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A One-Day Treponema pallidum Immobilization Test *
M. METZGER, M.D.1

The author has previously shown that the addition ofegg-white lysozyme to the reaction
mixture used in the Treponema pallidum immobilization test (TPI test) can reduce the time
required for immobilization from 18 hours to as little as 6 hours. This opened up the
possibility of developing a one-day TPI test and offurther simplifying the procedure, as the
conditions do not need to be so strictly controlled to ensure survival of the treponemesfor
the shorter time. In this paper it is shown that the standard procedure ofincubation under an
atmosphere of nitrogen and carbon dioxide can be replaced by incubation under a layer of
liquidparaffin. The survival of treponemes is satisfactory under these conditions and the oil
technique does not alter the sensitivity of the 6-hour test with added lysozyme. Comparative
tests using the standard procedure, the lysozyme-gas technique and the lysozyme-oil tech-
nique showed that both modifications give the same degree ofsensitivity and specificity after
incubation for 6 hours as does the standard method. The feasibility of introducing these
modifications into routine laboratory practice is discussed.

Recognition of the accelerating effect of egg-white
lysozyme on the Treponema pallidum immobilization
test (TPI test) (Metzger et al., 1961) suggested the
possibility that a one-day diagnostic TPI test might
be developed. I have shown previously (Metzger,
1961) that by adding lysozyme to the test mixtures
in a concentration of 200 jig/ml it is possible to
shorten to 6 hours the time required for immobiliza-
tion of the treponemes.

Shortening the incubation time has opened up
possibilities of further simplifying the complicated
technique of the TPI test, since survival of the
treponemes during the shorter period of incubation
would not require such strictly controlled conditions.
In subsequent experiments (Metzger & Ruczkowska,
1962) the incubation of test mixtures in which the
aqueous-serum phase was overlaid with liquid
paraffin was compared with incubation under an
atmosphere of nitrogen and carbon dioxide. It was
found that using this oil technique the TPI test with
added lysozyme exhibits the same degree of sen-
sitivity and specificity after 6 hours' incubation as is
obtained after 18 hours' incubation using the
standard procedure.

* This study was supported by a research grant from the
World Health Organization.

1 Lecturer in Microbiology and Head of the Department
of Protozoology, Ludwik Hirszfeld Institute of Immunology
and Experimental Therapy, Polish Academy of Sciences,
Wroclaw, Poland.

This paper gives details of the methods developed
and reports the results of examination of syphilitic
and non-syphilitic sera in the modified tests, which
are considered to be both reliable and practical.

MATERIAL

Treponemes

The Nichols strain of Treponema palliduwn was
used throughout.
Treponemes were extracted from testicular tissue

by shaking by hand a suspension of cut testes in the
basal medium under an atmosphere of nitrogen and
carbon dioxide for 5 minutes at room temperature.
The yield of treponemes was very good and no
significant increase in the number of organisms was
observed upon more prolonged shaking.
Treponemes for use in the tests performed by the

oil technique were extracted in a similar manner but
under an atmosphere of air. This procedure was
not found to affect the pH and Eh values of the basal
medium or the survival of the treponemes in control
tubes during incubation for 6 hours.

Sera
The sera studied were those submitted to this

Department with a request for serological tests for
syphilis; they were obtained from syphilitic in-
dividuals, patients with diseases other than syphilis,
and from blood donors. Samples to be tested in
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the TPI test were heated at 56°C for 30 minutes just
prior to use.

Complement
Guinea-pig serum pools were made from bleedings

of 15 to 20 guinea-pigs and kept frozen in a dry-ice
chest at -70°C until used. Quantitative titrations
to determine the quantity of complement required
for 50% haemolysis (C'H50) were performed as
described by Mayer (1961). The complement was
added to the test mixtures to give a final concentra-
tion of 40% v/v.
Lysozyme

Twice crystallized egg-white lysozyme (Worthing-
ton Biochemical Corporation) was dissolved in
saline in a concentration of 400 mg/100 ml, and
stored in the refrigerator at 4°C. From this stock
solution, amounts were added to the treponeme
suspensions to give the desired final concentration
after serum components of the system had been
added.

