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A Simplified Method of Performing
the Treponema Palidum Immobilization Test

N. M. OVCINNIKOV1

The standard TPI test is a complicated technique that can be performed only by highly
qualified staff in well-equipped laboratories. This has greatly restricted its application.
The author describes a simplified method that does not require complicated apparatus or
the use of a gas mixture. The test is performed in diluting pipettes of the type used in
making white blood cell counts. The serum to be tested and treponemal suspension con-
taining active complement are taken up successively into the pipette, which is then closed
with a rubber ring, shaken andplaced in the incubator. A parallel series of control pipettes
with inactivated complement is also set up. After incubation, counts of motile and non-
motile treponemes are made in the usual way. Comparative studies have shown that the
results obtained with this simplified test are comparable in accuracy to those of the standard
method. The medium used by the author for preparing the treponemal suspension is also
very simple in composition. The technique can therefore be performed in any laboratory
that has qualified staff and facilities for keeping rabbits.

INTRODUCTION

The main obstacle to wide application of the
Treponema pallidum immobilization (TPI) test is that
the standard method demands highly qualified staff
and special equipment. Thus, the medium needed for
maintaining the treponemes in a viable state is a
complex one, the apparatus used includes a vacuum
pump and small anaerobic jars, and the test has to
be performed under an atmosphere of pure nitrogen
and carbon dioxide in a definite ratio. Only a few
laboratories in the USSR have so far attempted TPI
testing, and a similar situation also exists in other
countries. On the other hand, the value of this test
is undisputed, particularly for detecting false positive

reactions and for the retrospective establishment of
a diagnosis of syphilis.
During 1961, a simplified method of performing

the TPI test was developed by the author and
his co-workers (Ovcinnikov, 1962a; Ovcinnikov &
Sazonova, 1962). The maintenance medium is
prepared from readily available ingredients; no
complicated apparatus is required for carrying
out the test; and, most important of all, no gas
apparatus is required. Thus the test can be per-
formed in any laboratory where trained serologists
are available and where there are facilities for
keeping rabbits.

VALUE AND LIMITATIONS OF THE TPI TEST

The number of overt cases of syphilis has dimi-
nished in many places and only latent forms are
encountered. It is in the detection of these that
serological investigations are particularly important.

1 Professor, and Head of Department of Microbiology,
USSR Central Skin and Venereal Disease Research Institute,
Moscow, USSR.

The conventional serological tests (Wassermann test
with cardiolipin antigens and precipitation tests)
afford considerable assistance in the detection of
cases of syphilis but in some forms of the disease
they are not sufficiently sensitive. In particular, the
Wassermann test is positive in only 75-80% of cases
of tertiary syphilis and sometimes in not more than
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40% of cases of latent syphilis. The usual serological
tests also give quite a number of positive results in
diseases unrelated to syphilis. These are the so-
called " false positive ", " non-specific positive ",
" biologically false positive " or " fixed " reactions.
Whatever name is given to them, the outcome is the
same-positive results are obtained from persons
not suffering from syphilis.

In view of this, the TPI test discovered by Nelson
& Mayer (1949) is an undoubted advance. The
essence of the reaction is that after the serum of a
person suffering from syphilis has been mixed in the
presence of complement with a suspension of
Treponema pallidum from early rabbit orchitis the
treponemes become immobile, whereas in the serum
of persons without syphilis they continue to show
motility over a long period. Treponemes obtained
from late orchitis are unsuitable for this purpose.
The test has found a large number of supporters.
Thus Zellmann (1954) concluded that " in non-
syphilitic persons the TPI test approaches absolute
specificity ", i.e., in persons who have never had
syphilis, negative results are always obtained, while
Miller, Boak & Carpenter (1958) report 100%
sensitivity in the presence of syphilis and 100%
specificity. Lesin'ski, Manikowska & Hoffman (1961)
consider that the high specificity of the Nelson test
has solved the problem of false positive reactions.
In some quarters, it was even suggested that the
classical serological tests had had their day. How-
ever, as material has accumulated, a number of short-
comings have become apparent, and it is now
accepted that the TPI test cannot take the place of
the classical serological reactions (Rein, 1955; Klein
& Konwaler, 1956; Michon et al., 1956; Barniske,
1957).

SENSITIVITY

It seems to be generally accepted that immobilizing
antibodies appear in the blood serum at a later stage
of syphilis than reagins, this difference being parti-
cularly evident when the complement-fixation test is
performed with specific antigens. The TPI test is
therefore of limited value for the early diagnosis of
primary syphilis, and it is often still negative at a
stage when the Wassermann test and precipitation
tests have already become positive.

