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SYNOPSIS

Previous experiments have shown that a mixture of cardiolipin
and cholesterol in absolute ethanol (named " cardchol ") might be
used as an antigen in complement-fixation tests. The reactivity in
the complement-fixation test of CWRM (an " ordinary " cardio-
lipin antigen) was compared with that of cardchol in several experi-
ments, and it could be demonstrated that the reactivity of cardchol
was especially pronounced in sera from false-positive reactors.
In about 50% of such cases, quantitative determination of the
antibody content showed that cardchol was more reactive than
CWRM, whereas in syphilitic cases the reactivity of cardchol was
inferior to that of CWRM. An exception was primary syphilis,
which showed a reactivity level with cardchol equal to or even
superior to that of CWRM.

Examinations of a certain number of sera from leprosy patients
had shown them to be highly reactive with cardchol and non-
reactive or weakly reactive with CWRM; this observation is fully
confirmed by examination of a larger number of leprosy sera, on
which this paper reports. These sera were examined with a battery
of tests using lipoidal antigens and with the TPI test. Testing with
cardchol proved to give the highest reactivity with these sera, which
were mostly non-treponemal.

Subdivision of the material according to the clinical stage of
leprosy showed that the highest reactivity of cardchol occurred
in patients with lepromatous leprosy, particularly in those with
leprosy of relatively short duration.

Electrophoretic fractionation of these sera demonstrated that
the substances reacting with cardchol were situated in the gamma-
globulin or gamma- and beta-globulin serum fractions.

Lundbiick demonstrated in 1952 that a mixture of the lipoids cardio-
lipin and cholesterol in the proportion 1: 17 could be used as antigen in
complement-fixation tests, and that sera from patients with primary syphilis
showed the same reactivity with this lecithin-free antigen as when the
antigen contained lecithin. Sera from patients in the later stages of syphilis
showed some reactivity with the lecithin-free antigen, but less than was the
case with " normal" cardiolipin antigen.'

1 Cardiolipin antigen is a mixture of cardiolipin, lecithin and cholesterol.
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Ogata (1953) demonstrated the influence of the lecithin concentration
on the reactivity of the cardiolipin antigen with both syphilitic and non-
syphilitic sera. He showed that sera from patients with leprosy reacted
more strongly with a cardiolipin antigen in which the cardiolipin to lecithin
ratio was 1: 1, while sera from patients with syphilis gave a better reaction
when these two components were present in the ratio 1: 10.

Previous studies (Schmidt, 1955a, 1955b, 1956) have confirmed that
"cardchol ", the name given by the present author to a preparation com-
posed of cardiolipin and cholesterol in the proportions 1:17, could be
used as an antigen in complement-fixation tests. The reactivity of cardchol,
however, differed from that of a cardiolipin antigen composed of cardio-
lipin, lecithin and cholesterol in the proportions 1: 5: 17 (Maltaner &
Maltaner, 1945). For example, when approximately 200 sera which reacted
with lipoid antigen but were negative in the Treponema pallidum immobiliza-
tion test (TPI test) (i.e. non-treponemal-reactive sera) were tested against
cardchol and cardiolipin antigen respectively, about half the sera showed a
higher titre with cardchol than with cardiolipin antigen (Schmidt, 1959).
Further, a number of the sera from patients with non-syphilitic infections
reacted with cardchol but not with cardiolipin antigen. The discrepancy
shown to exist between the reactivity of cardiolipin antigen and cardchol
was interpreted as signifying incomplete identity of the antilipoidal anti-
bodies demonstrated by these two lipoid antigens. By " antilipoidal anti-
bodies" is meant serum components which react in vitro with cardiolipin
antigen or cardiolipin-containing antigen, i.e., lipoidal antigens.

Kent, Otero & Harrigan (1957) were able to confirm Ogata's findings.
These investigators examined 34 sera from non-syphilitic patients with
leprosy, using various " crude " antigens, as well as cardiolipin antigens
in which the lecithin concentration was varied. They found a correlation
between the reactivity of the cardiolipin antigen with the leprosy sera
and the lecithin content of the antigen; the lower was the lecithin content,
the stronger was the reactivity of the antigen with the leprosy serum.
Kent, Burke, Carroll & Simonton (1958) used lecithin concentrations of,
respectively, 0.27% and 0.15% in flocculation reactions, and 0.0875%
and 0.0219% in complement-fixation reactions. They showed that non-
syphilitic sera reacted more strongly with the lecithin-poor antigen, while
syphilitic sera reacted more strongly with the antigens in which the con-
centration of lecithin was " normal ", i.e., that lecithin concentration
which the original antigen titrations had shown to be the most suitable
with syphilitic sera. These authors claimed that they could distinguish
between a syphilitic and a non-syphilitic mode of reaction according to
which of the two antigens with varying lecithin content gave the higher
titre. Of a total of 119 sera from syphilitics in various stages of the disease,
95% showed a so-called syphilitic mode of reaction (i.e., they reacted
better with the " normal " antigen) while 84% of a total of 45 sera from

1176



LECITHIN-FREE CARDIOLIPIN ANTIGEN IN LEPROSY

non-syphilitics with various infections or systemic diseases showed a non-
syphilitic mode of reaction (i.e., they reacted better with a lecithin-poor
antigen).

