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Yersinia enterocolitica and Yersinia pseudotuberculosis have been identified as causative organisms of reactive
arthritis in humans. We evaluated a Western blot assay which uses Yersinia outer membrane proteins as
antigens for the detection of Yersinia antibodies as a replacement for the complement fixation (CF) assay.
Clinical agreement, sensitivity, and specificity were determined by testing 19 positive and 21 negative serum
samples by the CF assay, Western blot assay, and enzyme-linked immunosorbent assay (ELISA). The CF assay
and ELISA were compared to the Western blot assay, which was the reference method used in this study. Sera
with antibodies that could potentially cross-react with Yersinia were also tested by the Western blot assay. The
agreement, sensitivity, and specificity of the CF method were 61%, 26%, and 95%, respectively; and those for
the ELISA were 89%, 95%, and 82%, respectively. The prevalences of Yersinia antibodies in 50 healthy donors
were 6% for immunoglobulin G (IgG), 2% for IgA, and 2% for IgM. Sera positive for Bartonella henselae,
Brucella, Chlamydia pneumoniae, and Rickettsia rickettsii antibodies showed cross-reactivity by the Western blot
assay. The highest cross-reactivity was observed with Borrelia burgdorferi; 5 of 11 (45%) specimens were
cross-reactive by the IgM-specific assay. Overall, the Western blot assay performs acceptably and is more
sensitive than the CF assay, warranting replacement of the CF assay in the laboratory. Due to the evidence of
cross-reactivity, particularly with B. burgdorferi, which can cause an oligoarthritis similar to reactive arthritis,
the diagnosis of reactive arthritis should be based on clinical findings and complete serologic analysis of the
potential causative infectious pathogens.

The genus Yersinia consists of two different gram-negative
coccobacillus species that are known to cause enteric infections
in humans: Yersinia enterocolitica and Yersinia pseudotubercu-
losis. Infections with Y. enterocolitica are transmitted primarily
to humans through soil, water, animals, and food. Infections
with Y. enterocolitica most often occur in young children. The
infection manifests in the gastrointestinal tract, causing symp-
toms of diarrhea; loose, watery, or bloody stools; abdominal
pain; and fever (2). Y. pseudotuberculosis is less pathogenic and
causes a zoonotic disease with symptoms similar to those
caused by Y. enterocolitica. Infections with Y. enterocolitica and
Y. pseudotuberculosis can be asymptomatic, mild, or severe and
resolve within a few weeks, with or without the use of antibi-
otics, depending on the severity (14). Complications can occur,
however, with the development of an inflammatory arthritis
known as reactive arthritis, which can manifest 1 to 4 weeks
postinfection. There is an increased risk for the development
of reactive arthritis if the individual is positive for the major
histocompatibility complex HLA-B27 allele (5).

The incidence of reactive arthritis following Y. enterocolitica
infection is very high among adults in Scandinavia, where it is
estimated to be 10 to 30% (20). The incidence is much lower
in most other countries, including the United States. The most

commonly affected joints are the knees and ankles; but other
joints, such as the toe, finger, and wrist joints, can be involved.
In most cases, two to four joints become involved sequentially
and asymmetrically over a period of a few days to 2 weeks.
Monoarticular arthritis occurs less commonly. In two-thirds of
cases, the acute arthritis persists for 1 to 4 months. Chronic
joint disease or ankylosing spondylitis occurs rarely. Subse-
quent complications of Y. enterocolitica infections that occur
less often include reactive uveitis, iritis, conjunctivitis, glomer-
ulonephritis, and urethritis. Reiter’s syndrome (arthritis, con-
junctivitis, and urethritis) is seen in only 5 to 10% of patients
with yersinia-induced arthritis (4).

Serologic tests can be used to support a diagnosis of
yersiniosis. With yersiniosis, antibody levels begin to rise
within the first week of illness, peak in the second week, and
then return to normal within 3 to 6 months. Antibodies may
also remain detectable for several years. The isolation of a
pathogenic Yersinia strain from feces is the most specific test
for the diagnosis of yersiniosis. However, culture is not
very sensitive for reactive arthritis, and serologic tests for
Yersinia can be helpful diagnostically in cases with a high
index of clinical suspicion (4).

