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The accuracy of diagnostic tests is critical for successful control of epidemic outbreaks of syphilis. The
reliability of syphilis serology in the nonspecialist laboratory has always been questioned, but actual data
dealing with this issue are sparse. Here, the results of eight proficiency testing sentinel surveys for diagnostic
laboratories in Germany between 2000 and 2003 were analyzed. Screening tests such as Treponema pallidum
hemagglutination assay (mean accuracy, 91.4% [qualitative], 75.4% [quantitative]), Treponema pallidum par-
ticle agglutination assay (mean accuracy, 98.1% [qualitative], 82.9% [quantitative]), and enzyme-linked im-
munosorbent assays (ELISAs) (mean qualitative accuracy, 95%) were more reliable than Venereal Disease
Research Laboratory (VDRL) testing (mean accuracy, 89.6% [qualitative], 71.1% [quantitative]), the fluores-
cent treponemal antibody absorption test (FTA-ABS) (mean accuracy, 88% [qualitative], 65.8% [quantita-
tive]), and immunoblot assays (mean qualitative accuracy, 87.3%). Clearly, immunoglobulin M (IgM) tests
were more difficult to manage than IgG tests. False-negative results for samples that have been unambiguously
determined to be IgM and anti-lipoid antibody positive accounted for 4.7% of results in the IgM ELISA, 6.9%
in the VDRL test, 18.5% in the IgM FTA-ABS, and 23.0% in the IgM immunoblot assay. For negative samples,
the mean percentage of false-positive results was 4.1% in the VDRL test, 5.4% in the IgM ELISA, 0.7% in the
IgM FTA-ABS, and 1.4% in the IgM immunoblot assay. On average, 18.3% of participants misclassified
samples from patients with active syphilis as past infection without indicating the need for further treatment.
Moreover, 10.2% of laboratories wrongly reported serological evidence for active infection in samples from
patients with past syphilis or in sera from seronegative blood donors. Consequently, the continuous partici-
pation of laboratories in proficiency testing and further standardization of tests is strongly recommended to
achieve better quality of syphilis serology.

Syphilis caused by the spirochete Treponema pallidum is a re-
emerging disease that is sexually transmitted and can progress in
stages. In the United States, the rate of syphilis increased 9.1%
from 2.2 cases per 100,000 population in 2001 to 2.4 cases per
100,000 population in 2002 (5). In Germany, the number of newly
reported cases of syphilis increased dramatically, �100%, since
2001 and reached 4.1/100,000 people in 2004 (19). There is rising
evidence that the resurgence of syphilis in Germany is partly due
to an ongoing epidemic in men with male sexual partners in
Hamburg, Berlin, Frankfurt, and Cologne (19). Evidence also
exists for an increase of new heterosexual cases of syphilis owing
to the commercial sex trade in those parts of Germany that
border Eastern Europe (18). As a result, Germany has the
highest incidence of syphilis among the western European
countries, and the Robert Koch Institute urges a rapid expan-
sion of surveillance and serological screening at epidemic foci,
such as larger cities, and in the main core groups of the epi-
demic (commercial sex workers and male sexual partners) to
rapidly identify potential transmitters (19). New molecular

tests for syphilis are unlikely to replace serology in the short
term because they are fairly expensive and require sophisti-
cated equipment (14). Antibody detection by nontreponemal
tests (anti-lipoid antibody detection) and treponemal tests (an-
ti-T. pallidum antibody detection) is still regarded as the main-
stay for diagnosing syphilis and for monitoring the success of
subsequent antibiotic treatment (2, 4, 9, 14). The accuracy of
diagnostic tests is critical for successful control measures of
epidemic syphilis outbreaks, including case finding, prompt
therapy of infected individuals, and mandatory testing of po-
tential transmitters (2, 4, 9, 14). Thus, promotion and quality
control of diagnostic procedures is a relevant public health
issue, but peer reviewed publications on that topic are sparse
(11, 15, 20, 21, 22). Here, for the first time, the impact of test
quality on the laboratory diagnosis of syphilis in Germany is
investigated by use of a meta-analysis of external quality con-
trol program data obtained between 2000 and 2003 by the The
Bacteriologic Infection Serology Study Group of Germany
(BISSGG) (12, 13).

