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Further Studies on Seroreactivity in Leprosy by means
of a Lecithin-free Cardiolipin Antigen (Cardchol)

and Other Antigens Ordinarily Used
in the Serodiagnosis of Treponematoses*

HENNING SCHMIDT, M.D.1

In a previous study the reactivities of some lipoidal antigens in sera from patients
with different types of leprosy were investigated. The present paper is a continuation of
this earlier study and relates to an investigation of some 300 sera from leprosy patients in
India. In particular, the reactivity of cardchol (a complement-fixing, lecithin-free, cardio-
lipin antigen) is compared with that of CWRM (an " ordinary " cardiolipin antigen used
in routine complement-fixation tests for the serodiagnosis of treponematoses).

Cardchol, which is inferior to CWRM in reactivity with treponemal sera, has proved
to be more reactive than CWRM in leprosy sera. The use of a lecithin-free cardiolipin
antigen in serological investigations has revealed that the antilipoidal antibodies occurring
in leprosy are most probably different from those demonstrated in treponematoses. Among
the sera of non-syphilitic lepers, the percentage reactivity was significantly higher with
cardchol than with CWRM. Thus, by changing the relative proportions of the three com-
ponents of cardiolipin antigen, it has been possible to produce antigens with reactivities
quite different from those of the antigens ordinarily usedfor the serological demonstration
of syphilis.

Cardchol is by no means a specific antigen for the demonstration of leprosy, but it has
the ability tofix antibodies in certain leprosy sera that are notfixed by the ordinary CWRM
antigen.

Leprosy is the microbial disease that is most fre-
quently and most constantly accompanied by non-
treponemal seroreactivity with lipoidal antigens
employed in the serodiagnosis of treponematoses.
Some authors quote a reactivity rate of about 25 %
(Gollerki, Gokhda & Radane, 1952; Ruge, 1955),
others a reactivity rate of about 50-60% (Trespala-
cios & Garcia Otero, 1951; Portnoy, Gonzalez &
Cutler, 1953; Almeida, Souza Lima & Carvalho,
1955). Fromm et al. (1959) were unable to confirm
this high percentage reactivity in their material, in
which they observed a reactivity of about 3-4%
using various serological methods.
The reactivity demonstrated will depend to some

degree on the antigens employed in the investigation;
thus, Kvittingen et al. (1952) showed that the

* This paper from the Treponematosis Department,
Statens Seruminstitut, Copenhagen, is a continuation of a
previous study on the antibody content of leprosy sera (see
Schmidt, 1959b).

1 WHO Serological Reference Centre, Statens Serum-
institut, Copenhagen, Denmark.

Meinicke clarification test gave fewer reactions with
sera from leprosy patients than did tests in which an-
tigens with a higher content of cholesterol were emp-
loyed. In this connexion it might be mentioned that
Meinicke antigen contains balsam of Tolu instead of
cholesterol, while cholesterol in various concentra-
tions is added to most of the other lipoid antigens; for
example, 0.6% is added to Kahn antigen and 0.9%
to VDRL antigen. Thus, no change in the serolo-
gical reactivity of leprosy sera has been observed on
the transition from " crude " lipoidal antigens to
cardiolipin antigen (Brena & Malacara, 1958;
Fromm et al., 1959).
The seroreactivity also depends on the type of

leprosy. Thus, lepromatous leprosy shows a higher
rate of seroreactivity than does non-lepromatous
leprosy. Finally, it was possible to demonstrate a
higher frequency of reactivity with lipoidal antigens
in sera from patients with lepromatous leprosy and
bacteriological verification of Mycobacterium leprae
than in sera from patients with lepromatous leprosy
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in whom the presence of Myco. leprae could no
longer be demonstrated (Schmidt, 1959b).
The production of an antigen for the serodiagnosis

