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A commercially available enzyme immunoassay (EIA), the Captia Syphilis-G immunoglobulin G (IgG) EIA,
for the detection of IgG antibodies to Treponema pallidum was evaluated for use as a screening test for yaws
(Treponema pallidum subsp. pertenue). The IgG EIA was compared with the fluorescent treponemal antibody
absorption (FTA-ABS) test. All sera were also examined by the T. pallidum hemagglutination test and the
Venereal Disease Research Laboratory test. Serum samples from 271 subjects (23 control serum samples from
an area nonendemic for yaws, 58 control serum samples from an area endemic for yaws, and 190 serum
samples from yaws patients and contacts) were investigated. The overall agreement between the IgG EIA and
the FTA-ABS test was 90%, the sensitivity was 99%, and the specificity was 70.2%. The specificity fell as the
endemicity of the disease increased: from 94.4% in the nonendemic area controls to 86.4% in the endemic area
controls and to 52.3% in the yaws contacts. There was no difference in specificity between children and adults
within each of the three groups. Fifteen children with clinical yaws were monitored for 9 months after
treatment. The level of treponemal antibody fell consistently in 9 of the 15 children as measured by the antibody
index (ratio of absorbance of the test serum to the mean absorbance of the low-titer-positive controls).
Reinfection was seen in three children, with the antibody index rising with the Venereal Disease Research
Laboratory test titer. The Captia Syphilis-G test is a sensitive assay for the detection of treponemal antibodies
in yaws patients. However, the apparent low specificity of the test in the yaws endemic area limits its use as a
screening test for yaws.

Despite the initial success of the mass treatment campaigns
against yaws of the early 1950s to 1960s, over the last decade it
has become obvious that the prevalence of yaws is again on the
increase (12). Associated with this increase, the need for se-
roepidemiological surveys has become more apparent, because
the manifestations of yaws in areas which were previously en-
demic have changed.
The lesions present as attenuated yaws, which is character-

ized by lesions that are few in number and of short duration.
However, periods of latency with a tendency to relapse still
occur. Yaws lesions may now be less florid than in former
times, but they are still infectious, and destruction of tissue and
bone still occurs. The ability of the current generation of rural
health workers to make an accurate clinical diagnosis is now
complicated by the change in the clinical manifestations of the
lesions and suggests that the disease is now underreported.
Therefore, a disease that should be eradicable will persist until
adequate case detection, treatment, and surveillance are im-
plemented. Improved recognition by education is necessary, as
is a surveillance program with appropriate field survey meth-
ods (7). Serology therefore assumes importance when clinical
detection is difficult in milder but still infectious cases and for
detection of active latent yaws.
In screening for syphilis, three different procedures are cur-

rently in use, utilizing either the nontreponemal or treponemal
tests or a combination of both. The nontreponemal tests such
as the Venereal Disease Research Laboratory (VDRL) test
(Behringwerke AG, Marburg, Germany) and the rapid plasma
reagin card test have been in use for the longest period (9, 17).
The Treponema pallidum hemagglutination (TPHA) test is also
widely used because its sensitivity and specificity have been

reported to be higher than those of the nontreponemal tests
(15) and comparable to those of the fluorescent treponemal
antibody absorption (FTA-ABS) test (11). Other work sug-
gested that the TPHA test was less sensitive than the VDRL
test in early syphilis yet more sensitive in late syphilis and that
a screening combination of the VDRL and TPHA tests would
be effective in all stages of the disease (22). Positive results in
one or both tests are confirmed by the FTA-ABS test, which is
sensitive in all stages of syphilis but unsuitable for screening
purposes (8).
The pathogenic treponemes of venereal syphilis and yaws,

Treponema pallidum subsp. pallidum and Treponema pallidum
subsp. pertenue, are indistinguishable both morphologically
and serologically; hence, the screening tests used for the diag-
nosis of syphilis have been evaluated and are used for the
diagnosis of yaws (3, 4). However, none of these tests lend
themselves to automation, and the results are read subjectively.
Recent work in screening for yaws has been directed to low
cost and ease of transport with finger-prick blood samples (1,
16).
An alternative test now available is the immunoglobulin G

(IgG) enzyme immunoassay (EIA), which is suitable for auto-
mation and allows for the rapid, objective screening of large
numbers of serum samples. Evaluations of commercially avail-
able EIA kits for the detection of IgG antitreponemal antibody
to T. pallidum subsp. pallidum have been reported previously
(2, 6, 10, 13, 18, 23). One of these is the Captia Syphilis-G test
(Mercia Diagnostics, Guildford, England) for the detection of
IgG antibodies to treponemal infection. The Captia Syphilis-G
test has been reported to have an overall sensitivity ranging
from 98.3 to 100% and a specificity of greater than 99% in
screening for syphilis (6, 10, 13, 23).
In this study, the performance of the Captia Syphilis-G test
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VDRL and the TPHA tests, with the FTA-ABS test as a
reference.