Examination of a few leprosy sera (Schmidt, 1956) had shown that
these sera reacted particularly strongly with cardchol, but not with cardio-
lipin antigen. This finding, and the mode of reaction of non-syphilitic
sera with cardchol, suggested that leprosy sera might be studied for a
particular affinity for the lecithin-free antigen.

In the literature, leprosy is stated to be one of those infectious diseases
most frequently accompanied by so-called biological false positive reactions
for syphilis, these reactions being found in 40%-60% of the sera from
patients with lepromatous leprosy (Moore & Mohr, 1952). On the other
hand, sera from patients with the tuberculoid type of leprosy are reported
as giving positive sero-reactions for syphilis with much less frequency.

Based on a study of 224 sera from patients with leprosy, Edmundson,
Wolcott, Olansky & Ross (1954) quote a figure of approximately 63 %
for the reactivity of leprosy sera with lipoid antigens. These authors also
used the TPI test in their investigations, and found that this was reactive
in about 11% of the cases. Deducting the TPI-reactive sera, this means
that about 50% of the leprosy patients examined gave a non-treponemal
reaction with lipoid antigens.

Patrick & Wolfe (1941) and Faget & Ross (1944) found that the frequency
of positive sero-reactions for syphilis in cases of leprosy depended on the
type of leprosy, and that the sero-reactivity was especially pronounced in
lepromatous leprosy.

Ruge (1956a), examining sera from 820 leprosy patients, confirmed
that the incidence of sero-reactivity depended on the type of leprosy. There
was sero-reactivity in 45 % of the patients with cutaneous leprosy, in 35%
of the patients with mixed leprosy, but in only 11 % of the patients with
neural leprosy. Among various serological tests, the VDRL showed the
highest and the Meinicke reaction the lowest reactivity.

In recent years, the introduction of the TPI test (Nelson & Mayer,
1949) for demonstrating immobilizing antibodies must be assumed to have
reduced the risk of overlooking a syphilitic infection in a leprosy patient.
However, the TPI test is so difficult technically that it cannot be employed
as routine, particularly if laboratory conditions are at all difficult.

The aim of the present study has been to investigate the reactivity of
various " crude " and " pure " lipoid antigens with the sera of leprosy
patients, while simultaneously determining the possible presence of immobi-
lizing antibodies by means of the TPI test. Further, by examining the
relationship between the reactions of cardiolipin antigen and cardchol
in various types of leprosy and with varying duration of the disease, the
behaviour of these two antigens has been determined for a large number
of sera from patients with a chronic non-syphilitic infection. Finally, an
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attempt has been made to determine the localization of the reacting compo-
nents in leprosy sera by electrophoretic fractionation of the sera and testing
of the various fractions with cardiolipin antigen and cardchol.

Material and Methods

A total of 161 sera from male patients were received from the Amria
leprosarium, Egypt, in the spring of 1958. The sera were dispatched by air
in sealed glass ampoules. The interval which elapsed between taking the
samples and their receipt at the Statens Seruminstitut was one week for
most of the shipments. The sera were all active, and no serum was found
to be unsuitable for examination, in spite of the fact that no preservative
had been added prior to shipment.

The majority of the sera were examined qualitatively in Egypt by means
of Kahn's standard reaction (KR), the VDRL slide-flocculation test
(VDRL), Meinicke's clarification reaction (MR) and Kolmer's comple-
ment-fixation test,' and the results were communicated to the Statens
Seruminstitut. Information was also provided on the patient's type of
leprosy, the results of a bacteriological investigation carried out in December
1957, the age of the patient, the duration of the disease and the treatment
received, if any.

The sera were inactivated immediately on receipt by heating to 56°C
for half an hour, and were then examined in two complement-fixation
tests-the Wassermann-M0rch complement-fixation test using cardiolipin
antigen CWRM (Schmidt, 1951; Schmidt & Lundback, 1954), and the
same test using cardchol (Schmidt, 1955a, 1959). All sera were further
examined by the Kahn reaction using " crude " antigen (Kahn, 1928), by
the VDRL slide-flocculation test (Harris et al., 1948) and the TPI18/40 test
(Nelson & Mayer, 1949; Nielsen, 1957).