In secondary, untreated syphilis the Nelson test is
positive in 96% of cases according to data collected
by Nielsen & Reyn (1956) and in 92% according to
data collected by Kolmer (1956). Even in this form

of syphilis, however, in which the standard sero-
logical reactions are positive in a very high propor-
tion of cases, some authors have observed negative
results.

In tertiary syphilis, the TPI test is positive in
92% of cases according to Kolmer's data and in
100% of cases according to Gregorczyk (1955),
Meinicke & Gagel (1959) and Kiraly (1961). Canne-
fax & Garson (1957) obtained negative results with
the immobilization test in 4 cases of tertiary syphilis
out of 18.
The percentage of positive results is very high in

syphilis of the central nervous system, in syphilis of
the internal organs and in congenital syphilis (posi-
tive in 87% of treated cases and 94% of untreated
cases, according to the data of Nielsen & Reyn
(1956), but even in these forms negative results may
sometimes occur.
There is thus convincing evidence that the TPI

test may sometimes give negative results even in
known cases of syphilis. It cannot therefore be said
that the TPI test is 100% sensitive. However, it must
be remembered that clinical diagnoses are not always
accurate, which no doubt partly explains the dis-
crepancies in the number of positive results obtained
with the TPI test by different authors.

SPECIFICITY

Meanwhile, it has also been established that the
TPI test, which in the majority of cases helps in the
recognition of false positive reactions obtained with
the standard tests, may itself produce a number of
non-specific results.
A number of authors have obtained positive

results from the TPI test in various diseases of non-
syphilitic origin, e.g., sarcoidosis, myeloma, ery-
thematosis, tuberculosis, infective hepatitis, cirrhosis
of the liver, arteriosclerosis, diabetes (Miller et al.,
1954), laryngeal carcinoma (van Haren, 1956),
malaria (Olansky, Harris & Hill, 1953; Nielsen
& Reyn, 1956). Positive results may also be obtained
in a considerable number of leprosy patients
(17% according to Nielsen & Reyn, 1956). The
possibility that some of these patients are suf-
fering simultaneously from syphilis and leprosy
cannot be excluded. In studies carried out in the
author's Institute (Ovcinnikov et al., 1962), the TPI
test gave positive results in 2.8% of leprosy patients
and doubtful results in 2.2%. In further research (to
be published) the TPI test gave 2% of non-specific
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results in 349 sera from leprosy patients. None of
these patients had a history suggestive of syphilis or
clinical signs of the disease.

It should also be noted that in the opinion of most
research workers, the TPI test is completely un-
suitable for distinguishing between treponemal
diseases (bejel, pinta, etc.). All these give almost the
same percentage of positive results as syphilis. Thus
the test cannot be considered 100% specific.

It remains true, however, that there is no other
serological test that is both 100% sensitive and 100%
specific, and that it is impossible to rely on any single
test with absolute safety. The question must be
decided on the basis of a combination of clinical,
serological and other findings.
The TPI test is of little value as a criterion of cure.

Although negative results obtained with the serum
of a syphilitic patient who has been given an ade-
quate course of treatment may be taken to indicate
complete cure, positive reactions do not always
indicate that active syphilis is still present, since they
may remain positive practically throughout life in
patients who began their course of treatment late,

no matter what treatment has been carried out. The
TPI test was still positive after 12-16 courses of
specific treatment in 22 persons and after 8-11
courses in another 77 persons.

Nevertheless, the TPI test remains a very valuable
method for recognizing false positive results of con-
ventional tests, particularly in pregnant women and
patients suffering from systemic disease (Ovcinnikov,
Turanov & Sazonova, 1963). It is also extremely
valuable for establishing a retrospective diagnosis of
syphilis (Dencker & Nielsen, 1959).

Thus, in spite of a number of shortcomings, the
TPI test is the most specific and sensitive of all
modern tests and it is therefore essential that it
should be introduced in all large serological labora-
tories. Attempts are being made by research workers
in various parts of the world to devise a simplified
method of performing the test and Metzger, in
particular, has proposed a technique in which a gas
mixture is not required (Metzger & Ruczkowska,
1962; Metzger, 1965). The simplified procedure
described below is largely free from the shortcomings
of the methods at present in use.