Medium
Basal medium was prepared as described by

Nelson & Diesendruck (1951) but witb certain
modifications. It contained double-strength sodium
thioglycolate, the ultra-filtrate of beef serum was
omitted, and bovine serum albumin was replaced by
gelatin to give a final concentration of 100 mg/100 ml.

METHODS

The qualitative and quantitative TPI tests were
carried out by the following three techniques:

1. Standard TPI test. The procedure as described
by Nelson & Diesendruck (1951) was followed.

2. Lysozyme-gas TPI test. Egg-white lysozyme
was incorporated into the reaction mixtures; the
general procedure was as described by Nelson &
Diesendruck (1951).

3. Lysozyme-oil TPI test. Instead of incubation
under a gas atmosphere, the test mixtures were
overlaid with paraffin oil in an amount sufficient to
give a column 1.5 cm high above the aqueous serum
phase. Before use, the paraffin oil was sterilized in
a hot-air oven at 165°C for 2 hours. In some of the
experiments, an oil-soluble antioxidant, 2,6-di-tert-
butylparacresol in a concentration of 0.1 % was
added to the paraffin oil. In further experiments, the
use of this compound was discontinued, since it
could not be shown to exert a beneficial effect on

survival of the treponemes in the control tubes during
the short-term incubation.
The composition of the reaction mixtures used in

all three methods were: serum tested 0.05 ml, com-
plement serum 0.20 ml, suspension of treponemes
0.25 ml.
The reaction mixtures were incubated at 35°C. In

experiments where repeated readings at different
time intervals were necessary, replicate reaction
mixtures were set up and incubated in separate jars.
One jar was opened for each reading.

In the tests performed by the oil technique,
samples for making preparations were withdrawn
by means of glass tubes approximately 2 mm in
diameter and 10-15 cm long. Where repeated read-
ings after various incubation times were necessary,
samples were taken from the same tube.

Residual complement was estimated in the usual
manner. In the lysozyme-oil TPI test, sensitized
sheep red cells were added to the tubes after removing
the paraffin-oil layer with a Pasteur pipette fitted
with a rubber ball.

RESULTS

In a previous paper (Metzger et al., 1961) it was
reported that the same level of immobilization as
was reached after 18 hours' incubation without
lysozyme could be reached in 10 hours when the test
was conducted with addition of the enzyme (120
,tg/litre). Since shortening the incubation period
from 18 to 10 hours would be of only slight practical
value, it was thought desirable to ascertain whether
the speed of the reaction could be further accelerated
by increasing the enzyme concentration.
As shown in Table I, increasing the concentration

of lysozyme brought about progressive shortening of
the lag period before commencement of the reaction,
so that maximum immobilization of the treponemes
was achieved after shorter incubation periods.

In the quantitative TPI test, increased serum
titres were also observed after the addition of in-
creasing concentrations of the enzyme to the reaction
mixtures. In the control test without lysozyme, the
50% immobilization titre of a serum, determined
after 12 hours' incubation, amounted to 1: 140,
while in the tests with added lysozyme titres of
1: 820, 1: 980, 1: 1320 and 1: 1460 were found
with enzyme concentrations of 1 ,ug/ml, 10 ,ug/ml,
100 ,ug/ml and 200 ,g/ml respectively.
Metzger et al. reported in 1961 that lysozyme alone

in a concentration up to 500 ,ug/ml, as well as in
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TABLE I
COMPARISON OF THE RATE OF IMMOBILIZATION
OF TREPONEMES WITH AND WITHOUT ADDITION
OF VARIOUS CONCENTRATIONS OF LYSOZYME

TO REACTION MIXTURES a

Percentage of treponemes
immobilized after the following
periods of incubation (hours)

2 4 1 6 1 8 1 10 ] 12 14 16

Without lysozyme 0 0 4 36 54 72 94 100

With lysozyme:

1I g/ml 4 48 80 96 100

10 Mg/ml 10 56 96 100

100 ,g/ml 32 84 100

200 Mg/ml 40 92 100

a The reaction mixtures had the following composition:
pooled syphilitic human serum diluted 1:2, 10% v/v; complement,
40% v/v; treponemes in basal medium, 50% v/v.