Cardchol consists of 0.01750% cardiolipin and 0.30% cholesterol, in
absolute alcohol. The technique of the cardchol test is the same as that of
the CWRM test, except that immediately after mixing antigen and the
necessary amount of saline (titre of antigen, 1: 132), the maturation of the
suspension of cardchol antigen (Lundback, 1952) is interrupted by adding
complement (fresh guinea-pig serum), while the suspension of CWRM
antigen in these experiments is " matured " for 20 minutes before the com-
plement is added. In the routine CWRM tests maturation for 18 hours
is usually employed for cardiolipin antigen, but the rise in antigen reacti-
vity from 20 minutes to 18 hours is insignificant. As the suspension of
cardchol antigen has a slight anticomplementary effect, about 25 % more

Antigens for all four tests were prepared and mixed in Copenhagen and dispatched to Egypt in sealed
glass ampoules in the autumn of 1957. 1
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complement is used for the cardchol test than for the CWRM test (Schmidt,
1955a).

The sera are diluted in 0.9 % saline on titration. In the Danish experi-
ments, the ratio between serum concentrations in two consecutive test-
tubes in the two complement-fixation tests and the KR test is 1: 3, and in
the VDRL test 1: 2. The logarithmic titre value for CWRM and cardchol
is calculated by Karber's method (see, for example, Finney, 1947).

In the present study, the results of the Danish and Egyptian examinations
in the KR and VDRL tests are compared. In Egypt, KR and VDRL were
carried out qualitatively (" one tube " test), so the Danish results are quoted
merely as reactive or non-reactive, in spite of the Danish tests having
been carried out quantitatively. The TPI test was carried out qualitatively
only.

The pool of leprosy sera fractionated by electrophoresis with the aim of
determining the reactivity of the individual fractions with CWRM and
cardchol consisted of sera which were both CWRM-non-reactive and
cardchol-reactive. The fractionation was carried out in a Tiselius apparatus
using veronal citrate buffer of pH 8.6 and ionic strength (,u) 0.1. The prin-
ciple of electrophoretic fractionation has been described in detail by Marner
(1955).

Results

The type of leprosy in the 161 patients and the number of patients in
whom Mycobacterium leprae was demonstrated in scrapings from the
mucosal membrane of the nose and/or from the skin are as follows:

Type of leprosy Number of patients Positive smears

Lepromatous * 101 60 (60%)
(mixed, cutaneous)

Neural 60 2 ( 3%)
(tuberculoid, nervous)

Total 161 62 (39%)
* In one patient smears were not examined.

Table 1, giving the results of the serological tests performed in Egypt,
shows that KR was reactive in 42 cases (26.1 %), MR in 16 cases (10%) and
VDRL in 41 cases (25.5 %); the Kolmer test was reactive in 36 out of
141 cases examined (25.5 %). The reactivity ofthe Kolmer test was calculated
so that sera showing an anticomplementary reaction were included as
reactive. While no difference can be demonstrated between the reactivity
ofKR,VDRL and Kolmer,MR shows significantly less reactivity (P <0.05 %)
in the Egyptian investigations. The table also shows how many of the
samples reactive with one technique were also reactive with another.
However, the table does not show that in the Egyptian investigations KR
was the only reactive test in three cases, VDRL in eight cases, Kolmer in
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TABLE 1. RESULTS OF SEROLOGICAL TESTS PERFORMED IN EGYPT *

Number of sera also reactive in other tests

Test Total sera Kolmer
performed tested MR+ VDRL± ____ ____

+ AC -NDtI

- 119 3 11 9 13 6

KR

+ 42 13 30 16 7 5

145 31 19 16 9

MR

± 16 10 6 4 2

_ 120 11 15 7

VDRL

± 41 14 5 4

- 105

+ 25

Kolmer

AC 1 1 I

ND 20

* All four antigens were prepared and mixed in Copenhagen during the autumn of 1957.
** Anticomplementary reaction
t Reaction not carried out

five cases and MR in one case. There were three sera which were reactive
in all four tests. The investigation has thus shown that the reactivity of
leprosy sera with lipoid antigens varies between 10% and 25 %. It may be
deduced from this that the serum samples were not selected on account of
their reactivity, but that the material may be regarded as a random sample
of leprosy sera.

Investigations in Denmark
Table 2 shows the distribution of sera among the four possible com-

binations of CWRM and cardchol and the Danish results with the KR,
VDRL and TPI tests in relation to each possible combination of CWRM
and cardchol. A total of five sera contained immobilizing antibodies. This
group was not considered separately from the remainder of the material,
as the patients had clinical leprosy in addition to their syphilitic infection.
As the TPI test was performed on 159 of the 161 sera in the material (in
two cases the amount of serum available was too limited to permit the
test being carried out), this implies that 3.2% of the material originates
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TABLE 2. NUMBER OF SERA IN EACH OF FOUR POSSIBLE COMBINATIONS
OF CWRM AND CARDCHOL AND REACTIVITY OF SERA IN EACH GROUP
IN THE COPENHAGEN EXAMINATIONS WITH KR, VDRL AND TPI TESTS

Complement-fixation tests Number of sera also positive in other tests

results number of sera KR+ J VDRL+ TPI+

CWRM -/cardchol - 82 1 5 2

CWRM +/cardchol - 0 - - -

CWRM -/cardchol + 62 9 8 1

CWRM +/cardchol + 17 8 5 2

Total 161 18 18 5

from syphilitics,l since a positive TPI is considered a sufficient criterion on
which to base a diagnosis of syphilis.