MATERIALS AND METHODS

Organization and structure of the German syphilis proficiency testing pro-
gram. From March 2000 to September 2003, eight syphilis serology proficiency
testing surveys (Table 1) were conducted in Germany by the central reference
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laboratory for bacteriological serodiagnostics at the Institute of Medical Micro-
biology, University Hospital of Frankfurt/Main, in cooperation with the Institute
of Standardization in the Medical Laboratory e.V. (INSTAND e.V.), Düsseldorf,
Germany, and with the six reference laboratories of the BISSGG. The organi-
zation and structure of the German proficiency testing program for bacteriologic
infection serology is summarized elsewhere in more detail (12, 13).

Sera used throughout the German syphilis proficiency testing program, 2000
to 2003. Sixteen serum samples were obtained from voluntary donors after
obtaining written informed consent. All subjects were clinically evaluated by
experienced physicians. Nine serum samples contained specific antibodies
against T. pallidum, as determined by various commercial test systems. All
antibody-positive donors could recall a known history of a current or past symp-
tomatic syphilis infection, which also had been documented in the medical
records of these patients by the treating physicians. Seven samples tested nega-
tive for specific antibodies against T. pallidum and were used as negative controls.
A current or very recent syphilis infection was excluded in these donors by
careful physical examination, evaluation of patients’ medical histories, and re-
view of the medical records provided by the referring physicians. Table 2 pro-
vides a detailed description of the clinical data available for all 16 samples.

Preparation and shipment of serum samples. Samples were prepared as pub-
lished recently (13) and then stored at �20°C until use. Subsequently, the
samples were thawed, and 500-�l aliquots without preservatives were dispensed
in 0.5-ml polypropylene tubes (Sarstaedt, Germany). Prior to shipment, samples
were checked for microbiological sterility and tested for possible reactivity
against hepatitis B and C antigens as well as for human immunodeficiency virus
types 1 and 2. Prepared samples were than distributed into eight shipments
(March 2000, November 2000, March 2001, September 2001, March 2002, Sep-
tember 2002, March 2003, and September 2003). In each survey, two selected
samples were sent to the participants without providing any additional clinical

information. Samples were shipped in polypropylene boxes and delivered by mail
service for receipt within 2 days.

Assessment of correct test results by reference laboratories. Assessment of
reference test results for each trial was performed according to the provisional
guidelines for the performance of proficiency testing surveys in infection serology
as proposed to the German general council of physicians (12). Each time,
qualitative and quantitative reference test results were determined for each pair
of serum samples during the proficiency testing survey by three to six different
local specialized laboratories or university laboratories (13) with extensive ex-
pertise in the field of serodiagnostic testing for syphilis. Each reference labora-
tory examined the test samples using commercially available test kits from dif-
ferent vendors. Qualitative test results were graded positive, borderline, or
negative according to the model of test results of the reference laboratories. The
reference test results for quantitative tests were determined for each test by
calculating the median from the results obtained for each method by the refer-
ence laboratories. For immunoblot testing, only qualitative test results obtained
in accordance with the instructions of the manufacturers of the test kits used by
the reference laboratories were reported to define reference results for each
sample. By means of the preceding measures, all samples were unambiguously
characterized with regard to qualitative test results and the amount of titers of
specific immunoglobulin M (IgM) and IgG antibodies against T. pallidum. The
characteristics of the serum samples applied in the German syphilis proficiency
testing program as determined by the six reference laboratories are shown in
Table 2.