Antibodies develop against the Yersinia outer membrane
proteins (Yops) and usually persist at high levels for longer
periods in cases with associated arthritis and chronic enteritis
(7, 26). It has been reported that the assays used to detect
antibodies against Yops are more sensitive and specific than
stool culture and other serologic methods for the diagnosis of
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yersinia-associated complications (15). This study was con-
ducted to investigate the utility of a Western blot method that
uses Yop antigens for the detection of Yersinia antibodies as a
replacement for the complement fixation (CF) method. The
cross-reactivity of Yersinia with other bacterial species, such as
Borrellia burgdorferi (3, 25), Rickettsia rickettsii (2, 23), and
Brucella spp. (2, 17–19), has been reported. Additionally, cross-
reactivity between Yersinia and thyroid-stimulating immuno-
globulin (TSI) in patients with Graves ’ disease has been shown
(1, 2, 13, 24). Therefore, this study also examines the extent of
cross-reactivity of Yops with these and other related bacterial
species.

MATERIALS AND METHODS

Human sera. This study was approved by the Institutional Review Board
(IRB) of the University of Utah (IRB 7275). A total of 149 serum samples were
used in this study. The sera were subdivided into three groups.

(i) Group I. Group I contained two samples from patients who tested positive
by the CF assay for Yersinia antibodies in the clinical laboratory, nine samples
that tested positive by Western blot assay in the clinical laboratory, and eight
samples that had previously been characterized as positive for Yersinia antibodies
(provided by Viramed Biotech, Munich, Germany). Also in this group were 21
samples from patients who tested negative for Yersinia antibodies by the CF assay
in the clinical laboratory.

(ii) Group II. Group II contained 50 samples from patients with serologic
evidence of infection by Brucella (an index value �1.1 is positive; n � 7),
Bartonella henselae (immunoglobulin G [IgG] titer, �1:256; n � 5), Borrelia
burgdorferi (any two IgM Western blot bands from 23, 39, or 41 kDa; n � 11),
Chlamydia pneumoniae (IgG titer, �1:64; IgM titer, �1:20; n � 8), Coxiella
burnetii (titer, �1:16; n � 3), Francisella tularensis (titer, �1:80; n � 9), Myco-
plasma pneumoniae (IgG concentration, �0.32 U/liter; IgM concentration,
�0.95 U/liter; n � 4), and Rickettsia rickettsii (titer, �1.1; n � 3). An additional
9 samples from patients with serologically positive results for TSI (�130% of the
basal activity is positive) were also included, for a total of 59 serum samples in
this group. Testing of serum for antibodies against Brucella was performed by an
enzyme-linked immunosorbent assay (ELISA; PANBIO Inc., Columbia, MD),
testing of serum for antibodies against B. henselae was performed by an immu-
nofluorescence assay (IFA; Focus Technologies, Cypress, CA), testing of serum
for antibodies against B. burgdorferi was performed by Western blot assay
(MarDx Diagnostics, Inc., Carlsbad, CA), testing of serum for antibodies against
C. pneumoniae was performed by an IFA (Focus Technologies), testing of serum

for antibodies against C. burnetti was performed by IFA (Focus Technologies),
testing of serum for antibodies against F. tularensis was performed by agglutina-
tion (Germaine Laboratories, Inc. San Antonio, TX), testing of serum for anti-
bodies against M. pneumoniae was performed by ELISA (GenBio, San Diego,
CA), testing of serum for antibodies against R. rickettsii was performed by ELISA
(PANBIO), and testing of serum for antibodies against TSI was performed by a
radioimmunoassay that measures the amount of cyclic AMP (Amersham
Life Science, Arlington Heights, IL) in CHO cells (Leonard Kohn, NIDDK,
NIH) (16).

(iii) Group III. Group III contained 50 samples obtained from random healthy
donors in the Salt Lake City, Utah, area in 2003.

