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Three commercially available, peptide-based enzyme-linked immunosorbent assay (ELISA) systems (Chla-
mydia trachomatis IgG and IgA EIA [CT-EIA; Labsystems OY, Helsinki, Finland], SeroCT IgG and IgA
[SeroCT; Savyon Diagnostics Ltd., Ashdod, Israel], and Chlamydia trachomatis IgG and IgA pELISA [CT
pELISA; Medac, Wedel, Germany]) were evaluated for the detection of serum immunoglobulin G (IgG) and
IgA antibodies specific for Chlamydia trachomatis and compared to the “gold standard” assay, the microim-
munofluorescence (MIF) assay. Serological responses were analyzed in 149 women aged 20 to 30 years. Cervical
swabs obtained from these women were examined for C. trachomatis by PCR, and 43 were found to be positive.
The overall seroprevalence rates detected by CT-EIA, SeroCT, CT pELISA, and the MIF assay were 42, 42, 35,
and 39%, respectively, for IgG and 7, 7, 3, and 7%, respectively, for IgA. The IgG seroprevalence rates for the
PCR-positive women were two to three times higher than those for the PCR-negative women, i.e., 72 versus 29%,
72 versus 29%, 47 versus 26%, and 74 versus 25% for CT-EIA, SeroCT, CT pELISA, and the MIF assay,
respectively. After discrepancy analysis, the sensitivity, specificity, positive predictive value, and negative
predictive value were calculated for the IgG assays; for CT-EIA they were 84.7, 98.6, 98.4, and 86.7%,
respectively; for CT pELISA they were 71.4, 97.3, 96.2, and 78.3%, respectively; for SeroCT they were 84.7, 98.6,
98.4, and 86.3%, respectively; and for the MIF assay they were 79.2, 83.1, 98.3, and 83.1%, respectively. In
conclusion, these peptide-based ELISA systems for the serological detection of C. trachomatis infection per-
formed as well as the MIF assay. Since these tests are less time-consuming, less expensive, and easier to
perform than the MIF assay, they might be useful in the serodiagnosis of chlamydial infection.

Chlamydia trachomatis infection is the most prevalent sexu-
ally transmitted disease in Europe and the United States. In
women, this infection can lead to severe sequelae like ectopic
pregnancy and tubal infertility. C. trachomatis serology has
been used for both diagnostic purposes and large epidemio-
logical studies. However, widespread introduction of C. tracho-
matis-specific serology has not gained wide acceptance. The
microimmunofluorescence (MIF) assay (10) is still regarded as
the “gold standard” in the serological diagnosis of C. tracho-
matis infections. However, the MIF assay is not suited for use
by routine laboratories since reading of the specific fluores-
cence requires a high degree of expertise. Also, current sero-
logical tests employ either group-specific lipopolysaccharide
(LPS) or reticulate bodies as antigen and thus show cross-
reactivity with C. pneumoniae (4). Serological cross-reactivity
leads to high rates of false-positive results, especially in a
population with a low prevalence of C. trachomatis infection,
since the rates of C. pneumoniae seroprevalence are up to 60%.
In addition, there have been reports on serological cross-reac-

tivity due to proteins from other bacteria, e.g., Acinetobacter
(2).

Several user-friendly enzyme immunoassays with increased
specificity have been developed by using LPS-stripped C. tra-
chomatis particles (8). Recently, three commercially available
assays have been developed by using specific synthetic peptides
based on the major outer membrane of C. trachomatis. These
assays have the potential to be both specific and sensitive.
Proper comparison of these serological assays to the MIF assay
is strongly needed since these new tests are well standardized,
less expensive, and less laborious than MIF.

Therefore, we analyzed these new commercially available,
peptide-based enzyme-linked immunosorbent assay (ELISA)
systems for the detection of specific serum immunoglobulin G
(IgG) and IgA antibodies to C. trachomatis in relation to the
detection of C. trachomatis infections in the corresponding
cervical scrapings by PCR. The performances of these new
assays were compared to that of the MIF assay.