of leprosy has been rendered difficult by the fact
that Myco. leprae cannot be cultivated in vitro. An
attempt has been made, in view of its close relation-
ship with Myco. tuberculosis, to make use of extracts
of tubercle bacilli or tuberculin, but such antigens
have shown reactions not only with sera from per-
sons suffering from leprosy but also with sera from
those suffering from tuberculosis or syphilis, and
have therefore been unsuitable for specific leprosy
diagnosis. The rather high frequency of leprosy sera
reacting with syphilis antigens suggests that there is
a very close serological relation between syphilis and
leprosy. The introduction of the Treponema pallidum
immobilization (TPI) test (Nelson & Mayer, 1949)
into the serodiagnosis of syphilis has reduced the
importance of being able to distinguish between
treponemal and non-treponemal diseases on the
basis of lipoid serology, as the TPI test demonstrates
only antitreponemal antibodies. On the basis of our
present knowledge, therefore, we can regard TPI-
reactive sera as originating from patients who at one
time or another have had a treponematosis. There-
fore, in calculating the frequency of reactivity to
lipoid antigens among leprosy patients, those sera
should be omitted which are both TPI-reactive and
lipoid-antigen-reactive.

Since the introduction of the TPI test, the system-
atic serological examination of leprosy patients has
ceased to have any particular diagnostic importance.
Nevertheless, studies ofleprosy sera bymeans oflipoid
serology have the great interest that this relatively
well-defined disease group may yield information on
the complex nature of the antilipoidal antibodies.
The aim of the present study has been to examine

a large number ofsera from patients with various types
of leprosy, by different serological methods, including
the TPI test. An attempt has also been made to
perform the lepromin test and compare its results
with the serological picture.

MATERIAL AND METHODS

During the period February-August 1959, a total
of 309 sera from Indian patients with leprosy were
received from Madras.' The clot was removed from

1 My thanks are due to Dr C. W. Chako, Serologist and
Associate Professor of Serology, Institute of Venereology,
Madras Medical College, India, and Dr S. Z. Ahmed,
Medical Officer in Charge, Leprosy Clinic, Government
Hospital, Madras, India, for their great help in obtaining
the material.

each serum sample and the sera were then dispatched
by air in sealed ampoules. The samples were sent off
in active form without the addition of any preserva-
tives, and the average time from blood sampling to
receipt in Copenhagen was 6-8 days. After receipt
in Copenhagen, each serum sample was divided into
two portions, one of which was inactivated by heat-
ing to 560 C for 30 minutes. The active portion was
further divided, some of it being used in the Meinicke
clarification test, and the remainder being examined,
in parallel with the inactive serum, by the two com-
plement-fixation tests used. These parallel investiga-
tions are discussed in a separate communication
(Schmidt, 1961).
The sera were examined by two complement-fixa-

tion tests-Wassermann-M0rch's complement-fixa-
tion test using cardiolipin antigen (CWRM) (Schmidt
1951, 1952; Schmidt & Lundback, 1954), and a
complement-fixation test using the same technique,
but lecithin-free cardiolipin antigen (cardchol)
(Schmidt, 1955a, 1959a, 1959b). They were also
examined by the VDRL slide microflocculation test
(Harris, Rosenberg & Del Vecchio, 1948); by the
Meinicke clarification test(MR) (Meinicke, 1932); and
by the TPI test (Nelson & Mayer, 1949; Nielsen, 1957).
A numler of the patients from whom the sera

were obtained were examined for the presence of
Myco. leprae in smears from nasal mucosa and skin
lesions, but no bacteriological examination was
made covering the entire material. The material
examined is not selected, but may be regarded as a
random sample.
An intracutaneous lepromin test was done on a

considerable number of the patients, but only a
minority of them returned to the clinic after 72
hours to have the result read.
The material is divided into three groups accord-

ing to the type of leprosy diagnosed: lepromatous
leprosy, non-lepromatous leprosy and a borderline
type. It was not possible to group the material
according to the type of treatment given or to the
duration of the disease.