mixtures with (1) active or inactivated complement,
(2) syphilitic serum and inactivated complement, or
(3) normal serum and active or inactivated comple-
ment, does not affect the survival of treponemes
even after 20 hours' incubation. This has since been
confirmed by many similar experiments performed
in this laboratory and in other laboratories (Fri-
bourg-Blanc, 1962; Kent & De Weerdt, 1963). It
therefore seemed permissible to use higher concentra-
tions of the enzyme in the reaction mixtures with the
aim of shortening the incubation period of the test.
The TPI test, as presently performed, is usually

read after an incubation period of 18 to 20 hours,
although kinetic studies have shown that maximum
immobilization may not have been reached. There-
fore, any modification of this test should attain at
least the same degree of sensitivity. With this in
mind, experiments were designed to establish an
incubation time after which the TPI test with added
lysozyme would reach the same degree of sensitivity
as the standard test after 18 hours' incubation.
Twenty syphilitic sera of various degrees of

reactivity were tested in the quantitative inmmobiliza-
tion reaction, using both the standard procedure and
the procedure with addition of 100 or 200 jig of
lysozyme per ml. After 3, 6, 9, 12 and 18 hours of
incubation, the percentages of specifically immobi-
lized treponemes were determined, and the dilutions
of sera immobilizing 500% of treponemes were
calculated. The results obtained in these experiments
are exemplified in Fig. 1, where the 50% immobiliz-

FIG. I
ACCELERATING EFFECT OF LYSOZYME UPON

THE TPI TEST

2 4 6 8 10 12 14 16 18
Incubation time (hours) WKD 50493

x Without lysozyme (standard method)
o With addition of 100 1&g of lysozyme per ml (gas

technique)
* With addition of 200 j&g of lysozyme per ml (gas

technique)
- - - Incubation time needed in tests with added lysozyme

to reach same 50 % immobilization titre as in tests
using standard method.

ation titre of a syphilitic serum is plotted against
the time of incubation.

It will be noted that when 200 ,tg of lysozyme per
ml were added the same serum titre observed in the
standard method after 18 hours' incubation was
reached after an incubation period of only 6 hours.
When the test was performed with the addition of
100 ,ug of lysozyme per ml, the same degree of sen-
sitivity was not reached until approximately 10
hours' incubation. On the basis of the results
obtained, the concentration of 200 ,ug of lysozyme
per ml was chosen for the diagnostic TPI test, with
the aim ofshortening the incubation period to 6 hours.

Since survival of the treponemes during the shorter
period of incubation will not require such strictly
controlled conditions, experiments were undertaken
with a view to replacing the normal procedure of
incubating the reaction mixtures under an at-
mosphere of nitrogen and carbon dioxide by a
technique of overlaying the test mixtures with
liquid paraffin. In order to determine whether
the oil technique influences the sensitivity of the

5
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6-hour test with lysozyme, the following experi-
ment was performed. Ten syphilitic sera of various
degrees of reactivity were tested by the quantitative
immobilization reaction (1) in the standard test, and
(2) in the tests with added lysozyme (200 ,uglml)
using both the nitrogen-carbon-dioxide technique
and the oil technique of incubation. After various
incubation periods, the percentages of specifically
immobilized treponemes were determined and the
dilutions of sera which immobilized 50% of the
treponemes were calculated. The results obtained
in these experiments are exemplified in Fig. 2,
where 50% immobilization titres of the same serum,
tested by various methods, are plotted against the
incubation time. As can be seen, the use of the oil
technique does not change the sensitivity of the test
in comparison with incubation under the gas at-
mosphere. The previously established fact that in the
tests with addition of 200 ,ug of lysozyme per ml a
serum reaches the same degree of reactivity after
6 hours as in the standard method after 18 hours was
also confirmed. These findings have created a basis
for the introduction of both modifications of the
TPI test into diagnostic practice.

In Table 2 are recorded the results of the examina-
tion of 612 sera by the qualitative TPI test using
(1) the standard method, (2) the lysozvme-gas
technique, and (3) the lysozyme-oil technique. Per-
centages of specifically immobilized treponemes were
determined after incubation for 6 hours (TPI test
with added lysozyme), and for 18 hours (standard
TPI test). The upper half of Table 2 contains the
results of testing positive sera, i.e., those which in
the standard test immobilized 50-100% of trepo-
nemes; in the lower half of the table are shown the
results of tests on doubtful sera, i.e., those immobiliz-
ing more than 20% but less than 50% of treponemes,
and negative sera, immobilizing less than 20% of
treponemes.

