and Cambridge Biotech did 
not contain absorbents in the serum diluent. In all EIAs 
a 1:100 final dilution of serum was used, except in the 
General Biometrics EIA in which a 1:400 final dilution 
and goat anti-human IgG and IgM conjugates at dilutions 
specified by the manufacturer were used. Kits from 
Mardx, General Biometrics and Cambridge Biotech used 
peroxidase as the enzyme label while kits from Sigma 
and Diamedix used alkaline phosphatase. The substrates, 
stopping reagents and incubation times varied in each 
kit. All assays were performed according to the manu- 
facturers' instructions provided with the kits. Western 
blot kits were provided with nitrocellulose strips con- 
taining Borrelia burgdorferi strain B31 as the antigen. 
Diluted sera (1:100) and controls were incubated with 
strips for the appropriate times (2 hours for Cambridge 
Biotech; 30 min for Mardx) followed by three washes. 
Alkaline phosphatase conjugated goat anti-human IgG 
at dilutions specified in the manufacturers' insert was 
then added and the strips incubated for specified times 
(1 hour for Cambridge Biotech; 15 min for Mardx). Strips 
were then washed three times and substrate added. After 
an appropriate incubation period specified by the manu- 
facturer, the strips were rinsed in distilled water and 
air-dried. 

Table 1: Suppliers and assay method of the seven diagnostic 
kits tested. 

Supplier Method 

Cambridge Biotech, USA EIAa/WB b 
Diamedix, USA EIA a 
General Biometrics, USA P39 EIA c 
Mardx, USA EIAa/WB b 
Sigma, USA EIA a 

a All EIAs except the P39 EIA utilized whole cell lysates 
of Borrelia burgdorferi strain B31 and polyvalent con- 
jugates (anti-human IgG and IgM). 

bThe Western blot kits used in this study were not FDA 
approved. 

CThe P39 EIA kit utilized in this study was not FDA 
approved. 

Sera. A total of 53 sera were used in the analysis. Thirty 
sera, 20 positive and 10 negative for antibodies to Borrelia 
burgdorferi, were obtained from the Centers for Disease 
Control (Dr. Thomas Quan). Twenty-fiv e of these were 
from patients with clinical symptoms of Lyme disease 
(stage of disease unknown by us) and five were from 
normal donors. Twelve of the 25 patient sera were col- 
lected 43 or fewer days after the onset of disease, the 
other 13 were collected 60 or more days after onset of 
disease. The diagnoses were made by academic clinical 
experts in Lyme disease based on the CDC case definition 
(personal communication, Dr. Robert Craven, CDC, Fort 
Collins, Colorado). Ten additional sera, five with sig- 
nificant levels and five with non-significant levels of anti- 
bodies to Borrelia burgdorferi were obtained from the 
Gundersen Medical Foundation, La Crosse, Wisconsin, 
USA (Dr. Steven Catlister). No clinical information was 
available for these specimens. 

In addition to the Lyme disease serum panel, five sera 
positive in the Venereal Disease Research Laboratory/ 
florescent treponemal antibody absorption test (VDRL/ 
b-TA-ABS), and eight antinuclear antibody (ANA) 
and/or rheumatoid factor (RF) positive sere were ob- 
tained from the Clinical Immunology Laboratory at Uni- 
versity of North Carolina Hospitals. 

Interpretation of Resuhs. All EIA results were interpreted 
as positive, negative or borderline according to instruc- 
tions provided by the manufacturer. WB results were 
interpreted as positive, negative or equivocal based on 
the manufacturer's criteria. A positive Cambridge Bio- 
tech WB required reactivity to the 41 kDa antigen and 
any two of the antigens of 30, 31, 34, 39 or 66 kDa mole- 
cular weight. Sera not meeting these criteria were con- 
sidered non-reactive. A positive Mardx WB required 
reactivity to the 41 or 39 kDa antigens plus reactivity to 
either the 31 or 34 kDa antigen. Reactivity to both the 
31 and 34 kDa antigens was also considered positive. 
The presence of bands between the 41 kDa antigen up 
to and including the 66 kDa antigen or a complete lack 
of bands was considered negative. All other band patterns 
were considered equivocal. 

Analysis of Data. Results obtained with the diagnostic 
kits were compared to reference results provided by the 
serum panel suppliers (CDC and Gundersen Medical 
Foundation) and expressed as percentage of agreement. 
Specificity of the kits was determined, using the CDC 
serum panel (25 Lyme disease patients and 5 normal 
subjects), the five VDRL/FTA-ABS positive sera and 
the eight RF/ANA positive sera. Sensitivity of the kits 
was calculated for the 30 CDC sera. The sensitivity for 
sera collected < 43 days after onset anf for sera collected 
> 60 days after onset was calculated separately. The ten 
sera from the Gundersen Medical Foundation were not 
included in calculations of sensitivity and specificity. 

