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SYNOPSIS

The author describes an investigation, carried out in 1953-55
under the sponsorship of the Indian Council of Medical Research,
to determine the relative merits of the serological tests for syphilis
in current use in the major laboratories in India. Eight laboratories
were included in the survey and in each the same three tests-the
Wassermann test, the Kahn standard test, and the VDRL slide
precipitation test-were evaluated as to specificity, sensitivity and
reproducibility. In all, 921 serum samples were examined: 376 from
syphilitics, 86 from patients with non-syphilitic venereal disease,
265 from patients with non-venereal diseases, and 194 from appar-
ently normal donors.

The VDRL test proved to be the most satisfactory on the
average (specificity, 97.6%; sensitivity, 95.2%; reproducibility,
87.2%) and it is therefore recommended that this test be adopted
as the only routine serological test in all laboratories. From the
considerable inter-laboratory variations observed in the results, it is
obvious that there is room for improvement in the standard of
technical performance in most of the laboratories. The author
suggests that by reducing the number of different tests used to a
minimum, improvement and standardization of techniques would
be facilitated.

In 1948, a questionnaire was sent from the Director-General of Health
Services, India, to the various states to obtain information regarding the
facilities available generally in India for the serological control of syphilis.
The replies to the questionnaire from 30 institutions engaged in serological
testing for syphilis were later analysed and a note was prepared by Dr K. V.
Venkatraman on the standardization of the serological tests for syphilis
in India. This note was considered and approved by the Venereal Diseases
Sub-Committee of the Indian Council of Medical Research (ICMR) at its
annual meeting held in Hyderabad during November 1951. The Sub-
Committee recommended that an inter-laboratory evaluation of serological
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test procedures in current use in India be instituted by the ICMR, on the
lines indicated by Dr Venkatraman, as a preliminary to their standardization.
The undertaking of this inquiry by Dr R. V. Rajam of the Institute of
Venereology, Madras Medical College, was sanctioned accordingly by
the ICMR in 1952.

The purposes of the inquiry were:
1. To evaluate the comparative specific merits of the serological tests

for syphilis in current use in India.
2. To check the present technical standard of performance of the tests

in the various laboratories in India.
3. To recommend a standard test or tests, in which standardized reagents

and uniform techniques both in testing and in reporting the results are used,
for the specific diagnosis of syphilis in India.

4. To suggest methods of improvement of the technical standards of the
serological laboratories in India.

Methods and Materials

Participating laboratories

1. Venereal Disease Laboratory, Madras Medical College, Madras.
2. Serological Laboratory, Government of India, School of Tropical

Medicine, Calcutta.
3. King Institute, Guindy, Madras.
4. Haffkine Institute, Bombay.
5. King George's Medical College, Lucknow.
6. Armed Forces Medical College, Poona.
7. Medical College, Agra.
8. The Blood Bank, Calcutta.

Standard tests for syphilis evaluated

1. Wassermann reaction (WR). The method of Harrison & Wyler
(1916) was followed for the qualitative tests. The method of Price (1950)
was followed for the quantitative tests.

2. Kahn standard Test (KR) (Kahn, 1950). The following modifications
were made in the Kahn standard test:

(a) The test results were read only once, 10 minutes after the addition
of saline.
(b) The proportion of antigen to serum was 1: 12, i.e., to 0.0125 ml of
the antigen, 0.15 ml of the appropriate dilution of serum was added,
and the results were reported in terms of the highest dilution giving a
positive reaction in the quantitative tests.
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3. Veneral Disease Research Laboratory microflocculation test (VDRL)
(Harris, Rosenberg & Del Vecchio, 1948).

Organization of inquiry
An essential feature of the inquiry was that all participating laboratories

should employ the same testing technique and use the same lots of the
appropriate antigen in each of the three tests. It was also important that
there should be uniformity in the method of recording of the readings in
the reaction tubes and in the reporting of results, since this would facilitate
compilation of the data and comparative evaluation of the results. To this
end, notes on technical details of the WR, KR, and VDRL test procedures-
qualitative and quantitative-and antigens from the same batch numbers
were sent to all the laboratories in advance by Dr K. V. Venkatraman at
Calcutta. The KR and WR antigens were prepared at the Government
Serological Laboratory at Calcutta and the VDRL antigen was kindly
donated by Lederle Laboratories (India) Private Ltd. Further, four blank
forms for the recording of detailed information on donors (I), serum samples
(II), and reagents (III) and for the reporting of results (IV) were printed in
adequate numbers. Forms III and IV were distributed in advance to all the
participating laboratories, while forms I and II were retained at the Institute
of Venereology in Madras. The reagents other than the antigen-namely,
complement, amboceptor and sheep red-cells-could not be issued from one
source and therefore had to be provided by the individual laboratories them-
selves. However, descriptions of standard methods for the preparation and
standardization of these reagents were sent to the laboratories, with the
instruction that such methods be followed strictly and complete details
regarding them furnished with the report on the results.

Donors of serum samples were selected with a view to obtaining, as
far as possible, a definite percentage of several categories of sera, including
those from treated and untreated syphilitics in various clinical stages, from
normal healthy persons and from persons with diseases other than syphilis.
Most of the people chosen for this investigation were patients who attended
the Institute of Venereology, Madras, or the various departments of the
Government General Hospital of which the Institute forms a part. Donors
for the categories " recently vaccinated " and " pregnancy" were selected
from a health centre called " Ashok Vihar ", which is very near to the clinic
maintained by the Corporation of Madras. Non-venereal treponematosis
is not very prevalent in the State of Madras, except in certain isolated
enclaves in some of the districts. It is possible that some of the donors from
these enclaves may have had undiagnosed non-venereal treponematosis,
but the number of such persons would be insignificant. The relevant
information on donors and serum samples was entered on forms I and II,
respectively, and kept by the author at the Institute of Venereology in
Madras.

997



R. V. RAJAM

Samples were taken from about 12 donors every Friday; as far as
possible, 50-60 ml of blood were withdrawn from each donor, before a
meal, into 200-ml test-tubes. The blood was then allowed to clot, and
about 20-25 ml of clear serum was obtained by centrifugation of the serum
separated from the clot. Although aseptic precautions were observed
throughout, merthiolate (1 in 3000) was added to each sample, which was
then marked with the appropriate code number and preserved in the
refrigerator until ready for dispatch. Every Tuesday, each of the serum
samples prepared on the previous Friday was distributed, in quantities
of 2-3 ml, in 5-ml vials, stoppered securely with corks. On the same day,
one of the vials from each serum sample was sent by air (safely packed in
tin containers) as " unknown " to each participating laboratory outside
Madras. The remaining vials from each serum sample were stored in the
freezing compartment of the refrigerator and were subsequently dispatched,
one at a time and with appropriate code numbers, to a designated laboratory
at seven-day intervals. Thus, each Tuesday some repeat samples were sent
off to the participating laboratories along with the new ones taken the
previous Friday. The object of this was to get the laboratories to repeat
each test at least three times on a proportion of the serum samples, so that
the reproducibility of the test results after seven-day intervals could be
determined. All the laboratories were instructed to perform their tests on
the Friday of each week, since the " unknowns " dispatched on the Tuesday
would reach their destination by the Thursday at the latest. The two
laboratories in Madras kept their quota of samples at room temperature
from Tuesday to Friday, so as to simulate the conditions under which the
sera were transported to the other laboratories.

The results obtained from each test and the information on the reagents
used by the participating laboratories were entered in triplicate on the
printed forms III and IV, and a copy of each was sent to the Institute of
Venereology at Madras and to the Government Serological Laboratory at
Calcutta; the third copy was retained by the laboratory for its own record.

As far as possible, all the laboratories performed qualitative and quan-
titative WR, KR, and VDRL tests on all samples, using uniform procedures.
There were a few instances of breakages and of " insufficient serum " for
quantitation; and in some cases the repeat tests at weekly intervals were not
carried out.

Evaluation of results

The inquiry was started on 1 June 1953 and concluded on 31 March
1955 (22 months' duration), during which time 921 samples of sera were
examined. The Medical College, Agra, only joined the investigation on
20 August 1953 and the Blood Bank, Calcutta, on 27 August 1954, while
the Venereal Disease Laboratory, Madras, did not begin to carry out
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WR tests on the sera until 17 December 1954. The number of serum
samples tested by these three laboratories was therefore proportionately
less.

The sensitivity of each test was expressed as a percentage of positive
reactions obtained in known cases of syphilis. Doubtful reactions were
given half the value of positive reactions in the actual calculation of sensi-
tivity rating.

The specificity was expressed as a percentage of negative reactions in
apparently healthy normal persons. Doubtful reactions were given half
the value of negative reactions in the actual calculation of percentage
specificity.

The reproducibility was assessed by the ability of a laboratory to obtain
the same result by the same test on split samples of the same positive or
negative serum, three times at intervals of a week. The data were arrived
at by giving for each type of serum the full value of one for identical
results obtained and counting as one-half, a positive (P) or a negative (N)
reproduced as doubtful (DF), and a doubtful reproduced as positive
or negative.

Example. If one laboratory tested the following sera on three different occasions with
the following results, the calculation would be done as follows:

Result Result ResultSerum of original of first of second Values
No. test repeat test repeat test

I P P P 2
2 P P DF 1½/2( ½+ I/2)
3 P DF DF 1 (½/2+½)
4 P P N 1(1 +0)
5 P DF N 1/2 (½/2+ °)
6 P N DF ½/2 (O + 1/2)
7 P N N 0 (O + 0)
8 DF P N 1 (1/2 + 1/2)

Total tests done = 8
Total tests repeated = 8 + 8 = 16
Values obtained = 71/2 7.5 x 100
Percentage reproducibility 47% (corrected to the nearest integer)

16

For analysis of results each laboratory was given a code letter with
which to mark its report. The code letter was known only to the particular
participating laboratory and the control unit.

To secure uniformity in the comparative evaluation of the quantitative
test results, which are usually expressed in different ways, the WR titre
reported by the laboratories was divided by 5 and the Kahn " units "
expressed in dilutions (dils) by dividing the units by 4. For example, a posi-
tive Wassermann reaction in a dilution of 1 in 20 would be expressed as
" positive 4 ", and a reaction of 16 Kahn units would also be expressed as
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" positive 4 ". To arrive at the mean titre of a category, logarithmic function
was used, to lessen the effect of large outlying observations. The adjusted
titres vary in geometric progression. Application of logarithmic function
not only arranges them in arithmetic progression, but also facilitates easy
calculation, since multiplication and division are made simpler.