All samples were deidentified and stored at 2 to 8°C until testing was com-
pleted. All samples were tested by a CF method (antigen supplied by Virion Inc.,
Morristown, NJ); the MIKROGEN recomWell Yersinia IgG-, IgA-, and IgM-
specific ELISAs (QED Bioscience, Inc., San Diego, CA); and the Viramed
Biotech Yersinia ViraBlot IgG-, IgA-, and IgM-specific Western blot assays
(Viralab, Inc., San Diego, CA). All tests were performed according to the
manufacturers’ recommendations.

Complement fixation. All samples were tested by a CF method, as described
previously (6). Antigens specific for Y. pseudotuberculosis and Y. enterocolitica
serotypes O3, O8, and O9 were used in each CF reaction for each sample.
Samples with antibody titers �1:8 for Y. pseudotuberculosis or Y. enterocolitica
serotype O3, O8, or O9 were considered negative for Yersinia antibodies. Sam-
ples with antibody titers �1:8 for Yersinia were tested for complement antibod-
ies. If there were no complement antibodies present in the sera or if the titer was
fourfold higher for Yersinia antibodies than for complement antibodies, the
sample was considered positive.

Commercial Western blot test system. All samples were tested by Western blot
assay for IgG-, IgA-, and IgM-specific antibodies (Viralab, Inc.). The assay uses
antigens against Yops of pathogenic Y. enterocolitica clinical isolates for the
detection of IgG-, IgA-, or IgM-specific antibodies in human serum as an aid in
reactive arthritis diagnosis. The test system contains nitrocellulose test strips with
Yop antigens that have been electrophoresed on a sodium dodecyl sulfate gel
and transferred to the strip. Each strip contains the following Yop antigens at
different sizes: YopH (51 kDa), YopM (44 kDa), YopB (41 kDa), LcrV
(37 kDa), YopD (35 kDa), YopN (33 kDa), and YopE (23 kDa) (12). Testing
was performed according to the manufacturer’s specifications. All patient serum
samples were reacted with individual test strips for 30 min. Following a series of
wash steps, diluted alkaline phosphatase-conjugated anti-human IgG, IgA, or
IgM was incubated for 15 min on each strip. Following a final wash, chromogen
substrate was added and the strips were developed for 5 to 12 min. The test
results were analyzed as recommended in the corresponding technical informa-
tion for each assay. The manufacturer’s negative, cutoff, and positive controls
(Fig. 1) were tested with each run. For IgG and IgA antibody detection, the

FIG. 1. Western blot nitrocellulose strips reacted with the individual manufacturer’s negative, cutoff, and positive control sera. Each strip
contains a control section and an analytical section (the separation is indicated by an arrow). The control section contains the strip number; a serum
control band (SC); and an IgG, IgA, or IgM conjugate control band (CC). The analytical section of each strip contains Yop antigens of different
sizes (in kDa) that develop as dark bands if antibodies against the specific Yop antigens are present in the sera: YopH (51 kDa), YopM (44 kDa),
YopB (41 kDa), LcrV (37 kDa), YopD (35 kDa), YopN (33 kDa), and YopE (23 kDa). (A) Negative control showing the appearance of no positive
bands in the analytical section of the strip; (B) cutoff control, showing the appearance of the 35-kDa band in the analytical section of the strip;
(C) positive control, showing the appearance of 51-, 44-, 41-, 37-, 33-, and 23-kDa bands in the analytical section of the strip.
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intensity of each band appearing on the patient sample strips was compared to
the intensity of the 35-kDa control band on the cutoff control strip by using the
Virascan software program provided by Viralab, Inc. For IgM antibody detec-
tion, the appearance of any bands on the patient sample strips was evaluated
visually, as the scanning program for this assay is still under development. The
reference ranges for the IgG, IgA, and IgM Western blots are summarized in
Table 1.