RESULTS

Table 1 shows the number of patients with the
various types of leprosy. It also shows how many
patients in each group had received a bacteriological
examination for Myco. leprae, and the results of this
examination. Leprosy bacilli could be demon-
strated in 44 (72%) of the 61 lepromatous leprosy
patients examined, while in the non-lepromatous
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TABLE 1
DISTRIBUTION OF THE PATIENTS IN THE STUDY,

ACCORDING TO TYPE OF LEPROSY AND BACTERIO-
LOGICAL FINDINGS

Type of leprosy
Bacteriologi- Total
cal findings Lepro- Non-lepro- Borderline

matous matous

Myco. leprae
demonstrable 44 (72 %) 6 (5.4 %) 0 50

Myco. leprae
not demon-
strable 17 105 0 122

Not examined 52 80 5 137

Total 113 191 5 309

leprosy group, bacilli were found in only 6 (5.4%)
out of 111 patients examined.

Table 2 shows the results with the two comple-
ment-fixation tests, CWRM and cardchol. The
four possible combinations of results with these
two seroreactions are shown in relation to the
clinical types of leprosy. Two sera were found to
be anticomplementary, while in 7 cases there was
an insufficient quantity of serum for the tests. Of
the 111 sera from lepromatous leprosy patients,
44 (39.6%) were non-reactive with both antigens,

TABLE 2
RELATIONSHIP BETWEEN RESULTS OF THE TWO COM-
PLEMENT-FIXATION TESTS (CWRM AND CARDCHOL)

AND CLINICAL TYPE OF LEPROSY

Results of Type of leprosy
complement- L Non-leprofixation tests Lepro- Nonp Borderlinematous matous

CWRMlcardchol

_ - 44 122 5

+ - 0 2 0

- + 28 37 0

+ + 39 23 0

Sub-total 111 184 5

Anticomplementary 1 1 0

Not done 1 6 0

Total 113 191 5

TABLE 3

OCCURRENCE OF MYCO. LEPRAE IN RELATION TO
REACTIVITY OF CWRM AND CARDCHOL

Myco. Ieprae demon- Myco. leprae not demon-
strable strable

CWRM Cardchol Total CWRM Cardchol Total

- 19 8 27 - 69 29 98

+ 0 22 22 + 0 20 20

Total 19 30 49 Total 69 49 118

39 (35.1 %) were reactive with CWRM, and 67
(60.4%) were reactive with cardchol. The combina-
tion CWRM + /cardchol- does not occur within
this clinical group.
Of the 184 sera from patients with non-lepro-

matous leprosy, 122 (66.3%) were non-reactive with
both complement-fixation tests, 25 (13.6 %) were reac-
tive with CWRM, and 60 (32.6 %) were reactive with
cardchol. The combination CWRM +/cardchol-
occurs in two cases, both of which were TPI-reactive
(see below). No sera from patients of the borderline
type reacted in the two complement-fixation tests.

It was desired to examine the material for a pos-
sible correlation between the serological and the
bacteriological findings. Table 3 shows two " 2 x 2
tables " in which the occurrence of reactive and non-
reactive sera is compared with the bacteriological
findings. Of 172 patients examined for the pre-
sence of Myco. leprae, parallel testing of sera with
CWRM and cardchol was possible in 167 cases; in
these, acid-fast bacilli were found in 49 and were
not demonstrated in 118. As Table 1 shows, the
great majority of the patients with bacteriological
verification belong to the clinical type " lepromatous
leprosy ". In Table 3, therefore, the type of leprosy
has been ignored and attention paid to the bacterio-
logical findings only. Cardchol is more reactive than
CWRM both in the group with bacteriological veri-
fication and in the group in which acid-fast bacilli
were not demonstrated, and in both cases the
difference between the reactivity of cardchol and
that of CWRM was found to be statistically signifi-
cant 1 (P = 0.8% and <0.01 %, respectively).
Among the sera from patients with negative bacte-

