
Bull. Org. mond. Sante 1955, 13, 861-886
Bull. Wld Hlth Org. 1

SEROLOGICAL FINDINGS IN LEPROSY
AND TUBERCULOSIS WITH THE WASSERMANN,

MEINICKE, AND VDRL TESTS

H. RUGE, M.D., D.T.M. & H.
Professor of Tropical Medicine and Hygiene,

Kiel University, Germany;
Formerly, Serologist, WHO Venereal Disease Demonstration Team, Egypt

SYNOPSIS

In the course of a venereal disease survey in Egypt, 820 cases of
leprosy and 720 cases of tuberculosis were serologically examined
with the Wassermann, Meinicke (MKR II), and VDRL tests; the
results are reported in this paper.

On serological and anamnestic evidence, 31 cases of syphilis were
discovered among the leprosy cases and 37 among the tuberculosis
cases. Apparently false positive reactions were seen in 203 cases of
leprosy (25%) and in 38 cases of tuberculosis (5%). The author
discusses the probability that a fairly high proportion of these
reactions were in fact caused by otherwise undetected syphilis or
were non-specific.

The Meinicke test proved the most specific of the three, followed,
in that order, by the Wassermann and the VDRL tests.

It was found that syphilis was more frequent among males with
tuberculosis than among those with leprosy; this is attributed to the
fact that leprosy patients are kept in greater isolation. Less easily
explicable is the fact that more females than males with leprosy were
found to have syphilis, whereas in tuberculous persons the difference
in syphilis incidence between male and female patients was not very
great.

In the course of a WHO-assisted venereal disease control programme in
Egypt in 1952, 820 sera of leprosy cases and 720 sera of tuberculosis cases
were serologically examined by the Wassermann, Meinicke (MKR II), and
VDRL tests.a The sera were collected at random from all patients at the
Abou Zabal Hospital leper colony and from patients who came for treat-
ment in a number of out-patient clinics (see Table I). Thus all patients were
under medical supervision and treatment when their sera were taken.

The results have been compiled in different ways. Table II gives the
serological results for each of the three types of leprosy and for tuberculosis

a For the Wassermann test the Kolmer technique was used with half doses and cardiolipin antigen from
the Statens Seruminstitut, Copenhagen; Hamburg antigen was used for the Meinicke (MKR II) test, and
Lederle antigen for the VDRL (Venereal Disease Research Laboratory, Chamblee, Ga, USA) slide test.
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862 H. RUGE

TABLE I. PROVENANCE OF SERA

of the lung and of the bone. It should be noted that cases of leprosy were

classified as cutaneous, neural, or mixed according to the Egyptian classi-
fication, which differs somewhat from the international. The results of the
three tests have been combined in this table and are recorded as positive
(+) if all three tests gave positive readings; if two tests gave positive readings
and the third a doubtful reading; or if the Meinicke test was positive and
the VDRL test gave a reading of 8 dils or more. The Wassermann reaction
was recorded as positive if the tubes showed haemolysis from 0 to 20% and
as doubtful if they showed haemolysis from 20% to 50 %.

In 521 of the leprosy cases (283 males and 238 females) a case-history
could be obtained, and it was found that 5 males and 11 females had a

history of syphilis. Among the 301 female tuberculosis cases whose case-

histories were available, 8 had a history of syphilis. These cases are shown
in Table III, which also gives the cases considered syphilitic on the evidence
of the combined serological results. Thus there are 36 cases with positive
combined serological results and 8 cases with certain weaker complexes, as

listed in a footnote to Table II. The percentage of syphilis is significantly
lower for males with leprosy than for females and also lower than for males
with tuberculosis, but the percentage of syphilitics depends to some extent
on the number of cases for which case-histories are available, since cases

with the weaker types of the combined result ± may be classified as syphi-
litic only when their histories are known. Therefore the difference between

Institution Males Females

Leprosy

Abou Zabal Hospital * 283 238

Citadel Clinic 110 54

Qalyub Clinic 42 18

lmbabeh Clinic 53 22

Total 488 332

* Case-history obtained 283 (58%) 238 (72%)

Tuberculosis

Abbasia Sanatorium ** - 364

Almaza Sanatorium 228 -

Helwan Sanatorium 65 63

Total 293 427

** Case-history obtained - 301 (71 %)
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TABLE III. CASES CONSIDERED TO BE SYPHILITIC

Percentage of syphilis 2.5 5.7 5.5 4.9

* Diagnosis of syphilis based on serological evidence

the sexes cannot be evaluated; it may be said, however, that the difference
between males with leprosy and males with tuberculosis would have been
greater if histories had been available for the latter.

All females with tuberculosis showed a lower percentage-though not
statistically significant-of reaction§ classified as syphilitic (4.9) than the
males witlout a known case-history (5.4); however, it is likely that' this
difference *would have been greater had full histories been available for the
males, as a number of ± reactions with a known history of syphilis are

included among the females.
The percentages of syphilitics' have been calculated from Table and

are shown in Table IV. It is also interesting that the percentage of-cases
classified as syphilitic is the same in the two groups which are comparable-
females with either leprosy or tuberculosis and with a known case-history.

If one discounts the 68 cases of leprosy and tuberculosis with + or

serological teactionrs, and with syphilis deduced from the case-history or by
diagnosis, the remaining reactions may be considered non-specific.

The full details of the serological findings for each clinical group are

given in Table V, lin which the material has been divided according to
whether the clinical history is known. The table gives all the combinations
of results and the totals of the reactors in each test.