Example. If in a group, 4 samples are reported as 2 dils, 8 as 4 dils, and I as 256 dils,
the mean, calculated without the help of logarithmic function, would be:

Z titre x frequency
number of samples

2 x 4 + 4 x 8 + 256 x 1
13

8 + 32 + 256
13

296 = 22.8 dils
13

All the samples except one show 4 dils or less, and yet the mean is many times more than
this. The high titre of only one sample has had an undue effect on the mean. If calculated
logarithmically, the mean will be:

Z frequency x loge of titre
number of samples

4 x loge 2 + 8 x loge4 + I x loge 256
13

4 x 0.6931 + 8 x 1.3862 + 1 x 5.5448
13

19.3668
- 13- = 1.4897

The antilog of 1.4897 is 4.43. Hence the mean titre is 4.43 dils, which is very near 4 dils.
This is a more probable value and can be accepted as the mean.

Any comparison of the specificity and sensitivity of different methods
should take into account the differences between the individual test sera
in any particular category. Therefore, the results obtained by different
laboratories with the same sera were analysed to determine the degree of
agreement between the sera in a given category. This analysis included 108
sera from normal healthy persons and 134 sera from untreated syphilitics,
all of which had been examined by the WR, KR, and VDRL tests in six
laboratories - P, Q, R, T, X, and Z. Table 1 gives for each category, i.e.,
normal and syphilitic, the number of sera showing agreeing results in all
six laboratories, in five out of six, in four out of six, etc.
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TABLE 1. DISTRIBUTION OF REACTIVITY OF SERA AMONG
DIFFERENT LABORATORIES

Number of sera agreeing in

WR test KR test VDRL test

observed expected observed expected observed expected

A. 108 sera from normal donors

0

5

5

8

7

14

69

0.001

0.041

0.588

4.454

18.98

43.12

40.82

0

0

2

0

2

7

97

0.001

0.050

1.236

16.37

90.34

0

0

1
0

2

14

91

0.002

0.076

1.626

18.51

87.78

B. 134 sera from untreated syphilitics

92

19

7

4

0

6

6

54.95

52.81

21.15

4.516

0.543

0.035

0.001

94

18

3

4

5

3

7

54.01

52.99

21.66

4.724

0.579

0.038

0.001

116

12

3

1
0

2

0

105.84

25.47

2.553

0.137

0.004

* ' Reactive" here includes doubtful as well as positive results.

Presuming that the probability that the vth serum would be found
reactive by a certain method in the ith laboratory was p,j, we tested the
hypothesis that p,j was common for all laboratories: i.e., that p^, = Pv2 =

.. Pvk, where k indicates the number of laboratories (in this case, 6).
If the p,j values were the same for the different sera, a straight comparison
of the relative frequency according to the binomial distribution would be
sufficient.

For each category and test in our analysis the expected values according
to binomial distribution were calculated. It is obvious from Table 1 that
in the case of the WR test on normal sera and the WR and KR tests on

sera from syphilitics, the observed values are considerably higher than the
expected, and that in the remaining three cases also the observed values do
not agree with the expected.

When calculating the expected value it was presumed that there was no

variation from laboratory to laboratory. Should such a variation in fact
occur, the number of cases where the laboratories show agreeing results

Number of
reactive" *

labo-
ratories

All 6

5

4

3

2

None

All 6

5

4

3

2

None
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would be reduced. It was therefore obvious that the hypothesis that the
p-values were the same for the different sera had to be discarded.

Accepting that the sera were different, we returned to the question of
variation between the laboratories. If there were no such variation, the
observed relative frequencies (h . ) of reactive samples would vary at random
from laboratory to laboratory about a common average value (p..).

It was possible to show that these frequencies (h.j) for the given values
of the frequencies of reactive results for each serum (h.,) were distributed
approximately normally about the common average value h.., having the
following values for variance and covariance:

V1 h.s 2-(-.. (hV -h. )2
v=l

and

(2) Vth.1, h.*}-. k V{h.}

From the above it was possible to establish a x2 test of the hypothesis
that the p values were the same in all six laboratories. The value of x2
was calculated as follows:

(3) 2 k-l E

The above values approximately followed a x2 distribution with k-l
degrees of freedom.

The calculations and evaluations of the x2 values showed that variations
existed from laboratory to laboratory, both for specificity and for sensitivity
(see pages 1004 and 1007).

Finally, we made a comparison between methods within each laboratory.
This was done in the same way as the comparison between laboratories,
the h. 's in formulae (1), (2) and (3) being taken as the relative fre-
quencies of positive (or negative) results by the ith method.

To answer the question whether the methods used in a laboratory
were correlated or not would have required tables corresponding to Table 1
for each laboratory, and such tables were not prepared. It could, however,
be shown that the use of the variance calculated from the binomial dis-
tribution would generally lead to too few significances.

In the following text and tables the number of reactive sera is often
expressed as the sum of the positive results and one half of the doubtful
results. This mode of expression is generally used to give a reasonable
consideration to the doubtful results, and has been adopted in previous
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WHO documents concerning surveys of methods. It should, however,
be noted that in the final expressions regarding significance, only the
positive results have been used as the basis for calculation.

Types and number of sera tested
In all, 924 serum samples were taken; the distribution of these in the

various categories is shown below.
Category of sera Number PercentageOf samples

A. Normal 194 21.00

B. Syphilitic 376 40.69
Primary syphilis (S I) 38
Secondary syphilis (S II) (untreated) 70
Secondary syphilis (treated) 35
Early latent syphilis 63
Late latent syphilis 38
Late benign syphilis 58
Cardiovascular (CVS) syphilis 13
Central nervous system (CNS) syphilis 32
Congenital syphilis 18
Syphilis with other infections 11

C. Non-syphilitic venereal 86 9.31
Gonorrhoea 17
Chancroid 6
Granuloma inguinale (donovanosis) 27
Lymphogranuloma venereum 36

D. Abnormal (non-venereal) 265 28.68
Tropical eosinophilia 13
Leprosy 32*
Malaria 13
Visceral leishmaniasis 16
Upper respiratory infections 6
Pyrexia after minor surgery 9
Recently vaccinated 35
No established disease 15
Pregnancy 22
Herpes progenitalis 11
Genital warts 12
Cancer 8
Tuberculosis 7
Rheumatic diseases 6
Psoriasis 6
Filariasis 4
Yaws 8
Miscellaneous 42

E. Rejected 3 0.32

TOTAL . . 924 100.00

* One of these 32 cases of leprosy was also suffering from chancroid.
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Discussion of Results

The best criteria for judging the value of serological tests for syphilis
are their sensitivity and specificity, as measured and compared directly
by their reactivity with samples of sera from clinically well-established
cases of syphilis and other diseases and from normal healthy persons.
The sensitivity and specificity ratings attained by the participating labora-
tories with each test will again be the best criteria for evaluating their
standard of technical performance. Further, the ability of a laboratory
to reproduce its own results or to maintain consistency in the reporting
of similar results upon aliquot portions of the same sample tested at
reasonable intervals may also be considered an important criterion.

Table 2 gives the analysis of the results of the testing of sera from
normal donors. Most of the normal donors were students and resident
medical officers from the Medical College and the Government General
Hospital, Madras. They were carefully screened clinically for evidence
of present or past disease and were considered normal healthy persons.
A specificity of 100% may be expected from the sera of this category with
any standard test for syphilis.

All deviations from the ideal value of 100% are significant, even if
only one serum deviates from the expected result, and it is clear from
Table 2 that all methods deviated from the ideal specificity. On the other
hand, there was not a sample of serum which was reactive to all the tests
in all the laboratories.

The first part of the table (A) presents the results for six laboratories
which all examined the same 108 sera; the second part (B) gives the results
for 86 additional sera, most of which were tested in five or less laboratories
only, as well as the results from laboratories S and Y, which tested only
some of the 108 and some of the 86 sera.

The x2 values computed on the basis of the number of sera found
positive with each method according to formula (3) on page 1002
are 12.64, 5.75 and 7.45 for the WR, KR and VDRL tests, respectively.
Having five degrees of freedom, only the x2 value for the WR test exceeds
the 5 % level of significance.

In the case of the 108 sera in Table 2A, the specificity-expressed as

DF
N+ 2

P + DF + N x 100

-lies between 81 and 92 for the WR test and between 95 and 99 for the
KR and VDRL tests. A relatively high specificity was noted for the WR
test in laboratories P, Q and X, while the lowest value (81.0) was observed
in laboratory T.
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Comparison of Table 2A with Table 2B reveals the facts set forth below.
It should be borne in mind, however, that most of the sera in group B
were tested in only five or less laboratories, the number of sera not tested
in laboratory P varying from 31 to 59 out of the total of 86.

The specificity of the WR test is, for all six laboratories, higher in
group B than in group A, but within both groups laboratory T shows
the lowest specificity and laboratory P the highest. These findings are in
agreement with the results obtained from the estimation of significance
described above.

With the KR test the specificities in group B show a broader range
than those in group A, but again there is agreement between the two groups
as to the laboratory showing the lowest specificity-in this case, laboratory Z.

The specificities of the VDRL test also show an increased range in
group B. Here, within both groups laboratory T again shows the lowest
specificity. It should be noted that in all the laboratories from 15 to 21
of the 86 sera were not tested (in laboratory P, 59 sera were not examined).

The results of the testing of sera from syphilitics in all stages are pre-
sented in Table 3. In the first part of the table (A), 134 sera from untreated
syphilitics, all examined in the six laboratories, are analysed; in the second
part (B), the remaining sera from untreated syphilitics, together with
all the syphilitic sera tested in laboratories S and Y, are dealt with; and
in the third part (C), the 35 sera from treated cases of secondary syphilis
are examined separately.

The x2 values computed on the basis of the number of non-reactive
sera are 14.1, 25.2 and 15.2 for the WR, KR and VDRL tests, respectively,
and have also five degrees of freedom. All these values are found to
exceed the 5% level of significance (P = 1.0-2.5, < 0.05 and 0.5-1.0,
respectively), the value for the KR test being highly significant.

Table 3A shows that the sensitivity-expressed as
DF

p+ 2
P + DF + N x 100

-of the WR test varies from 82 to 92, the highest values being shown4by
laboratories Q and X, the lowest value by laboratory P. The sensitivity
of the KR test is somewhat lower, 79-87, the lowest values being obtained
in laboratories P, T and X. The VDRL test is seen to have the greatest
sensitivity, 91-97, the values shown by laboratories P and Z being slightly
below those shown by the other laboratories.