Results 

Results with Four Enzyme  Immunoassays. The  
rate of a g r e e m e n t  with re fe rence  resul ts  was 88 % 
for Sigma, 90 % for C a m b r i d g e  Bio tech  and  
Mardx,  93 % for D i a m e d i x  (Table  2). T h e  sen- 
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Table 2: Performance of four commercial EIA kits for diagnosis of Lyme disease related to results for 
reference sera. 

Diagnostic Agreement Sensitivity a Specificity b 
kit (early/late) 

Cambridge Biotech 90 % 92 %/77 % 100 % 
Diamedix 93 % 75 %/77 % 94 % 
Mardx 90 % 58 %/77 % 83 % 
Sigma 88 % 58 %/77 % 83 % 

a Sensitivity for sera collected _< 43 days after onset of symptoms / sensitivity for sera collected > 60 
days after onset of symptoms. 

b Specificity was calculated with results from normal, VDRLIFTA-ABS reactive and ANA/RF reactive 
sera. 

Table 3: Analysis of five syphilitic sera (FFA-ABS reactive) with seven commercial kits for diagnosis of Lyme disease. 
Results are expressed as negative (-), positive (+) or borderline (B) for antibodies to Borrelia burgdorferi. 

,,,,,, .... 

Diagnostic kit Syphilitic serum (VDRL titer) 

Serum 1 (1:2) Serum2 (1:4) Serum 3 (1:64) Serum 4 (1:128) Serum 5 (1:128) 
, , . - . . . . . . _ _ .  

Cambridge Biotech EIA . . . . .  
Diamedix EIA . . . .  + 
Mardx EIA - - + + + 
Sigma EIA - B + - + 
Cambridge Biotech WB . . . . .  
General Biometrics P39 EIA - B - B B 
Mardx WB - B B B - 

sitivity (sera collected early after  onset/later after  
Onset) was 92/77 %, 75/77 %, 58/77 % and 
58/77 % for the Cambridge Biotech, Diamedix, 
Mardx and Sigma kits respectively. The 
Specificity was 100 %, 94 %, 83 % and 83 % 
respectively for the Cambridge Biotech, Dia- 
rnedix, Mardx, and Sigma kits. 

Analysis of syphilitic sera ,with each of the kits 
demonstrated significant variation in results 
(Table 3). The kit from Cambridge Biotech 
ShOwed no positive results with any of the 
syphilitic sera. One of  five sera was positive with 
the Diamedix kit, two of five sera with the Sigma 
kit and three of five sera with the Mardx kit. None  
of the kits gave positive results with sera contain- 
ing RF or A N A  (data not shown). 

Results with Three Confirmatory Tests. The rate of 
agreement with reference results was lower for 
the confirmatory tests (Table 4, Figure 1). The 
General  Biometrics P39 E IA  and the Mardx WB 
demonstrated 60 % and 63 % agreement  respec- 
tively, while the Cambridge Biotech WB 
demonstrated 75 % agreement.  The sensitivity 
(sera collected early after onset/collected later 

after  onset) was 58/77 % for the Cambridge 
Biotech WB, 8/39 % for the General  Biometrics 
P39 EIA and 50/77 % for the Mardx WB. A 
specificity of 100 % was achieved with all three 
kits. 

Discussion 

The diagnosis of  Lyme disease by culture has 
been problematic due to low sensitivity (3, 4), al- 
though a recent  repor t  demonstra ted significantly 
improved sensitivity (27). Antigen detect ion (5, 
6) and the polymerase chain reaction (7-9) show 
promise as diagnostic tools, however  they are not  
routinely used in the clinical laboratory at 
present. Serological tests are the most frequently 
used laboratory method for diagnosis of Lyme 
disease but because of a slow developing anti- 
body response to Borrelia burgdorferi lack sen- 
sitivity during early disease (2, 23). Three  to six 
weeks may pass before  significant levels of anti- 
body can be detected. In addition to a lack of sen- 
sitivity, serologic tests for Lyme disease also lack 
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Table 4: Performance of three confirmatory commercial kits for diagnosis of Lyme disease related to 
results for reference sera. 

Diagnostic Agreement Sensitivity a Specificity b, 
kit (early/late) 

Cambridge Biotech (WB) 75 % 58 %/77 % 100 % 
General Biometrics (P39 EIA) 60 % 8 %/39 % 100 % 
Matrix (WB) 63 % 50 %/77 % 100 % 

aSensitivity for sera collected < 43 days after onset of symptoms / sensitivity for sera collected ~ 60 
days after onset of symptoms. 

bSpecificity was calculated with results from normal and VDRL/FTA-ABS reactive sera. 

ka: " 
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Figure 1: Appearance of the Mardx IgG Western blot 
(panel A) and the Cambridge Biotech IgG Western blot 
(panel B). In panels A and B, lane 1: negative control; 
lane 2: positive control; lane 3: weakly positive serum; lane 
4: strongly positive serum. 

specificity. False positive results resulting from 
the presence of  other  bacterial, viral or rheumatic 
diseases are well known to occur (2, 21-23). 