Table VI gives the percentagegs of presumed false positive reactions foir
all cases in each clinical group and for those- cases with a known clinical
history only. In the latter group pnly 5 % of females with tuberculosis had
presumed false positive reactionis. With neural leprosy both sexes had
approximately 10% of false positive reactions, while for cases of cutaneous
and mixed leprosy the figures are 25%-50%, being particularly high for

Leprosy Tuberculosis

male female male female

Total cases tested 488 332 293 427

Cases of syphilis

known history 5 11 8

denied* 5 5 12

no history* 2 3 16 1

total 12 19 16 21

9.64
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TABLE IV. PERCENTAGE OF SYPHILITICS AMONG CASES OF LEPROSY
AND OF TUBERCULOSIS *

Combined serological
Case- Totalt

Disease hsoy Sex result

male 1.4 2.1 3.5
known

female 3.8 2.9 6.7

male 0.5 0.5 1.0
Leprosy unknown

female 2.1 1.1 3.2-

male 1.0 1.4 2.4
total

female 3.3 2.4 5.7

male - - -

known
female 5.0 1.7 6.7

male 5.1 0.3 5.4
unknown f

Tuberculosis female 0.8 0 0.8
male 5.1 0.3 5.4

total
female 3.8 1.1 4.9

* Compiled from Table II

females. These differences are statistically significant with the exception of
the difference between the sexes in cutaneoiv leprosy.

The foregoing shows that this material covers three or;.four distinct
groups, and it would be wrong to make any general comparison between
the cases of leprosy and those of tuberculosis, as the relative numbers of
the three types of leprosy will strongly influence the aggregate percentage.
of reacting sera.

Findings similar to those given above were reported by Faget & Ross,'3
who observed 10.7 % of false positive reactions in 27 tuberculosis cases,
60.6% in 200 lepromatous cases, and 55.8 % in 308 mixed cases of leprosy.
Ohmichi,25 on the other hand, using the Meinicke test on 120 sera, found
52.9 % of false positives among the neural cases of leprosy and 40.0%
among the mixed cases. Degos 7 states that few false positive reactions are
seen in neural leprosy, more in cutaneous leprosy, and the most in mixed
leprosy.

In our material, anticomplementary sera were seen rather frequently.
Their occurrence is not clear from Table II, since for that table anticomple-
mentary sera in combination with + or + reactions for the flocculation
tests have been classified according to the combined results. Table V,
however, shows the occurrence of anticomplementary sera in combination
with the flocculation test results; 23 cases were seen among the presumed
non-syphilitics with a known clinical history.



866 H. RUGE

TABLE V. PRESUMED FALSE SEROREACTORS CLASSIFIED ACCORDING
TO CLINICAL INFORMATION AND TO RESULTS WITH THREE SEROLOGICAL

METHODS - A. CUTANEOUS LEPROSY

Clinical history available

Male Female
Cases without syphilis 16 42
Cases with presumed false
reactions 6 22

Moinicke
VDRL

DF

AC

+ DF

M F M F

1 3

1

6

7 8

Total
Wossermann

M F

4

3

6

15

+ |DF -

Total M 6
Meinicke F 22

Total M 6
VDRL F 9 11 2

Clinical history not available

Male Female
Cases without syphilis 13 14
Cases with presumed false
reactions 6 6

Meinicke

VDRL + DF

M F M F

+ I

E DF

AC

-2431

M F

1 1

Total
Wossermonn

U F

I 1

5 5

+ IDF|
Total 6

Meinicke F 6

Total m 2 3
VDRL F 4 1 1

WHO 5557

c
C
a
E
0
0

a
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TABLE V. PRESUMED FALSE SEROREACTORS CLASSIFIED ACCORDING
TO CLINICAL INFORMATION AND TO RESULTS WITH THREE SEROLOGICAL

METHODS - B. NEURAL LEPROSY

Clinical history available

Male Female
Cases without syphilis 116 79
Cases with presumed false
reactions 14 8

Total M 14
Meinicke F 181

Total M 2 3 9

F 3 4 1

Clinical history not available

Male Female
Cases without syphilis 126* 53
Cases with presumed false
reactions 19 5

Meinicke
VDRL

E
t.

+

DF

AC

M -

9

9 3

DF

F

1

1 _

1L

2kffr

Total
Wassermonn

M F

3

3

3

12 5

4+ DF -

Total M 1 1 17

Meinicke F 1 5

Total M 10 4 5

VDRL F 3 2

WHO 5558

* The following two cases, reactive to the Meinicke test, are recorded in the totals only:
Wassermann Meinicke VDRL

Case I DF DF DF
Case 2 - + -



H. RUGE

TABLE V. PRESUMED FALSE SEROREACTORS CLASSIFIED ACCORDING
TO CLINICAL INFORMATION AND TO RESULTS WITH THREE SEROLOGICAL

METHODS - C. MIXED LEPROSY

Clinical history available

Male Female
Cases without syphilis 141 * 101
Cases with presumed false
reactions 37 46

Meinicke

VDRL

+
g DF

AC

M F

2 4

6

2 1

5 14

DF

MA F

1 1

2

8 12

Total
Wassermann

M F

5 7

5 11

11 2

16 26

+ |DF |-|

Total M 1 3 33
Meinicke F - 46
Total M 10 10 17
VDRL F 25 15

Clinical history not available

Male Female
Cases without syphilis 64** 24
Cases with presumed false

reactions 24 10

Meainicke
VDRL

DF

AC

±.