1 For the calculation of P, see Schmidt (1951).
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TABLE 4

REACTIVITY OF CWRM AND CARDCHOL IN RELATION
TO CLINICAL TYPE OF LEPROSY AND TPI-REACTIVITY

Type of leprosy
CWRM/cardchol Lepromatous Non-lepromatous

TPI+ TPI- TPI+ TPI-

_ _ 3 41 8 107

+ - 0 0 2 0

- + 1 27 6 30

+ + 18 20 14 8

Total 22 88 30 145

riological findings, i.e., in the main among the non-
lepromatous cases, cardchol was considerably more
reactive than CWRM.
Table 4 shows a subdivision of the clinical types

according to their reactivity or non-reactivity in the
TPI test, the results being set up according to the
reactivity of these sera with the two complement-
fixation tests. Of 22 TPI-reactive sera from lepro-
matous leprosy patients, 18 (82%) were reactive with
CWRM and 19 (86%) were reactive with cardchol;
of 30 TPI-reactive sera from non-lepromatous
leprosy patients, 16 (53 %) were reactive with CWRM
and 20 (67%) were reactive with cardchol. There
were 88 TPI-non-reactive sera from lepromatous
leprosy patients, 20 (23%) of which reacted with
CWRM and 47 (53 %) with cardchol. Finally, there
were 145 TPI-non-reactive sera from non-lepro-

TABLE 5

COMPARISON BETWEEN THE REACTIVITIES OF MR,
VDRL, AND TPI

VDRL TPI

Non-re- Re- ND Non-re- Re-
active active active active ND

Non-reactive 162 8 1 150 13 8

MR Reactive 41 32 0 42 30 1

IND 48 9 8 47 9 9

(Non-reactive 228 11 0

TPI Reactive 16 36 0

(ND 7 2 9

ND = not done

TABLE 6

PSEUDO-QUANTITATIVE RESULTS OF MR AND VDRL
IN RELATION TO TPI-REACTIVITY

TPI

Reactive Non- ND
reactive

Non-reactive 13 150 8

Doubtfully reactive 11 31 0
MR

Reactive 19 11 1

ND 9 47 9

Non-reactive 16 228 7

V Doubffully reactive 0 2 0
VDRLd

Reactive 36 9 2

ND 0 0 9

ND = not done.

matous leprosy patients, and of these, 8 (6 %)
reacted with CWRM, while 38 (26 %) reacted
with cardchol. Thus, the most pronounced dif-
ference between the reactivity of CWRM and that
of cardchol is found among the TPI-non-reactive
sera.

In Table 5, the other serological methods used in
our examination of the leprosy sera are compared
with each other in " 2 x 2 " tables. It appears from
this comparison that MR is more frequently reactive
than VDRL or TPI, the difference in reactivity being
statistically significant in each case (P <0.01 %). On
the other hand, no significant difference can be
demonstrated between the reactivities of VDRL and
TPI. As a reactive TPI is considered sufficient
evidence of a patient's having had a treponematosis,
it must be concluded that, in the present material,
MR has been significantly more non-specific than
VDRL. If VDRL and MR are considered pseudo-
quantitatively, i.e., if the material is grouped accord-
ing to the serological results into non-reactive,
doubtfully reactive and reactive sera (Table 6), it can
be seen that it is the doubtfully reactive MR tests
that predominate among the MR-non-specific sera.
Thus, 19 out of 30 MR-reactive sera are also TPI-
reactive, while only 11 out of 42 sera that are doubt-
fully reactive with MR are reactive with TPI. In the
present material, therefore, a reactive MR is an
expression of treponemal infection in 63% of the
cases, while a doubtfully reactive MR parallels a
reactive TPI in only 26% of the cases.
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TABLE 7
RELATIONSHIP BETWEEN REACTIVITY IN LEPROMIN
TEST AND REACTIVITY IN CWRM AND CARDCHOL TESTS