It will be noted that the percentages of immobilized
treponemes in all three groups of sera were the same,
or almost the same, in the tests with added lysozyme
as in the standard test. The greatest differences in
the percentages of immobilized treponemes were
observed when testing certain sera with low antibody
titres which gave weakly positive or doubtful results
in the standard method; some sera of these groups
gave lower percentages of immobilization when
tested by the lysozyme-gas or lysozyme-oil technique
than in the standard method. Nevertheless, it was
possible in almost every case to classify the sera
correctly.

FIG. 2
SENSITIVITY OF TPI TESTS PERFORMED BY THE

STANDARD METHOD, THE LYSOZYME-GAS TECHNIQUE
AND THE LYSOZYME-OIL TECHNIQUE

2 4 6 8 10 12 14
Incubation time (hours)

16 18
WHO 50494

x Without lysozyme (standard method)
o With addition of 200 pg of lysozyme per ml (gas

technique)
* With addition of 200 pg of lysozyme per ml (oil

technique)
_-__-Incubation time needed In tests with added lysozyme

to reach same 50 % Immobilization titre as In tests
using standard method.

Concordant results were also obtained by all three
methods on a group of TPI-negative sera.

DISCUSSION

The Treponema pallidum immobilization test is an
expensive procedure which requires chemical reagents
of a high grade of purity, special equipment, and
trained personnel. For these reasons, it can be per-
formed only in highly specialized laboratories.
Attempts to simplify the complicated technique of

the TPI test have been made (Boak & Miller, 1954;
Borel, 1952; Delacretaz, 1953; Nelson & Diesen-
druck, 1951; Ranque et al., 1952; Saurino, 1953;
Thivolet & Rolland, 1952; Vincent, 1957) ever since
the reaction was first described by Nelson & Mayer
(1949). Up to now, these attempts have been con-
fined chiefly to simplifying the composition of the
basal medium, either by replacing it with diluted
rabbit serum or by removing some of the less
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TABLE 2

COMPARISON OF RESULTS OBTAINED IN QUALITATIVE TPI TESTS USING THE STANDARD METHOD,
THE LYSOZYME-GAS TECHNIQUE AND THE LYSOZYME-OIL TECHNIQUEa

Percentage Percentage Immobilization with added lysozyme (200 gig/mI) c

by soand b 100 |90-99 8891 70-79 60-69 50-59 40 49 30 39 20-29 0-19

100 120/136 88/94 32/23 18/5 258

90-99 6/8 3/6 18/15 17/11 5/9 49
e 80-89 112 4/7 7/13 2/3 13/2 27

70-79 1/2 1/1 12/13 10/9 2/1 26
0
IL 60-69 0/2 2/5 12/10 17/16 2/0 33

50-59 1/1 2/1 11/14 2/0 16

40-49 0/2 10/14 12/6 22
a 30-39 0/1 9/10 10/8 19

20-29 0/2 5/7 16/14 4/2 25

0-19 3/5 134/132 137

Total 127/146 96/109 5854 52/38 ] 42/31 30/33 | 14/17 L26/23 29/27 138/134 612

a Expressed as number of sera in each percentage range. The left-hand flgures of each pair refer to the lysozyme-gas tech-
nique, the right-hand flgures to the lysozyme-oil technique, e.g., 120/136 in the first column Indicates that 100 % immobilization
was shown by 120 sera using the lysozyme-gas technique and by 136 sera using the lysozyme-oll technique.

b Determined after 18 hours' incubation.
c Determined after 6 hours' Incubation.

available and expensive reagents and substituting
cheaper ones.
The discovery of the accelerating effect of egg-

white lysozyme on the process of immobilization
(Metzger et al., 1961) has made it possible to develop
a one-day TPI test. The experiments presented in
this paper clearly show that addition to the test
mixtures of 200 ,ug of lysozyme per ml makes it
possible to shorten the incubation period to 6 hours,
and that the modified test exhibits the same degree
of sensitivity and specificity as the standard method
after 18 hours of incubation.