SIMPLIFIED METHOD OF PERFORMING THE TPI TEST

MATERIALS

Collection and storage of sera

Blood drawn from a vein is transferred with sterile
precautions to a dry, specially washed and sterilized
vessel. Before the blood specimen is taken the
patient must not be given any drugs that might have
an adverse effect on treponeme motility. It is essen-

tial to stop the administration of long-acting prepa-
rations for a period equal to that of their possible
retention in the organism. If penicillinase is added
to the serum it is not obligatory to stop the
administration of penicillin. The serum is treated
exactly as for the Wassermann reaction. It is
inactivated for 30 minutes at 56°C. If the serum has
been inactivated the day before it must be heated
through for 10 minutes on the day of the test. No
preservatives are added to the serum. If it is neces-

sary to store it for a long period, the serum must be
frozen at a temperature of -20°C. Chacko (1953)
was unable to find any appreciable difference be-
tween sera stored at a temperature of -20°C and
freeze-dried sera stored at room temperature.

In an earlier study comprising 258 sera (Ovcinni-
kov & Sazonova, 1962), comparative TPI tests were
done on air-dried (not freeze-dried) serum on
waxed paper and on whole serum stored at -200C.
The first test was done on the fresh serum before
drying or freezing; the serum was then stored in the
dried or frozen state and retested 7, 14 and 21 days
later. The results for the sera that gave a positive
reaction when fresh are shown in Fig. 1 and 2.
It will be seen that the longer the period of storage,
the smaller the percentage of immobilized trepo-
nemes, although the fall is less sharp in sera stored
in the frozen state than in dried sera. ln the case of
sera that showed a high percentage immobilization
in the first test, the reduction on storage is of no
great significance in the evaluation of the results,
since even after lengthy storage the reactions recorded
are still positive (Fig. 1). Sera that were only
weakly positive became negative after lengthy
storage (Fig. 2). Consequently, such sera are un-
suitable for TPI testing after long storage, but if the
test is carried out within the time limits laid down
in the instructions for the standard serological

199



N. M. OVINNIKOV

FIG. 1
COMPARATIVE TPI TESTS ON STRONGLY POSITIVE

SERA STORED FOR VARYING PERIODS IN THE
FROZEN AND IN THE DRIED STATE
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reactions it should give reliable results even with
these sera. This consideration may be of importance
in areas where the immobilization test cannot be
carried out on the spot and the sera have to be sent
by post to a large laboratory where the test is
performed.
The length of the period during which the dried

serum remains fit for use is five days in the south of

FIG. 2
COMPARATIVE TPI TESTS ON WEAKLY

POSITIVE SERA STORED FOR VARYING PERIODS
IN THE FROZEN AND IN THE DRIED STATE
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the USSR (or in hot weather) and 10 days in the rest
of the USSR.

Antigen
The antigen used is a suspension of Treponema

pallidum taken from early orchitis in a rabbit
infected with syphilis (usually the Nichols' strain,
although in Hungary the Kiraly strain is used).

Completely healthy buck rabbits weighing
2-21/2 kg should be selected for infection. Only
rabbits that show a negative Wassermann reaction
are used.
The rabbits are inoculated intratesticularly with

0.5-0.75 ml of a suspension containing 50-60 trepo-
nemes per field of view. Immediately after infection
the rabbit is given an intramuscular injection of
20 mg of cortisone, followed by further injections
of 10 mg daily. Delamater, Saurino & Urbach
(1952) found that rabbits given cortisone produced
6-9 times as many treponemes as rabbits not given
cortisone. Turner & Hollander (1957) also noted an
increase in the number of treponemes after admini-
stration of cortisone. Simultaneous irradiation of
rabbits with X-rays as recommended by a number of
research workers is a cumbersome procedure and
has no particular advantage.
The testes are harvested 6-8 days after inoculation

for preparation of the antigen. During this time
there are no clinical manifestations at the site of
infection except a slight oedema.
For removal of the testes the rabbit is tied to a