M F

1

2

3 1

DF

M| F

1

1

9 3

-s F

5

2

3 1

Total
Wassermonn

M F

6 1

1 4

4 1

13 4

Total M 1jj 23

Meinicke F

Total M 4 11 9

F 3 4jj

WHO 5559

* The following four cases, reactive to the Meinicke test, are recorded in the totals only
Wasserm3nn Meinicke VDRL

Case I DF DF
Case 2 - +
Case 3 - DF +
Case 4 - DF

** The following case, reactive to the Meinicke test, is recorded in the totals only
Wassermann Meinicke VDRL

- DF -

868
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TABLE V. PRESUMED FALSE SEROREACTORS CLASSIFIED ACCORDING
TO CLINICAL INFORMATION AND TO RESULTS WITH THREE SEROLOGICAL

METHODS - D. TUBERCULOSIS

Clinical history available

Male Female
Cases without syphilis 1 281 *
Cases with presumed false
reactions 15

+ |DF|-|

Total M T
Meinicke F 3 12

Total M

VDRL F --15

Clinical history not available

Male Female
Cases without syphilis 228 ** 63
Cases with presumed false
reactions 1 9

Meinicke
VDRL

E

3:

DF

AC

+

M F

DF

M F

2

MA F

6

Total
Wassermonn

M F

2

2

8

7

+ DF -

Total M 2 6 11
Moinicke

Total M 3 16
VDRL I

WHO 555.

* The following three cases, reactive to the Meinicke test, are recorded in the totals only
Wasserm3nn Meinicke VDRL

Case I DF DF
Cases 2 and 3 - DF

** The following eight cases, reactive to the Meinicke test, are recorded in the totals only
Wassermann Meinicke VDRL

Case 1 DF + -

Case 2 AC + -

Case 3 AC DF -

Cases 4-8 - DF -

I
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It will be seen from Table VI that some 7% of male sera were anti-
complementary as against some 1 %-2 % of female sera; this difference
is significant. Of the 31 syphilitics with leprosy, 4 sera were anticomple-
mentary (3 of 16 males and 1 of 15 females), while there were none among
the 37 syphilitics with tuberculosis. Shiveley & Kuhns 32 observed 22 anti-
complementary sera (15.5 %) out of 142 sera tested: other authors have
made no mention of anticomplementary reactions.

TABLE VI. PERCENTAGE OF PRESUMED FALSE POSITIVE REACTIONS *

P=positive; DF=doubtful; AC=anticomplementary
* Calculated from Tables II and V

** All cases with combined serological result + and 8 cases with combined result ± were
classified as syphilitic (see Tables II and 1II).

t Syphilitics not included

There was probably some intensified anticomplementary effect in the
495 leprosy sera (Table V, A, B, and C; cases with history available), as the
percentage of anticomplementary sera found (5.4) is much higher than the
0.9% found by me in some 25 000 other sera collected at random. As all

Number Wassermann Meinicke VDRL Com-
Disease of bined

cases ~~~~~~~~~~~~~~~~resultcasesserP p DF AC total P DF total P DF total DF

Percentage of all cases
Leprosy

cutaneous E8 4.5 3.4 9.1 17.1 0 0 0 23.5 17.0 40.8

neural 383 1.3 1.0 2.9 5.2 0.3 0.3 0.5 4.7 3.4 8.1

mixed 349 5.4 6.0 5.2 16.6 0.3 1.1 1.4 12.0 11.5 23.5

total 820 3.4 3.4 4.5 11.3 0.2 0.6 0.9 9.9 8.3 18.2

Tuberculosis 720 1.0 1.0 1.9 3.9 0.3 1.2 1.5 0.1 0.6 0.7

Percentage of cases with known clinical history

Leprosy
M 16 t (38) (38) (38) (38) (38)

cutaneous
F 42 t 10 7 17 21 26 47 52

M 116 t 0.9 6.9 7.8 1.7 2.6 4.3 12.1
neural

F 79 t 5.1 5.1 3.8 5.1 8.9 10.1

M 141 t 3.5 3.5 7.8 14.8 0.7 2.1 2.8 7.1 7.1 14.2 26.2
mixed

F 101 t 6.9 10.9 2.0 19.8 24.8 14.9 39.7 45.6

M 273 t 1.8 2.2 9.2 13.2 0.4 1.1 1.5 6.7 4.8 11.5 20.9
total

F 222 t 6.8 6.3 6.9 14.0 16.7 12.2 28.9 34.2

M
Tuberculosis

F 281 t 1.8 1.4 1.4 4.6 1.1 1.1 5.3
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the sera were taken in the same way and as they were sent immediately to
the laboratory for examination, there must in fact be a much higher per-
centage of anticomplementary sera among persons with leprosy than among
the general population. The difference between anticomplementary sera in
leprosy and in the general population is significant. A comparison between
the percentages of anticomplementary sera among persons with leprosy and
among persons with tuberculosis was not possible, since only some of the
females with tuberculosis were available for comparison (Table V D; cases
with history available).

Of four anticomplementary sera on which tests could be run again a
fortnight later, only two proved anticomplementary the second time; the
reason for this is not clear. However, it was possible to eliminate anti-
complementary properties to some extent by kaolin absorption. But the
Kaolin Light that had to be used because ordinary kaolin was not available
gave much less favourable results than the ordinary kaolin would have, as
was proved on other anticomplementary sera. And heating to 600C for
four minutes showed effect in a few cases only. With ordinary kaolin, on
the other hand, about 95 % of anticomplementary bodies can generally be
removed.29-31, a

Since the combined serological result has been used as one of the criteria
for classifying a certain number of presumed syphilitics (36 cases with
combined result + and 8 with combined result ±; see Tables II and III),
there is no point in comparing the Wassermann, Meinicke, and VDRL
readings in combination in syphilis and non-syphilis. The groups of cases
with a history of syphilis might be compared with the presumed non-
syphilitics, but this would be of little interest as the details of the histories of
syphilis are not known.