The results presented in Table 3B show that, with the remainder of
the sera from untreated syphilitics, the three tests gave sensitivities that
did not deviate remarkably from the above, except in the case of the WR
test from laboratory Q and the KR test from laboratory T, both of which
showed a lower sensitivity.
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Not all the 35 sera from treated cases of secondary syphilis (Table 3C)
were tested in the six laboratories (P, Q, R, T, X and Z). The sensitivities
calculated from this material are lower than those shown in Table 3A.
The range of difference in sensitivity was, for the WR test, 23.1 (laboratory
P) to 9.8 (laboratory Z); for the KR test, 16.5 (laboratory P) to 4.0 (labora-
tory Z); and for the VDRL test, 11.6 (laboratory T) to 0.9 (laboratory P).
It is remarkable that laboratory P showed the greatest decrease for WR and
for KR and the least for VDRL, while laboratory Z showed the least
decrease for WR and for KR. It should be noted that laboratory P did
not examine 6, 14 and 14 sera, respectively, by the WR, KR and VDRL
tests, whereas none of the other five laboratories failed to test more than
one or two of the 35 sera in this group.

In general, the WR tests showed the lowest sensitivity and specificity
and the VDRL tests the highest. The KR tests gave intermediate results,
the sensitivity being similar to that of WR and the specificity being closer
to that of VDRL.

The most remarkable differences observed were the following: in
three laboratories, P, R and Z, the sensitivity increased from WR to KR
to VDRL, whereas in the three other laboratories the KR sensitivity was
the lowest, especially in laboratory X: 79.1 compared with 89.6 (WR)
and 97.0 (VDRL).

From Table 4A, which presents all the quantitative results obtained
in six laboratories with the 108 sera from normal donors, it is seen that
the higher titres are rare (titres of 8 dils or more were observed only
15 times among the 1944 results, and 12 of these were obtained with the
WR test). The average WR titres per laboratory vary from 1.5 to 3.4 dils
(geometric mean among positive reactors).

In Table 4B the results for all six laboratories are combined. The
percentage of doubtful sera among the positive and doubtful together is
remarkably higher for KR (37 %) and VDRL (59 %) than for WR (14 %),
but the average titres (geometric means among the positive reactors) are
quite close to each other. The distribution of the titres for the positive
sera is the same for all three methods.

Table 5A shows the percentage sensitivity obtained in the testing of the
sera from cases in different stages of syphilis in laboratories P, Q, R, T,
X and Z. For each clinical group, two columns of figures are given, the
first (left) indicating the sensitivity as calculated from the results for the
sera examined in all six laboratories and the second (right) indicating
the sensitivity as calculated from the results for the remainder of the sera,
most of which were tested in only five or less laboratories. The figures
in parentheses show the number of sera tested in the latter case. When
this number is below ten, it is printed in italics. The table also shows,
for the sera tested in all six laboratories, the average sensitivity per method
and clinical group. Table SB presents the results for all the sera tested

3
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TABLE 4. QUANTITATIVE RESULTS OBTAINED WITH 108 SERA
FROM NORMAL DONORS

A. Distribution of titres and average titres

_________________________________I___-TGeometric-
Labora- ~~~~~~~Titre (dils) Total

ma m ntory Test DF
(d s_ (doubtful + positmoe

tory ~~~~~~12 4 8 16 32 positive)
rectr

P WR 1 3 1 4 9 3.35

KR 2 2 -

VDRL 1 1 -

Q WR 1 8 4 2 15 1.48

KR 1 1 2 -

VDRL 2 1 3 -

R WR 6 5 4 6 1 1 23 2.55

KR 1 2 3 -

VDRL 1 1 2 -

T WR 1 7 6 3 3 1 21 2.37

KR 2 2 4-
VDRL 3 1 1 1 1 7 -

X WR 3 6 1 3 1 14 2.00

KR 1 1 2 _

VDRL 4 1 5 -

Z WR 2 7 6 2 1 18 1.75

KBR3 1 1 1 6

VDRL 3 1 4-

B. Combined results of all six laboratories

Titre (dils) Total IGeometric
Test DF % DF * positive mean among

1 2 4 8 16 32 ( reactors

WR 14 14.0 36 21 17 9 3 86 2.13

KR 7 36.8 7 3 1 1 12 1.59

VDRL 13 59.1 3 2 2 1 1 9 2.94

DF
P+DF
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TABLE 5. PERCENTAGE SENSITIVITY OF SERA FROM SYPHILITICS
IN DIFFERENT CLINICAL STAGES

Untreated Treated Early Late Late Con-

Laboratory latent latent benign CVS CNS genital

14 24 26 44 0 35 28 35 13 25 28 30 1 12 14 18 10 8

A. Sera tested in all six laboratories and those tested in only five or less

75 83
(6)

79 83
(6)

86 100
(3)

79 40
(24)

64 50
(24)

79 83
(20)

82 74
(21)

79 77
(24)

93 88
(20)

67
(23)
50
(24)
75
(20)

96 98
(29)

94 100
(21)

96 100
(15)

96 98
(44)

92 100
(44)

100 100
(36)

94 100
(42)

94 100
(42)

100 100
(35)

89 100
(42)

92 91
(43)

96 97
(37)

- 59
(29)

- 67
(21)

- 91
(21)

- 78
(34)

- 81
(35)

- 86
(35)

- 70
(33)

- 81
(35)

- 96
(35)

- 64
(35)

- 61
(35)

- 84
(35)

75 77 65 82
(32) (17)

73 79 77 80
(19) (5)

86 93 92 100
(15) (4)

93 90 100 94
(30) (25)

84 88 92 90
(33) (25)

96 98 100 100
(30) (24)

79 76
(29)

80 89
(35)

95 98
(32)

86 88
(30)

77 67
(33)

93 97
(30)

88 74
(21)

92 90
(24)

100 100
(24)

85 69
(24)

85 46
(24)

100 100
(24)

86 86
(21)

93 83
(18)

96 82
(17)

96 86
(28)

93 83
(30)

100 93
(28)

86 83
(24)

89 91
(28)

100 96
(26)

86 80
(23)

84 71
(26)

95 90
(24)

100 71
(7)

100 86
(7)

100 100
7

100 67
(12)

100 83
(12)

100 88
(12)

100 67
(12)

100 100
(12)

100 100
(12)

100 79
(11)

0 73
(11)

100 95
(11)

68 65
(13)

68 94
(9)

79 80
(5)

71 78
(18)

71 89
(18)

86 100
(13)

57 83
(15)

71 91
(17)

93 100
(14)

64 81
(13)

61 79
(14)

100 100
(11)

100 100
(5)

90 0
(1)

100 0
(1)

100 88
(8)

90 88
(8)

100 100
(8)

100 100
(8)

90 81
(8)

100 100
(8)

100 100
(7)

90 50
(8)

100 94
(8)

X WR 71 63 100 99 - 69 86 91 100 84 89 91 100 92 79 81 100 100
(19) (44) (34) (32) (25) (27) (12) (18) (8)

KR 71 75 96 95 - 69 75 83 77 90 84 82 100 79 54 81 80 75
(24) (44) (35) (35) (25) (30) (12) (18) (8)

VDRL 93 80 100 100 - 86 59 50 00 10110 0 86100 100 89 97 100 100
(20) (42) (35) (32) (25) (28) (12) (15) (8)

Z WR 71 72 94 97 - 75 82 66 77 72 91 89 100 73 68 78 90 88
(23) (44) (33) (31) (25) (27) (11) (18) (8)

K R 64 80 92 98 - 83 89 86 88 92 95 74 100 100 79 86 90 88
(23) (44) (33) (35) (25) (29) (1 0) (18) (8)

VDRL 93 78 94 100 - 84 93 98 92 696 6 83 0 0 100 86 90 95 100
(20) (37) (34) (32) (25) (27) (10) (15) (8)

Average
WR 74 95 83 86 89 68 98
KR 70 94 80 85 90 68 88
VDRL 89 98 93 97 98 89 99

B. All sera tested

100 93
(7) (26)
86 93
(7) (26)

100 100
(7) (26)

100 100
(1) (4)
79 99
(38) (70)
90 100
(34) (63)

in two laboratories with a limited testing programme

67 87 95 91 88 92 100
(6) (23) (10) (28) (4) (13) (6)
33 81 95 97 100 100 100
(6) (24) (1 0) (29) (4) (13) (6)
58 96 100 100 100 100 100
(6) (24) (10) (29) (4) (13) (6)

33 100 100 94 100 100 100
(3) (4) (5) (9) (3) (7) (4)
86 87 97 94 92 83 89
(35) (63) (38) (58) (13) (32) (18)
93 98 100 96 100 91 100
(35) (60) (38) (56) (13) (29) (18)

P WR

KR

VDRL

Q WR

KR

VDRL

R WR

KR

VDRL

T WR

KR

VDRL

64

64

93

S WR

KR

VDRL

Y WR

KR

VDRL
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in laboratories S and Y. Here again, the numbers of sera tested are given
in parentheses, and printed in italics if below ten.

The highest sensitivities are noted in the clinical groups " untreated
secondary syphilis " and " congenital syphilis ", the lowest in the groups
" untreated primary syphilis " and " CNS syphilis ".

The sensitivities of the WR and KR tests are on the whole appreciably
lower than those of the VDRL tests; the only exception is seen in the group
" congenital syphilis " (10 sera), where the sensitivity of WR is practically
the same as that of VDRL.

The diagnosis of primary syphilis is confirmed by the demonstration
of Treponema pallidum in the suspected lesion under the darkfield micro-
scope. A 1000% sensitivity cannot be expected in primary syphilis with
any standard serological test. The percentage of positive reactors obtained
with such tests in primary syphilis depends upon many factors, including
the time elapsing between the appearance of the chancre and the carrying-
out of the tests, and the sensitivity level of the tests concerned. Stokes,
Beerman & Ingraham (1944) give the following figures for the percentage
sensitivity of the WR test in primary syphilis:

5-10 days ...... 44%
10-14 .. . ... 45%
3-4 weeks ...... 82%
4-6 ,,. ..... 4%

Cutler & Harris (1951), in an experiment with a battery of serological
tests for syphilis, found that only a little more than half of the sera from
cases of primary syphilis gave positive reactions to all the different tests
in the battery.

In the present investigation, only 14 sera from untreated cases of
primary syphilis were examined in all six laboratories. The results showed
a WR sensitivity ranging from 64% to 82 %, a KR sensitivity lying between
640% and 79%, and a VDRL sensitivity varying from 79 % to 93 %.