Commercial ELISAs. All samples were tested by the MIKROGEN recomWell
IgG-, IgA-, and IgM-specific ELISAs. The ELISAs use recombinant Yop anti-
gens that are specific for the genus Yersinia. Testing was performed according to
the manufacturer’s instructions. All serum samples were diluted 1:100 and re-
acted with specific antigen in a single well of a 96-well plate at 37°C for 1 h.
Following a series of four washes, diluted horseradish peroxidase-conjugated
anti-human IgG, IgA, or IgM was reacted with the wells for 30 min at 37°C. All
samples were tested for IgG-, IgA-, and IgM-specific antibodies. Following four
washes, the wells were developed by using the chromogenic substrate tetramethyl-
benzidine for 30 min. The reaction was stopped by using 25% phosphoric acid,
and the optical density values were measured spectrophotometrically at 450 nm
and 650 nm. The test results were analyzed as recommended in the correspond-
ing technical information for each assay. Activity levels for IgG, IgA, and IgM
antibodies were reported in units per milliliter. Samples with measured antibody
activity levels �20 U/ml were assigned a negative result, samples with measured
antibody activity levels �20 U/ml but �24 U/ml were assigned an equivocal
result, and samples with measured antibody activity levels �24 U/ml were as-
signed a positive result for IgG, IgA, or IgM antibodies.

Statistical analysis. The agreement, sensitivity, and specificity for each test
method were determined by comparing the CF assay and ELISA results to the
Western blot assay results by using two-by-two contingency table analysis, where
equivocal results were not included in the calculations. The Western blot assay
was used as the reference method in this study.

Reproducibility of Western blot assays. The reproducibility of the IgG, IgA
and IgM Western blot assays was examined by using serologically positive and
negative sera that were repeatedly tested over 3 days.

Prevalence of Yersinia antibodies in the healthy population. The prevalence of
Yersinia antibodies in the healthy population was examined by each method by
testing all samples from group III by the CF assay, the Western blot assays, and
the ELISAs.

Cross-reactivity studies. All samples from group II were tested by the CF
assay, the Western blot assays, and the ELISAs to determine the cross-reactivity
of each test method. All samples with positive results by the CF assay, the
Western blot assays, or the ELISAs were identified as cross-reactive with Yersinia
antibodies.

RESULTS

By using the samples from group I, 18 of the 19 positive
samples were positive by the Western blot IgG (15 samples),
IgA (10 samples), or IgM (3 samples) assay. Eighteen of the 21

negative samples were negative for IgG, IgA, and IgM; 1 sam-
ple was positive for IgG; and 2 samples were equivocal for IgG
by the Western blot assays. By combining the IgG, IgA, and
IgM results and excluding the results for the two samples with
equivocal results, the Western blot assays showed 95% sensi-
tivity and 95% specificity. By using the 8 previously character-
ized positive samples (excluding the 11 samples that had tested
positive by either the CF or the Western blot assays), all sam-
ples tested positive by the combined Western blot assays, show-
ing 100% sensitivity. Only 6 of 19 positive serum samples from
group I were positive by the CF method and 21 of 21 negative
samples were negative by the CF method, showing 32% sen-
sitivity and 100% specificity. Of the eight previously character-
ized positive samples, only three samples tested positive by the
CF method, for a sensitivity of 38%. For the ELISAs, the
combined IgG, IgA, and IgM assay results showed that 18 of 19
positive samples from group I were positive and 14 of 21
negative samples were negative. One negative sample from
group I tested equivocal by the IgG ELISA and one sample
tested equivocal by the IgA ELISA. Excluding these two sam-
ples with equivocal results, the combined ELISAs showed 95%
sensitivity and 74% specificity. Based on these results, the
agreement, sensitivity, and specificity were determined by com-
paring the CF and ELISA methods to the Western blot
method, which was designated the reference method in this
study.

Comparison of CF method with Western blot assay. CF is a
measurement of complement-fixing IgG and IgM antibodies
(28), while the Western blot assays measure IgG-, IgA-, and
IgM-specific antibodies. The agreement, sensitivity, and spec-
ificity of the CF assay were determined by comparing the CF
antibody results with the combined IgG, IgA, and IgM West-
ern blot results for all of the samples from group I. The agree-
ment, sensitivity, and specificity were 61%, 26%, and 95%,
respectively (Table 2).