MATERIALS AND METHODS

A total of 271 serum samples from Madang Province, Papua New Guinea,
were included in the study and stored at 2208C prior to testing. A nonendemic
area yaws control group of 23 serum samples was obtained from Madang Hos-
pital, Madang. With the exception of one child, all were residents of villages on
the mainland of Madang Province. Yaws was eliminated from this area in the
mass treatment campaigns of the late 1950s, and the incidence of syphilis is low
in the province (personal observation by B.J.H. [formerly Specialist Physician,
Madang Hospital]). All adults were examined clinically, and a personal history
was taken; no evidence of yaws or syphilis or past history of genital ulceration was
recorded. Likewise, there was no evidence of yaws in the six children in this
group. The remaining 248 serum samples were from residents of Karkar Island,
which is 64 km off the coastal town of Madang. Yaws is endemic on Karkar
Island; however, syphilis has not been reported in the residents. On Karkar
Island, the presence of yaws tends to be focal in distribution and therefore village
orientated, because visits between villages are uncommon. A control group of 58
serum samples were supplied by Gaubin Hospital, the main hospital on Karkar
Island. The serum samples were from subjects with no clinical evidence of yaws
and from villages with no recent reports of the disease. The remaining 190 serum
samples were from children with clinical evidence of yaws and members of their
families. Dark-field microscopy was performed with samples from 19 children
from this group. Fifteen of the children with clinical yaws and a positive dark-
field microscopy result were monitored at 1 month and 3 months and then at
3-month intervals for 9 months posttreatment.
All sera were examined by the VDRL test and the FTA-ABS test (Behring IgG

conjugate) with standard techniques (19); the Serodia-TP (TPHA) test (Fujire-
bio, Tokyo, Japan), a microhemagglutination assay, was performed according to
the manufacturer’s instructions.
The Captia Syphilis-G assay. The Captia Syphilis-G test, an indirect IgG EIA,

was performed according to the manufacturer’s instructions. The kit contains
microtitration plates with wells coated with a sonicate of T. pallidum; high-
positive, low-positive, and negative control sera; dilution buffer; wash buffer;
tracer complex; and substrate. Sera were prepared for the assay by dilution to
1:20 in dilution buffer; 100 ml of the diluted sera was then added to the appro-
priate wells of the microtitration plate, and the plate was incubated at 378C for
1 h. After incubation, the wells were aspirated and washed five times with the
buffer solution. One hundred microliters of tracer complex was then added to
each well, and the plate was incubated at 378C for 1 h. The aspiration-wash cycle
was repeated, 100 ml of substrate was added to each well, and then the plate was
incubated at room temperature for 30 min. The reaction was stopped by the
addition of 25 ml of 2 M sulfuric acid to each well, and the plate was gently
agitated. The A450 was read with a Dynatech 7000 plate reader blanked on air.
An assay run was considered valid if the absorbance of the negative control

was less than or equal to 0.25, the absorbance of the high-positive control was
equal to or greater than 0.8, and the (mean) absorbance of the low-positive
control was equal to or greater than 1.5 times the absorbance of the low-positive
control and less than or equal to 0.5 times the absorbance of the high-positive
control. Sera with absorbance values within 10% of the low-positive mean were
retested, and a result holding within this range was recorded as positive. The
absorbance of each specimen was expressed as an antibody index (AI [the ratio
of the absorbance of the test serum to the mean absorbance of the low-positive

controls]) as follows: negative, equal to or less than 0.9; equivocal, between 0.9
and 1.1; and positive, equal to or greater than 1.1.
Statistical analysis. Comparisons of proportions were performed by chi-

square analysis or Fisher’s exact test; P values were determined with two-tailed
tests. Sensitivity and specificity were calculated by standard methods.