stand and exsanguinated by means of cardiac
puncture (some workers prefer to remove the blood
through the carotid artery). The rabbit is then
killed by means of an air embolism (15-30 ml of air
is introduced into the marginal ear vein). The blood
of these rabbits is unsuitable for use in preparing
the maintenance medium for performing the TPI
test. The testes are brought down into the scrotum
by stroking the rabbit's stomach from top to
bottom with the palm of the hand. After trimming
off some of the fur, the surface of the scrotal skin
is rubbed with alcohol and singed, then quenched
and again singed. This removes the remaining fur
and disinfects the skin, which is then covered with
a sterile rubber sheet with a hole in it through
which the testis is pulled. The testis is held by the
operator in his left hand, while with his right he
makes a small transverse incision with a scalpel in
the scrotal skin above the testis, followed by a small
lengthwise incision. This allows the testis to be
brought out easily from the scrotum and drawn
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through the hole in the rubber sheet. The testis is
cut away from the underlying tissue with scissors
and placed in a sterile Petri dish. The same procedure
is followed with the testis on the other side, The
epididymis is then removed with scissors, the fat
is cut away and the testis is cut into 10-15 pieces.
A preparation is made with a drop of physiological
saline and the number of treponemes counted under
the microscope in a dark field. All the pieces are
put in a small sterile Erlenmeyer flask (50-75 ml),
into which have been poured 10-15 ml per testis of a
medium consisting of rabbit serum diluted 1:2
with a 0.83% sterile solution of sodium chloride.
The flask is put in the shaker for 20-30 minutes. The
whole contents are then poured into a large sterile
centrifuge tube and centrifuged at 800-1000 rev/min
for 10 minutes in order to remove tissue fragments.
The supernatant fluid is then decanted off, micro-
scope preparations are made and the number of
treponemes per field of view is determined in the
dark field (eye-piece 10x, objective 40 x). If the
number of treponemes is large, the suspension should
be diluted to provide up to 10-15 per field of view
in the antigen, since a greater density makes it
difficult to calculate the number of immobilized
organisms.

Usually a small quantity of fluid is left in the
centrifuge tube above the precipitate. It is left to
stand for a short time and then rabbits are infected
with the supernate, which contains a large number
of treponemes, in readiness for the next series of
tests.
Each time a test is carried out another group of

rabbits should be infected so that animals with
early orchitis will always be available. The infected
rabbits are kept in hutches in a ventilated room at
a temperature of 18-20°C. They should be given
plenty of vitamin-containing foods, especially carrots.
The puncture method should not be used to

determine the number of treponemes in the testes
before the rabbit is killed for the experiment since
puncture does not always show correctly the number
of treponemes present and since the orchitis fre-
quently resolves spontaneously.

Maintenance medium for treponemes
A large number of different media have been

proposed for maintaining the viability of treponemes
(see Ovcinnikov, 1961).

Nelson's original medium was very complex.
It has recently been considerably simplified but still
contains a large number of ingredients, as follows:

Ingredient

Gelatin
Phosphate buffer:
NaHP04. 12H20
KH2PO4

Sodium
thioglycolate

Glutathione

Cystein hydro-
chloride

Sodium pyruvate
Sodium bicarbonate
Sodium chloride
Ultrafiltrate of

bovine serum

Basic dilution

0.4% solution

0.1 M, 40 ml
0.15 M, 10 ml f
1.5% in distilled
water

1.23% in physio-
logical saline

0.63% in water

1.0%
1.26%
0.85%
Undiluted

Amount in ml
per 40 ml
of mediunm

20

6.26

1.20

2.52

1.26

0.62
2.26
6.76
2.5

Bellone & Bonelli (1955) used human serum
diluted 2: 1 with physiological salt solution as a
maintenance medium, while Meinicke & Gagel
(1959) used rabbit serum (2: 1 or 1: 1). It should
be noted that, to judge from control experiments,
treponemes will survive in physiological saline
without the necessity for a special medium, particu-
larly if serum from a non-syphilitic patient and a
small quantity of complement are added. However,
the duration of survival is considerably shorter and
motility is reduced; results obtained with such
suspensions are often doubtful.

In the author's experience, the following simple
medium has proved very satisfactory. A 0.2%
solution of nutrient gelatin in a 0.83% solution of
sodium chloride is prepared and sterilized in the
autoclave for 10 minutes at 110°C. Streptomycin is
then added in a concentration of 1: 10 000. The
medium is prepared by mixing this gelatin solution
with rabbit serum (diluted 1: 2 with physiological
salt solution) and a 5% solution of human albumin
in distilled water, sterilized by filtration through an
L3 bacterial filter. Only lyophilized albumin should
be used. The solution can be filtered under suction
by means of a water-pump.
The ingredients are stored in an ordinary refriger-

ator and mixed immediately before use. Every time
a new batch of medium is prepared, it should be
tested in parallel against the old batch before
routine use.