Comparison of ELISAs with Western blot assay. The
ELISAs measure IgG-, IgA-, and IgM-specific antibodies
individually. The agreement, sensitivity, and specificity of
the ELISAs were determined by comparing the total-anti-
body ELISA results to the total-antibody Western blot re-

TABLE 1. Reference ranges for the Viramed Yersinia IgG, IgA, and IgM Western blot assays

Ig isotype, band identified, and band size (kDa) Result Interpretation

IgG
No bands or nonspecific bands Negative No detectable IgG antibodies
Isolated positive 35-kDa band (intensity, 90 to 300 by Virascan) Equivocal IgG-specific antibodies against Yersinia detectable;

may be an indication of a recent infection
Isolated positive 35-kDa band (intensity, �300 by Virascan) or

positivity for at least two bands among bands of 51, 44, 41,
37, 35, 33, or 23 kDa

Positive IgG-specific antibodies against Yersinia detectable;
infection with Yersinia very likely

IgA
No bands or nonspecific bands Negative No detectable IgA antibodies
Isolated 35-kDa band or positivity for at least two bands among

bands of 51, 44, 41, 37, 35, 33, or 23 kDa
Positive IgA-specific antibodies against Yersinia detectable;

infection with Yersinia very likely

IgM
No bands or nonspecific bands Negative No detectable IgM antibodies
Isolated 35-kDa band or positivity for at least two bands among

bands of 51, 44, 41, 37, 35, 33, or 23 kDa
Positive IgM-specific antibodies against Yersinia detectable;

infection with Yersinia very likely
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sults for all of the samples from group I. The agreement,
sensitivity, and specificity were also determined for the IgG-,
IgA-, and IgM-specific ELISAs by comparing their results to
those of the IgG-, IgA-, and IgM-specific Western blot as-
says, respectively. The agreement, sensitivity, and specificity
of the total-antibody ELISA results compared to the total-
antibody Western blot results were 89%, 95%, and 82%,
respectively. The agreement, sensitivity, and specificity of
the IgG-, IgA-, and IgM-specific ELISAs compared to the
results of the Western blot-specific antibody assays were
86%, 94%, and 79%, respectively, for IgG; 87%, 90%, and
86%, respectively, for IgA; and 100%, 100%, and 100%,
respectively, for IgM (Table 2).

Reproducibility studies. The reproducibilities of the West-
ern blot assays were measured by testing a positive sample and
a negative sample in duplicate on three separate runs for each
assay. The reproducibility was acceptable, with no qualitative
result changes for any of the samples for the IgG, IgA, and IgM
assays.

Prevalence of Yersinia antibodies in the healthy population.
By the CF assay, the prevalence of Yersinia antibodies in the 50
subjects tested was 2%. By the IgG, IgA, and IgM Western blot
assays, the positivity rates for Yersinia antibodies were 6%, 2%,
and 2%, respectively. For the IgG, IgA, and IgM ELISAs, the
positivity rates were 18%, 10%, and 4%, respectively.

Cross-reactivity studies. All samples from group II were
assayed by the CF assay, the Western blot assays, and ELISAs.
For the CF assay, one of seven (14%) Brucella-positive sam-
ples, three of eight (38%) C. pneumoniae-positive samples, one
of nine (11%) F. tularensis-positive samples, and one of nine
(11%) TSI-positive samples tested positive for Yersinia anti-
bodies (Table 3). For the Western blot assays, cross-reactivity
was determined for IgG-, IgA-, and IgM-specific antibody
types. Of the samples tested, 3 of 11 (27%) B. burgdorferi-
positive samples and 1 of 7 (14%) Brucella-positive samples
tested positive for Yersinia IgG antibodies; 4 of 11 (36%) B.
burgdorferi-positive samples, 1 of 8 (13%) C. pneumoniae-pos-
itive samples, and 1 of 3 (33%) R. rickettsii-positive samples
tested positive for Yersinia IgA antibodies; and 1 of 5 (20%) B.
henselae-positive samples and 5 of 11 (45%) B. burgdorferi-
positive samples tested positive for Yersinia IgM antibodies
(Table 3).