However, the relative sensitivity of the three tests can be seen by com-
paring the results of each of the three methods with the other two paired,
using the group of sera reactive to at least one of the three tests. The basic
table for this is Table V, but for convenience the comparison of each;two
sets of results has been condensed in Table VII.

The range of reactivity for the three tests is the same in all three groups
of leprosy, the VDRL being more reactive than the Wassermann, and the
Meinicke less reactive than either. In tuberculosis the range is different, the
Wassermann test being the most reactive, and the Meinicke and VDRL
being almost equal.

As to specificity, the most specific test is the Meinicke, showing reactors
only among the males with mixed leprosy and the females with tuberculosis
(see Table VI); compared with the other tests, the percentages of reactions
are rather low. Next in specificity comes the Wassermann test. The VDRL

a This point will also be considered in another paper by the present writer, to be published in the Ameri-
can Journal of Clinical Pathology.
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test gives a high percentage of false positive or non-specific reactions with
all leprosy groups, but none with tuberculosis sera.

Table VIII shows the ratio of syphilitics to the total number of sero-
reactors for the three leprosy groups combined and for tuberculosis,
regardless of clinical history. All three tests in tuberculosis and the Meinicke
test in leprosy have very similar ratios (0.82-0.97), while the Wassermann
and VDRL tests in leprosy have the low ratios of 0.38 and 0.25 respectively.

TABLE VIII. RATIO OF ALL PRESUMED SYPHILITICS TO ALL SEROREACTORS *

Wassermann Meinicke VDRL

+

+ and and and

I ±

Leprosy

Syphilitics 17 0 0.38 0.23 16 3 0.89 0.73 24 2 0.25 0.16

Seroreactors 45 28 18 8 95 68

Tuberculosis

Syphilitics 33 1 0.82 0.71 30 5 0.93 0.78 28 7 0.97 0.87

Seroreactors 40 8 32 13 29 11

* Anticomplementary sera are not included in these calculations.

The hypothesis that a large number of the reactions observed in leprosy
with the Wassermann and VDRL tests were non-specific is supported' by
the following findings. Some 20 reactive sera from cases of leprosy (3' ut&-

neous, 4 neural, and 13 mixed) were tested after ordinary inactivation and
after a further heating to 650C for 3 minutes. Three of the sera were from
cases with a history of syphilis. Two of the total were Meinicke-positi4e
and the remaining 18 Meinicke-negative. The results are shown in Table IX
and may be1'summarized thus:

(a) On'e of the 3 syphilitic sera lost its reactivity after heating;
(b) Of the 17-non-syphilitic sera, 14 lost their reactivity and one became

anticomplementary.
Although the number of syphilitic sera is low, the results agree with

those describvd by Kvittingen 18 and by Narula & Gupta.24
The sum of the combined reactions, that is, the grand total of all positive

and doubtful reactions shown. in Table II, is 203 cases in leprosy, or 25 %,
and 38 cases, or 6 %, in tuberculosis. If these are related to the positive and
doubtful syphilitic sera, the following ratios result

Leprosy : 31 reactions due to syphilis_ out of 234 = 0.13.
Tuberculosis: 37 reactions due to syphilis out of 75 = 0.49.

reaction ratio reaction ratio reaction ratio
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Thus only one-seventh of all positive leprosy sera are due or related to
syphilis as opposed to one half of the tuberculosis sera, i.e., false positive
reactions are almost four times as frequent in leprosy as in tuberculosis.
But it is also interesting that even in tuberculosis about 13% of all positive
and doubtful reactions must be considered false positive. This may seem
rather surprising at first glance, but, as will be discussed later, Brede 5 and
Denecke 9 have both made similar observations.

TABLE IX. THERMOSTABILITY OF LEPROSY SERA

Resultsbefeheating Wassermann resultsResulIts before heating after heating
Total

Wassermann VDRL + |

+ + 2* 7 9

+ doubtful 1 1 2

+ -1*4 5

doubtful + 3t 4

5 15 20

* Both sera were from Meinicke-positive syphilitics.
** Anticomplementary Wassermann reaction
t One serum was from a syphilitic.

There is no doubt that the Meinicke proved the most reliable test,
followed at some distance by the Wassermann and VDRL.

Much depends, of course, on the antigens and techniques used. In my
own experience, the antigen prepared in Hamburg has always proved
satisfactory, but I have found that different antigens may cause different
reactions. Considerable differences have also been reported by Kvittingen19
and Ghorpade 14 in their comparative studies of Meinicke antigens. Since
exact information on the antigens used by various authors is, unfortunately,
seldom available, comparison of their results is not easy to make, and no
sufficient explanation of discrepancies can generally be given.

So far, the percentages of Meinicke-positive results obtained in leprosy
(including those of Kvittingen,19 who used Astra antigen and a microslide
test) vary from 10 to 78.3,25,27 Grasso 16 examined only 16 cases and found
10 positive reactions. On the other hand, Gillier 15 claimed to be able to
differentiate syphilis from leprosy by means of the Meinicke and formol-gel
tests.