MATERIALS AND METHODS

Patient population. Sera from 149 women were analyzed for IgG and IgA
antibodies against C. trachomatis. These 149 women, who were part of a popu-
lation-based cohort (6), were screened for asymptomatic C. trachomatis infec-
tions by PCR (performed as described previously [5, 7]). Cervical scrapings were
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PCR positive for C. trachomatis for 43 women and PCR negative for C. tracho-
matis for 106 women.

Serological assays. The following three peptide-based serological assays were
compared: Chlamydia trachomatis IgG and IgA EIA (CT-EIA; new version;
Labsystems OY, Helsinki, Finland), SeroCT IgG and IgA (SeroCT; Savyon
Diagnostics Ltd., Ashdod, Israel), and the Chlamydia trachomatis IgG and IgA
pELISA (CT pELISA; Medac, Wedel, Germany). All three tests were performed
according to the manufacturers’ instructions. An in-house MIF assay was per-
formed as described previously (9). Slides with antigens of C. trachomatis, C.
psittaci, and C. pneumoniae (Labsystems OY) were used for this assay. A titer of
�16 was considered diagnostically significant. In addition, the in-house MIF
assay and a second MIF assay (the MRL-MIF assay; MRL Diagnostics, Santa
Barbara, Calif.) were used for discrepancy analysis. This test was performed with
all samples for which there was no concordance with the peptide-based assays.

Statistical analysis. For comparison of the three peptide-based tests to the
MIF assay, the sensitivities, specificities, positive predictive values (PPVs), and
negative predictive values (NPVs) were calculated by using two-by-two tables.
Values in the grey zone (optical densities between the values for negativity and
positivity), as defined by the manufacturer, were excluded from these calcula-
tions.

Discrepancy analysis was performed by the in-house MIF assay a second time
and by the MRL-MIF assay. MIF assay results were considered true-positive
results if the second MIF assay or the MRL-MIF assay could confirm the initially
positive MIF assay result. After discrepancy analysis, true-positive results were
defined as either positivity or negativity by the MIF assay but positivity by at least
two of the three peptide-based assays.

To investigate if the C. trachomatis serological titers determined by the MIF
assay were higher for the women who were PCR positive for C. trachomatis than
for the women who were PCR negative for C. trachomatis, a t test for indepen-
dent samples was performed.

RESULTS

Seroprevalence rates and concordance. The MIF assay with
slides with antigens of C. trachomatis, C. psittaci, and C. pneu-
moniae (Labsystems OY) showed no cross-reactivity with C.
pneumoniae (data not shown). The IgG and IgA seropreva-
lence rates for the three peptide-based assays and the MIF
assay are shown in Table 1. For all four assays the overall IgG
seroprevalence rate was about 40% and the overall IgA sero-
prevalence rate was about 7%. The IgG seroprevalence rates
for the women who were PCR positive for C. trachomatis were
two to three times higher than those for the PCR-negative
women. The IgG seroprevalence rate for the CT pELISA for
the PCR-positive women (56% [24 of 43 women]) was lower
than that for the other assays (about 72% [31 of 43 women]).
The overall IgA seroprevalence rate for the CT pELISA (3%)
was also lower than that for the other assays (7%). Women
positive for IgA were almost all positive for IgG too: for CT-
EIA, 90% (9 of 10); for CT pELISA, 80% (4 of 5); for SeroCT,

100% (10 of 10); and for the MIF assay, 91% (10 of 11). The
concordances of the IgG results for all of the different assays
are shown in Table 2. Most samples (n � 36) were positive by
all four tests, whereas 13 were positive by all three peptide-
based assays, and 10 samples were positive only by the MIF
assay.