Table 2 shows that 79 (49%) of the sera examined were reactive with
cardchol and 17 sera (10.6%) were reactive with CWRM, and that the
combination CWRM+/cardchol- does not appear. The table also shows
that eight out of a total of 18 KR-reactive sera occur in the group in which
CWRM is reactive, i.e., there is a positive correlation between reactive
CWRM and reactive KR. There is, however, also a positive correlation,
although less pronounced, between reactive KR and reactive cardchol, as
nine out of 62 cardchol-reactive sera are also KR-reactive. This observation
should be viewed in the light of the fact that in the CWRM-/cardchol-
group, there is only one KR-reactive serum.

There is also a positive correlation between reactive VDRL and both
reactive CWRM and reactive cardchol, although this is less pronounced.
The greatest percentage of VDRL-reactive sera appears in the group in
which CWRM is reactive.
KR and VDRL have thus shown significantly greater reactivity when

CWRM is reactive than when CWRM is non-reactive (P <0.05 % and
- 1.7 %, respectively).

The five TPI-reactive sera did not show association with any special
combination of the remaining sero-reactions.

By setting up 2 x 2 tables, as shown in Table 3, a comparison was made
between the qualitative results of the serological tests performed both in
Egypt and in Denmark with identical antigens-namely, KR and VDRL.

It appears from the tables that KR and VDRL performed in Egypt
are significantly more sensitive than KR and VDRL performed in Den-

' The frequency of syphilis in this material agrees closely with that found by Ruge (1956b), whose leprosy
material shows a mean syphilis frequency of 3.8% for men and women together (2.5% for men and 5.7%
for women).
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TABLE 3. COMPARISON BETWEEN EGYPTIAN AND DANISH
SEROLOGICAL EXAMINATIONS WITH KR AND VDRL TESTS

* Two sera reactive in TPI test
** One serum reactive in TPI test

mark (P <0.05 %). This may be the result of the sera decreasing in reactivity
with time, the lesser sensitivity in the Danish investigations being caused
by disappearance of antibodies.

As MR was not performed in Denmark on the leprosy sera, and as the
techniques of the two complement-fixation tests (CWRM and Kolmer)
are not identical, no comparisons have been made between these tests.

After this evaluation of the reactivity of the various sero-reactions with
the total leprosy material, the material was split into two groups according

TABLE 4. NUMBER OF SERA OF DIFFERENT TYPES OF LEPROSY
AND REACTIVITY OF CWRM AND CARDCHOL ACCORDING TO

BACTERIOLOGICAL STATUS

Type Number of sera
of leprosy

total CWRM + cardchol +

Negative smears

Lepromatous 40 7 (17 %) 21 (52 %)

Neural 58 2 ( 3 %) 13 (22 %)

Subtotal 98 9 (9 %) 34 (35 %)

Positive smears

Lepromatous 60 8 (13 %) 44 (73 %)

Neural 2 0 1

Subtotal 62 8 (13 %) 45 (72 %)

Total 160 17 79
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to the type of leprosy-lepromatous (mixed and cutaneous) and neural
(nervous, tuberculoid). Bacteriological examinations were carried out
in 100 cases of the lepromatous type and 60 of the neural type (Table 4).

Table 4 also shows the number of cases in which Mycobacterium leprae
could be demonstrated among the patients with the two types of the disease.
There was bacteriological verification in 60 patients with the lepro-
matous type of leprosy (60%), but in only two patients with the neural
type (3 %).

In the case of sera from patients with lepromatous leprosy, both with
and without bacteriological verification, CWRM has a reactivity of 15 %
and cardchol a reactivity of 64 %. For lepromatous leprosy with bacterio-
logical findings (60 cases), CWRM has a reactivity of 13 % and cardchol
a reactivity of 73 %. For lepromatous leprosy without bacteriological
verification (40 cases), the reactivity of CWRM is 17% and of cardchol
52%.

For neural leprosy as a whole, CWRM shows a reactivity of 3% and
cardchol a reactivity of 22%. As Mycobacterium leprae was demonstrated
in only two patients with neural leprosy, their reactivity with CWRM and
cardchol cannot provide any information of value.