Study conditions and evaluation of results. To date, participation in profi-
ciency testing programs is not mandatory in any German legal institution. All
laboratories were required to register at INSTAND prior to their participation.
No pretest criteria were established to exclude any laboratories from the survey.
All participants were instructed to treat samples as routine samples and to
perform their established serological test methods on the distributed samples
blind to additional clinical information to guarantee maximum objectivity. Qual-
itative and quantitative results had to be reported together with the methods
used, the lot number, test manufacturer, and the laboratory machinery utilized.
Moreover, the laboratories reported interpretative statements as to whether the
test constellation suggested a possible syphilis infection and whether an active or
latent infection was suspected. Reports were made in standardized form on
defined evaluation sheets by use of a predefined code to permit statistical analysis
after the surveys. Only one test result per test method (Venereal Disease Re-
search Laboratory [VDRL] test, T. pallidum particle agglutination assay [TPPA],
etc.) was reported to INSTAND by each participant. Participants were re-
quested to return their reports to INSTAND for further computer-assisted
evaluation of results within 10 days after receipt of samples (13). Qualitative
results from participants were accepted as being accurate if their reported test
results were congruent with the model as determined by the reference labora-
tories (see above). Because the quantitative enzyme-linked immunosorbent assay
(ELISA) results reported were so heterogeneous, owing to the different quan-
tification methods of the test manufacturers, these results were not included in

TABLE 1. Number of German and foreign participants in the
syphilis proficiency testing program surveys conducted

between 2000 and 2003

Mo/yr
No. of participating laboratories

German Foreign Total

3/2000 398 20 418
11/2000 327 18 345
3/2001 395 25 420
9/2001 398 23 421
3/2002 395 28 423
9/2002 350 26 376
3/2003 392 27 419
9/2003 348 26 374

TABLE 2. German syphilis proficiency testing program: characteristics of selected serum samples as determined
by the six reference laboratoriesa

Sample TPHA TPPA ELISA
(polyvalent) VDRL CFT

(cardiolipin)
ELISA
(IgG)

ELISA
(IgM)

Immunoblot
IgG

Immunoblot
IgM

FTA-ABS
IgM

Clinical information
(time of sampling

after therapy)

21/2000 P (5,120) P (10,240) P P (16) P (40) P P P P P (80) Syphilis stage II (3 wk)
22/2000 N (�80) N (�80) N N (�1) N (�5) N N N N N (�5) Healthy blood donor
41/2000 P (2,560) P (5,120) P P (8) P (40) P P P P P (80) Syphilis stage II (4 mo)
42/2000 N (�80) N (�80) N N (�1) N (�5) N N N N N (�5) Healthy blood donor
21/2001 N (�80) N (�80) N N (�1) N (�5) N N N N N (�5) Healthy blood donor
22/2001 P (2,560) P (5,120) P P (32) P (80) P B/P P P P (160) Syphilis stage II (8 mo)
41/2001 P (2,560) P (5,120) P B/N (�1) B/N (�5) P N P N/B N (�5) Syphilis stage II (4 yr)
42/2001 N (�80) N (�80) N N (�1) N (�5) N N N N N (�5) Healthy blood donor
21/2002 P (20,480) P (40,960) P P (128) P (320) P P P P P (160) Syphilis stage II (1 wk)
22/2002 N (�80) N (�80) N N (�1) N (�5) N N N N N (�5) Healthy blood donor
51/2002 N (�80) N (�80) N N (�1) N (�5) N N N N N (�5) Healthy blood donor
52/2002 P (1,280) P (1,280) P B/N (�1) N (�5) P N P N N (�5) Syphilis stage I (5 yr)
21/2003 P (10,240) P (40,960) P P (16) P (40) P N/B P N/B P (20) Syphilis reinfection

stage II (6 mo)
22/2003 P (160) P (160) P N (�1) N (�5) P N P N N (�5) Syphilis stage I (5 yr)
51/2003 P (2,560) P (5,120) P B/P (4) B/P (20) P B/P P B/P P (80) Syphilis stage I (6 mo)
52/2003 N (�80) N (�80) N N (�1) N (�5) N N N N N (�5) Healthy blood donor

a Legend: P, positive; B, borderline; N, negative. Median titers determined by the reference laboratories are given in parentheses.
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the evaluation listed below. Quantitative results of classical titer tests were
accepted as being accurate provided results from participants were reported
within a range of �2 log2 unit dilutions around the median of the test results
obtained by the reference laboratories. A qualifying certificate was forwarded to
successfully participating laboratories for each parameter under the condition
that their microbiological commentary and qualitative and quantitative test re-
sults for both samples determined with established assay systems met the above-
listed criteria (12, 13).