No valid comparison between reactions presumed to be false positive
and those presumed to be due to syphilis can be made on the basis of the
combined results, as one of the criteria for the classification of some 40 sera
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as syphilitic was agreement between tests to give a positive combined result.
But comparison of the presumed false positives between leprosy and
tuberculosis and of the presumed syphilitics between those two diseases is
interesting. The false positives have already been discussed (see Table VII).
The presumed syphilitics are dealt with in Tables X and XI. Cases with
a known clinical history showed the same range of reactivity as the non-
syphilitic cases. It is not possible to consider any range of reactivity for the
tuberculosis cases as most of them were reactive in all three tests.
A comparison of leprosy and tuberculosis shows that while there is

55 %-70% agreement between results in leprosy, the agreement in tubercu-
losis is greater, from 73 % to 81 %. However, this difference is not statistically
significant. On the other hand, there are not so many discrepant reactions
in tuberculosis, and even when discrepancies are found they are not so
great as in leprosy; the whole pattern of the reactions is more uniform. It

TABLE X. SEROLOGICAL RESULTS IN CASES CLASSIFIED AS SYPHILITIC
A. COMBINATIONS OF RESULTS OBSERVED

Number of each
combination

cases with
known history
of syphilis
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TABLE X. SEROLOGICAL RESULTS IN CASES CLASSIFIED AS SYPHILITIC
B. RESULTS GROUPED ACCORDING TO CLINICAL DIAGNOSIS *

No history of
Clinical diagnosis Sex Knofwsyphiis*y* syphilis or clinical Totalsyphilis ahistory

not available'*

Cutaneous M
leprosy F 30

Neural leprosy M c, d
F e, o

Mixed leprosy M f, j, m
F 5a, o

Tuberculosis M
F 4a, b, f, n, i

3

i a, (i) 4
3a 5

2a, (h), k,t (1) 8
2a, h,t (k), (o) 11

12a, b, 2c, (d) 16
9a, b, c, (g), (1). 21

Total 24 68

* The 8 cases for which full particulars are given in the footnote to Table !l are shown here
in parentheses.

** Letters in Italics indicate combined serological result positive.
t Classified as combined result positive on the basis of VDRL titres of 128 or 16.

should be pointed out that several discrepant reactions were met in leprosy
cases known to have syphilis and treated for it. I cannot but consider that
these positive reactions, which occurred relatively often, were due to leprosy
and not to syphilis, as the Meinicke reaction was always negative, and as
this test is generally agreed to be reliable, sensitive, and specific. This
assumption is also supported by the figures given in previous tables, where
there are so many false positive VDRL and Wassermann reactions. The
serological diagnosis of latent cases without clinical histories depended on
positive reactions to both the Wassermann and Meinicke tests, on a quanti-
tative VDRL reaction greater than 1:4, or on both. However, with only
one exception, whenever there was a quantitative VDRL reaction greater
than 1: 4 the other two tests were also positive. Even so a number of cases
of syphilis certainly escaped detection, but some limit, had to be set.

Quantitative tests were performed on all sera reactive in VDRL slide
tests. In general, the titre was low or undetectable. Most of the isolated
reactions must therefore be considered false positive, even in some cases
where there was a known history of syphilis (see Table XII). In the false
positive reactions, which were mostly iso-lted cases of a positive VDRL
reaction only, no titres above 1 : 4 occurred. It therefore seems justifiable
to consider that all reactions above I : 4 were caused by syphilis. Titres of
1: 4 or below were considered positive when the Meinicke and Wassermann
tests were also positive.
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TABLE XII. RESULTS OF QUANTITATIVE VDRL TESTS

1 ~~~Number of cases_
Disease group Case- dlLog averhistory distitre o

1 ~2 4 8 16 32 128
ir

Presumed
non-syphilitic

A 6 1 1 8
Cutaneous leprosy

NA 5 1 6

A 3 1 1 5
Neural leprosy

NA 6 7 13

A 19 12 4 35
Mixed leprosy

NA 2 2 3 7

A 48 13% 1.6
Total leprosy

NA 26 12% 1.6

A
Tuberculosis

NA 1 1

Presumed syphilitic

A 1 1
Cutaneous leprosy

NA

A 1 1 2
Neural leprosy

NA 3 1 4

A 1 3 2 1 7
Mixed leprosy

NA 3 1 1 1 1 1 8

A 10 40% 2.6
Total leprosy

NA 12 67% 3.3

A 2 1 3
Tuberculosis

NA 5 7 5 2 2 21 43% 2.5

A = Available; NA= Not available
*Log titres calculated from dils on the basis that: I dil = 1.0

4 dils = 3.0
16 dils = 5.0

Discussion

The statistical data published hitherto on serological tests for syphilis
in leprosy run the whole range of from 0 to 100% positive reac-
tions.l,S367,10,13,22,26,28S33,34 This is apparently due partly to variations in
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the serological techniques used and partly to the fact that sera have been
drawn at different stages of disease, advanced cases of leprosy giving more
false positive or non-specific reactions than early or quiescent ones. On the
average, false positive reactions have been met in 22 %-60% of cases.1 The
findings described in this paper give a picture of the situation in one area
at one time only and no all-embracing conclusions can therefore be drawn.
It should also be emphasized that some authors ascribe practically all
positive reactions in leprosy to concomitant yaws or syphilis.22 This view,
however, is exceptional, most investigators admitting that false positive
reactions are to be seen in quite a high proportion of cases. In the present
material, for instance, many false positives were found, although there were
no cases of yaws. From the observations of other investigators it would
seem that there is probably a relationship between the course of leprosy
and the serological findings. Lessening in the clinical signs of leprosy is
accompanied by a decrease in seropositivity and relapses are accompanied
by increased seropositivity. The Kahn reaction proved useful to Badger in
his study of this phenomenon.' More recently, Ross & Gemar 28 have
reported that these reactions can be reversed to negative by intensive sulfone
treatment.