The numbers of CWRM-reactive sera in the individual leprosy types
are too small for a comparison to reveal whether the reactivity of CWRM
is constant or varies from one group to another. The reactivity of cardchol,
on the other hand, shows a rise from the neural group through the lepro-
matous group without bacteriological verification to the lepromatous
group with bacteriological verification (22 %, 52% and 73 %, respectively).

The data were then examined to see whether a correlation could be
established between the serological activity and the duration of the disease,
and between the serological activity and the age of the patient. The results
obtained suggested that the duration of the disease exerted the greater
influence, although it must be remembered that the duration of the disease
and the patient's age cannot be considered completely independent factors.

Table 5 shows the reactivity of CWRM and cardchol for the neural
and lepromatous types of leprosy (with and without bacteriological verifica-
tion) and according to whether the duration of disease is less or greater
than 20 years. Classification into these two major duration periods was
made because the numbers of cases in smaller groups were too limited for
statistical evaluation.

In the neural type, 29 out of 41 patients (71 %) with less than 20 years'
duration of the disease were non-reactive, while 16 out of 17 patients
(94 %) with more than 20 years' duration of the disease were non-reactive.

In the lepromatous type without bacteriological verification, 17 out of
35 patients (49%) with a duration of disease below 20 years were non-
reactive, while three out of five patients (60%) with a duration of disease
above 20 years were non-reactive. Finally, in the lepromatous type with
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TABLE 5. REACTIVITY OF CWRM AND CARDCHOL ACCORDING TO DURATIONd
AND TYPE OF LEPROSY

Duration Reactivity
of

leprosy CWRM-/cardchol- CWRM-/cardchol+ ICWRM+/cardchol+ total

Neural leprosy, negative smears

<20 years 29 (71%) 10 2 41

>20 years 16 (94%) 1 0 17

Total 45 11 2 58

Lepromatous leprosy, negative smears

<20 years 17 (49%) 12 6 35

>20 years 3 (60%) 1 1 5

Total 20 13 7 40

Lepromatous leprosy, positive smears

<20 years 14 (26%) 33 7 54

>20 years 2 (33%) 3 1 6

Total 16 36 8 60

Total patients 158**

* Division into shorter duration periods was attempted but it was found that the number of
reactive sera in each group was then too small to allow of any statement of statistically significant
difference between groups.

** Two patients with neural leprosy and positive smears are omitted from this tabulation,
and smears were not examined for one patient with lepromatous leprosy.

bacteriological verification, 14 out of 54 patients (26%) with a duration
of disease below 20 years were non-reactive, and two out of six patients
(33 %) with a duration of disease above 20 years were non-reactive.

There is thus a fall in the number of non-reactive patients on going
from the group " neural type " through the group "lepromatous type
without bacteriological verification " and to the group "lepromatous type
with bacteriological verification ". This is the case for all age-groups,
so there is reason to believe that the duration of the disease is the factor
of greatest significance to the reactivity. The group of patients who have
been infected for the shorter period thus shows the greater number of
reactive sera. This is analogous to the serology of other infectious diseases
(e.g., syphilis and typhoid), in which the highest titres are observed in the
early stages.

As mentioned previously, the serological investigations in Copenhagen
were carried out quantitatively. The following titres (log1o) were obtained
with CWRM and cardchol:
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Titre Number of sera
(log10) CWRM Cardchol

Unreadable * 4 2
< 0.159 1 1 1

0.160-0.477 5 20
0.478-0.954 4 22
0.955-1.43 2 12

>1.44 1 12
Anticomplementary 0 0

Total 17 79
* This indicates that the haemolysis curve was atypical, making calculation of a

titre value impossible.

The sera tested with cardchol were divided into three groups according
to degree of reactivity-non-reactive, weakly reactive (>0-0.477 log,0 value
and including the two "unreadable " sera), and strongly reactive
(>0.477 logl0 value); the numbers of these sera which were also CWRM-
reactive were:

Cardchol-reactivity Number of sera also
degree number of sera CWRM-reactive

Non-reactive 82 0
Weakly reactive 33 3 (9%)
Strongly reactive 46 14 (30 %Y)

A positive correlation thus exists between cardchol and CWRM, the
number of sera reactive with CWRM increasing from 9 % to 30% with a
rising cardchol-titre level. Only two of the CWRM-reactive sera were
more strongly reactive in CWRM than in cardchol. Both of these sera
came from patients with the lepromatous type of leprosy without bacterio-
logical verification. One of these two sera was also TPI-reactive; thus
the stronger reactivity of the serum with CWRM is in accordance with
the relation demonstrated elsewhere between CWRM and cardchol in
TPI-reactive sera (Schmidt, 1959).