RESULTS

Participating laboratories. From March 2000 to September
2003, between 345 and 423 (mean, 400) microbiological labo-
ratories, including hospital laboratories, independent labora-
tories, physicians’ office laboratories, and manufacturers of
commercially available diagnostic syphilis assays, took part in
each of the eight syphilis serology proficiency testing surveys
(Table 1). On each occasion, between 28 and 18 laboratories
from 10 European countries (Austria, Belgium, Czech Repub-
lic, Finland, Great Britain, Italy, Lithuania, Lichtenstein, Slo-
vakia, and Switzerland) participated as well.

Application of assay systems. Figure 1 provides an overview
of the relative frequencies of use of the various test systems by
the participants during the surveys. Classical treponemal tests,
such as the Treponema pallidum hemagglutination assay
(TPHA) and the TPPA, were used more frequently than the
more recently introduced diagnostic approaches like class-spe-
cific or polyvalent ELISAs and whole-cell or recombinant im-
munoblots (Fig. 1). As expected, most laboratories relied on
stepwise diagnostic protocols, applying a sensitive polyvalent
screening test (TPHA, 48%; TPPA, 45%; ELISA, 7%) fol-
lowed by confirmation of positive results with fluorescent
treponemal antibody absorption test (FTA-ABS test; 57%) or
immunoblotting (43%). Confirmed cases were subjected to the
VDRL test (87%) or cardiolipin complement fixation test
(CFT; 13%) to determine the potential activity of the disease,
followed by IgM class-specific assays like the FTA-ABS IgM
test (42%), IgM immunoblot assay (45%), or IgM ELISA
(13%) to test for the presence of specific anti-T. pallidum IgM
antibodies as an additional marker of active or recent syphilis
infection. This diagnostic approach complies with the recom-
mendations of most European scientific expert opinions and

with the guidelines of the German Society for Microbiology
and Hygiene (6, 9).

General findings. Throughout our surveys, the mean accu-
racy of the reference laboratories was 95% (range, 88 to 100%)
for qualitative test results, 90% (range, 82 to 96%) for quan-
titative test results, and 95% (range, 83 to 100%) for diagnostic
comments. The mean percentage of participant laboratories
that reported correct results by use of different assays on the 16
serum testing samples sent out in the eight surveys of the
German syphilis proficiency testing program from 2000 to 2003
are summarized in Fig. 2. In general, qualitative results were
more reliable (range of mean accuracy, 80 to 98%) than quan-
titative test results (range of mean accuracy, 65 to 83%). Ob-
viously, the test results obtained with the various assays used by
the participants were much less reproducible in samples with
very low and very high antibody titers than in samples with
intermediate amounts of specific antibodies (Tables 2 and 3).
From the broad range of quantitative results reported for the
same specimen during the individual surveys, it can also be
concluded that, in the routine laboratory, the quantity of de-
tected antibody measured in titers (Table 3; Fig. 3) or quanti-

FIG. 1. Number of diagnostic comments and relative frequencies
of use of the test methods reported by participants (mean, 400) during
the surveys, 2000 to 2003. Blot, immunoblot; polyv., polyvalent; Diag.,
diagnostic. Bar markers indicate intervals of �1 standard deviation
around the mean.

FIG. 2. (A) Average percentage of correct qualitative test results
for the given diagnostic methods used throughout the eight proficiency
testing trials. Bar markers indicate an interval of �1 standard deviation
of the mean. (B) Average percentage of correct diagnostic comments
and correct quantitative test results for the given diagnostic methods
used throughout the eight proficiency testing trials. Bar markers indi-
cate an interval of �1 standard deviation of the mean. Blot, immuno-
blot; polyv., polyvalent.
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tative ELISA units (data not shown) can vary widely for the
same sample.