CWRM/cardchol Result of lepromin test Total

_ _ 12 9 21

+ -0 0 0

- + 11 1 12

+ + 7 1 8

Total 30 11 41

The lepromin test was performed in 41 patients,
and in Table 7 the results of this test are compared
with the serological findings in the same patients.
Out of 30 patients with negative lepromin tests, 18
(60 %) had sera that reacted with cardchol, whereas
cardchol reacted with only 2 out of 11 sera from
lepromin-positive patients (18 %). This difference in
the cardchol reactivity of the two groups is signifi-
cant (P '(2 2 %). A negative correlation thus seems

to exist between the occurrence of circulating anti-
lipoidal antibodies and cellular antibodies, as demon-
strated by intracutaneous test reactions.

DISCUSSION

An examination of sera from leprosy patients by
means of lipoidal antigens employed in syphilis sero-
logy has revealed that a considerable number of these
sera are reactive, particularly those from patients
with lepromatous leprosy. Even if the TPI-reactive
sera (those sera in which the reactions with lipoid
antigens will be considered specific-i.e., as being
due to a past or present treponemal infection) are
excluded from the investigation, an exceedingly high
rate of reactivity to lipoid antigens is found among

the leprosy sera. The term " biologically false posi-
tive" for this non-specific reactivity must be con-

sidered a misnomer, as such reactivity is presumably
caused by a formation of antibodies to lipoids, in the
same way as occurs in syphilis. The designation
" non-treponemal seroreaction " would therefore be
more satisfactory. Omission of all the TPI-reactive
sera when assessing non-treponemal seroreactivity
among leprosy patients may, however, result in an

unjustifiably large reduction in the reactivity rate,
as a positive lipoid seroreaction in a TPI-reactive
patient will be ascribed to treponemal infection, even

though it may actually have been provoked by the
leprosy infection. Thus, in serological studies of
syphilis in major population groups in countries
where leprosy is prevalent, positive seroreactions
with lipoid antigens must not be taken as 100%
evidence of syphilis, as the seroactivity may, to a
certain extent, be caused by other disorders, e.g.,
leprosy. On the other hand, negative seroreactions
can be accorded a certain value with regard to the
exclusion of syphilis requiring treatment.

On' the criterion that a reactive TPI test implies a
present or past treponematosis, the material studied
here showed a frequency of syphilis or other trepo-
nemal infection among leprosy patients in India of
18.80% (52 TPI-reactive sera were found among 276
sera examined by this technique). The frequency of
syphilis among leprosy patients has also been dis-
cussed in a previous paper, in which 161 sera from a
leprosarium in Alexandria, Egypt, were studied.
The frequency of syphilis there was estimated on the
basis of reactive TPI tests to be 3.20% (Schmidt,
1959b). This finding was in agreement with the
frequency of syphilis in the Egyptian population
currently found by other workers-namely, 3-50%
(Ruge, 1955; A. A. El Ghoroury, personal com-
munication, 1959). The frequency of syphilis among
leprosy patients thus does not appear to differ from
that among the population as a whole, so that from
the TPI-reactivities found in the present material it
may be concluded that the treponematosis frequency
in India is about 15-20 %.
The introduction of the lecithin-free antigen