The cross-reactivity for the ELISA was also determined for
IgG-, IgA-, and IgM-specific antibodies. Of the samples tested,
1 of 5 (20%) B. henselae-positive samples, 6 of 11 (55%)

B. burgdorferi-positive samples, 4 of 7 (57%) Brucella-positive
samples, 2 of 8 (25%) C. pneumoniae-positive samples, 2 of 9
(22%) F. tularensis-positive samples, 1 of 3 (33%) R. rickettsii-
positive samples, and 3 of 9 (33%) TSI-positive samples tested
positive for Yersinia IgG antibodies; 5 of 11 (45%) B. burgdor-
feri-positive samples, 2 of 8 (25%) C. pneumoniae-positive sam-
ples, 3 of 9 (33%) F. tularensis-positive samples, 1 of 3 (33%)
R. rickettsii-positive samples, and 1 of 9 (11%) TSI-positive
samples tested positive for Yersinia IgA antibodies; and 2 of 5
(40%) B. henselae-positive samples and 1 of 11 (9%) B. burg-
dorferi-positive samples tested positive for Yersinia IgM anti-
bodies (Table 3).

The cross-reactivity of the Yersinia Western blot assay with
B. burgdorferi occurred most frequently with the Yersinia YopD
antigen. All samples observed to have cross-reactivity between
B. burgdorferi and Yersinia except one Yersinia IgM positive-
sample showed cross-reactivity with the YopD antigen of the
Western blot assay. Five samples observed to have cross-reac-
tivity between Yersinia and B. burgdorferi were retested for
antibodies against B. burgdorferi by a Western blot method
(MarDx Diagnostics) to identify the specific B. burgdorferi-
positive antigens. All five samples were positive for IgG antibod-
ies against the 41-kDa flagellar (Fla) protein and for IgG and IgM

TABLE 4. B. burgdorferi Western blot results for B. burgdorferi-
positive samples showing cross-reactivity with Yersinia

Sample
no.

B. burgdorferi Western blot results for the following isotype
and antigens of the indicated size (kDa)a

IgM IgG

23 39 41 18 23 28 30 39 41 45 58 66 93

1 � � � � � � � �
2 � � � �
3 � � � �
4 � � � �
5 � � � � �

a Positive bands on the B. burgdorferi Western blot are indicated by a plus sign.
Western blot antigens against specific B. burgdorferi antibodies are indicated by
their sizes (in kilodaltons).

TABLE 2. Agreement, sensitivity, and specificity of the Yersinia CF
assay and ELISAs in comparison to the results

of the Western blot assays

Assays compared Agreement
(%)

Sensitivity
(%)

Specificity
(%)

CF vs Western blota 61 26 95
ELISA vs Western blotb 89 95 82
ELISA IgG vs Western blot IgG 86 94 79
ELISA IgA vs Western blot IgA 87 90 86
ELISA IgM vs Western blot IgM 100 100 100

a Comparison of CF IgG and IgM results with IgG-, IgA-, and IgM-specific
Western blot assay results combined.

b Comparison of IgG-, IgA-, and IgM-specific ELISA results combined with
IgG-, IgA-, and IgM-specific Western blot assay results combined.

TABLE 3. Cross-reactivity observed for the Yersinia CF assay,
Western blot assays, and ELISAs with samples positive for

antibodies to various organisms

Organism
Total no. of

samples
tested

No. of samples positive bya:

CF
assay

Western
blotting ELISA

IgG IgA IgM IgG IgA IgM

B. henselae 5 1 1 2
B. burgdorferi 11 3 4 5 6 5 1
Brucella 7 1 1 4
C. pneumoniae 8 3 1 2 2
C. burnetii 3
F. tularensis 9 1 2 3
M. pneumoniae 4
R. rickettsii 3 1 1 1
TSI-positive organism 9 1 3 1

a Serum Yersinia IgG and IgM antibodies by CF assay; serum IgG, IgA, and
IgM antibodies by Western blot assay; and serum IgG, IgA, and IgM antibodies
by ELISA.
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antibodies against the 23-kDa outer surface protein C (OspC) of
B. burgdorferi (Table 4).

DISCUSSION

The traditional diagnosis of Yersinia infection has been
based on stool culture examination and less sensitive serology
methods, such as agglutination and the CF assay. Currently, a
“gold standard” is lacking for the proper diagnosis of reactive
arthritis, and there are no accepted criteria for the identifica-
tion of causative organisms (10). Where the traditional diag-
nostic methods have proven to be useful only for the detection
of acute infection, an assay must be highly sensitive and specific
to detect antibodies that circulate following the acute phase.