In the group " untreated secondary syphilis ", 26 sera were tested in all
six laboratories, and the range of sensitivities of the three tests were:
89-100% (WR), 92-96% (KR) and 94-100% (VDRL).
A comparison between the over-all sensitivities of the three tests, as

observed in each of the six laboratories (Table 3A), and the corresponding
sensitivities according to clinical group (Table 5A) showed that, in all
the clinical groups, the sensitivities of the three tests followed roughly the
same pattern as the over-all sensitivities-i.e., relatively low values for
WR and KR, and high values for VDRL-in all six laboratories. As to
the results for each method some correlation between the individual and
over-all sensitivities was observed in the groups " early latent syphilis ",
" late benign syphilis " and " CNS syphilis ", the pattern being particularly
marked in the last-mentioned group. In the groups " untreated secondary

1014
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TABLE 6. AVERAGE TITRES (DILS) OF POSITIVE SERA
FROM SYPHILITICS IN DIFFERENT CLINICAL STAGES

Untreated

Laboratory Test SI S

Treated

Sit

35

Latent

early late
63 38

Late
benign

58

CVS CNS

13 32

Con-
genital

18

WR 13 21 17 11 19 20 7 13 29
(20) (55) (29) (60) (30) (49) (8) (27) (15)

P KR 12 19 11 6 4 14 6 5 22
(20) (47) (21) (47) (18) (46) (8) (23) (11)

VDRL t19 39 15 12 8 33 12 13 39
(17) (41) (21) (43) (17) (45) (8) (19) (11)

WR 5 17 6 8 7 21 8 11 12
(38) (70) (34) (58) (38) (56) (13) (32) (18)

Q KR 6 9 7 7 5 11 5 6 9
(38) (70) (35) (61) (38) (58) (13) (32) (18)

VDRL 19 68 27 22 29 74 43 29 57
(34) (62) (35) (58) (37) (56) (13) (27) (18)

WR fl5 24 9 9 6 29 7 11 15
(35) (68) (33) (57) (34) (52) (13) (29) (18)

R KR 4 14 10 7 6 17 5 6 13
(38) (68) (35) (63) (37) (56) (13) (31) (18)

VDRL 14 80 19 23 24 80 34 24 55
(34) (61) (35) (60) (37) (54) (13) (28) (18)

WR 3 9 4 5 4 8 5 6 8
(37) (68) (35) (58) (37) (51) (12) (27) (17)

T KR 2 5 4 3 3 6 4 3 5
(38) (69) (35) (61) (37) (54) (12) (28) (18)

VDRL 7 48 10 14 9 17 15 12 15
(34) (63) (35) (58) (37) (52) (12) (25) (18)

WR 3 7 2 7 4 6 3 4 3
(33) (70) (34) (60) (38) (55) (13) (32) (18)

X KR 3 7 6 5 3 6 4 3 8
(38) (70) (35) (63) (38) (58) (13) (32) (18)

VDRL 6 21 8 8 8 19 11 8 18
(34) (68) (35) (60) (38) (56) (13) (29) (18)

WR 5 11 5 6 6 17 4 13 11
(37) (70) (33) (59) (38) (55) (12) .(32) (18)

Z KR 4 9 6 5 4 9 5 4 11
(37) (70) (33) (63) (38) (57) (11) (32) (18)

VDRL 5 10 7 6 4 12 5 4 9
(34) (63) (34) (60) (38) (55) (11) (29) (18)

WR 11 15 3 7 6 23 6 9 9
(7) (26) (6) (23) (10) (28) (4) (13) (6)

S KR 4 8 2 3 2 9 3 3 5
(7) (26) (6) (24) (10) (29) (4) (13) (6)

VDRL 14 30 5 12 7 31 11 14 23
(7) (26) (6) (24) (10) (29) (4) (13) (6)

WR 32 16 3 4 5 21 5 7 11
(1) (4) (3) (4) (5) (9) (3) (7) (4)

Y KR 6 20 9 9 6 18 11 7 11
(38) (70) (35) (63) (38) (58) (13) (32) (18)

VDRL 6 33 10 10 8 30 11 11 22
(34) (63) (35) (60) (38) (56) (13) (29) (18)

Average WR 4.1 12.3 4.6 6.9 5.3 13.7 5.1 8.2 8.6
titre (Q, R, KR 3.6 8.3 6.3 5.2 4.1 9.0 4.6 4.2 8.7T, X and Z VDRL 9.0 35.2 12.4 12.8 11.4 29.7 16.5 12.1 23.9only)
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syphilis " and " congenital syphilis " the sensitivity values were so high
that it was not possible to distinguish a clear pattern.

The results for the sera which were not examined in all six laboratories
were similar to those described above for the 134 sera. In general, no
major deviations from the pattern indicated by the average sensitivity
values were noted.

Table 6 presents, for all the laboratories (i.e., including laboratories
S and Y), the average titres of the positive sera in each clinical group.
The figures in parentheses indicate the number of positive sera on which
the average titres are based. The over-all average titres per clinical group
and test, for the five laboratories which tested practically all the sera,
are shown in the lower three lines of the table.

Table 7 gives the over-all average titres per laboratory and method,
again calculated only on the results from laboratories Q, R, T, X and Z.

The general pattern shown by the results in Tables 6 and 7 is that the
WR titres are higher than the KR titres, but lower than the VDRL ones.
The clinical groups with high titres are " untreated secondary syphilis ",
" late benign syphilis " and " congenital syphilis "; the group with the lowest
titres is " untreated primary syphilis ". Laboratories Q and R generally
show higher average titres than the other laboratories. From the above
pattern, however, there are several deviations.

First, the sera from treated cases of secondary syphilis show rather
low WR titres. In laboratories Q, R, X and Z, the titres for WR are even
lower than those for KR; in laboratory T the WR titre is the same as the
KR titre.

Secondly, laboratory P has rather high WR and KR titres. For the
groups " treated secondary syphilis " and " late latent syphilis ", the WR
titres are higher than the VDRL ones; for the group " CNS syphilis",
the WR and VDRL titres are the same.

Thirdly, laboratory Z has low VDRL titres.

TABLE 7. AVERAGE TITRES (DILS) OF POSITIVE SERA
FROM SYPHILITICS PER LABORATORY AND TEST

Laboratory WR test - KR test f VDRL test

Q 9.5 7.0 36.5

R 10.8 8.1 32.6

T 5.4 3.7 13.9

X 4.0 4.7 10.7

Z 7.7 5.9 6.4

Over-all average
per test 7.0 5.7 16.3

1016
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Finally, in laboratory X, some of the WR titres are equal to or lower
than the KR titres.

For laboratories Q, R, T, X and Z, the average titres per laboratory
and method (Table 7) were compared with the percentage sensitivities
per laboratory and method (Table 3A). Some correlation was observed
in the case of the KR and VDRL tests, but in the case of the WR tests,
a clear disagreement between the two modes of expressing the reactivity
was revealed.

It is difficult to reconcile the low average WR titre (4.0) in laboratory X
with the corresponding percentage sensitivity (89.6), which is higher than
the average, or the high WR titres in laboratory P with the comparatively
low percentage sensitivity.

In most clinical groups of syphilis, the mean KR titre in laboratories S,
T and X is lower than the average. This is understandable in the case
of laboratories T and X, which have low percentage sensitivities, but not
in the case of laboratory S, which has rather a high percentage sensitivity.
It must be remembered, however, that the latter laboratory had only a
limited testing programme.

The comparatively low VDRL average titres seen in laboratories T,
X and Z correspond to low titres in all the clinical groups (except in the
case of laboratory T, where a titre of 48 was recorded for the sera from
untreated cases of secondary syphilis). This was hard to explain, because
the percentage sensitivity in all three laboratories agreed very well with
the over-all average value. A further study of the degree of correlation
between the mean titre and the sensitivity showed that, for each test, low
sensitivity appeared on the whole to preclude a high average titre, and that,
in general, two types of pattern could be detected: (a) a relation between
the average sensitivity and the titre per clinical group (this was only revealed
clearly in the KR test results); (b) a distinct difference in the titres and levels
of sensitivity of the different clinical groups.

Table 8 gives the results for four groups of non-syphilitic venereal
diseases. For each laboratory, test and disease the following data are
recorded: in the first column, the total number of serum samples examined;
in the second column, the percentage reactivity, calculated as described
earlier; and, in the third column, the average titre of the positive sera.

Most of the laboratories reported the six chancroid sera as non-reactive
to all three tests. Only three laboratories recorded positive reactions
(laboratory Y with WR and laboratories Q and T with VDRL).

Among the 17 sera from cases of gonorrhoea the reactivity was com-
paratively low, especially for the KR and VDRL tests.

The two largest groups-granuloma inguinale and lymphogranuloma
venereum-both showed a higher reactivity than gonorrhoea, the percentage
reactivities for KR, WR and VDRL ranging from 10 to 30, from 15 to 40
and from 20 to 50, respectively.

1017
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TABLE 8. REACTIVITY AND AVERAGE TITRES FOR SERA FROM DONORS
WITH OTHER VENEREAL DISEASES

Gonorrhoea Chancroid Granuloma Lympho-
Labora- Tet(17) (6) inguinale granuloma

tory
Test (17) (27) venereum (36)

totala %b Avmc total % Av. total % Av. total % Av.

13 3 22 27
WR 15 0 14 24

1 0 8 5

WR 3 °0124 22 23
KR 8 0 11 23

1 0 16 6

8 4 16 19
VDRL 0 0 19 26

o 0 3 5

17 6 27 35
WR 3 0 22 26

1VDRL4-____t ° 60 3 4

17 6 27 35
Q KR 0 0 19 17

o 0 2 4

13 6 21 29
VDRL 4 (17) 52 48

1 1 3 7

16 6 27 30
WR 25 0 17 20

4 0 2 4

16 6 27 33
R KR 6 0 9 20

1 Average titre0 2 5

16 6 21 28
VDRL 6 0 50 30

15 5 25 36
WR 13 0 30 30

2 0 2 4

15 5 25 36

T
KR 3 0 22 11

14 5 19 31
VDRL 7 (30) 42 52

2 1 5 5

a Total number of sera tested
b Percentage reactivity (figures In parentheses denote percentages calculated from totals of

9 or under).
c Average titre (dils)
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TABLE 8. REACTIVITY AND AVERAGE TITRES FOR SERA FROM DONORS
WITH OTHER VENEREAL DISEASES (concluded)

Gonorrhoea Chancroid Granuloma Lympho-
Labora- Tet(17) (6) inguinale granuloma
tory Test (27) venereum (36)

total a %b Av. c total % Av. total % Av. total % Av.