Accuracy of screening test results. Screening tests such as
TPHA (qualitative mean accuracy, 91.4%; range, 56.1 to
98.2%; quantitative mean accuracy, 75.4%; range, 55.5 to
95.5%), TPPA (qualitative mean accuracy, 98.1%; range, 93.8
to 100%; quantitative mean accuracy, 82.9%; range, 66.1 to
96%), and polyvalent ELISAs (qualitative mean accuracy,
99.1%; range, 93.2 to 100%) were much more reproducible
and proved to be more sensitive and specific than FTA-ABS
tests and class-specific ELISAs (Fig. 2a). Clearly, IgM ELISAs
(qualitative mean accuracy, 89%; range, 51.6 to 100%) were
more difficult to manage than IgG ELISAs (qualitative mean
accuracy, 96.7%; range, 86.7 to 100%) and frequently proved
less specific (Fig. 2). Although used by only a small number of
participants (7%), polyvalent ELISAs turned out to be the
most reliable and reproducible test system for the qualitative
detection of specific anti-T. pallidum antibodies throughout
our surveys (Fig. 2A).

Accuracy of anti-lipoid antibody tests and T. pallidum-spe-
cific IgM test results. The qualitative and quantitative test
results obtained by anti-cardiolipin antibody tests and FTA-
ABS IgM assays, which are often used to determine possible
activity of the infection, demonstrated a very low degree of
interassay standardization (Table 4; Fig. 3). The accuracy of

the cardiolipin CFT (qualitative mean accuracy, 90.7%; range,
70 to 100%; quantitative mean accuracy, 81.7%; range, 55.2 to
100%), however, was higher than that of the VDRL test (qual-
itative mean accuracy, 89.6%; range, 68 to 99%; quantitative
mean accuracy, 71.1%; range, 59.0 to 81.6%). With regard to
the detection of specific IgM antibodies, qualitative IgM
ELISA results (qualitative mean accuracy, 89%; range 51.6 to
100%) were more accurate than FTA-ABS IgM test results
(qualitative mean accuracy, 82.3%; range, 64 to 100%) (Fig. 2).
Qualitative IgM immunoblot results (Fig. 2a) showed substan-
tial variability throughout our surveys (qualitative mean accu-
racy, 80.1%; range, 57.8 to 98.9%). Although for the FTA-ABS
IgM test (quantitative mean accuracy, 64.9%; range, 43 to
100%) and VDRL test (quantitative mean accuracy, 71.1%;
range, 59 to 81.6%) the median titers of the participating
laboratories mostly met the median titers calculated for the
positive samples from the results of the reference laboratories,
the ranges of titers reported by the participants showed high
interlaboratory variability, probably owing to methodological
difficulties in reading test results correctly and due to the
known lack of standardization of the commercially manufac-
tured assays used (Table 3; Fig. 3). If samples with borderline
reactivity were excluded from the meta-analysis, for samples
that had been unambiguously determined to be IgM and anti-
lipoid antibody positive (Table 2), the percentage of false-

TABLE 3. Analysis of median antibody titers calculated from the VDRL and FTA-ABS IgM test results of reference laboratories in
comparison to the median titers calculated from the results of all participating laboratories

Assay Date (mo/yr)

Reference laboratory result Participant result

Sample no. Median
titer Range No. of

results
Median

titer Range Acceptable
range Correct (%) Total (%)

VDRL 3/2000 2000/21 16 8–32 197 16 1–128 4–64 98.0 63.6
2000/22 0 0–1 181 0 0–16 0–0.9 70.7

11/2000 2000/41 8 4–8 158 8 1–64 2–32 98.8 64.8
2000/42 0 0–1 143 0 0–2 0–0.9 72.1

3/2001 2001/21 0 0 173 0 0–4 0–0.9 79.2 70.8
2001/22 32 16–64 188 16 0–128 8–128 96.3

9/2001 2001/41 0 0–1 151 0 0–32 0–1 88.1 76.8
2001/42 0 0 148 0 0–4 0–0.9 83.1

3/2002 2002/21 128 64–512 207 128 0–1,024 32–512 94.2 73.9
2002/22 0 0 192 0 0–4 0–0.9 84.4

9/2002 2002/51 0 0 168 0 0–�2 0–0.9 92.2 78.6
2002/52 0 0–1 168 0 0–64 0–1 82.8

3/2003 2003/21 16 8–16 201 16 0–256 4–64 96.0 81.6
2003/22 0 0 199 0 0–16 0–0.9 85.9