cardchol into serodiagnosis has revealed that the
antilipoidal antibodies occurring in leprosy patients
presumably differ from those occurring in syphilis.
Among the sera from leprosy patients who have no
demonstrable treponematosis, there is not only a
considerably greater frequency of cardchol-reactive
sera than CWRM-reactive sera, but the quantitative
relations also appear to the advantage of cardchol,
when the study involves non-syphilitic leprosy
patients. It has thus been found possible, by altering
the relative proportions of the three components
constituting cardiolipin antigen (cardiolipin, lecithin
and cholesterol), to produce antigens whose reacti-
vity is different from that of the cardiolipin antigens
used for demonstrating syphilis. Certain of these
antigens are particularly sensitive to sera from
leprosy patients, though not entitled to the designa-
tion " specific " for this disease (Ogata, 1953; Kent,
Otero & Harrigan, 1957; Kent et al., 1958; Schmidt,
1955a, 1955b, 1959a, 1959b). Cardchol (Schmidt,
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1955a) is composed of cardiolipin and cholesterol in
the proportions recommended by Maltaner &
Maltaner (1945)-namely, 0.0175% cardiolipin and
0.3% cholesterol-but does not contain any lecithin.
This preparation was found to be antigenically
active, but less sensitive with sera from syphilis
patients than " normal " cardiolipin antigen, while
it reacted more strongly than normal cardiolipin
antigen with numerous sera from subjects with non-
treponemal seroreactions. The most sensitive lipoid
antigen is usually also the most non-specific in
reaction, but this is not the case with cardchol. It is
therefore felt that in cardchol an antigen has been
found which differs decisively from normal cardio-
lipin antigen, and which perhaps demonstrates anti-

bodies differing from those found with that antigen.
Previous studies indicated that cardchol was particu-
larly sensitive to sera from leprosy patients (Schmidt,
1956), and subsequent studies appear to have con-
firmed this.

In the present material, cardchol proved to be
more sensitive than CWRM also among the TPI-
reactive leprosy patients, but this is presumably due
to the fact that the antilipoidal antibodies, even in the
TPI-reactive patients, are elicited by leprosy rather
than by syphilis. The fact that the percentage reac-
tivity with cardchol, irrespective ofthe TPI reactivity,
is greater for the lepromatous leprosy patients
than for the non-lepromatous leprosy patients
might perhaps lend support to such a hypothesis.

RtSUMI

Dans de pr&cedents travaux, l'auteur avait montre que
les serums de lepreux reagissaient tres souvent aux anti-
genes cardiolipidiques utilises pour le serodiagnostic des
treponematoses, de la syphilis en particulier, ce qui
faussait dans une mesure parfois importante les epreuves
de depistage. Meme si l'on exclut du calcul des pourcen-
tages les serums positifs au TPI, la proportion des serums
reagissants est trop elevee pour que le terme <(reaction
positive biologiquement fausse# garde sa valeur. I1
semble qu'il existe dans les serums des lepreux des anti-
corps antilipoldiques, comme dans les serums syphiliti-
ques. L'expression e seroreaction non treponemique*
paraitrait plus appropriee.

L'auteur a 6tudie recemment quelque 300 serums pro-
venant de lepreux de l'Inde et les a soumis a un test de
fixation du complement avec un antigene cardiolipidique
normal (CWRM) ainsi qu'A un test au cardchol (anti-
gene cardiolipidique exempt de lecithine). Le cardchol
s'est montre moins sensible que le CWRM pour depister
les treponematoses, mais plus sensible au contraire avec
les serums de lepreux. Le cardchol met en 6vidence des

anticorps antilipoidiques, mais tres probablement diff&
rents de ceux que l'on rencontre dans les serums syphili-
tiques. I1 semble donc que ces deux antigenes revelent des
anticorps differents.

D'autre part, en changeant les proportions des trois
composants des antigenes cardiolipidiques, on a pu
preparer des antigenes dont la reactivite differe de celle
des antigenes destines au diagnostic de la syphilis.
Certains d'entre eux sont particulierement sensibles aux
serums provenant de lepreux, sans pourtant que l'on
puisse parler d'une sensibilite specifique.
Le test a la 1lpromine a ete applique a 41 malades et les

resultats compares a ceux obtenus avec le cardchol et le
CWRM. I1 semble que les uns soient a l'inverse des
autres, c'est-a-dire que si la reaction est .positive au
cardchol, elle est negative a la lepromine. En consequence,
I'auteur emet l'hypothese selon laquelle la presence des
anticorps antilipoidiques serait l'indice d'un pronostic
plutot grave, puisqu'il est connu que la reaction a la
lepromine est positive surtout chez les malades atteints de
1lpre non lepromateuse ou immuns vis-a-vis de la lpre.
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