Non-specific reactions occur in tuberculosis in about 2% of all sera
examined, as far as can be calculated from the literature. This would mean
that, given normal conditions, in 720 cases of tuberculosis 15 could be con-
sidered non-specific. In my material from Egypt there would, in fact,
probably be more non-specific reactions, caused by concomitant diseases
and infections such as malnutrition, bilharziasis, amoebiasis, ankylosto-
miasis, or other intestinal parasitic infestations. Malaria may be excluded
as no acute cases or relapses have been reported. So far as can be ascertained
from the total material in the Egyptian venereal disease control programme
mentioned at the beginning of this paper, false positive or non-specific
reactions amount to about 2 %-4% of all positive and doubtful sera. Thus
altogether about 30 of the 75 positive and doubtful cases which were pre-
viously divided into 37 syphilitic and 38 non-syphilitic would give non-
specific reactions, 2% (--' 15 cases) being due to tuberculosis and another 2%
( 15 cases) to malnutrition, etc.

This would conform fairly closely to the amount of non-specific reactions
found in temperate climates. The same origin of non-specificity must also
be borne in mind in leprosy, and I think that of the 203 false positive
reactions observed (Table II), 10%-15% could be considered non-specific
reactions brought about by the affections mentioned earlier.

In 1951 Brede 5 published an interesting paper on false positive reactions.
Among 5169 positive and doubtful reactions out of 36 119 sera tested, he
found 580 false positive or non-specific reactions. Of these, 28% were due
to tuberculosis, 18% to tonsillitis, and 16% to tumours. In healthy blood
donors, 5.58 % of false positive reactions were seen. He also examined 1576

t0
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sera from 504 cases of tuberculosis of the lung and followed up 293 of these
for 5-18 months. During this period he observed 11 positive Wassermann
reactions (2.1 %), 16 positive Meinicke (MKR II) reactions (3.2 %), and
126 positive Kahn reactions (25 %). According to Brede, the positive
reaction is due to deterioration of the tissues, which is revealed by high
values in the iodine fixation tests. Specific treatment has some influence on
these serological reactions. The same process of deterioration also occurs
with, for instance, typhoid fever or tumours. Non-specific reactions may
also occur in tuberculosis, since in the course of that disease tissue deteriora-
tion frees fatty acids which enter the blood, and since the cardiolipin used
as antigen in serological tests for syphilis belongs to the group of fatty
acids. Hazen and co-workers 17 observed 7.7% non-specific reactions in
tuberculosis and 9.7% with malignant tumours. Bier 2 speaks of group-
specific reagins in leprosy and of a leprosy reagin related to syphilis. Pineda
& Pineda,28 on the other hand, say that leprosy and yaws do not have the
same reagins; their serological examinations came out negative.

In his initial testing of 821 cases of leprosy, Kvittingen 19 observed
11.8% positive Meinicke slide-test reactions against 25% positive VDRL
reactions in 818 tests and 65.8% positive Kahn reactions in 526 tests.
However, he was unable to determine even the approximate number of
persons who definitely had syphilis among the 821 patients, and it is therefore
difficult to estimate the figure and judge the specificity of his results. But
if we assume an average of 10% of syphilitics, based on other findings in
India,23'33 then the Meinicke results reported by Kvittingen come to prac-
tically the same as those in the Egyptian material. It should also be remem-
bered that, in India as in Egypt, concomitant diseases such as malnutrition
and amoebiasis might give rise to isolated positive or doubtful reactions.
(These non-specific reactions can easily be detected, however, by diluting the
serum 1 : 2, 1 : 4, 1 : 8, and 1 : 16 with normal negative serum; true positive
reactions will remain positive whereas non-specific reactions will become
negative. This method can also be used to detect very strong reactions
which come out negative while all other tests are positive.,'12' 21)

Kvittingen 18 was also struck by the infrequency of false positive results
with the Meinicke test and attributed this to the fact that the Meinicke
antigen contains balsam of Tolu instead of cholesterol. This raised the
question whether " it might be possible that increased serum-cholesterol-
such as occurs in leprosy-could sensitize an antigen already containing a
certain amount of this substance" 18 (page 509). There is probably some
truth in this as the cardiolipin antigen for the Wassermann test contains
0.3 % cholesterol, and that for the VDRL test 0.9 %. It is not known
whether the cardiolipin antigen for the Kahn test (containing 0.025%
cholesterol) gives the same rate of false positives as the Kahn standard
antigen (containing 0.4 %-0.6% cholesterol), which is usually higher than
the rate for the VDRL test.
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Kvittingen's assumption seems to be borne out by my material from
Egypt, in which the Wassermann test is less frequently reactive than the
VDRL and where the Meinicke test gives practically no false positives.
However, in view of the apparent contradiction of the Kahn results in other
material, the amount of cholesterol in the antigen may not be the only
factor influencing the number of false positive reactions obtained. The
methods of preparation of the different antigens and the techniques used
most probably also have a very important effect.

From the foregoing, one may draw the following tentative conclusions.
It appears that in leprosy-and presumably in tuberculosis as well, though
to a lesser extent-an increase in serum-cholesterol and fatty acids occurs.
It is possible that from this increase a kind of reagin is formed which is able
to produce a positive flocculation reaction or to fix complement.a