RESULTS

A total of 271 serum samples were examined by four sero-
logical methods as shown in Table 1. The sensitivity and spec-
ificity of the VDRL and TPHA tests and IgG EIA were cal-
culated with the FTA-ABS test as the standard.
The overall levels of agreement between the FTA-ABS test

and the other tests were as follows: 90.0% (244 of 271) with the
IgG EIA, 95.9% (260 of 271) with the TPHA test, and 66.1%
(179 of 271) with the VDRL test. For FTA-ABS test-positive
sera, the sensitivity of the IgG EIA was 98.9% (185 of 187),
that of the TPHA test was 94.7% (177 of 187), and that of the
VDRL test was 53.5% (100 of 187). The sensitivities of the IgG
EIA were comparable for the three groups, and there was no
difference between adults and children within the groups. Two
serum samples were negative in the IgG EIA and positive in
the FTA-ABS test; one was from an adult male in the nonen-
demic yaws control group, who presented with arthritis; the
other was from an 11-year-old female classified with possible
clinical yaws. Both serum samples gave minimally reactive im-
munofluorescence in the FTA-ABS test. Another eight serum
samples were positive in both the FTA-ABS test and IgG EIA
and negative in the TPHA test; of these, four had a low-
positive VDRL titer.
The overall specificity of the IgG EIA compared with the 84

serum samples negative in the FTA-ABS test was 70.2% (59 of
84), compared with 98.8% (83 of 84) for the TPHA test and
94.0% (79 of 84) for the VDRL test. The specificities of the
IgG EIA were 94.4% (17 of 18) for the nonendemic area
control group and 86.4% (19 of 22) for the endemic area
control group, falling to 52.3% (23 of 44) for the yaws contacts.
The specificity was comparable for the control groups (P 5
0.5). Each of the control groups had statistically significantly
higher specificity than the yaws contact group (nonendemic
area controls versus yaws contacts, P 5 0.002; endemic area
controls versus yaws contacts, P 5 0.007). There was no sig-
nificant difference in the level of specificity between adults and
children within each of the three groups.
The average AI of the 58 serum samples negative in the

FTA-ABS test, TPHA test, and IgG EIA was 0.63, and that of

TABLE 1. Patterns of test results for serum samples from yaws patients and control subjects and mean AIs for each group

Mean AI
Total no.
of serum
samples

No. of subjects (no. of serum samples)a with given test result

Test resultb
Yaws patients and contacts

Controls from:

Yaws endemic area Yaws nonendemic area

Adults (67) Children (123) Adults (36) Children (22) Adults (17) Children (6) VDRL TPHA IgG EIA FTA-ABS

2.98 96 14 68 4 9 1 1 1 1 1
1.92 81 32 26 15 5 3 2 1 1 1
1.87 4 2 2 1 2 1 1
1.20 4 1 2 1 2 2 1 1
0.52 2 1 1 2 2 2 1
0.63 1 1 2 1 2 2
1.50 24 9 12 2 1 2 2 1 2
0.97 1 1 1 2 1 2
0.65 4 1 2 1 1 2 2 2
0.62 54 10 12 13 2 12 5 2 2 2 2

a Total number of serum samples, 271.
b 1, positive; 2, negative.
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the 177 specimens positive in the three tests was 2.50. In the
negative treponemal sera, the mean AI rose from 0.54 in the
nonendemic yaws area group to 0.58 in the yaws control group
to 0.72 in the yaws group. In positive treponemal sera, the
mean AIs in VDRL test-negative, -weakly reactive, and -pos-
itive sera were 1.92, 2.23, and 3.08, respectively. The average
AI in the TPHA test-negative and FTA-ABS test- and IgG
EIA-positive sera was 1.52, and that in the 25 serum samples
positive in the IgG EIA and negative in the FTA-ABS and
TPHA tests was 1.37.
Response to treatment. Table 2 compares the AI of the IgG

EIA and the VDRL test titer results for 15 children who were
monitored for 9 months posttreatment. The FTA-ABS and the
TPHA tests remained positive for all patients over this period.
In nine patients, the VDRL test titer fell after treatment,

and the test was negative by 3 to 9 months. This fall was
mirrored by a consistent fall in AI of the IgG EIA in six
patients. In two patients, the AIs rose at 6 and 9 months,
respectively, with no clinical evidence of reinfection. The AI
showed an erratic increase over the 9 months in patient 15,
who received treatment at 1, 3, and 9 months after the initial
treatment for a chronic ulceropapilloma. The drop in VDRL
test titer was slower in one patient, and the patient’s serum was
still reactive at 9 months; again, the fall was matched by an
overall decrease in AI.
Patient 9 had no clinical evidence of reinfection, which could