Test performances. The sensitivities, specificities, PPVs, and
NPVs of the three peptide-based assays and the MIF assay, as
calculated after discrepancy analysis, are shown in Table 3.
Results are calculated only for the IgG assays since the sero-
prevalence of IgA was too low to make accurate calculations.
Although the results for the four assays were comparable, all
four variables analyzed were slightly lower for the CT pELISA.
C. pneumoniae titers were not responsible for the discrepancies
between the results of the tests.

MIF assay titers. The serum C. trachomatis IgG titers in the
sera of the PCR-positive and -negative women determined by
the MIF assay were compared to investigate whether the C.
trachomatis titers were associated with PCR positivity. Al-

TABLE 1. Performances of the three peptide-based serological assays and the MIF assay

Antibody and subject

No. of women with the indicated result by the following assay:

CT-EIA (Labsystems) SeroCT (Savyon) CT pELISA (Medac) MIF assay

Positive Grey zone Negative Positive Grey zone Negative Positive Grey zone Negative Positive Unspecific Negative

IgG
PCR-positive women (n � 43) 31 1 11 31 1 11 24 4 15 32 2 9
PCR-negative women (n � 106) 31 3 72 31 6 69 28 1 77 26 0 80
Total 62 4 83 62 7 80 52 5 92 58 2 89

IgA
PCR positive women (n � 43) 5 3 35 3 5 35 1 2 40 5 0 38
PCR negative women (n � 106) 5 3 98 7 2 97 4 0 102 6 0 100
Total 10 6 133 10 7 132 5 2 142 11 0 138

TABLE 2. Concordance of IgG results for all of the different
tests for the test population

No. of
tests

positive
Test with positive result

No. of
positive
women

4 CT-EIA, CT pELISA, SeroCT, MIF assay 36

3 CT-EIA, CT pELISA, SeroCT 13
CT-EIA, CT pELISA, MIF assay 1
CT-EIA, SeroCT, MIF assay 7

2 CT-EIA, SeroCT 2
CT-EIA, MIF assay 2
SeroCT, MIF assay 2

1 CT-EIA 1
CT-pELISA 2
SeroCT 2
MIF 10

0 Combinations of results in the grey zone without
the other tests being positive

6

0 None positive or no grey zone 65

Total 149
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though the mean titers in the sera of the PCR-positive women
were found to be slightly higher than those in the sera of the
PCR-negative women, the difference was not statistically sig-
nificant by the t test for independent samples (P � 0.135).

DISCUSSION

This is the first study to compare three recently introduced
commercially available peptide-based serology assays to the
MIF assay for the detection of antibodies to C. trachomatis. In
general, these peptide-based assays performed as well as the
MIF assay. Since these tests are easier to perform than the
MIF assay, they might be good alternatives to the MIF assay
for the detection of C. trachomatis antibodies.

In general, the seroprevalence rates and performances of the
recently introduced peptide-based assays for the assay of IgG
were comparable to those of the MIF assay. Slightly lower C.
trachomatis prevalence rates and sensitivities were found by
the CT pELISA than by the two other peptide-based assays.
The samples were retested blindly (Medac), and IgG preva-
lence rates (40%) and IgG sensitivities (77%) comparable to
those obtained by the two other peptide-based assays obtained
in the first analysis were found. Although possible differences
between batch numbers, buffers, and controls were analyzed,
the reason for the difference in the results that were obtained
could not be identified. The IgA prevalence rate was too low
(7%) to calculate test performances due to the small number
of IgA-positive patients. As for the IgG seroprevalence rate,
the IgA seroprevalence rate obtained by the CT pELISA was
slightly lower than the rates obtained by the other assays.
Retesting of the samples for IgA (Medac) resulted in an IgA
seroprevalence (9%) comparable to that determined by the CT
pELISA.