17 6 26 35
WR 9 0 39 20

1 0 2 4

KR i 617 6 27 36
KR 6 0 11 17

1 0 2 3

16 * 6 21 31
VDRL 16 0 45 44

2 0 2 3

17 6 24 36
WR 29 0 25 33

2 0 2 4

17 6 27 36
Z KR 3 0 13 32

1 0 2 3

16 6 21 31
VDRL 0 0 26 39

0 0 1 2

7 1 14 12
WR (29) 0 36 17

2 0 2 4

7 1 14 12
S KR 0 0 18 8

0 0 1 2

7 1 14 11
VDRL (7) 0 43 32

1 0 4 2

2 1 3 6
WR 0 (50) (17) (42)

0 1 0 2

17 6 27 36

Y KR 6 0 28 31
2 0 2 3

16 6 21 31
VDRL 6 0 50 37

4 0 2 4

a Total number of sera tested
b Percentage reactivity (figures in parentheses denote percentages calculated from totals of

9 or under).
c Average titre (dils)
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The higher percentage of positive reactions found with the VDRL test
corresponds to the higher sensitivity of this test. However, it should be
stressed that some of the cases of non-syphilitic venereal disease which
gave serological reactions of moderate or high titre might have been suffering
from a concomitant latent syphilitic infection. This is particularly likely in
the patients with granuloma inguinale-a disease that is generally associated
with the sexually promiscuous, economically underdeveloped sections of
the population. It has not been possible to make a proper assessment of
the significance of the positive reactions among these patients, as they
were not available for anamnestic, clinical or serological reappraisal.
In the absence of definite evidence of concomitant syphilitic infection, the
possibility of other explanations, such as the occurrence of biological false
positive reactions, must be admitted.

The average titres per laboratory, test and clinical group, calculated as
described on page 1000, are recorded in Table 8, while in Table 9A an analysis
is presented of the distribution of titres for each test and laboratory, together
with the average titres, and in Table 9B the results of all eight laboratories
are summarized, the over-all distribution of titres per test, the percentage
of doubtful results and the average titres (calculated from the positive
results only) being shown.

It can be seen from Table 8 that the average titres do not vary much from
laboratory to laboratory. For gonorrhoea they vary from 1 to 8, for
granuloma inguinale from 1 to 1.6 and for lymphogranuloma venereum
from 2 to 7. According to Table 9B, the percentage of doubtful results
is 13.2 for WR, but almost double this figure for KR and VDRL. Reference
to Table 9A shows the difference to be caused mainly by laboratories Z
and Y, which were responsible for 15 of the 25 doubtful KR results, and
laboratories X and Z, which together accounted for 20 of the 40 doubtful
VDRL results. The percentage of positive plus doubtful reactions ranges
from 12 to 42. The reactivity is slightly lower with the KR test than with
the WR test, but it is on the whole somewhat higher with the VDRL test.
There are no major differences in reactivity between the laboratories. The
geometric mean among the positive reactors is about 3 for WR and KR,
and 3.7 for VDRL. The inter-laboratory variations from these averages
are comparatively small: for WR and KR laboratory P shows higher
values, while for VDRL laboratory R records a high value and laboratory Z
a low one. The average titres are all higher than those found for the normal
donors (see Table 4). When, for each serological test, the average titre
and the percentage reactivity were compared, no relation was found except
that high WR titres were associated with low percentage reactivity-a
finding that could not be explained.

The average titres of the sera from syphilitics (Table 6) and those of
the sera from donors with non-syphilitic venereal diseases do not show a
clear relation, but there is, perhaps, some correlation in the case of the

1020



EVALUATION OF SYPHILIS SEROLOGY IN INDIA 1021

TABLE 9. QUANTITATIVE RESULTS OBTAINED WITH SERA FROM
DONORS WITH OTHER VENEREAL DISEASES

A. Distribution of titres and average titres

Titre (dils) Total Geome-
rc t- tric

Labora- Test DF age mean
tory ~~~~~~~~~~~~react-exa- react- among

tabory Tesl DF 1 2 4 8 16 32 64 128 ive,'* mined ive* positive
reactors

P W R - - 5 2 2 2 - - 1 12 65 18 5.62
KR 1 1 2 2 - 1 1 2 - 10 61 16 7.94
VDRL - - 5 1 - 2 - - - 8 47 17 3.66

Q WR 1 4 5 3 5 1 - - - 19 85 22 3.16
KR - 6 2 1 1 1 - - - I 11 85 13 2.00
VDRL 5 4 4 6 6 2 2 - - 29 69 42 4.47

R WR 2 5 5 7 - 1 - 1 - 21 79 27 2.87
KR 4 1 2 3 - 1 1 - - 12 82 15 4.35
VDRL 4 2 3 4 6 - 2 1 - 22 71 31 5.62

T WR 2 6 7 2 1 3 1 - - 22 81 27 2.92
KR 2 1 5 2 1 - _ _ - 11 81 14 2.51
VDRL 3 3 4 7 6 2 2 - - 27 69 39 4.73

X WR 3 6 4 2 4 - - _ - 19 84 23 2.37
KR - 5 3 - 1 1 - _ - 10 86 12 2.00
VDRL 11 7 4 6 1 2 - _ - 31 74 42 2.54

Z WR 7 6 2 5 2 3 - 25 83 30 3.16
KR 8 2 5 4 . . _ 19 86 22 2.26
VDRL 9 4 7 1 1 _ - 22 74 30 1.89

S WR 1 8 2 1 1 1 14 34 41 1.79
KR 3 - 2 - - - 5 34 15 2.00
VDRL 4 - 1 7 1 _ 13 33 39 3.98

Y WR 2 - 1 1 _ _ _4 12 33 2.82
KR 7 4 6 1 2 - 3 - - 23 86 27 3.50
VDRL 4 5 7 4 2 2 1 - - 25 74 34 3.06

B. Combined results of all eight laboratories

Titre (dils) Total Geometric
Test DF %DF** positive mean amongTest ( F %D *positive

1 2 4 8 16 32 64 128 ( reactors

WR 18 13.2 35 31 23 15 11 1 1 1 118 2.94

KR 25 24.8 20 27 13 5 4 5 2 0 76 3.01

VDRL 40 22.6 25 35 36 23 10 7 1 0 137 3.67

Reactive " here includes doubtful as well as positive results.
** DF

P+DF
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VDRL results. The average titres are not related to the percentage reactivity
found among the syphilitic sera.

The above average include all four groups. Table 8 shows that the
sera from cases of granuloma inguinale mostly gave lower titres than those
from cases of lymphogranuloma venereum, the approximate titres for which
were: WR, 4; KR, 31/2; VDRL, 41/2. Comparison with Table 6 shows
that the WR and KR titres for lymphogranuloma venereum are of the
same order of magnitude as those for untreated primary syphilis, late
latent syphilis and cardiovascular syphilis, but that the VDRL titre is
considerably lower than the corresponding titres for these three syphilitic
groups.

Table 10, which for practical reasons is divided into three parts (A, B
and C), each dealing with 6 of the 18 non-syphilitic diseases or conditions,
gives for each laboratory, test and clinical group the following data: the
total number of serum samples examined (first column); the percentage
reactivity (second column); and the average titre of the positive sera (third
column).

The high reactivity of the sera from cases of yaws is to be expected,
as this disease is etiologically and immunologically related to syphilis.

In most of the clinical groups the number of sera available for testing
was rather low, so that no definite conclusions can be drawn from the data
in Table 10, particularly as not even all the available sera were examined
in all the laboratories.

The number of cases per clinical group varied from 4 ("filariasis"),
through 6-9 (" upper respiratory infections ", " pyrexia after minor surgery ",
" cancer ", " tuberculosis ", " rheumatic diseases ", " psoriasis " and
" yaws "), 11-17 (" tropical cosinophilia ", " malaria , " visceral lesihma-
niasis " " no established disease ", " herpes progenitalis "' and " genital
warts ") and 22 (" pregnancy "), up to 32-42 (" leprosy " "recently vaccin-
ated " and " miscellaneous ").

In seven groups-" tropical eosinophilia ", "leprosy " "pyrexia after
minor surgery ", " recently vaccinated ", " herpes progenitalis ", " preg-
nancy " and " genital warts "-the percentage reactivity was higher with
the WR test than with the KR or VDRL tests. In these groups the WR
reactivity varies from 10% to 50%, with a few exceptions (lobaratories
P and X recorded no reactivity in one or two groups and laboratories S and
Y, which tested very few of the available sera, recorded reactivities of 600%
and over in some of the groups), and th- average titres ranged generally from
1 to 6, though occasionally values of 11-13 were obtained. The RK and
VDRL reactivities lay between 0 and 13 %, except in the group " genital
warts ", where values of up to 270% were recorded. The average titres
for these two tests were mostly of the order of 1, 2 or 3; in a few cases
titres of 32 or 64 were observed, but these were for the only reactive serum
in the particular group.
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TABLE 10. PERCENTAGE REACTIVITY AND AVERAGE TITRES (DILS)
FOR SERA FROM DONORS WITH NON-VENEREAL DISEASES-A

Test

WR

KR

VDRL

WR

KR

Treoiophical Leprosy Malaria

13 32 13

7
0

0

7
0

0

6
0

0

10
43

2

12
4

26
8

25
U

11

0

23
4

8

31
24

2

31
3

1

10
0

0

7
(14)

4

6
0

0

11
18

2

13
8

0

Labora
Visceral

leishmaniasis

16

10
23

6

8
U

0

8
0

0

12
4

1

0
0

Upper
respiratory
infections

6

6
0

0

6
0

0

6
0

0

6
0

0

6
0

0

Pyrexia after
minor
surgery

9

9
(17)

1

5
0

0

5
0

0

9
(33)

2

9
0

0

11 31 1 1 16 6 9
VDRL 0 7 14 16 0 0

0 3 2 2 0 0

11 26 10 11 6 9
WR 37 16 23 9 0 (22)

2 4 2 4 0 2

13 26 11 15 6 9
KR 0 6 18 0 0 (11)

0 1 2 0 0 1

VDRL

WR

11
0

0

10
25

3

25
8

2

31
29

3

9
(17)

4

13
23

2

15
13

2

15
10

1

6
0

0

6
(17)

9
0

0

9
(1 1)

1

13 31 13 16 6 9
KR 0 3 0 0 0 0

0 2 0 0 0 0

VDRL
11

9
30

8
11

27
3

16
9

2

6

0

9

0

The figures in parentheses denote percentage reactivities calculated from totals of 9 or under.

