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SYNOPSIS

The authors first discuss the principle of the Treponema pallidum
immobilization (TPI) test, considered both as a qualitative and as
a quantitative test, and then various specific aspects of passage of
the Nichols strain of treponeme in rabbit testes. A number of impor-
tant technical details and modifications in the test procedure are
then reviewed, and the clinical value of the test is discussed.

The sensitivity of the TPI test is considerably greater than that
of the serological tests for syphilis more usually performed, and its
specificity is also remarkably high. However, it is stressed that,
at the present stage of development, the greatest value of the TPI
test lies in its use as an excellent aid to diagnosis rather than as
a test of cure.

The Treponema pallidum immobilization (TPI) test was first described
in 1949 by Nelson & Mayer.54 The test was developed mainly as a result
of Turner's 78 demonstration of protective antibodies in serum from syphi-
litic rabbits; later on, similar antibodies were demonstrated in human
syphilitic sera, especially those from persons with secondary and tertiary
syphilis.80 These humoral antibodies were supposed to play a significant
role in acquired immunity, and indications were found that they were not
identical with the reagins demonstrable by lipoidal antigens.8'54

In 1948 Nelson 48 composed a medium in which T. pallidum would
remain viable for periods of up to 8 days, and this progress led to the final
development of the TPI test, in which immobilizing antibody is demon-
trated in vitro.54

This method is, with the exception of the Treponema pallidum immune
adherence (TPIA) test,49 in which heat-killed antigen is generally employed,
the only test for syphilis in which the living, infective agent is used as an
antigen, although attempts to use it had been made much earlier, as is
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shown, for instance, by Touraine's report in 1912 on agglutination in
human syphilitic serum of pathogenic treponemes derived from syphilitic
lesions.77

Immobilizing antibodies have been demonstrated 25, 38, 39, 54 in serum
from animals (rabbits, mice) immunized with live or dead pathogenic
treponemes-the Nichols strain,56 for instance-but not in serum from
animals immunized with live or dead non-pathogenic treponemes such as
the Reiter strain.28 Other species of micro-organism, e.g., Leptospira
icterohaemorrhagiae, do not give rise to immobilizing antibodies.53

The earliest reports on the TPI test were very encouraging, as it turned
out to be highly specific within the treponematoses (syphilis, yaws, bejel,
and pinta) and of about the same sensitivity as tests employing lipoidal
antigens.41, 53, 55

The test has now been taken up by many laboratories, about forty of
which have taken part in a co-operative study under the auspices of the
World Health Organization. At an informal meeting held in July 1952 at
the Venereal Diseases Reference Laboratory in London, a group of experts,
including a representative of WHO, agreed on the desirability of such a
study. So far altogether five collections of reports covering the years 1952-
54 have been prepared by WHO and distributed to the members of the
group. The reports contain information, inter alia, on technical improve-
ments in the TPI test and on research work on the treponematoses. In
addition, samples of two pooled, syphilitic rabbit sera have been distributed
by the WHO International Serological Reference Laboratory at the Statens
Seruminstitut in Copenhagen to the members of the group, who have in
turn reported their results of repeated quantitative testing to WHO. The
information contained in these reports has been collected and statistically
treated at the WHO International Serological Reference Laboratory in
Copenhagen. One important indication found is that within a single labora-
tory repeated, daily, quantitative testing of a control or reference serum may
eliminate part of the day-to-day variations in the titres obtained with the
test sera. Similarly, comparison of results between two different laboratories
may be facilitated by quantitative testing of the same control serum in
both laboratories.

The standard variation estimated for quantitative TPI results in each
of about 20 laboratories varied significantly; and more than would allow
one to put forward the hypothesis that the variations were ofan equal order
of magnitude in all the laboratories. However, the middle of the range of
variation was close to the average standard deviation estimated from
results obtained with the usual reagin test for syphilis. In addition to these
random variations it was possible in some laboratories to demonstrate
systematic changes in titre during the experimental period.
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Principle of the TPI Test

Live pathogenic treponemes (Nichols strain) constitute the antigen by
means of which serum is checked for immobilizing antibody. Together
with active guinea-pig serum as complement, a mixture of antigen and
antibody is incubated under anaerobic conditions at 35°C for a certain
period (18-24 hours). After incubation the mixture is examined by dark-
field microscopy, and if antibody is present in serum, the incubation results
in an immobilization of the treponemes. The immobilizing antibody demon-
strated in the test is different from the antibody or antibodies demonstrated
in tests using lipoidal antigens.8' 54 A complicated system of controls,
including one with inactive complement, ensures the reliability of the test.

The TPI test can be carried out either qualitatively or quantitatively.