Finally, the distribution of the cardchol-titre level among the three
types of leprosy has also been tabulated:

Type of Number of sera
leprosy non-reactive weakly reactive strongly reactive total

Neural 45 9 4 58
Lepromatous,
smears negative 20 10 10 40

Lepromatous,
smears positive 16 13 30 59

These figures show that the previously demonstrated increase in the
number of cardchol-reactive sera in the transition from the neural type
through to the lepromatous type with bacteriological verification is explained
by an increase in the number of strongly-reactive sera. Thus in the neural
type 4 sera (7%) are strongly reactive, in the lepromatous type without
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bacteriological verification 10 sera (25 %) are strongly reactive, while in
the lepromatous type with bacteriological verification 30 sera (51 %) are
strongly reactive with cardchol.

Electrophoretic investigation
An electrophoretic fractionation was considered desirable in order

to determine which fractions of the serum were reactive with cardchol.
At the same time it was desired to determine whether one or more separate
fractions could react with CWRM when the albumin and alpha,-globulin
fraction was removed. It had in fact been shown previously (Schmidt
& Birch Andersen, 1956) that in certain sera the albumin and alpha,-
globulin fraction had an inhibitory or even an annulling effect on the ability
of the gamma-globulin fraction to react with CWRM.

The following fractions were selected by electrophoresis and tested
with CWRM and cardchol: (1) albumin and alpha,-globulin, (2) albumin
and alpha, & 2-globulin, (3) albumin and alpha, & 2- and beta-globulin,
(4) gamma-globulin, (5) gamma- and beta- and alpha2-globulin, as well
as (6) serum before dialysis and (7) serum after dialysis. The reactivities
of the various fractions with CWRM and cardchol, in log,O values, were
as follows:

Log10 values
Fraction CWRM Cardchol

Albumin and alpha,-globulin 0 0
Albumin and alpha, & ,-globulin 0 0
Albumin and alpha, & 2- and beta-globulin 0 0.286
Gamma-globulin 0 0.645
Gamma- and beta- and alpha2-globulin 0 0.477
Pool before dialysis 0 0.778
Pool after dialysis 0 0.668

The serum control for the gamma-globulin fraction showed a weak
anticomplementary effect, while the remaining controls were completely
haemolysed. CWRM is non-reactive with all fractions, while cardchol
reacts with the fractions in which beta- or gamma-globulin or both are
present.

Discussion

The reactivity of the lipoid antigens used in the serodiagnosis of syphilis
depends on the lecithin concentration in the antigen. Preliminary titration
experiments have established the various proportions of the three compo-
nents in cardiolipin antigen which give the greatest possible reactivity
with sera from patients infected with syphilis and the least possible reactivity
with sera from patients not affected with syphilis. The sensitivity of a
lipoid antigen, by which is understood its capacity to react with sera from
syphilitics, and its specificity, by which is understood its capacity to avoid
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reaction with sera from non-syphilitics, are thus relative concepts, which
are relevant only when speaking of syphilis. The fact of a lipoid antigen
reacting with sera from non-syphilitics merely signifies that the serum in
question contains antibodies of antilipoidal nature.

Modifications of the lecithin concentration of cardiolipin antigen have
been attempted, and the mode of reaction of the antigens has thereby been
shown to have changed. Kent et al. (1958) showed that syphilitic sera
reacted best with a "normal " lecithin-containing antigen, while most
reactive sera from non-syphilitics showed higher titres with antigens con-
taining less lecithin than with " normal " antigen. As mentioned earlier,
these authors found that in 95 % of cases the syphilitic sera showed a
syphilitic mode of reaction, i.e., they had their highest titre with the " nor-
mal" lecithin-containing antigen. Of the syphilitic sera examined which
showed a syphilitic mode of reaction, 16 originated from patients with
primary syphilis. This finding disagrees to some extent with Lundback's
observation (1952) that sera from patients with primary syphilis react at
least as well with lecithin-free antigen as with a " normal " lecithin-con-
taining antigen, while sera from the later stages of syphilis react best with
" normal " antigen. It has also been shown by Laurell (1955) that primary
syphilis is serologically distinguishable from the later stages of syphilis;
by electrophoretic fractionation followed by examination of the individual
fractions with cardiolipin antigen she found that the antibodies (reagins)
in primary syphilis could be demonstrated only in the gamma-globulin
fraction, while in later stages of syphilis their presence could be demonstrated
also in the beta-globulin fraction.

The antibodies of antilipoidal character in leprosy appear to be distinct
from those of syphilis. For one thing, they react more strongly with lecithin-
poor antigens (Ogata, 1953; Kent et al., 1957), or completely lecithin-free
antigens (cardchol) than they do with lipoid antigens adjusted to syphilitic
sera, i.e., antigens with a greater relative lecithin concentration.