It is rather difficult to understand why so many false positive reactions
should occur with the Kahn test. The same reasons will apply to the Kahn
test as to the others, but there must also be some special additional factor.
Much seems to depend on the " purity " of the antigens, i.e., on whether
cardiolipin antigens are used. These antigens-which might be called
" specific ", since they consist of three known chemical components-may
be responsible for the fact that positive reactions are observed in a limited
number only of non-syphilitic sera. The " purified " antigen may react to
one reagin only, whereas the crude antigens used in the Kahn test may have
a much broader scale of reactivity. This hypothesis is supported by the
observations of Shively & Kuhns,32 who had better results in leprosy with
the Kolmer reaction using cardiolipin than they did with crude antigen.
Similar results were published by Ross & Gemar,28 but their Kahn tests,
using cardiolipin antigen, gave more false positive reactions than the ordi-
nary Kahn.b Brede,5 with tuberculosis sera, found 11 positive Wassermann
reactions with crude antigen but none with cardiolipin antigen. The hypo-
thesis we have put forward would also explain why non-specific reactions
occur more frequently in acute case or relapses of leprosy than in quiescent
and early cases, and would agree with the conclusions of Brede mentioned
earlier regarding his results with tuberculosis. We may suppose that the
same kind of reagins exist in leprosy and tuberculosis, and that they cause a
positive reaction in both diseases. It is possible that these reagins are related
to the group-specific syphilis reagins of which four groups can be dis-
tinguished: reagins ofa general lipoid character, polysaccharides, proteins, and
a special lipoid reagin of the brain. The general lipoid reagin is probably
linked with the leprosy and tuberculosis reagins, and the number of " side
reactions ", or non-specific reactions, would then depend on the kind of

a This fact has also been noticed many times with animal sera; 8X 20 fatty acids are probably involved
here too.5

b This may be due to the fact that Kahn cardiolipin antigen contains 0.1 % cardiolopin, 1 % lecithin, and
0.025 % cholesterol. The most commonly used Wassermann cardiolipin antigen, on the other hand, is com-
posed of 0.0175 % cardiolipin, 0.0875 Y. lecithin, and 0.3 % cholesterol. The difference between the two com-
positions is noteworthy.
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antigen used. The possibility of non-specific reactions will be reduced
practically to zero if a specific antigen for flocculation and complement
fixation tests can be produced.

The findings made in the Egyptian venereal disease control programme
on more 35 000 apparently healthy people showed that there was a pre-
valence of syphilis of 2 %-3 %. Now, it is generally agreed that among sick
persons (in-patients and out-patients) the prevalence of syphilis is 2-3 times
as high as in the general population. This would give a syphilis rate among
the sick of 6 %-I0 %. The prevalence of syphilis in the tuberculosis and
leprosy patients would thus be higher than that calculated from the results
of the serological tests, and some other weakly positive and doubtful cases
should therefore probably be considered syphilitic.

Shively & Kuhns,32 on the other hand, found only 14 out of 120 sera
with all the reactions positive, and considered those results specific, giving

TABLE XIII. AGE-DISTRIBUTION OF SYPHILIS CASES, FALSE POSITIVE
REACTIONS, AND ANTICOMPLEMENTARY REACTIONS IN LEPROSY

AND TUBERCULOSIS

Leprosy

number of cases

percentage syphilitic

percentage false positive

percentage anticomplementary

Tuberculosis

number of cases

percentage syphilitic

percentage false positive

percentage anticomplemontary

Sex

M

F

M

F

M

F

F

M

F

M

F

M

F

M

F

Age-group (years)

under 10 20-35

62 287

55 169

2 2

2 7'

16

27

5

2

97

170

2

5

2

2

17

34

9

2

150

212

7

7

6

4

4

over 35

139

108

4

6

17

22

4

1

46

45

9

9

4

4

4

2.
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TABLE XIV. PERCENTAGE OF SYPHILIS AND FALSE POSITIVE REACTIONS
AMONG LEPROSY CASES

Presu med
Syphili Presumed falsepstv

Total false positive p(stricted
cases__

number % Inumber % number %

Hospitalized cases ** 521 26 5.0 133 25.5 113 21.1

Out-patients 299 5 1.7 70 23.4 62 23.7

Total 820 31 2D3 172

* Anticomplementary sera, non-reactive In the flocculation tests, are omitted for this cal-
culation.

** At Abou Zabal Hospital (see Table I)

a rate of 12%. The complement fixation tests, especially with cardiolipin,
proved more specific than the flocculation tests (Kolmer 53.3 % positive,
Kolmer cardiolipin 36.6% positive, VDRL 58.3 % positive, and Kahn 75%
positive). Branden,4 however, considered such positive reactions to be due
to concomitant leprosy and yaws.

Table XIII gives the distribution of cases of syphilis, false positive
reactions, and anticomplementary reactions among different broad age-
groups in leprosy and tuberculosis. In tuberculosis, the age-distribution of
syphilitic infection corresponds approximately to that found among sick
persons generally, but, as explained earlier, the prevalence is probably
greater. Of course, one should also bear in mind the fact that more infection
will be met among older persons than among the young. As to leprosy, it
will be seen that the two higher age-groups of females have approximately
the same percentage of syphilis-a fact probably attributable to the separa-
tion of leprosy patients from other people. The figures for males with
leprosy are of less interest owing to the absence of clinical histories of
syphilis for them (see Table III). Moreover, the more serious cases of
leprosy are generally kept isolated for many years while the less serious
cases are followed up, also for many years, in out-patient clinics. Syphilis,
since it generally impairs health seriously, is likely to be of greater import-
ance among in-patients than among out-patients. Thus, Table XIV shows
a low percentage of syphilitics among out-patients, but the percentage
of presumed false positive reactions is very much the same in both groups.
One should not attribute too much significance to this difference as clinical
histories of syphilis among out-patients were rare.

It has been stated by Badger 1 and Degos 7 that the groups below 20 years
of age show more false reactions than older people, but this is not confirmed
by the present findings. As Table XIII indicates, false positive reactions
were distributed rather evenly among all age-groups, and the differences are
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too small to be significant. However, women showed a higher percentage
of false positive reactions than men in leprosy, and, conversely, men a higher
percentage than women in tuberculosis.