explain the rise in AI at 9 months and the persistence of the
low VDRL test titer. The progression of the AI for patient 2
was erratic, although the rise at 1 month posttreatment mir-
rored that of the VDRL test; there was no record of further
treatment. There was insufficient serum remaining from these
subjects to repeat the IgG EIA run, and therefore a technical
error in the initial dilution step could not be excluded as the
reason for the discrepancies in the AI.
Serological evidence of reinfection was seen in three pa-

tients, as indicated by a fourfold rise in VDRL test titer at 9, 1,
and 6 months, respectively. This rise was accompanied by a
clinical lesion in patients 4 and 14. Patient 8 received treatment
at 2 months after the initial treatment for a persistent papil-
loma. In all three patients, the AI rose, mirroring the VDRL
test titer, and then fell again after retreatment.
The fall in AI compared with the time taken for the VDRL test

to become negative ranged between 1.74 and 0.43, taking from 6
to 9 months, and in all cases, AI continued to fall after the VDRL
test had become negative. In the three patients with reinfection,
indicated by a fourfold rise in VDRL test titer within a 3-month
period, the rise in AI ranged between 0.53 and 1.03 and was more
rapid than the fall in AI after treatment.

DISCUSSION

In this study, the overall level of agreement between the
Captia Syphilis-G IgG EIA and the FTA-ABS test of 90.0%
was significantly lower than those reported for another com-
mercially available EIA, Bio-EnzaBead, of 95.7 and 96.3% (2,
18).
By definition, a screening test must have a high level of

sensitivity, and the Captia Syphilis-G test meets this require-
ment. The test gave an overall sensitivity of 98.9%, which is
comparable to the result from a selected clinical series of
serum samples from patients with both treated and untreated
syphilis (98.3%) (10) and the results of three studies testing
consecutive samples (98.4, 100, and 100%) (6, 13, 23). Previous
studies of other screening tests with yaws sera have shown the
rapid plasma reagin test to have a sensitivity of 83.5% (3) and
the TPHA test to have sensitivities of 94.3 and 97% (4, 14).
In 1975, Veldkamp and Vissner reported a correlation be-

tween false-positive IgG EIA and FTA-ABS test results (20).
In this study, eight serum samples were positive in the Captia
Syphilis-G and FTA-ABS tests and negative in the TPHA test.
However, it is more probable that the seven children in this
group had early yaws. Four children had clinical yaws, which
was confirmed by dark-field microscopy performed on serum
samples from two patients, and three children aged 5, 6, and 14
years in the yaws control group had levels of immunofluores-
cence from 21 to 41 in the FTA-ABS test; two children also
had a positive VDRL test. It is also possible that the one adult
in this category who was from the yaws contact group had past
yaws with residual levels of treponemal antibody rather than
giving false-positive results in both tests. These results suggest
that the test is as sensitive as the FTA-ABS test in early yaws,
in contrast with the lower sensitivity of 82% reported for the
Captia Syphilis-G test in primary syphilis when both the TPHA
and FTA-ABS tests were positive (10).
The low overall specificity of 70.2% of the Captia Syphilis-G

test compared with the specificity of the FTA-ABS test in this
study was unexpected. In comparison, the specificity of the
TPHA test was 98.8%, and in an earlier study of yaws from the
same region, its specificity was 82.5% (4). In screening for
syphilis, the Captia Syphilis-G test has an excellent specificity
of .99% (7, 13, 23). An acceptable false-positive rate of 1.5%
in patients attending a genitourinary clinic and 0.8% in ante-
natal patients (17a) was reported, whereas in screening for
yaws, the overall rate of false-positive reactions in the test was
29.8%.
It is apparent that the specificity of the Captia Syphilis-G

assay must be considered with regard to the prevalence of
yaws. When compared with the FTA-ABS and the TPHA tests,
the specificity decreased as the endemicity of the disease in-
creased. The Captia Syphilis-G test alone was positive in 1 of
18 nonendemic area control group patients, 2 of 22 yaws en-
demic area controls, and 22 of 44 of the yaws contacts. It is
difficult to explain the fall in specificity from the nonendemic
and endemic area control groups to that of the yaws contacts.
The progressive increase in both false-positive reactors and

AI in negative sera from the control group to the contacts of
the yaws patients leads to speculation that the IgG EIA may be
detecting a minimal level of IgG anti-treponemal antibody.

TABLE 2. Comparison between the AI of the IgG EIA and
the VDRL test titer after treatment

Patient
no.