Thus far, few studies have compared these new serological
assays with the MIF assay. Antilla et al. (1) showed that the
CT-EIA was more sensitive than the MIF assay in a study that
analyzed the influence of C. trachomatis on the risk for the
development of cervical cancer. Gijsen et al. (A. P. Gijsen,
V. J. Goossens, J. A. Land, J. L. H. Evers, and C. A. Brugge-
man, Proc. Fourth Meet. Eur. Meet. Eur. Soc. Chlamydia Res.,
p. 101, 2000) compared the MIF assay to the SeroCT assay and
found no significant differences in the sensitivities and speci-
ficities between the two assays for patients with tubal factor
infertility. Maass et al. (M. Maass, D. Franke, S. Birkelund, G.
Christiansen, K. Persson, and M. Böttcher, Proc. Fourth Meet.
Eur. Meet. Eur. Soc. Chlamydia Res., p. 112, 2000) compared
the MIF assay to the CT pELISA and showed that the assays
had good reproducibilities and good overall precisions and

concluded that, due to the synthetic antigen, the assay showed
excellent specificity. Finally, Persson and Boman (9) compared
the MIF assay to the CT pELISA for patients with tubal factor
infertility and controls and showed that the results of the CT
pELISA correlated well with the antibody results for C. tra-
chomatis obtained by the MIF assay but did not correlate at all
with the antibody results for C. pneumoniae obtained by the
MIF assay.

In the present study, the women were also tested by PCR for
the presence of C. trachomatis in the corresponding cervical
scrapings. The seroprevalence rates for the IgG assays were
more than twice as high for women with PCR-positive cervical
scrapings than for women with PCR-negative cervical scrap-
ings. The seroprevalence rates for women confirmed to be
positive for C. trachomatis by PCR in our study (IgG sero-
prevalence rate range, 72 to 74%; IgA seroprevalence rate
range, 7 to 12%) were comparable to those in the literature for
women confirmed to be positive for C. trachomatis (by culture
and direct immunofluorescence [Micro Trak]): IgG seropreva-
lence rate by the MIF assay, 85%; IgA seroprevalence rate by
the MIF assay, 4 to 24% (3). However, not all PCR-positive
samples were IgG positive, suggesting a first infection with C.
trachomatis, an infection with C. trachomatis at another site
(e.g., an urethral or ocular infection), or a very low IgG re-
sponse (below the detection level).

The three commercially available assays performed equally
well when large numbers of samples were tested and offer the
possibility for automation, which is important for large epide-
miological studies. Furthermore, in contrast to the MIF assay,
objective reading of the results is possible. The prevalence of
positive serological results for patients with C. trachomatis-
positive cervical scrapings (as determined by PCR) is signifi-
cantly higher (72%) than that for women negative by PCR
(28%), and the results obtained by these new assays were
comparable to those of the MIF assay, supporting the validities
of these new assays. Data were obtained in the present study by
using sera from asymptomatically infected women; future stud-
ies should address both symptomatically infected women and
women with late complications to further compare the perfor-
mances of these new peptide-based assays to the performance
of the MIF assay. The peptide-based serological assays might
be valuable for epidemiological studies for the analysis of past
and current C. trachomatis infections.

In conclusion, the three new peptide-based assays per-
formed equally as well as or even slightly better than the MIF
assay for the detection of antibodies to C. trachomatis. Since
these tests are well standardized, less expensive, and less labo-

TABLE 3. Sensitivities, specificities, PPVs, and NPVs of the three IgG peptide-based assays and MIF assay after discrepancy analysis

Test
No. of samples with the following resulta: Sensitivity

(%)
Specificity

(%) PPV (%) NPV (%)
True positive False positive True negative False negative Grey zone

b

CT-EIA 61 1 72 11 4 84.7 98.6 98.4 86.7
SeroCT 61 1 69 11 7 84.7 98.6 98.4 86.3
CT pELISA 50 2 72 20 5 71.4 97.3 96.2 78.3
MIF 57 1 74 15 2 79.2 83.1 98.3 83.1

a A total of 149 samples were tested by each assay.
b Values in the grey zone for each test are excluded from these calculations.
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rious than the MIF assay, they might be good alternatives to
the MIF assay for the detection of C. trachomatis antibodies.
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