The differences in the age-distribution of anticomplementary sera are
not significant, but there was a marked difference, extending over all the
age-groups, in the distribution by sex. Males showed 5.7% and 2.7% of
anticomplementary sera in leprosy and tuberculosis respectively, while
females showed only 0.9 %.

It is difficult to offer any plausible explanation of these discordant
findings or to draw definite conclusions. Proper comparison can only be
made when similar cases can be drawn from each group under comparison;
unfortunately, the diversity of clinical pictures among the various groups in
this material is such as to render this impossible.

Syphilis is usually more frequent among males than among females.
In this material, the following was observed:

1. The difference in frequency of syphilis between male and female
tuberculosis patients was not statistically significant (5.5% against 4.9 %).
This may be due to the fact that syphilis is not seldom found to be more
frequent in female tuberculosis patients.

2. The percentage of syphilis was significantly greater for male tubercu-
losis patients than for male leprosy patients. This is readily understandable
since leprosy patients are kept in much greater isolation than the tuberculous.

3. The difference between the percentages for female tuberculosis patients
and for female leprosy patients was not statistically significant (4.9%
against 5.7 %).

4. However, there were significantly more female than male leprosy
cases with syphilis (5.7% against 2.5 %) among both in-patients and out-
patients.

There is no apparent reason why false positive or non-specific reactions
should occur so much more frequently in females than in males, but it is
interesting that Degos 7 and Badger 1 both observed the same phenomenon.
Badger's explanation is simple: he says that most of the reactions must
have been false positive as it is impossible that women with leprosy should
have twice as much syphilitic infection as men. Moreover, there was no
reason to assume that those reactions were specific, since no similar observa-
tions had been made among hospitalized patients and since there was no
information on the ratio of syphilitic males to females in the total popula-
tion. I am not inclined to attribute the fact ofmy finding a similar occurrence
to mere chance; but a valid explanation is not easily found, although, as has
already been said, it is likely that some men with weakly positive reactions
would have been classified as syphilitic had clinical histories been available
for them to the same extent as for women. It is to be hoped that future
studies on clinically well-classified cases will throw some light on this
problem.
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It should also be noted that Heide, Espino & Vera,l7a who among
25 leprosy sera examined discovered 13 positive to the VDRL test, 6 positive
and 3 doubtful to the citochol Sachs-Witebsky test, and 16 positive and
3 doubtful to the Kahn test, also suggest that there may be a relationship
between the positive reactions and the cholesterol content of the different
antigens for these tests. No indication is given, however, of how many
of the leprosy patients with positive sera were also suffering from syphilis.
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RESUMt

Au cours de l'ex6cution du programme de lutte antivenerienne en Egypte en 1952,
les serums de 820 sujets atteints de lepre et de 720 cas de tuberculose ont ete soumis
aux tests de Wassermann, de Meinicke (MKR II) et des VDRL. Dans 31 cas de lepre
et 37 cas de tuberculose, des resultats serologiques evidents, completes par l'anamnese,
ont permis de conclure a la presence de syphilis. Mais 203 cas de lepre (25% du total)
et 38 cas de tuberculose (5 % du total) ont donne des reactions considerees comme faus-
sement positives. Des observations analogues avaient e faites par d'autres auteurs,
qui avaient note, avec les antigenes syphilitiques, un pourcentage de fausses reactions
positives plus eleve avec les serums lepreux qu'avec les serums tuberculeux. Ce sont
les formes dites mixtes de la lepre (selon la terminologie egyptienne) qui donnent le
plus de reactions non sp&cifiques et les formes nerveuses qui en donnent le moins, les
formes cutanees etant intermediaires. En Egypte, une certaine proportion des reactions
non specifiques peut &re attribuee a des etats pathologiques divers, tels que la malnutri-
tion, la bilharziose, l'amibiase et l'ankylostomiase.

Le test de Meinicke semble etre le plus specifique des trois tests precites; il est suivi
par le Wassermann et le VDRL. Le test de Meinicke n'a donne des r6actions faussement
positives que chez les hommes atteints de lepre mixte et chez les femmes tuberculeuses.
Des proportions de fausses reactions positives chez les lepreux varient, suivant les auteurs,
entre 10% et 78 %. Outre la qualit6 de l'antigene, la technique utilis6e joue un r6le impor-
tant, ce qui rend difficile Ih comparaison des resultats. Les observations faites avec divers
antigenes ont suggere l'hypothese suivante. Les maladies entrainant une det&rioration
des tissus, telles que la lepre, la tuberculose dans une certaine mesure, la fievre typholde
et certaines tumeurs, donnent, avec les antigenes syphilitiques, un plus grand nombre
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de reactions non sp&cifiques que d'autres maladies, parce qu'elles provoquent la mise
en liberte dans le sang de cholesterol et d'acides gras. On comprendrait ainsi pourquoi
les cas de lepre aigue et les rechutes donnent plus de reactions non sp6cifiques que les
formes pr6coces ou latentes de la maladie. On peut supposer que des r6agines existent
dans la lpre et la tuberculose qui sont du meme type que certaines des reagines syphi-
litiques - type lipoidique par exemple - et qu'elles reagissent avec certains antigenes
syphilitiques. Cette hypothese expliquerait aussi pourquoi les antigenes bruts (tels que
ceux qui ont ete utilises par certains auteurs dans la reaction de Kahn) donnent plus
de fausses reactions positives que les antigenes purifies du type de la cardiolipine, dont
la gamme de sensibilite est moins etendue. L'auteur conclut que la mise au point d'un
antigene specifique pour les reactions de floculation et de fixation du complement annule-
rait pratiquement les risques de fausses reactions positives observees avec les divers
antig6nes actuellement en usage.
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