Serologic tests utilizing alternative techniques to 
the standard indirect EIA,  such as IgM antibody 
capture (17, 20), purified or recombinant  antigen 
based EIAs  (18, 20, 22, 26) and WB (10, 23, 24), 
have been developed to improve the sensitivity 
and specificity. In addition to the standard IFA 
and EIAs many of these assays are commercially 
available. 

Results of  our  comparison of commercial EIA 
kits demonstrated variability in sensitivity and 
specificity. Using the CDC sera, V D R L  positive 
sera and A N A / R F  positive sera, specificity of the 

various kits ranged from 83 % to 100 %. The  sen- 
sitivity varied from 24 % to 84 %. However,  as 
seen in Table 2, sensitivity was dependent  on the 
time after  onset at which sera were collected. The 
sere collected <__ 43 days after onset in our study 
may have been primarily from cases of  early dis- 
ease, although not exclusively as some patients 
may not develop the early symptoms of Lyme dis- 
ease. Analysis of sera collected later (>__ 60 days 
after Onset) demonstra ted more  consistent results 
with the various kits. This probably reflects the 
additional durat ion of infection, resulting in more 
time to develop detectable levels of antibodies to 
Borrelia burgdorferi. Three  sera collected > 60 
days after onset yielded negative results with all 
kits. This could be due to effective antibiotic 
t reatment  or misdiagnosis. Since we did not have 
access to data on the clinical symptoms of  these 
patients, analysis by time after disease onset was 
the only means to evaluate sensitivity. These vari- 
able results are not unexpected as the kits varied 
with respect to reagents used and incubation 
times. Other  investigators have also demon-  
strated variability in the performance of serologic 
kits for detection of Lyme disease (28, 29). 

There  was surprising variability in the results of 
tests with the five V D R L  reactive sera. The kits 
from Cambridge Biotech and Diamedix showed 
the best results with these sera, while the kits from 
Mardx and Sigma demonstrated several false 
positive results. Some kits included an absorbent  
in the sample diluent to decrease non-specific 
reactivity, however  our results suggest that the 
absorbent(s) in some of the kits does not effec- 
tively remove t reponemal  antibodies cross-reac- 
tive with Borrelia burgdorferi. Ironically, one of 
the kits with no absorbents (Cambridge Biotech) 
generated the best results with the syphilitic sera. 

The sensitivity of the WB kits was lower than ex- 
pected on the basis of published reports (24-26). 
However,  we evaluated only IgG WB kits and it 
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has been shown previously that the use of  an IgM 
in addition to an IgG conjugate may help increase 
sensitivity during early disease (24, 25). Since the 
Stage of disease of  the patients in our  serum panel 
was not known, it is possible that sera from cases 
of early Lyme disease (especially in the group col- 
lected < 43 days after  onset) containing pre- 
dominantly IgM antibodies may have been in- 
eluded which would result in decreased sen- 
sitivity. Otherwise,  modification of the criteria for 
a positive WB result might help increase the sen- 
sitivity (but possibly reduce the specificity) of 
WB, especially the Cambridge WB kit. 

The poor  sensitivity of the P39 EIA kit may also 
be due to the possible inclusion of sera from cases 
of early Lyme disease when reactivity to P39 may 
not be as consistent as in later disease (26, 30). 
However,  we observed two sera with reactivity to 
P39 on WB which were negative in the P39 EIA,  
and five sera with a reactive p39 band on WB and 
borderline p39 E I A  results. This suggests that the 
WB may be a more  sensitive method than EIA in 
detecting reactivity to this protein. A potential 
drawback to the identification of P39 on WB is the 
presence of a heat shock protein of similar 
molecular weight (31). To our  knowledge, it is not 
known if this heat shock protein is immunogenic 
in humans and if it would thus pose problem(s) in 
interpretation of reactivity to P39 by WB. While 
Others have demonstra ted good reactivity to P39 
in larger panels of serum using WB (26, 30), our  
data do not support  the sole use of this antigen in 
the current  E IA  format  as serodiagnostic test, al- 
though the benefits of  its high specificity are clear. 
Modification of the P39 assay might enhance its 
Sensitivity however. 

The testing of V D R L  reactive sera with the EIAs 
and the WBs demonstra ted their usefulness in 
determining the specificity of the kits. In WB, 
reactivity to the 41 kDa flagellin protein was fre- 
quently detected (not shown) with both kits, as 
has been repor ted by others (22). This is probably 
due to shared amino acid sequences in the flagel- 
lin proteins of Treponema pallidum and Borrelia 
burgdorferi (32). Three  sera showed borderl ine 
reactivity in the P39 EIA.  This was an unexpected 
result, however  o ther  investigators have demon- 
Strated reactivity to P39 in WB using V D R L  reac- 
tive sera (30). 

In conclusion, our results demonstrate  variable 
Performance of serologic kits for detection of  IgG 
antibody to Borrelia burgdorferi. In addition, 
Western blot appears to be a bet ter  means of con- 
firmatory testing than single protein EIAs. How- 

ever, serum panels from culturally proven cases of 
Lyme disease are needed to evaluate further the 
performance of commercial  kits. 
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