Labora-
tory

p

Q

R

T

_

1
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TABLE 10. PERCENTAGE REACTIVITY AND AVERAGE TITRES (DILS)
FOR SERA FROM DONORS WITH NON-VENEREAL DISEASES-A (continued)

Labora- Test
tory

WR

X KR

VDRL

Tropical
eosi nophilia

13

13
27

2

13
0

0

11
9

1

Leprosy

32

31
11

2

32
0

0

31
11

1

Malaria

13

11
14

13
11

2

11
23

2

Visceral
leishmaniasis

16

11
0

0

16
0

0

16
9

1

Upper
respiratory
infections

6

6
0

0

6
0

0

6
0

0

Pyrexia after
minor
surgery

9

9
(22)

2

9
0

0

9
0

0

12 30 12 12 6 9
WR 17 17 17 0 0 (11)

3 1 3 0 0 2

12 32 13 16 6 9
Z KR 0 11 19 6 0 (6)

0 1 2 1 0

10 31 1 1 1 6 6 9
VDRL 0 5 9 9 0 0

0 2 1 2 0 0

5 1 1 3
WR (60) 32 Not done 0 Not done Not done

2 6 0

5 12 3
S KR 0 0 Not done 0 Not done Not done

0 0 0

5 12 3
VDRL 0 13 Not done (17) Not done Not done

0 1 1

3 3 4
WR (50) (67) Not done (38) Not done Not done

3 1 1

12 32 13 16 6 9
Y KR 0 10 30 9 (17) (11)

0 2 2 1 2

11 31 11 16 6 9
VDRL 0 10 18 18 (17) 0

0 22 2 2 1 0

The figures in parentheses denote percentage reactivities calculated from totals of 9 or under.

-It11
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TABLE 10. PERCENTAGE REACTIVITY AND AVERAGE TITRES (DILS)
FOR SERA FROM DONORS WITH NON-VENEREAL DISEASES-B

Recently No Hre
Labora- Test vaccinated established progenitalis Pregnancy Genital warts Cancer

35 15 11 22 12 8

WR 34
22

2

14
57

5

8
(25)

23

22
28

3

10
50

4

4
(13)

KR 32 11 8 18 10 4
2 23 0 0 20 (13)

1 2 0 0 4 2

VDRL

WR

32

32

0
0

16

11

14

46

71

5

3

8

11

0

27

0

2

18

22

0

14

0

3

9

1 1

(22)

18

6

5

4

8

(13)

(25)

2

2

34 15 11 22 12 8
KR 0 33 0 0 8 (12)

0 3 0 0 4 2

34 15 11 22 11 6
VDRL 2 53 9 0 9 (25)

1 9 1 0 64 3

35 14 9 21 10 8
WR 23 61 (22) 17 20 (12)

2 5 2 3 3 8

35 14 9 21 11 8
KR 0 46 0 5 9 (12)

0 5 0 1 4 2

VDRL
35

3
2

14
71

6

9
0

0

21
0

0

10
10

32

6
(33)

5

___. 35 14 10 21 11 8
WEWR 10 46 40 29 36 (25)
1 ~ ~ ~~25 2 3 3 2

35 14 11 21 12 8
T KR 3 14 0 0 8 (12)
1 ~ ~ ~~22 0 0 2 2

35 14 11 21 11 6
VDRL 7 79 9 0 27 (42)

2 4 1 0 4 3

The figures in parentheses denote percentage reactivities calculated from totals of 9 or under.
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TABLE 10. PERCENTAGE REACTIVITY AND AVERAGE TITRES (DILS)
FOR SERA FROM DONORS WITH NON-VENEREAL DISEASES-B (continued)

Recently No Herpes

Labora- Test Recentlyed established progenitalis Pregnancy Genital warts Cancer

tory~vaciatddisease poeii

35 15 11 22 12 8

35 14 11 22 12 8
WR 21 54 0 0 17 (12)

12 2 0 0 3 1

35 15 11 22 12 8
X KR 0 33 0 0 8 (12)

0 2 0 0 4 1

35 15 11 22 11 6
VDRL 3 77 0 0 14 (42)

1 2 0 0 3 2

35 13 10 22 12 8
WR 10 58 5 14 33 (12)2 2 2 1 4 434 14 10 22 12 8

Z KR 0 75 0 0 8 (12)
0 4 0 0 4 1

35 14 10 22 11 6
VDRL 0 68 0 0 9 (8)

____ j ____ J 0 2 0 0 4 1
25 T11 4 2

WR 30 (50) Not done 9 (63) (50)
6 3 1 4 825 8 11 4 2S KR 0 (44) Not done 0 (25) (50)
0 2 0 1 2

25 8 11 4 2
VDRL 0 (75) Not done 0 (25) (50)

0 6 0 16 410 5 11 2WR 40 (90) Not done 14 (50) Not done
2 4 1 2

35 15 11 22 12 8
Y KR 2 53 5 2 8 (19)

1 3 1 1 4 1

35 15 11 22 11 6
VDRL 3 73 9 0 9 (25)

1 3 1 0 16 8

The figures in parentheses denote percentage reactivities calculated from totals of 9 or under.
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TABLE 10. PERCENTAGE REACTIVITY AND AVERAGE TITRES (DILS)
FOR SERA FROM DONORS WITH NON-VENEREAL DISEASES-C

1027

Labora- Test [ Tuberculosis ]
Rheumatic Psoriasis Filariasis Yaws Miscella-

tory Tsdieesneous
7 6 6 4 8 42

7 5 4 2 8 31
WR (43) 0 0 0 (50) 1 7

10 0 0 0 38 2

6 4 3 2 4 28
P KR (17) 0 (33) 0 (75) 0

16 0 2 0 16 0

4 4 3 1 4 27
VDRL (50) 0 (33) 0 (75) 15

8 0 4 0 91 4

6 5 6 4 8 39
WR (50) (20) (17) 0 (88) 14

10 1 8 0 20 2

6 5 6 4 8 42
Q KKR (50) 0 (17) (25) (88) 6

6 0 1 1 29 1

5 5 6 3 8 37
VDRL (60) (30) (17) (33) (88) 19

25 1 32 8 95 1

7 5 6 4 8 40
WR (50) (20) (17) (25) (88) 19

7 1 4 1 58 2

7 5 6 4 8 41
R KR (43) 0 (17) (25) (88) 4

8 0 4 2 48 1

6 5 6 3 8 36
VDRL (50) 0 (17) (33) (94) 14

25 0 4 8 78 3

7 4 4 4 6 38
WR (43) 0 0 0 (83) 25

11 0 0 0 16 4

7 4 4 4 6 39
T KR (14) 0 0 0 (83) 0

4 0 0 0 11 0

6 4 4 3 6 32
VDRL (50) 0 0 (33) (67) 20

5 0 0 4 14 3

The figures in parentheses denote percentage reactivities calculated from totals of 9 or under.
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TABLE 10. PERCENTAGE REACTIVITY AND AVERAGE TITRES (DILS)
FOR SERA FROM DONORS WITH NON-VENEREAL DISEASES-C (concluded)

Rheumatic p as Miscella-
Labora- Test Tuberculosis dieases Psoriasis Filariasis Yaws neous
to ry ~~~7 6 6 4 8 42

6 6 6 3 8 40
WR (33) 0 (17) (33) (88) 8

2 0 1 1 7

7 6 6 4 8 42
X KR (29) 0 (8) (13) (88) 1

1 0 1 1 18 0

6 6 6 3 8 37
VDRL (33) 8 (33) (67) (94) 18

2 1 2 3 19 2

6 6 6 4 7 40
WR (33) (33) (25) 0 (85) 16

6 2 1 0 14 2

7 6 6 4 8 41
Z KR (43) 0 (17) (25) (88) 6

8 0 2 2 16 2

6 6 6 3 8 37
VDRL (50) 8 (17) (33) (94) 11

5 1 2 4 11 1

2 4 1 1 19
WR (25) (13) 0 Not done (100) 25

2 1 0 32 3

3 4 1 1 21
S KR (33) 0 0 Not done (100) 12

8 0 0 16 1

3 4 1 1 21
VDRL (33) 0 0 Not done (100) 19

32 0 0 64 4

WR

y

3
(50)

4

2
0

0
0

0
Not done Not done

11
23

2

7 6 6 4 8 42
KR (50) 0 (17) (25) (88) 10

8 0 4 2 48 2

VDRL
6

(50)
5

6
(17)

2

6
(17)

4

3
(33)

8
(88)

35

37
19

2

The figures in parenthesas denote percentage reactivities calculated from totals of 9 or under.

1



EVALUATION OF SYPHILIS SEROLOGY IN INDIA

It has already been noted (see Table 1) that the average specificity for
WR is lower than that for KR and VDRL; this accords well with the
above findings.

The three groups " visceral leishmaniasis " " cancer " and " filariasis
had in common a generally higher and more consistent reactivity for
VDRL than for WR and, especially, KR. The average titres, too, were
usually higher for VDRL than for WR and KR, the values obtained in the
latter test never being greater than 1 or 2. The relatively high VDRL
reactivity in these groups accords well with the sensitivity of this test but
not at all with its excellent specificity.

Three other groups-" malaria ", " psoriasis " and " tuberculosis -
had in common the fact that all three tests usually showed a high percentage
reactivity, amounting to 50-60% in some cases. The non-reactivity recorded
for the psoriasis sera by all three tests in laboratories T and S may be
explained by the fact that the number of samples tested was so small that
the three or four positive sera may not have been examined in these labora-
tories. In general, the average titres for malaria varied from 1 to 4, for
psoriasis from 1 to 8 and for tuberculosis from 1 to 25.

The group " miscellaneous " showed a comparatively low reactivity
for the KR test.

The six sera in the group " upper respiratory infections " were reported
non-reactive by all tests in all laboratories, with the exception of the WR
test in laboratory T, and the KR and VDRL tests in laboratory Y. This is
of interest as, in some countries, false positive reactions are caused by
upper respiratory infections.

Except in the three groups " no established disease ", "genital warts"
and " tuberculosis ", the sera in all the groups showed a tendency to give
conflicting results, both between the three tests in the same laboratory and
between the same test in different laboratories. Conflicting reactions with a
battery of standard tests are considered to be characteristic of the diseases
which are reputed to give false reactions with standard tests for syphilis.
The three groups mentioned above as having agreeing results showed
reactivity in all the laboratories with all the tests and yet there was no
clinical or anamnestic evidence of syphilis in the donors of the sera; however,
the number of samples tested is too small for any conclusions to be drawn.
Even among sera which give agreeing results with a battery of tests it is
known, from other laboratories, that the treponemal immobilization
(TPI) test will disclose the existence of a group of false reactors.

The over-all average titres for each laboratory have not been calculated
because the average titres given in Table 10 are based on such a widely
varying number of sera that a plain average would be misleading.