9/2003 2003/51 4 0–4 161 2 0–32 1–16 76.4 59.0
2003/52 0 0 161 0 0–�2 0–0.9 82.6

FTA-ABS IgM 3/2000 2000/21 80 40–640 65 40 0–5,120 20–320 64.6 50.0
2000/22 0 0 64 0 0–12 �5 78.1

11/2000 2000/41 80 80–160 50 10 0–640 20–320 66.0 59.1
2000/42 0 0 50 0 0–10 �5 84.0

3/2001 2001/21 0 0 62 0 0–16 �5 82.2 43.0
2001/22 160 40–160 61 160 0–1,280 40–640 52.4

9/2001 2001/41 0 0 48 0 0–160 �5 85.4 85.4
2001/42 0 0 47 0 0–5 �5 93.6

3/2002 2002/21 160 40–320 61 40 0–2,560 40–640 72.1 59.4
2002/22 0 0 60 0 0–12 �5 88.4

9/2002 2002/51 0 0 47 0 �5 �5 100.0 100.0
2002/52 0 0 47 0 �5 �5 100.0

3/2003 2003/21 20 0–80 55 80 0–320 5–80 56.4 52.7
2003/22 0 0 55 0 0–12 �5 96.4

9/2003 2003/51 80 10–256 43 80 0–2,560 20–320 69.8 69.8
2003/52 0 0 43 0 �5 �5 100.0
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negative results accounted for 6.9% of the VDRL test results,
4.7% of the IgM ELISA and CFT results, 18.5% of the IgM
FTA-ABS test results, and 23% of the IgM immunoblot results
from the participating laboratories. The mean percentage of
false-positive results in clearly negative samples was 2% for the
CFT, 4.1% for the VDRL test, 5.4% for the IgM ELISA, 0.7%
for the IgM FTA-ABS test, and 1.4% for IgM immunoblotting
throughout our studies. Clearly, the number of both false-
negative and false-positive test results for anti-lipoid antibody
tests and T. pallidum-specific IgM tests as encountered in our
surveys are correlated with the diagnostic method, the quality
of the test kits (Table 4), and the amount of specific antibodies
present in different sera (Table 3).

Accuracy of reported diagnostic comments. Although most
laboratories adhere to the current guidelines of stepwise sero-
logic testing for syphilis in Germany (9), qualitative and quan-
titative changes in serologic test results may be misleading and
can emerge simply by using different assay systems in different

laboratories (Fig. 3). In addition to these inconsistencies, on
average, only 71% of the participants reported correct inter-
pretative statements of test results throughout our surveys. In
fact, on average, 18.3% of participants in their diagnostic com-
ments misclassified samples from patients with clinically and
serologically defined active syphilis (Table 2) as a past infec-
tion without recommending further treatment. Moreover,
10.2% of laboratories incorrectly reported serological evidence
for active infection in samples from patients with past syphilis
or in sera from seronegative blood donors. This means that,
despite the application of a variety of test combinations on the
same sample by most of the participating laboratories, a lack of
expertise existed regarding whether or not the test constella-
tion suggested possible syphilis and whether an active or past
infection was suspected from the results of treponemal and
nontreponemal assays.

DISCUSSION

In the scientific literature, the ranges of stage-dependent
sensitivity and specificity of diagnostic assays for the serologi-
cal detection of syphilis have been reported to be 70 to 100%
and 97 to 99%, respectively (14). The quality of routine sero-
logical diagnosis of syphilis, however, has been questioned by
several studies that found significant inter- and intralaboratory
variability of test results (11, 12, 15, 20, 21, 22). In the United
States, the Food and Drug Administration (FDA) and the
Center for Devices and Radiological Health enforce a complex
regulatory system for new in vitro diagnostics (8). For assays
that represent a substantially new diagnostic approach, inde-
pendent clinical testing is required in the process of so-called
“premarket approval.” Simple test remakes, the so-called “me-
too tests,” can be cleared by complying with the 510(k) regu-
lations which substantially require the manufacturer to com-
pare its product against an established device that has already