The stability of the antilipoidal antibodies in leprosy appears to be
poorer than the stability of the antilipoidal antibodies in syphilis. Thus,
in the present study, the Copenhagen investigations showed a decrease
in the reactivity of KR and VDRL as against the values found in the
Egyptian investigations. Kvittingen (1952) found a reduction in the reac-
tivity of sera which had stood at room temperature; inactivation at 65°C
for five minutes likewise reduced the number of reactive leprosy sera com-
pared with inactivation at 56°C for 30 minutes, whereas the titre of reactive
sera from syphilis patients was almost unchanged after heating at 65°C
for five minutes. Ruge (1955) confirmed the reducing effect of the inactiva-
tion temperature on the reactivity of leprosy sera. Twenty sera reactive
after incubation for 30 minutes at 56°C, which were re-inactivated for three
minutes at 65°C, showed the following results on testing: of three syphilitic
sera, one showed a decrease in reactivity, while 14 out of 17 leprosy sera
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had lost their reactivity completely, and one serum had become anticom-
plementary. Ruge found a somewhat higher frequency of anticomplemen-
tary sera in leprosy patients than in a normal material consisting of 25 000
sera chosen at random-namely, 5.4% against 0.9%. Of the sera in the
present material, 11 were anticomplementary on examination in Egypt,
corresponding to 2.7 %. None of the sera was found to be anticomplemen-
tary on testing in Copenhagen; it may be deduced from this that the anti-
complementary effect disappears after storage for some time, just as the
antibodies do.

However, the antilipoidal antibodies in syphilis and leprosy have
certain features in common, as a number of the sera from leprosy patients
without syphilitic infection showed some reactivity, although not very
pronounced, with lecithin-containing antigens. The positive correlation
between KR and CWRM demonstrated in the present study also suggests
that the quality of the antilipoidal antibody in leprosy sera differs from the
antilipoidal, non-treponemal antibody demonstrated previously (Schmidt,
1953, 1954) in the sera of other groups of non-syphilitic patients. A pro-
nounced discrepancy was demonstrated in the 1954 study between KR
and CWRM, in a comparison involving reactive sera from non-syphilitic
patients with respiratory infections, in which only 5% of 194 reactive sera
were simultaneously reactive in KR and CWRM.

The technique employed to demonstrate the antibodies also plays a
significant role. It may be mentioned in this connexion that the present
author attempted to carry out a slide test on all the leprosy sera in the
present material, employing an antigen with the same composition as the
VDRL antigen but without lecithin. However, in no case was it possible
to demonstrate flocculation using this lecithin-free antigen. Kvittingen
(1952) observed that VDRL floccules in sera from reactive, non-syphilitic
leprosy patients quickly disappeared on titration. This is in agreement
with the observation that the VDRL-reactive sera in the present material
had a very low titre.

Kvittingen et al. (1952) and Ruge (1956a) found that leprosy sera were
less reactive with MR than with VDRL, Kolmer and KR, i.e., those antigens
containing cholesterol. The Egyptian examination of the present material
also showed that MR was less reactive than KR, VDRL and Kolmer.
Kvittingen (1952) ascribes the relatively low reactivity of MR to the fact
that this antigen contains balsam of tolu instead of cholesterol. As the
serum cholesterol level is raised in leprosy, Kvittingen suggests the possi-
bility that the raised serum cholesterol may strengthen the reactivity of
an antigen with an already considerable cholesterol content (KR, 0.6%;
VDRL, 0.9 %).

In leprosy sera, those substances which react with cardchol are localized
to the gamma-globulin and gamma- and beta-globulin fraction of the
serum. This provides support for the assumption that these substances are
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actually true antibodies of antilipoidal nature. There was no reaction with
CWRM in the pool of leprosy sera prepared for electrophoresis, nor did
any of the individual fractions in the pool react with CWRM. This implies
that the absence of reactivity with CWRM in the unfractionated serum,
at any rate, cannot be the result of an inhibitor. As demonstrated by Neu-
rath et al. (1947), the inhibitor occurs in the albumin and alpha,-globulin
fraction. Schmidt & Birch-Andersen (1956) were able to confirm the local-
ization of the inhibitor in the albumin and alpha,-globulin fraction, and
showed that this fraction could hinder the reaction with CWRM, as sera
whose gamma-globulin and gamma- and beta-globulin fraction reacted
with CWRM could well be non-reactive with CWRM in the unfractionated
condition. On the other hand, the inhibitor had no influence on cardchol.

There is, unfortunately, no information available on the result of a
possible lepromin test in the patients studied here. According to the litera-
ture, a positive reaction to an intracutaneous lepromin injection is a favour-
able prognostic sign, as it expresses an allergic reaction, mainly observed
in patients with benign types of leprosy, the tuberculoid forms, as well as
in individuals who are resistant to the disease.

In a leprosy patient, a negative lepromin test is supposed to be a sign
of inadequate capacity to form antibodies to Mycobacterium leprae.