Table 11 shows the comparative percentage reproducibility of the three
tests on three different types of sera-strongly reactive, weakly reactive and
non-reactive- with regard to their levels of reactivity in any one of the
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TABLE 11. COMPARATIVE PERCENTAGE REPRODUCIBILITY
FOR THE THREE TESTS IN SIX LABORATORIES

Labora-
tory Type of serum

Number
of

samples
tested

Strongly reactive 14

P Weakly reactive 17

Non-reactive 18

Strongly reactive 26

Q Weakly reactive 11

Non-reactive 31

Strongly reactive 17

R Weakly reactive 19

Non-reactive 37

WR test KR test

93 88

73 82

91 98

99 98

78 79

92 97

100 100

73 94

94 99

Strongly reactive 21 100 95 100

T Weakly reactive 26 68 78 82

Non-reactive 24 83 100 95

Strongly reactive 20 100 100 100

X Weakly reactive 23 87 82 78

Non-reactive 26 98 97 94

Strongly reactive 21 97 99 97

Z Weakly reactive 31 81 80 87

Non-reactive 15 91 86 97

Average reproducibility for weakly
reactive sera 76.7 82.5 87.2

participating laboratories at a given time. Since the number and types of
sera investigated (aliquot portions of the same serum were tested as " un-

known " on three separate occasions, with an interval of one week between
each of them) differed in each of the participating laboratories, the figures
for reproducibility obtained in one of the three tests in one laboratory
cannot strictly be compared with those obtained in the same test in another
laboratory; nevertheless, it is remarkable that laboratory P shows a low
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reproducibility in all three tests with the strongly reactive sera and labora-
tory Z a low reproducibility with the non-reactive sera.

It is possible, however, to compare the figures for reproducibility for
each of the three different tests in a particular laboratory.

The results for the weakly reactive sera show a general pattern. The
reproducibility for WR is in all cases except one, laboratory X, lower than
that for VDRL. The KR test shows a reproducibility that is either inter-
mediate between the WR and VDRL values or is approximately the same
as one or the other. The percentage reproducibility among the weakly
reactive sera varies from 68 to 87 for WR, from 78 to 82, with one exception
(94), for KR, and from 78 to 93 for VDRL.

A similar over-all pattern for the three tests is seen in the results for
the strongly reactive and for the non-reactive sera, but there is no correlation
between the three groups of sera in respect of the particular laboratories
showing low or high values for reproducibility.

It should be noted that a low reproducibility is really dangerous in
serological work, because the resulting reduced sensitivity and specificity
will make it impossible to obtain the expected correct value on all the testing
days. A high reproducibility, however, will enable the tests to show their
true value in sensitivity and specificity.

The results for certain samples of sera which were tested for reproduci-
bility at irregular intervals, varying from less than a day to six weeks,
are shown in Table 12, arranged according to the interval between the
original and the repeat testing.

It can be seen from Table 12 that in the case of the samples tested again
on the same day, the reproducibility was good in all the laboratories and
with all three tests. Among the samples tested again after intervals of
two or more weeks, there were a few significant variations in the results
with all the tests and in all the laboratories. Major differences-i.e., changes
from non-reactive or doubtful to a clear titre of 2 or more or changes
from a titre of between 4 and 40 to non-reactive or doubtful-were observed
in six cases with the WR test, in seven with the KR test and in two with
the VDRL test. Of these 15 cases, six showed an increase in reactivity
and nine a decrease. In addition to the major changes a number of minor
ones-from non-reactive to doubtful or from doubtful to positive and
vice versa-were recorded. The total number of samples retested after
each interval generally varied from one to four per laboratory.

In Table 13, an analysis of the reports of anticomplementary (AC)
reactions with the WR complement-fixation test is presented. It can be
seen that the greatest proportion of AC reactions 'was observed in the
category "visceral leishmaniasis" (10 out of 16 samples or 22 out of
78 separate tests (28.2%)). Sera from malaria cases gave the next highest
figure-16.4%, and 5.0% to 7.4% AC reactions were reported for the
groups " early latent syphilis ", " late benign syphilis ", " lymphogranuloma

1031



R. V. RAJAM

TABLE 12. TESTS REPEATED AT IRREGULAR INTERVALS

Number
Laboratory of samples

retested *
Test Original Repeat

results ** results **

1. Original and repeats done on the same day

KR
VDRL

DF
DF

N N N
DF N N

No variation
No variation
No variation
No variation
No variation
No variation
No variation
WR no variation

11. Repeats done one week later

KR N P8 DF N WR no variation
VDRL N DF N N

Ill. Repeats done two weeks later

Q 3 No variation

R 4 a,b No variation
c KR DF P P1 WR and VDRL no variation
d WR N AC AC AC Kahn and VDRL no variation

X 2 a No variation
b WR P3 P,o DF DF VDRL no variation

KR Pi6 DF DF DF

T 2 a KR N P8 P1 P8 WR and VDRL no variation
b WR N P5 N N Kahn and VDRL no variation

Y 1 No variation

Z 3 a, b No variation
c KR N DF DF WR no variation

VDRL N P, DF

IV. Repeats done three weeks later
R 1 No variation

4 a,b,c No variation
X d KR DF N N WR no variation

VDRL DF N N

T 3 a, b No variation
c KR P1 P, DF N WR and VDRL no variation

Y 2 No variation

Z 1 No variation
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Remarks

P
Q
R
T
x
y
z

3
4
4
3
3
3
3a, b
c

z

* The letters a, b, c, etc. are used for purposes of differentiation in cases where two or more of
the samples gave different repeat-test results.

** The subscripts 1, 2, etc. denote the titres of the positive reactions; AC denotes anticom-
plementary results.
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TABLE 12. TESTS REPEATED AT IRREGULAR INTERVALS (concluded)

Number
Laboratory of samples

retested *
Test Original Repeat

results ** results **

Q 3a
b
c

R 3

X 2a
b

T 1

Y 3a, b
c

3 a

b
c

V. Ri

KR
VDRL

KR
VDRL

KR
VDRL

KR
VDRL
KR
KR

epeats done four weeks lal

DF P16 PS Pi
N NNDF

N
N

Pe
PI
N
PI
P8
N

N N DF
DF P, Pi

N N N
N N N

P. DF
P, DF
DF P2
P2 DF DF

No variation
WR and VDRL no variation
WR and Kahn no variation

No variation

No variation
WR no variation

No variation

No variation
WR no variation

WR no variation

WR and VDRL no variation
WR and VDRL no variation

VI. Repeats done five weeks later

WR
KR
WR
VDRL

VDRL

WR

WR
VDRL

P5
N
P5
P8

N

Ps

P40
PI

N N
DF DF
N N N
N N P.

DF Pi DF

N N N

PI6 N P.
P N DF

No variation

No variation
VDRL no variation

Kahn no variation

No variation
WR and Kahn no variation

No variation
Kahn and VDRL no variation

No variation

No variation
Kahn no variation

VIl. Repeats done six weeks later
No variation

VDRL N N N DF WR and KR no variation
WR N N DF DF KR no variation
VDRL N N DF DF

No variation

X 3 a No variation
b WR N N P,

KR N N DF
VDRL N DF DF

c VDRL N P.6 P2 P1 WR and KR no variation

T 2 No variation

Y 7 a, b, c, d, e No variation
f VDRL DF N N WR and KR no variation
g KR N DF N WR and VDRL no variation

Z 2 No variation

* The letters a, b, c, etc. are used for purposes of differentiation in cases where Iwo or
more of the samples gave different repeat-test results.

** The subscripts 1, 2, etc. denote the titres of the positive reactions; AC denotes anticom-
plementary results.

Remarks

3 a
b

c

2a
b

4 a,b,c
d

2

3 a, b
c

Q
R

x

T

Y

Z

Q

R
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TABLE 13. ANALYSIS OF ANTICOMPLEMENTARY RESULTS

Total Number of Total Number of Percentage
Category of sera number samples number tests of testsof reported of tests reported reported

samples AC done AC AC

Normal 194 23 1221 46 3.8

Syphilitic:

Primary syphilis 38 3 203 6 2.9

Secondary syphilis (untreated) 70 2 431 2 0.5

Secondary syphilis (treated) 35 5 207 6 2.9

Early latent syphilis 63 13 379 23 6.1

Late latent syphilis 38 6 230 6 2.6

Late benign syphilis 58 16 355 26 7.3

CVS syphilis 13 2 78 2 2.5

CNS syphilis 32 5 199 6 3.0

Congenital syphilis 18 1 114 1 0.9

Syphilis with other diseases 11 1 75 2 2.7

Non-syphilitic venereal:

Granuloma inguinale 27 7 163 11 6.5

Lymphogranuloma venereum 36 7 217 11 5.1

Chancroid plus leprosy 1 1 7 1 (14.0)

Abnormal (non-venereal):

Leprosy 31 9 189 14 7.4

Malaria 13 4 67 11 16.4

Visceral leishmaniasis 16 10 78 22 28.2

No established disease 15 1 97 2 2.0

Recently vaccinated 35 4 241 6 2.5

Herpes progenitalis 11 1 59 1 1.7

Genital warts 12 3 72 3 4.2

Tuberculosis 7 1 44 3 6.8

Yaws 8 1 46 1 2.2

Miscellaneous 42 7 258 14 5.4

venereum ", "granuloma inguinale ", " miscellaneous ", " tuberculosis "
and " leprosy ". With the exception of " chancroid plus leprosy "-a group
on which only seven tests were carried out-none of the remaining groups
showed more than 4% AC reactions, the figures for the majority being from
2% to 3 %. It is interesting to note that no AC reactions were reported with

1034



EVALUATION OF SYPHILIS SEROLOGY IN INDIA

the sera from cases of gonorrhoea or with the sera in the eight groups
" tropical eosinophilia ", " upper respiratory infections ", " pyrexia after
minor surgery ", " pregnancy ", " cancer ", " rheumatic diseases ", " psoria-
sis " and " filariasis ", which together represented 74 samples and 458 tests.
The contrast between these seven groups and the seven groups with 5-7.4%
AC reactions is remarkable.

One serum sample from a case of late benign syphilis gave an AC
reaction in all the laboratories at the first testing. These results, however,
were not verified by repeat testing or by testing another sample from
the same case, so that it can be said that not a single sample of serum
from any of the groups examined gave a consistent AC reaction in all
laboratories.

As all the groups are rather small, it is not possible to draw any
conclusion as to a connexion between the occurrence of AC reactions
and certain diseases or conditions.

Since the AC reactions were distributed irregularly among the labora-
tories, the cause of them must be sought in the technical performance
of the laboratories rather than in the disease group or the serum sample
itself. It is, of course, possible that certain samples became anticomplemen-
tary as a result of the conditions under which they were transported, while
other samples from the same serum, which travelled under more favourable
conditions, arrived unchanged at the testing laboratories.