1.2 ml of the 0.2% gelatin solution, 2.8 ml of the
5% solution of albumin and 1.6 ml of the treponeme
suspension are required for every 10 sera. If peni-
cillinase is used, the appropriate quantity should be
added. An excess of the medium is used to allow
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for the setting up of control tests, differences in the
volume of the diluting pipettes, technical hitches in
carrying out the test, etc.
The treponemes are usually washed out with

dilute rabbit serum but the maintenance medium
described may be used from the outset. It should be
noted that not all rabbit sera are suitable for the
maintenance medium. Particular attention must be
paid to the possibility of the rabbits being naturally
infected with spirochaetosis, which may lead to false
positive results or agglutination.

If the ingredients are stored, the pH of the medium
may change. If it becomes acid, it must be brought
back to 7.2 by the addition of a 1% sterile solution
of sodium bicarbonate.
Complement
The reaction will take place only if an adequate

amount of complement is present. Different
quantities of complement are used by different
workers for this test. The amount depends to a
considerable extent on the medium used. In particu-
lar, Portnoy & Olansky (1953) have shown that if
more sodium thioglycolate is used, the amount of
complement must also be increased. Using the
same medium, we found that the greater the amount
of complement used, the greater the number of
immobilized treponemes, and the smaller the amount
of complement, the greater the number of motile
treponemes.
With the gelatin medium, the optimum quantity

of complement is 30 %. In comparative studies, the
addition of 0.2 ml of complement gave 67% im-
mobilization, 0.15 ml gave 57% immobilization, and
0.1 ml gave 32% immobilization (Ovcinnikov,
1962c).
Fresh guinea-pig complement is used. Comple-

ment to which preservative has been added is
unsuitable. Lyophilized complement is not so good
but can be used, provided that no preservative has
been added before drying.

METHOD

The test is performed in diluting pipettes of the
type used in making white blood cell counts. The
test protocol is so arranged that all pipettes to which
active complement is to be added (test series) are
marked with odd numbers and those to which
inactivated complement is to be added (control
series) with even numbers. Tubes containing in-
activated sera for testing are similarly numbered
and placed in a stand.

The complement is not added separately for every
serum but a " cocktail " is prepared, i.e., a mixture
of complement and antigen in the required pro-
portions is prepared in advance in sufficient quantity
for all the sera. The suspension of treponemes in
the nutrient medium is divided into two parts,
allowing 0.25 ml for each serum under test and
0.25 ml for each of the controls. Active complement
is added to one flask and inactivated complement to
the other. For 10 sera, 2.5 ml of medium containing
the treponeme suspension plus 1.2 ml of active
complement and 2.5 ml of the same medium plus
1.2 ml of inactivated complement are needed.
The procedure is as follows. The inactivated

blood serum is taken up in a sterile white-blood-cell
diluting pipette until the 1-ml mark is reached.
The end of the pipette is wiped with sterile cotton
wool to remove any serum that has remained on the
walls. This is essential since if positive serum is
spilled into the antigen false results may be obtained
with subsequent sera. To avoid contamination when
a large number of sera are to be tested, the antigen
is dispensed into two flasks, which are used in
parallel to reduce the chances of contamination.
The suspension of treponemes with active com-

plement is then taken up in the diluting pipette
until the 1 l-ml mark is reached, while another
pipette is used for the treponeme suspension with
inactivated complement. Both ends of the pipette
are closed by means of a rubber ring, as for the
transfer of clinical blood specimens, and it is shaken
to mix the contents (Fig. 3). If rubber rings are not
available, they can be made on the spot from
rubber tubing 1 cm in diameter by cutting it length-
wise and joining the ends. The rings must be boiled
before and after the test. We have had no reports of
the use of such rubber rings having had any harmful
effect on the motility of the treponemes. Never-
theless, to avoid any possibility that some types of
rubber might affect treponeme motility, the place
where the rubber touches the pipette can be smeared
with sterile vaseline. The use of rubber rings can be
avoided by sealing with paraffin having a melting
point higher than 50°C (paraffin with a lower melting
point is unsuitable since it might melt in the incu-
bator thus breaking the hermetic seal). However,
this procedure is not only more cumbersome but
unnecessary. Rubber rings sterilized by boiling
give better results because both ends of the pipette
are closed, access to the air is stopped and the
treponeme suspension is placed under relatively
anaerobic conditions.
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After all the sera have been examined, the control
tests are performed. All the suspensions with active
and inactivated complement, together with one
suspension without complement, are taken up in
diluting pipettes of the type already described. The
immobilization test is also performed with a known
negative serum and a known positive serum from
a previous set of tests. Control tests on the serum of
the rabbit from which the treponemes have been
taken are not necessary, experience having shown
that if rabbits with six- to eight-day orchitis are used,
practically no antibodies will be present and aggluti-
nation does not occur.
The filled and closed pipettes are placed in a

special stand or a box with holes cut in it (Fig. 4).
To avoid confusion, numbered cardboard labels are
affixed to the pipettes. They are then placed in
the incubator at a temperature of 35°C for 18-20
hours. If a large number of sera are being tested,
the harmful effect of long exposure of the treponeme
suspension to room temperature can be avoided by
placing the pipettes in the incubator while the tests
are still in progress, e.g., in sets of five sera, without
waiting for the tests on all the sera to be completed.