TABLE 4. German syphilis proficiency testing program 2000 to 2003:
accuracy of test results for the most frequently used commercially

manufactured VDRL and FTA-ABS IgM testsa

Assay Manufacturer

Qualitative testing Quantitative testing

No. of
participants

Correct
results

(%)

No. of
participants

Correct
results

(%)

VDRL AX 31 (4.3) 89.1 (15.0) 30 (5.2) 73.8 (15.3)
BN 5 (1.0) 93.8 (16.5) 5 (0.5) 56.7 (24.0)
IS 32 (6.7) 88.3 (15.9) 29 (7.0) 71.1 (9.9)
BB 14 (2.7) 81.5 (14.9) 13 (2.5) 72.7 (13.6)
BW 74 (7.7) 91.7 (6.9) 74 (9.6) 73.6 (5.5)
ZZ 17 (4.2) 88.1 (13.7) 23 (6.9) 65.8 (17.8)

Total 177 (13) 89.6 (10.4) 179 (20) 71.1 (7.5)

FTA-ABS
IgM

AX 29 (3.9) 83.8 (14.2) 19 (3.5) 70.5 (13.7)
IS 12 (3.8) 89.7 (9.2) 7 (2.5) 69.8 (18.3)
BA 5 (1.4) 92.4 (12.6) 4 (1.6) 75.2 (20.7)
MA 22 (3.3) 79.8 (12.4) 9 (2.1) 48.9 (28.7)
ZZ 14 (3.8) 74.3 (21.1) 11 (2.6) 58.9 (27.7)

Total 84 (11) 82.3 (11.5) 54 (8) 64.9 (18.0)

a Results are means, with standard deviations indicated in parentheses. AX,
bioMerieux; BA, BAG; BB, Biokit: BN, Becton-Dickinson; BW, DadeBehring;
IS, Innogenetics; MA, Mast; ZZ, other.

FIG. 3. Representative distribution of quantitative VDRL (A) and
FTA-ABS IgM (B) assay titers, as reported by the participants of the
proficiency testing trial held in September 2003. Distribution of titers
for the positive sample 51/2003 (median VDRL test reference titer, 4;
median FTA-ABS IgM test reference titer, 80) clearly demonstrates
that test results are dependent on the manufacturer of the assay (for
characterization of samples, see Table 3). Distribution of results as
obtained by tests from different manufacturers is indicated by different
gray scales. AX, bioMerieux; BB, Biokit; BN, Becton-Dickinson; BR,
Biorad; BW, Dade Behring; IS, Innogenetics; MA, Mast.
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been cleared by the FDA (8, 14). In Europe, in general, no
independent clinical testing is necessary before placing in vitro
diagnostic tests for syphilis on the market. This development
resulted after the liberalization of the in vitro diagnostics
(IVD) market in Europe, and since the institution of the new
European IVD directive in 2000, the law no longer requires
extensive, independent, and continuous standardized diagnos-
tic as well as clinical evaluation of commercially available se-
rological test kits for syphilis tests (1). Instead, the IVD direc-
tive only enforces quality standards for the production quality
and safety of in vitro diagnostic tests in their intended use (1,
17). Consequently, inexpensive test remakes are promoted and
increasingly pushed onto the market. Actually, in Germany
alone, 42 different companies provide diagnostic tests for syph-
ilis, and not surprisingly, the different methodological ap-
proaches of diagnostic tests in themselves may account, in part,
for substantial differences with regard to the variable test qual-
ity, as noted in our sentinel surveys. In addition, the technically
correct application of a test during diagnostic analysis and the
individual operator’s experience in the evaluation and assess-
ment of test results (e.g., for FTA-ABS and VDRL tests) play
a pertinent role in the quality of the findings and their com-
parability with results obtained by other laboratories (13, 22).
Our investigations show that the VDRL test (qualitative mean
accuracy, 89.6%; quantitative mean accuracy, 71.1%), the IgM
FTA-ABS test (qualitative mean accuracy, 82.3%; quantitative
mean accuracy, 64.9%), and IgM immunoblotting (qualitative
mean accuracy, 80.1%), in part, perform less reliably than T.
pallidum-specific screening tests in the routine diagnostic lab-
oratory (Table 4; Fig. 2 and 3). Although our tests were some-
what different in methodology, our proficiency testing survey
results do resemble the findings of several preceding interna-
tional studies demonstrating considerable deficiencies in the
quality of syphilis serology in the United States, the United
Kingdom, and Taiwan (11, 15, 20, 21). Similarly, a look at the
2004 College of American Pathologists’ proficiency testing re-
ports G-A and G-B revealed that qualitative VDRL and RPR
testing (range of VDRL test accuracy, 84.3 to 100%; range of
RPR test accuracy, 64.2 to 100%) tended to be less reliable
than TPPA testing (range of accuracy, 98.1 to 100%) (K. P.
Hunfeld, personal communication). According to our study,
obviously, the sensitivity and specificity of test results and the
significance of the diagnostic findings depend primarily on the
expertise of the individual laboratory and the test manufac-
turer (Tables 3 and 4; Fig. 3). Moreover, changes in test results
may be misleading and can result simply from the use of dif-
ferent assay systems or from failure to test follow-up samples in
parallel with previously obtained samples from the same pa-
tient. This is important because epidemiologists and physicians
are known to correlate the disease activity and success of
treatment with changes in laboratory tests. Clearly, the level of
accuracy for syphilis serology in Germany is higher than that
revealed in recent surveys on the quality of Lyme disease or
Chlamydia pneumonia serology (13, 16). However, mean accu-
racy levels below 95% for qualitative tests and below 90% for
quantitative tests are unacceptable for diagnosing syphilis
whether in screening pregnant woman, blood products, or po-
tentially infected patients. In addition, successful surveillance
and control of the current syphilis epidemic in Germany call
for better test quality. Furthermore, the fiscal impact of a