Thus, the allergic condition which determines that a patient will react
to lepromin can hardly be associated with the occurrence of antilipoidal
antibodies, as these are mainly found in patients with lepromatous leprosy,
which is the type of leprosy reported as giving most frequently a negative
lepromin test. It is therefore possible that the occurrence of antilipoidal
antibodies, as demonstrated for example with cardchol, may be used as a
prognostic sign, as these antibodies are found to disappear in patients who
have had the disease for a period of years, presumably expressing the fact
that the defence mechanisms of the body, together with supportive treatment,
have overcome the disease.

It would be of some interest to investigate whether there is a negative
correlation between the occurrence of antilipoidal antibodies and antibodies
against lepromin. Such an investigation might easily be carried out in
countries with a high prevalence of leprosy.
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RESUMt

Des essais anterieurs ont montre qu'un melange de cardiolipine et de cholesterol
dans 1'ethanol absolu, en proportion de 1:17, designe par I'auteur sous le nom de
a cardchol ~>, peut servir d'antigene dans les tests de fixation du complement. Les serums
de syphilis primaire reagissent de la meme fa9on qu'avec les antigenes cardiolipidiques
classiques, alors qu'aux stades plus tardifs, ils reagissent moins. En revanche, dans les
cas de reactions faussement positives - particulierement frequentes avec les serums de
lepreux oui la proportion atteint 50% dans la lepre lepromateuse - la reactivite est
notablement pluseleve; qu'avec les antigenes contenant de la lecithine. On en a conclu
que ces deux types d'antigenes (avec ou sans lecithine) mettaient en evidence des anti-
corps difftrents. L'affinite des serums de lepreux pour les antigenes sans lecithine meritait
donc d'etre etudiee, pour les vues nouvelles qu'elle pourrait apporter sur la serologie de
la lepre.

Le present travail avait pour objet d'etudier des serums de lepreux avec des antig6nes
lipoidiques bruts ou purs, en effectuant parallelement le test TPI afin de deceler une syphi-
lis eventuelle, puis de les examiner A l'aide d'un antigene cardiolipidique complet et de
cardchol, en fonction du type clinique de lepre, enfin de localiser, par fractionnement
electrophoretique, les composes du serum qui reagissent avec le cardchol.
A cet effet, on a expedie, d'une leproserie d'Egypte, au Statens Seruminstitut de

Copenhague, 161 serums (101 de type 1epromateux, 60 de type neuro-tuberculoide).
Apres avoir subi quelques tests serologiques avant leur envoi (avec les antigenes provenant
de Copenhague), ces serums ont e soumis A Copenhague au test de fixation du comple-
ment selon la technique Wasserman-M0rch avec cardiolipine (CWRM), et avec du
cardchol. D'autre part, on a procede A l'epreuve de Kahn avec antigene brut, au test
VDRL et au TPI.

Dans 1'ensemble, les sujets reagissant au cardchol ont ete environ cinq fois plus
nombreux que ceux qui ont reagi au CWRM. La ventilation des resultats par type de
lepre a revele une reactivite plus forte au cardchol (75 %) chez les sujets atteints de lepre
lepromateuse avec examen microcospique positif. Ensuite venaient les sujets atteints de
lepre lepromateuse avec frottis negatifs (52 %), et, en dernier lieu, les sujets atteints de
forme tub rculoide (22 %). Pour les memes groupes, les resultats obtenus avec le CWRM
ont ete respectivement 13%, 17%, et 3%.

En outre, la reactivite au CWRM et au cardchol diminuait avec la duree de la maladie.
On trouve une proportion plus grande de sujets reagissants, dans le groupe des malades
infectes depuis moins de 20 ans que parmi ceux qui sont infectes depuis plus de 20 ans.

Le fractionnement par electrophorese d'un melange de serums de malades atteints
de lepre qui avaient reagi au cardchol mais non au CWRM a montre que les fractions
globuline gamma et globuline gamma et beta reagissaient au cardchol, mais non pas au
CWRM. 11 s'ensuit que la non reactivite au CWRM des serums non fractionnes n'est
pas due a un inhibiteur agissant sur les fractions porteuses des anticorps.

La reaction de la lepromine n'a pas e examin&e chez les sujets soumis A cette experi-
mentation mais, d'apres la litterature, une epreuve positive a la lepromine est consider6e
comme un signe pronostique encourageant. Comme la sero-reactivite se rencontre le
plus frequemment chez les malades atteints de forme lepromateuse, qui, pour la plupart
ne reagissent pas A la 1epromine, l'hypothese a e formuke d'un antagonisme entre les
anticorps antilipoldiques et les anticorps qui donnent lieu A un test positif a Ia lepromine.
Si cette hypothese est verifiee, la reactivite a des antigenes lipoYdiques tels que le cardchol
pourrait avoir une valeur pronostique, puisque ces anticorps disparaissent aprEs un
certain nombre d'annees chez les malades, indiquant peut-etre qu'un mecanisme de
l'organisme, avec l'aide d'un traitement approprie, a eu raison de la maladie.
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