In order to record the results the pipettes are
taken out of the incubator in pairs (one test specimen
and one control) after 18 hours.
The count of motile and non-motile treponemes is

made in the usual way. A series of small, well-washed

FIG. 4

FIG. 3
DILUTING PIPETTE CLOSED WITH RUBBER RING

METHOD OF LABELLING PIPETTES BEFORE INCUBATION

MEIIN
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TABLE 1
READY RECKONER FOR CALCULATING PERCENTAGE IMMOBILIZATION OF TREPONEMESa

No. of motile treponemes in test pipettes

|| 25 24 23 22 21 20 19

0 4 8 12 16 20 24
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0

0

0

0

5

0

0

0

18 117116 15

28 32 36 40

25 29 33 38

22 26 30 35

18 23 27 32

14 19 24 29

10 15 201 25

5 11 16 21

0 6 11 17

0 0 6 12

14 13

44 48

42 46

39 43

36 1 411

33 38

30

26

22

18

35

32

28

24

12 11 10 9 8 7

52 56 60 64 68 72

50 54 58 62 67 71

48 52 57 61 65 70

45 50 55 59 64 68

43 48 52 57 62 67

40 45 50 55 60 65

37 42 47 53 58 63

33 39 144 50 56 61

29 35 41 47 53 59

6 5 4 3 2 1

a 20 % immobilization and less = negative result
21 %-33 % immobilization = doubtful result

tubes (12 mm x 60 mm) is prepared, put in a stand
and numbered (the number required will be equal
to the number of pipettes). On removal from the
incubator, each pipette is examined carefully to
make sure that the rubber ring is still in place,
otherwise false results will be obtained. The ring
is then removed and the contents of the pipette
poured into the tube with the corresponding number
and carefully stirred by means of the same diluting
pipette with a smaller pipette fixed to its end. A
drop of serum containing the suspension with
active complement is then transferred to the left-
hand side of the slide and a drop containing inactive
complement to the right-hand side. The number
of the serum is marked in the middle or on the left
of the slide. A coverslip measuring 20 x 20 cm is
then placed over each drop. The drops should be
small because otherwise the treponemes may " run ",
making it more difficult to determine whether they
are motile. The results of the test are calculated by
determining the percentage of motile and non-motile
treponemes, beginning with the controls. Twenty-
five to 50 treponemes are counted and the number
of motile and non-motile organisms noted. If the
control contains less than 17 motile treponemes out

31 %-50 % immobilization = weakly positive result
51 % immobilization and over = positive result.

of 25 counted, the medium is unsuitable and the
test must be repeated. In tubes containing inactivated
complement, the absence of treponeme motility is
due not to the presence of immobilizing antibodies
but to the toxicity of the serum or the unsatisfactory
quality of the maintenance medium (bacterial
contamination, presence of drugs, etc.). To obtain
more accurate results it is essential to make three
or four counts of 25 treponemes each. If there are

great divergences a new preparation must be made
ready. In general, two to three preparations should
be examined. The same workers should read the
results of the tests and the controls.

Great care must be taken when determining
whether treponemes are motile or not. In a rapid
count, motile treponemes are more often recorded,
while non-motile organisms are missed. In addition,
treponemes show various types of movement. They
may be very active with bending movements particu-
larly marked, but sometimes only spiral movements
are observed. Sometimes, the treponeme appears to be
motionless but on closer examination it will be seen

after a little while to be moving actively. It is essential
to be able to distinguish the active movement oftrepo-
nemes from theirmovement with currents in the liquid.
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Residual complement is then determined in the
tubes into which the contents of the diluting pipettes
have been poured. Determination of complement
is carried out in all the test and control tubes. The
tubes containing inactivated complement serve as a

kind of control for comparing the haemolysis that
has taken place. Residual complement is determined
by adding 0.1 ml of the haemolytic system (a
21/2% suspension of erythrocytes from the sediment
plus an equal amount of haemolytic serum having a

titre of 3). This determination must be carried out
in order to establish whether the amount of comple-
ment was sufficient or whether the motility of the
organisms was due to the use of insufficient comple-
ment so that the immobilizing antibodies were

unable to exert their effect.
Specific immobilization is calculated by means of

the following formula:
No. of motile treponemes in the control-No. of

motile treponemes in the test
x 100

No. of motile treponemes in the control
In practice, the percentage immobilization can be

determined most easily from a " ready reckoner"
drawn up in advance (see Table 1).
The immobilization test is considered positive

when the percentage of immobilization is over 50,
doubtful between 21 and 50 and negative when it is
20 or below.