flawed test on the health care system is probably largely un-
derestimated. Assuming a prevalence in Germany of 4/100,000
people and ca. 5,000,000 syphilis tests/year, including blood
bank testing, a difference of 11% in net sensitivity and of 0.2%
in net specificity as calculated for two different IgG test com-
binations (TPHA screening tests: test 1 sensitivity, 88%; test 1
specificity, 94%; test 2 sensitivity, 95%; test 2 specificity, 99%;
FTA-ABS confirmatory assays: test 1 sensitivity, 90%; test 1
specificity, 95%; test 2 sensitivity, 95%; test 2 specificity,
99.9%) would account for 14 false-negative cases, 14,950 false-
positive cases, and a total of € 7,249,710 (�$8,699,652) in
excess costs (€ 29, or �$35, per test) due to FTA-ABS confir-
matory testing (n � 249,990 tests). These medical and eco-
nomic considerations clearly warrant intensified efforts to
achieve better quality and standardization in the laboratory
diagnosis of syphilis, in general, and in Germany in particular.
Guidelines for acceptance and evaluation of new syphilis tests
(2) as published by the CDC (Centers for Disease Control and
Prevention), the regular participation of diagnostic laborato-
ries in proficiency testing, and the establishment of medical
advisory boards for the diagnosis of syphilis represent interna-
tionally proven interventions for achieving better test standard-
ization and for regulating the quality of infection serology in
general (12, 15, 20, 21, 22). Over the years, the success of such
policy options is strongly supported by the results of quality
assessment schemes in other countries, including the United
Kingdom, Taiwan, and the United States, where the perfor-
mance of laboratories could be improved, particularly when
guidance was provided to poorly performing laboratories (11,
20, 21, 22). In addition, the use of standard preparations can
increase accuracy levels �10% (21, 22). Such interventions
were successful in parameters like rheumatoid factor, parvovi-
rus B19 serology, Lyme disease serology, and tick-borne en-
cephalitis ELISA testing (3, 7, 10, 21, 22). To improve the
quality of syphilis serology in Germany and possibly in Europe,
a network of independent specialist laboratories should deal
with the issues of test evaluation, quality promotion, and in-
terassay standardization of commercially available test kits on
a more regular basis.
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