By using as the comparison method the Viramed Western
blot assay, which uses Yops as antigens for antibody detec-
tion, poor agreement and sensitivity were observed for the
CF assay, with 61% agreement, 26% sensitivity, and 95%
specificity. The poor sensitivity of the CF method compared
to the Western blot assay may be attributed to the fact that
the two methods detect antibodies against different anti-
gens. The CF method detects antibodies against Y. pseudo-
tuberculosis and Y. enterocolitica lipopolysaccharide O3, O8,
and O9 antigens, whereas Western blotting detects Yop
antibodies. Yops are produced by all strains of Y. enteroco-
litica and Y. psuedotuberculosis.

The combined results for the IgG-, IgA-, and IgM-specific
ELISAs, which also use Yops as antigens, showed better agree-
ment and sensitivity (89% and 95%, respectively) but lower
specificity (82%) compared to the combined IgG, IgA, and
IgM Western blot assay results. The individual specific ELISAs
exhibited low specificities of 79% for IgG and 86% for IgA
compared to the results of the specific Western blot assays; the
IgM-specific ELISA, however, was 100% specific. Similarly,
previous reports have indicated an increased sensitivity and a
lack of specificity, which led to a higher number of false-
positive results, by an ELISA technique for Yersinia antibody
detection (2, 29).

A lack of specificity for the ELISA was further observed with
the sera from 50 healthy subjects. The IgG, IgA, and IgM
ELISAs had positivity rates of 18%, 10%, and 4%, respec-
tively, whereas the IgG, IgA, and IgM Western blot assays had
positivity rates of 6%, 2%, and 2%, respectively. The CF assay
had a positivity rate of 2% for the healthy population tested.
Various studies have reported that the incidences of Yersinia
antibodies in the healthy population in Western Europe are 20
to 40% for IgG and 3 to 10% for IgA. It was suggested that the
high prevalence could be due to either a high proportion of
asymptomatic carriage or the fact that the specificities of the
available serological tests used in the study were insufficient
(22). Our results for the ELISA were similar, suggesting a lack
of specificity that resulted in a high number of false-positive
results. The low incidence in the healthy population measured
by the CF assay may be attributed to its lack of sensitivity,
which was demonstrated in the studies comparing the CF assay
and the Western blot assays and ELISAs. The Western blot
assays had acceptable sensitivities and the highest specificities
of the methods evaluated.

The ability to differentiate between IgG, IgA, and IgM an-
tibodies compared to IgG and IgM detection by the CF

method is of significant importance in the diagnosis of yersinia-
associated complications. Antibodies against Yersinia Yops de-
velop after infection and often persist at high levels in cases of
reactive arthritis (7, 26). IgA antibodies have been shown to
persist for 14 to 16 months following the onset of infection,
with peak levels correlating directly with the severity of arthri-
tis. This is in contrast to the persistence of IgA antibodies for
only 5 months in cases of yersiniosis without subsequent com-
plications (5). In cases of chronic enteritis, IgA antibodies
develop against YopE (23 kDa), YopD (35 kDa), and YopB
(41 kDa). IgA antibodies against YopD develop in 90% of
reactive arthritis cases (7, 26, 27). IgG antibodies develop
against all outer membrane proteins of Yersinia; but they
develop more frequently against YopE (23 kDa), YopB
(41 kDa), YopD (35 kDa), and YopH (51 kDa) (8, 11, 21). IgG
antibodies can persist longer in cases of reactive arthritis, but
not as consistently as IgA antibodies. IgM antibodies persist
for only 1 to 3 months following the onset of infection and are
not as useful for the diagnosis of reactive arthritis (5). As
observed in this study, both the Western blot assays and the
ELISAs allow the differentiation of specific antibody isotypes,
including the specific detection of IgA antibodies, which are
the most important for the diagnosis of reactive arthritis. The
CF assay detects only IgG and IgM antibodies and does not
differentiate between specific antibody isotypes.