Sera giving doubtful reactions should be put on

one side as they sometimes give a definite result if
retested later. A result is considered unsatisfactory
if there is considerable bacterial contamination or if
the serum is found to be toxic. In such cases the
test should be repeated with a new portion of serum.

When the test is set up, care must be taken that the
vessels used are sterile and clean. They should be
free from any substance that might have a harmful
effect on the viability of the treponemes. The
diluting pipettes and all the glassware are washed
first in cold water and then in hot. They are rinsed
with distilled water; disinfectant substances must
not be used. The diluting pipettes are sterilized in
an autoclave and dried in a desiccator. Rubber
gloves must be worn for the work and the usual
precautions for ensuring sterility and cleanliness
strictly observed. The premises must be disinfected
before the test is performed.

DISCUSSION

As will be seen from the description of the method,
no gas mixture is used in preparing the antigen or

setting up the test and no complicated apparatus is
needed. Other nutrient media than the one recom-
mended can also be used in this method. Compara-
tive studies of the usual gelatin medium and Kiraly's
medium gave almost identical results, but the
survival time of the treponemes was longer on
Kiraly's medium. When counts were made after
25 hours in the incubator, the number of motile
treponemes was higher with Kiraly's medium than
with gelatin medium, but no significant difference
was observed after incubation for a shorter time
(Table 2).
To assess the accuracy of the simplified method,

159 sera were tested by both this method and the

TABLE 2
COMPARISON OF GELATIN MEDIUM AND KIRALY'S

MEDIUM IN THE TPI TEST

Results of TPI test
(% immobilization)

Usual method Diluting-pipette method
with gelatin Wmthdi_urm Y
medium With gelatin With Kirdly's

medium medium a

2 4 0

4 0 0

20 0 4

12 16 8

6 8 4

10 14 4

4 0 8

4 4 2

80 77 56

65 67 60

90 82 84

56 58 50

52 54 43

29 32 34

36 35 25

60 56 68

54 58 64

90 87 100

100 100 100

100 100 98

a The dried medium does not differ essentially in composi-
tion from Nelson's medium, but contains human albumin in
place of crystalline albumin.
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TABLE 3
RESULTS OF REPLICATE TPI TESTS PERFORMED IN FIVE DILUTING PIPETTES ON FOURTEEN

DIFFERENT SERA a

Percentage immobilization

A B C D E F G H I J K L M N

First pipette 17 4 4 0 0 0 4 76 100 90 23 36 32 98
4 10

Second pipette 0 0 4 8 0 0 10 96 100 100 45 23 48 100
5 18

Third pipette 9 4 0 14 0 0 17 95 83 100 44 32 30 98
100

Fourth pipette 10 0 10 4 0 0 25 91 100 100 48 27 40 100
9 54

Fifth pipette 0 0 0 10 0 16 17 91 100 100 54 48 56 100
4 0 12 4 6 95 100 100 48 38

Mean count 6 2 4 8 0 3 13 90 97 98 44 32 43 99

a Sera A-G, L and M from patients under investigation; sera H and N from patients with latent syphilis; sera I-K from patients
with secondary syphilis.

ordinary method in which the test is performed in
tubes and a mixture of gases is used. Of the 159 sera,
71 were found to be negative by the TPI test; the
mean percentage immobilization of these sera was 8
by the standard method and 11 by the diluting-
pipette method. For 65 sera giving a positive
reaction, the corresponding figures were 80 and 72.
The close agreement between the results of the paired
159 parallel tests was confirmed by the appropriate
statistical test of significance (t168 = 0.96; 0.30
< P < 0.40).