In connexion with these findings, it is worth
mentioning that substances similar to if not identical
with egg-white lysozyme were found to be invariably
present in all components of the treponeme-immo-
bilization reaction mixture, i.e., the treponeme
suspension, antibody serum and guinea-pig com-
plement (Metzger, 1962; Metzger, 1963). The serum
and tissue lysozymes were shown to be essential
components of the immobilizing system, their most
probable function being to dissolve a non-antigenic
coating on the treponemes.

A further simplification of the TPI test is the
elimination of the gas mixture (N2+CO2), instead
of which the aqueous-serum phase is overlaid with
liquid paraffin in the shortened TPI test with added
lysozyme. The oil technique was successfully
employed by Weber (1960) in his studies on the
factors influencing the in vitro survival of virulent
treponemes. The organisms remained motile under
these conditions for several days, a fact that has also
been confirmed in the author's laboratory. The
paraffin oil used by Weber contained an oil-soluble
antioxidant, 2,6-di-tert-butylparacresol, a compound
used in some of the experiments presented in this
paper. However, this compound can exert a toxic
effect on treponemes in admixture with serum,
especially after prolonged incubation. This may
be due, as suggested by Dr P. H. Hardy of the
International Treponematosis Laboratory Center
(personal communication), to the solubility
of this compound in serum lipids. Moreover,
since it could not be shown to have a beneficial
effect on the survival of treponemes, its use was
discontinued.
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Some technical difficulties may be encountered in
estimating the residual complement in the TPI test
performed by the oil technique. It proved necessary
to remove the paraffin-oil layer prior to incorporation
of the sensitized red cells into the test mixtures in
order to obtain a homogeneous suspension. If the
haemolytic activity of complement is determined
before the experiment, the estimation of the residual
complement could be confined to the tubes where
negative or doubtful results are obtained.
Although this procedure is undoubtedly cumber-

some, it should not contraindicate the use of the oil
technique in the shortened diagnostic TPl test with
added lysozyme. In some countries, obtaining -a
gas mixture free from oxygen presents a major
problem, and the procedure of reducing the gas

requires additional apparatus. Application of the
oil technique in the shortened TP1 test with lysozyme
permits performance of the test even in inadequately
equipped laboratories.
The author is fully aware that the one-day TPI

test described above may be inconvenient for some
laboratories as the total time required may exceed
the working hours. However, there are prospects of
further shortening the incubation time, e.g., by
increasing the concentration of the enzyme, raising
the incubation temperature to 37°C or by increasing
the concentration of antibody serum in test mixtures.
Solution of these problems will be possible if studies
are undertaken by more laboratories. It is hoped
that this communication will serve to encourage
such studies.

RI%"l---SUMIt

La relative complication du test classique d'immobili-
sation de Treponema pallidum (TIT) a suscit6 de nom-
breuses recherches pour la mise au point de techniques
simplifiees. L'auteur montre ici que, grace a certaines
modifications, il est possible d'accroitre la rapidite de
l'epreuve sans en alterer la valeur.

L'addition au milieu reactionnel de lysozyme du blanc
d'aeuf A la concentration optimale de 200 jig/ml hate
l'immobilisation des treponemes et entraine une reduc-
tion du temps d'incubation de 18 'a 6 heures: le test ainsi
modifie temoigne d'une sensibilite et d'une specificite
equivalentes i celles de l'epreuve ordinaire. Ce gain de
temps, en rendant moins strictes les conditions experi-
mentales permettant la survie des tr6ponemes, autorise
d'autre part le remplacement de l'atmosphere gazeuse
(N2+C02) du milieu par une couche de paraffine liquide.

Cette simplification de la technique n'a aucune reper-
cussion sur la sensibilite du test.
Une etude comparative de la valeur de ces trois tech-

niques (test usuel de 18 heures; test avec lysozyme et
atmosph6re gazeuse; test avec lysozyme et paraffine
liquide) a et6 effectu6e sur 612 serums de reactivit6
variable. Les pourcentages respectifs de reactions posi-
tives ou negatives montrerent des chiffres concordants,
indiquant un degre identique de sensibilite et de specificit6
pour la technique standard de 18 heures et les 2 tech-
niques modifi6es d'une duree de 6 heures.

L'auteur souligne l'interet de ces observations pour
nombre de laboratoires oiu la pratique du test usuel pre-
sente de grandes difficult6s, mais insiste sur la necessit6
de nouvelles recherches pour la decouverte de techniques
encore ameliorees.
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