Cross-reactivity was observed with all assays evaluated. The
CF assay exhibited the lowest amount of cross-reactivity with
other organisms among the methods evaluated, although this
may be attributed to the poor sensitivity of the assay. The
highest cross-reactivity for the CF assay was shown with
C. pneumoniae, with three of eight C. pneumoniae-positive
samples testing positive for Yersinia. Cross-reactivity was also
observed with Brucella, F. tularensis, and TSI by the CF assay.
One sample from each category for B. henselae, Brucella,
C. pneumoniae, and R. rickettsii showed cross-reactivity by
Western blot assay. Of the methods evaluated, the ELISA
exhibited the highest cross-reactivity with other organisms. All
organisms and antibodies tested, excluding C. burnetti and
M. pneumoniae, showed cross-reactivity by the ELISA. This
could be attributed to the lower specificity of the ELISA.
Previous studies have reported cross-reactivity between Yersinia,
Brucella (2, 17–19), R. rickettsii (2, 23), and TSI (1, 2, 13, 24).
Cross-reactivity between F. tularensis and Brucella spp. has
been reported (9), indicating a possible explanation for the
cross-reactivity observed between F. tularensis and Yersinia by
the CF assays and the ELISAs. However, it is possible that
some of the samples showing cross-reactivity with Yersinia are
actually true positives. There are no known reports of cross-
reactivity between Yersinia, B. henselae, and C. pneumoniae.

B. burgdorferi exhibited the largest amount of cross-reactivity
with Yersinia by both the Western blot assays and the ELISAs.
In the Western blot assay, 3 of 11 B. burgdorferi-positive sam-
ples tested positive for Yersinia IgG, 4 of 11 samples tested
positive for Yersinia IgA, and 5 of 11 samples tested positive for
Yersinia IgM. For the ELISA, 6 of 11 samples tested positive
for Yersinia IgG, 5 samples tested positive for Yersinia IgA, and
1 sample tested positive for Yersinia IgM. Similarly, previous
studies have shown evidence of cross-reactivity between Yer-
sinia and B. burgdorferi (3, 25). One such study analyzed sera
from 30 patients diagnosed with reactive arthritis for the oc-
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currence of B. burgdorferi-specific antibodies (25). Twenty of
the 30 (66.6%) reactive arthritis-positive samples tested posi-
tive for antibodies against B. burgdorferi by Western blot assay,
and 10% of these were positive for Yersinia antibodies by the
agglutination technique. As a control, 4 of 30 (13%) samples
from healthy donors tested positive for B. burgdorferi antibod-
ies, of which 0% were positive for Yersinia. It was reported that
the cross-reactivity between the two organisms could possibly
be due to the antigenic similarity of the 60-kDa common an-
tigen of B. burgdorferi to that of other bacterial species. While
this may be a viable explanation for the cross-reactivity ob-
served in the measurement of Yersinia antibodies by CF or
agglutination techniques, where whole-cell antigens are used,
it does not explain the high cross-reactivity of the Western blot
assays and ELISAs that use Yop antigens that are specific for
yersinial virulence. Interestingly, our study did not reveal cross-
reactivity between Yersinia and B. burgdorferi by the CF assay.

Cross-reactivity between B. burgdorferi and Yersinia was ob-
served with the YopD antigen in all but one of the B. burgdor-
feri samples tested by the Western blot assays. All samples with
observed cross-reactivity tested positive for IgG antibodies
against the Fla antigen, as well as IgG and IgM antibodies
against the OspC antigen for B. burgdorferi. A possible expla-
nation for the extensive cross-reactivity between the Yersinia
YopD antigen with B. burgdorferi antibodies may be possible
antigenic similarity between the OspC and Fla antigens of
B. burgdorferi and YopD of Yersinia, although further studies
would need to be performed.

Based on our findings, the Viramed Western blot assay is
useful as an aid in the diagnosis and management of enteric
infection and could be a valuable tool in identifying Yersinia as
a causative organism in reactive arthritis cases. However, be-
cause cross-reactivity exists between Yersinia and other bacte-
rial species, particularly B. burgdorferi, which causes symptoms
similar to those of yersinia-associated reactive arthritis, clinical
diagnosis should be based on the complete clinical picture and
laboratory findings.
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