If the negative, positive, and doubtful results
are processed separately, differences will be found
which sometimes favour one method, sometimes the
other. These differences do not depend upon the
method of performing the test but upon a number of
other factors. Nielsen (1957) has collected con-
siderable evidence from the literature to the effect
that significant variations occur in the results of the
TPI test if the same serum is examined more than
once, particularly if it is a serum of low immobilizing
titre. We were able to confirm this in our experi-
ments. Even in one and the same preparation,
repeated counts will not give identical results,
particularly if only 25 treponemes are counted each
time, since this means that one treponeme represents
a difference of 4%. The discrepancies may be

especially apparent in readings made on doubtful or
slightly positive sera, but are likely to be less marked
in readings on negative and positive sera.

Table 3 presents the results of replicate TPI tests
performed on 14 different sera, using five diluting
pipettes for each serum. The same treponemal
suspension was used in all the tests. In some cases,
two readings were done on one pipette. It will be
seen that for any one serum there is some variation
in the counts from one pipette to another and even
where two counts are made on the same pipette the
results are not always identical. Similar variations
are found when the test is performed by the standard
method. However, in most instances, the deviations
from the arithmetical mean are not large enough to
affect a rough grading into positive, negative and
doubtful sera.
The accuracy of the TPI test depends on a variety

of conditions, which cannot always be adequately
controlled by the investigator. Sazonova has
carried out parallel TPI tests on 942 sera by the
standard method and by the simplified method
using diluting pipettes.' Identical results were
obtained in 870 cases (92%). For positive sera, a
mean value of 73% immobilization was obtained

1 Part of this material is included in a study published by
Sazonova (1963).
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by the standard method as compared with 79.3%
by the simplified method. The corresponding
figures for the doubtful and weakly positive sera
were 36.3% and 41.1% respectively; for negative
sera, the mean values were 7.9% and 9.2%.
The results were considered to be divergent when,

for example, one method led to the assignment of a
serum to the doubtful group while the other method
led to its assignment to the negative or positive
group. In most cases the divergences were small,
but one serum, obtained from a patient suffering

from late congenital syphilis, gave only 18% im-
mobilization by the pipette method as against 67%
by the standard method. A repeat test on this
serum was not performed.

These results confirm that the simplified method
of performing the TPI immobilization test gives
results of comparable accuracy to those of the
standard method. As it does not require complicated
apparatus or the use of a gas mixture, it can be
performed in any laboratory that has qualified staff
and facilities for keeping rabbits.

RESUMt

Le test de Nelson a une valeur indiscutee, en particulier
pour eliminer les fausses reactions et pour etablir un
diagnostic retrospectif de syphilis; mais il exige un per-
sonnel tres entrain6 et un materiel complique. Le milieu
de conservation de Treponema pallidum est complexe; les
manipulations doivent se faire en atmosph&re d'azote et
de gaz carbonique melanges en proportion definie.

L'auteur a mis au point depuis 1961 une methode
simplifiee. Les serums preleves sterilement peuvent etre
congeles s'ils doivent etre conserves pour une longue
periode. Ils sont inactives par chauffage A 56°C pendant
30 minutes, et additionnes de penicillinase si le malade
est sous traitement. L'antigene est une suspension de
treponemes (dans du serum de lapin dilue au 1/2 dans une
solution salee sterile a 0,83%) preleves sur des lapins
inocules par voie intratesticulaire depuis 6 a 8 jours. Le
milieu de conservation se prepare avec une solution de
gelatine a 0,2% dans une solution de chlorure de sodium
A 0,83 %, sterilisee 10 minutes A 1 10°C et additionnee de
streptomycine A 1 pour 10 000. Cette solution est melan-
g6e A du serum de lapin dilue au 1/2 et a une solution

d'albumine humaine A 5% dans de l'eau distillee, filtr6e
sur bougie L3. Les constituants conserves au r6frigerateur
sont melanges au moment de l'emploi et le milieu est
ajuste A pH 7,2 si necessaire. Le complement fraichement
pr6leve sur cobaye doit etre ajoute dans la proportion
optimale de 30 %.

La reaction est effectuee en pipettes du type utilise pour
la numeration des cellules du sang. On preleve le serum
inactive jusqu'au trait 1 ml, le melange antigene-comple-
ment jusqu'au trait 11 ml. Les deux extremites de la
pipette sont fermees par un anneau de caoutchouc. La
meme operation est faite sans addition de complement.
Les pipettes sont agitees et placees 18-20 heures A l'etuve
A 35°C. On ajoute A chaque serie un serum positif et un
serum negatif connus. La lecture est faite au microscope
a fond noir, oculaire 10x, objectif 40 x.

Cette methode simplifiee qui peut etre realisee dans
tout laboratoire ayant un personnel qualifie et un elevage
de lapins donne des resultats comparables a ceux de la
methode standard.
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