In order to find out whether the number of units of amboceptor and
complement used in the WR test had any effect on its sensitivity and
specificity, an analysis of all the results was carried out, but no conclusions
could be drawn owing to the lack of adequate data.

Summary

The results of the first long-term survey of the serological tests for
syphilis in current use in India are reported. The survey covered eight
laboratories in various parts of the country. The tests evaluated are the
Wassermann reaction and the Kahn standard test using crude tissue-
extract antigen, and the VDRL slide precipitation test using purified tissue-
extract antigen, i.e., cardiolipin. The participating laboratories followed
the same testing technique and used the same lot of antigen in each of the
three tests, which were done in parallel, qualitatively and quantitatively,
on the same day of the week and, as far as possible, under similar laboratory
conditions. A total of 921 samples of sera-376 from cases of syphilis
in various stages, 86 from non-syphilitic venereal cases, 265 from donors
with non-venereal diseases and 194 from apparently normal persons-
were sent by air from Madras to the participating laboratories as " un-
knowns ". To determine the reproducibility, some of these samples of
sera were examined three times at intervals of seven days in each laboratory
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by all the three tests. For each test, the percentage sensitivity, specificity
and reproducibility ratings in the various laboratories were established.

Of the three tests, the VDRL test gave the most satisfactory results on
the average (percentage specificity, 97.6; percentage sensitivity, 95.2; and
percentage reproducibility, 87.2) and showed the least variation between
laboratories. The KR test gave the same specificity (97.6 %) as the VDRL
test, but its sensitivity (83.4%) and reproducibility (82.5 %) were compara-
tively low and there was greater variation between laboratories. The WR test
showed the lowest average specificity (86.1 %), and reproducibility (76.7 %)
and the greatest variation between laboratories, but its average sensiti-
vity (85.6%) was a little higher than that of the KR test.

SUMMARY TABLE
(Details in Tables 2A, 3A, and 11)

Test Laboratory Specificity Sensitivity Reproducibility

WR P 92 82 73

Q 88 92 78

R 83 84 73

T 81 83 68

X 88 90 87

Z 84 84 r 81

Average value ....... 86 86 77

KR P 98 83 83

Q 98 85 79

R 98 86 94

T 99 80 78

X 97 79 82

Z 96 87 80

Average value 98 83 83

VDRL P 99 91 91

Q 98 96 93

R 99 97 92

T 97 96 82

X 95 97 78

Z 98 94 87

Average value . 98 95 87
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As to the laboratories, most fared rather badly in their specificity rating
by the WR test.

Laboratory Q obtained quite good results (high specificity, sensitivity
and reproducibility) with both the WR and the VDRL tests. Laboratory R
showed similar results in respect of the KR and the VDRL tests. Labo-
ratory X obtained good results only with the WR test. Laboratory T
showed poor specificity, sensitivity and reproducibility for the WR test and
a low sensitivity and reproducibility for the KR test.

In the tests not already mentioned above in laboratories Q, R, X and T
and in all three tests in laboratories P and Z, medium values for specificity,
sensitivity and/or reproducibility were combined with one or two high or
low values. In the table opposite a summary is given of the results for each
test in the six laboratories where a comparison was possible. Laboratories S
and Y are not included in the summary because of the irregular numbers
of sera tested in these two laboratories.

Tests were carried out on a limited number of sera from patients with
diseases and conditions that are known to be liable to give biological false
positive reactions with serological tests for syphilis and that are prevalent
in India. All these sera proved reactive to the WR test in at least one of
the laboratories. The KR test was the least reactive of the three. With
the exception of the sera in the three groups " no established disease ",
" genital warts " and " tuberculosis ", all the sera gave, with all three tests,
the conflicting results characteristic of biological false positive reactors.
The three groups mentioned above were reactive to all the tests, but no
clinical or anamnestic evidence of syphilis in the donors was obtained.

The average mean titres (in dils) of the positive sera in the three broad
categories " normal ", " non-syphilitic venereal " and " syphilitic " are
shown below for each of the three tests. The first two categories can be
seen to have significantly lower titres than the third, but in all three categories
the VDRL titre is higher than the WR and KR titres.

Category of sera WR KR VDRL
Normal . . . . . . . . . 2.1 1.6 2.9
Non-syphilitic venereal. . 2.9 3.0 3.7
Syphilitic. . . . . . . . . 7.0 5.7 16.3

Conclusions

In this inter-laboratory evaluation of the serological tests for syphilis in
current use in the major laboratories in India, the comparatively recently
introduced VDRL slide precipitation test, using cardiolipin antigen, has
proved to be the most satisfactory test for routine use in the diagnosis of
syphilis. When evaluated in parallel tests, it showed better sensitivity,
specificity and reproducibility than either the WR or the KR test using
crude tissue-extract antigen.
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All three tests evaluated in this survey were found to give biological
false positive reactions with the sera from donors in several groups of non-
syphilitic diseases and conditions prevalent in India. It was not possible,
however, to come to any definite conclusion as to the frequency of occurrence
of these reactions in any particular disease or condition, owing to the small
number of donors in each group. It was observed that the titres of the
positive sera from donors with non-syphilitic diseases were generally lower
than those from syphilitics. In such cases, therefore, positive results should
always be correlated with clinical findings before a diagnosis of syphilis
is finally made.

It is obvious from the results of this evaluation-the first elaborate long-
term study of its kind in India-that there is much room for improvement
in the standard of technical performance in most of the major laboratories
in the country. Clearly, improvement and standardization of techniques
would be facilitated if the number of different tests used were reduced to a
minimum.

It is recommended that the VDRL slide precipitation test be adopted
as the only routine quantitative serological test in all laboratories in India.
The VDRL test technique has the merit of simplicity, requiring a minimum
of equipment, staff and working space. It permits of easy quantitation,
gives quick reliable results, and can be performed by laboratory technicians
under the supervision of the medical officers responsible for the various
serological departments.

The cardiolipin antigen used in the test is now being manufactured on a
commercial scale at economic prices by the Central Government at the
Antigen Production Unit at Calcutta. Being a chemically definable sub-
stance, it can be adjusted to any desired level of reactivity and thus standard-
ized more easily as to sensitivity and specificity in syphilis than the crude
tissue extract from which it is purified.

The use of an antigen standardized according to rigid international
reference standards and distributed from a single central source by the
Government, and the carrying out of a single standard test by a uniform
procedure and the reporting of the results in a uniform manner by all the
laboratories, would remove much of the confusion that at present exists
in India.

As to the WR and KR tests, which are old-established and are better
known in India than the VDRL test, it is suggested that they be dropped
as routine tests, in view of the cumbersome nature of the techniques involved,
and performed only in the teaching institutions and reference laboratories.
Such institutions might limit the number of different serological tests to a
maximum of two-a standard complement-fixation test and a standard
precipitation test (such as the VDRL test), both using cardiolipin antigen
in place of the crude tissue-extract antigen. With regard to the reagents
other than the antigen-for instance, the complement and the haemolytic
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immune antibody (amboceptor) in the complement-fixation test-it is
essential that they also should be prepared and standardized at one central
institution, and thence distributed to all the laboratories in the country.
Such reagents from the central source should be retested against local
samples of red cells, and a fixed (agreed upon) number of units of comple-
ment and amboceptor should be used in the complement-fixation test.
The preparation of stable reactive control sera, and their distribution,
preferably in the lyophilized state, should also be dealt with by the same
central institution. The Antigen Production Unit of the Government is the
obvious choice for the centre.

Quantitative analysis of the positive sera should be a routine procedure
in all the standardized tests for syphilis. Since the advent of penicillin in
syphilis therapy, the value of quantitation in the serological control of
rapid treatment methods has become increasingly recognized. Nevertheless,
it has been observed that quantitative analysis of the results is practised
in only a few laboratories.

To improve and maintain the standards of technical performance in
the various laboratories it is recommended that annual serological surveys
of laboratories be conducted by a governmental agency in India as is being
done in the USA. Such surveys could be organized on a short-term, regional
basis (as has recently been done by Chacko & Gaub (1955) in Madras)-
a procedure that would be preferable to embarking on elaborate, long-
term, country-wide surveys such as that described in this paper. At present
there are no national minimum requirements for serological test performance
in India, so that minimum standards will have to be drawn up and a satis-
factory test-performance rating agreed upon before the surveys are under-
taken. The participating laboratories will have to conform to these minimum
standards before they can qualify for a satisfactory rating. Those who do
not so qualify will be required to eliminate the errors in their techniques
and this may, in some instances, involve sending the serologist and/or the
technician on a refresher course. It is felt that private laboratories should,
sooner or later, also be included in this survey programme.

The inter-laboratory evaluation and standardization programme,
therefore, will require central and regional reference serological laboratories
to control the survey and serve as referees. Each reference laboratory
should have close liaison with a first-class venereal disease clinic, so that
its serological test results can be checked frequently with the clinical material
and a high level of proficiency maintained. It should be equipped to carry
out, besides the standard serological tests, a truly specific test, such as the
recently introduced TPI test, for reference purposes. A programme of
research should be continuously maintained as an integral part of its work.
The laboratory should also act as a training centre, where serologists and
technicians could take regular and refresher courses not only in serological
techniques but also in other venereal disease laboratory procedures. The
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nucleus of such a laboratory is available at the Institute of Venereology,
Madras; with additional staff and equipment, the Venereal Disease Labora-
tory at the Institute could serve as the central reference laboratory.
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R1tSUMIt

Une enquete sur les tests serologiques de diagnostic de la syphilis appliques dans les
principaux laboratoires de l'Inde, a ete effectuee de 1953-55, sous les auspices du Conseil
indien de la Recherche medicale. Huit laboratoires ont particip6 a l'enquete et, dans
chacun d'eux, la spe,cificite, la sensibilite et la reproductibilite de trois tests ont 6te compa-
rees: le test de Wassermann, le Kahn standard et le VDRL (precipitation sur lame). Au
total 921 serums ont ete examines: 376 provenant de sujets syphilitiques, 86 de malades
veneriens non syphilitiques, 265 de malades non veneriens et 194 de sujets apparemment
sains.

Le test VDRL s'est montre le plus satisfaisant, dans l'ensemble. (Sp&cificite 96,7%;
sensibilite 95,2 %; reproductibilite 87,2 %). L'adoption de ce test est d6s lors recommand6e
comme seul test de routine dans tous les laboratoires.

Les divergences observees entre les resultats des divers laboratoires, montrent A l'evi-
dence que la technique des tests laisse A desirer et qu'il est urgent de l'am6liorer et de
l'uniformiser. L'auteur estime qu'en reduisant au minimum le nombre des tests employes,
il sera plus facile d'y parvenir.
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