IgG EIA AI at mo: VDRL titer at mo:

0 1 3 6 9 0 1 3 6 9

1 2.47 1.99 1.95 1.85 1.78 8 4 0 0 0
2 1.67 2.40 1.67 1.76 1.71 Wa 2 0 0 0
3 4.35 4.18 4.05 3.95 3.74 64 16 8 2 W
4 1.50 2.89 2.88 Ib 3.37 8 8 W I 4
5 3.58 2.49 2.44 I 2.37 16 8 W I 0
6 2.74 1.47 1.00 I 1.76 4 2 0 I 0
7 3.00 2.74 2.52 2.32 2.20 32 8 1 0 0
8 2.98 3.74 3.36 2.39 I 1 4 2 W 0
9 4.37 1.86 3.94 3.61 3.75 32 16 4 2 2
10 4.19 2.75 3.66 I 3.07 32 8 1 I 0
11 2.76 2.76 I 2.23 2.07 8 4 I 0 0
12 2.54 I 2.11 1.74 1.70 16 I 0 0 0
13 3.78 I 3.05 I 2.58 16 8 1 1 0
14 3.71 3.19 2.29 3.63 3.08 4 2 0 4 4
15 2.09 I 3.74 0.68 3.79 16 I 4 W 0

aW, weakly reactive.
b I, insufficient serum.
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The majority of adults from Karkar Island would have received
treatment for yaws in the mass treatment campaign in late 1978
when 92 to 95% of the population was treated (21), and it is
conceivable that the FTA-ABS test had faded with time and
that the IgG EIA was detecting low levels of treponemal an-
tibody.
Similarly, the children with ages ranging from 4 to 15 years

(mean, 10.4 years) may have received treatment for yaws in the
past or penicillin for other infections, because they were from
villages in reasonable proximity to Gaubin Hospital. All chil-
dren had clinical lesions in the ‘‘possible’’ category of early
infectious yaws, and early detection of infection by the IgG
EIA cannot be entirely excluded.
This rationale does not explain the difference in the number

of false positives between the control groups and the yaws
contact group, particularly the low incidence of false-positive
IgG EIAs in the adults from the yaws endemic area control
group. A serological survey in 1969 found the prevalence of
yaws on Karkar Island to be 67.5% (5); therefore, if the IgG
EIA was detecting residual levels of treponemal antibody, a
higher incidence of positive reactions could be expected in this
group.
The mean AIs in yaws sera for VDRL test-positive and

-negative results were 2.98 and 1.92, respectively. This com-
pares favorably with AIs of 3.3 and 1.77 in VDRL test-positive
and -negative sera, respectively, in syphilitic patients (23).
Comparison with a predetermined mean AI of the Captia

Syphilis-G test may be of value, both as an indicator of level of
activity of the disease and in follow-up surveys after treatment
as an indicator of a successful response to treatment or of
relapse or reinfection, thus performing a diagnostic role similar
to that of the nontreponemal test titer.
This approach was applied to the 15 subjects who were

monitored for 9 months after treatment. Use of the mean AI
for VDRL test-positive subjects to assess the initial activity of
the disease gave 6 of 11 with VDRL titers of$8 and 2 of 4 with
titers of ,8.
The VDRL became negative after treatment in 11 subjects,

whereas the AI at the same time, although lower than the
pretreatment AI for each subject, remained elevated above the
mean AI of the VDRL test-negative yaws serum samples in 8
subjects. In posttreatment follow-up serology, a fall in VDRL
titer to negative is indicative of an adequate treatment re-
sponse. Because the AI was above that of the mean VDRL
test-negative yaws AI in 73% of the subjects when the VDRL
test had already become negative, we conclude that the VDRL
test remains the most useful monitor of success of treatment
and probably of activity of yaws infection.
In a successful eradication campaign, adequate surveillance

is of prime importance, initially to determine the extent of the
problem and later to monitor the response to treatment in
resurveys. A treponemal test makes no distinction between
current or past infection. In areas where atypical lesions are
present and in latent yaws, a nontreponemal test titer of $8 is
a useful guide to the activity of the disease. The sensitivity of
the Captia Syphilis-G test is comparable to those of both the
TPHA and FTA-ABS tests for use as a screening test. The
VDRL titer would still appear to be a better measure of dis-
ease activity and treatment success than the Captia Syphilis-G
test.
The Captia Syphilis-G test has excellent sensitivity in yaws

sera. However, its use as a screening test will be limited until it
is established whether a positive result indicates past or sub-
clinical infection or a false-positive reaction, suggesting a low
level of specificity in a yaws endemic area.
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