Qualitative testing
In the qualitative test the results are generally interpreted as positive if

motility determinations reveal a difference of more than 50% between the
tubes containing active and inactive complement; as doubtful if the difference
is between 50% and 20%; and as negative if the difference is less than 20 %.
The result is described as inconclusive if less than 70% of the treponemes in
the control with inactive complement remain motile after the 18-24 hours'
incubation.

Quantitative testing
In the quantitative test the concentration of immobilizing antibody is

estimated by determining the serum dilution which produces immobilization
of 50% of the treponemes after incubation for, for instance, 18 hours at
35°C; this is called IT50.18. 53 However, with the exception of daily titra-
tion of a positive control serum most laboratories have either given up or
have not yet started quantitative TPI-testing.

From the very beginning the technical difficulties of the test were
pointed out in nearly all reports and publications. Most of these difficulties
are probably due to the fact that it has so far been impossible to grow
T. pallidum in an artificial medium; this has involved the maintenance of
the Nichols strain by passage on live rabbits. This means that new antigen
suspensions from different rabbits are prepared for each experiment, and
it is understandable that such " biological " antigen suspensions should
be more variable than antigen suspensions prepared from a well-defined
stock antigen, such as cardiolipin antigen, that can be kept for years.59

By repeated testing of the same suspension of treponemes, using the
same batch of complement, Thivolet and co-workers 75 observed the repro-
ducibility of the qualitative TPI test to be much the same as that observed
with the usual serological tests for syphilis. By repeated quantitative
testing of one serum each with different suspensions using different batches
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of complement, Nelson & Diesendruck,53 Chorpenning," and Wilkinson 86
obtained the standard deviations of 25%, 35 %, and 20%, respectively.

However, the general impression obtained from the results at the
laboratories participating in the co-operative WHO study is that in daily
routine the variation is far greater. One attempt to obtain better repro-
ducibility was made by extending the incubation period from 18 to 42 hours.
The results were not encouraging, but it was found that the sensitivity of
the test increased with an increased incubation time.

The TPI test is an expensive procedure which can only be carried out
at highly specialized laboratories. The main part of the test must be
performed under sterile conditions and the blood to be tested should be
taken with sterile needles and delivered into sterile tubes.

It is not intended here to give a detailed description of the technique,
and the reader is referred to the thorough descriptions given by Nelson
& Mayer,54 Sausse,71 and Ledbetter & Martens.37

As has already been mentioned, the TPI test presented a number of
difficulties and shortcomings as more and more laboratories took it up.
To overcome these difficulties some laboratories modified the original
technique. At other laboratories with a large number of routine tests,
the technique was changed in order to be able to get through the daily
work in reasonable time and at reasonable expense. In the present paper
the most significant technical modifications and the reasons for them are
discussed.

Passage of Nichols Strain on Rabbit Testes

Preparation of suspensions

In his original technique Nelson 48 inoculated rabbits intratesticularly
with a suspension of syphilitic rabbit testes prepared in a Waring blendor.
The suspension, however, contained coarse particles of tissue extract and
debris and was not ideal for darkfield determination of the number of
treponemes.

Durel, Borel & Sausse 18 modified the method, cutting the testes into
thin slices and, by means of a Kahn shaker, rocking the slices in a suitable
medium for 10-20 minutes at 350 strokes per minute. This method was
taken up at several laboratories, including the WHO International Sero-
logical Reference Laboratory. With this method the suspensions are easy
to examine under the microscope and satisfactory concentrations of trepo-
nemes as well as high motility percentages are obtained.

Inoculum and sensitization

It is generally agreed that the size of the inoculum is very important
for the maintenance of the strain; 5 x 107- 10x 107 organisms per rabbit
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are considered suitable at most laboratories. Too low an inoculum
(5 x105- 10x 105) results in prolonged incubation time.40 This is highly
undesirable because of the possibility of antibody formation before
demonstrable orchitis, resulting in in vivo " sensitization" of the trepo-
nemes.8 53 By analogy with the sensitization of sheep erythrocytes by
haemolysin, sensitization of treponemes is defined as fixation or adsorption
of immobilizing antibody on to these organisms.

It is very important to be able to procure a suitable (i.e., not too low)
number of non-sensitized treponemes. Three methods of counteracting
sensitization have been described, the purpose of all of them being to
inhibit antibody production in rabbits. These three methods involve the
use of nitrogen mustard (methyl-bis (2-chloroethyl) amine),14 cortisone,79
or X-rays.51

With respect to cortisone, there is evidence to suggest that its very
striking effect is less one of inhibiting antibody formation than a direct
effect on the tissue at the point of contact between parasite and host.79

None of these methods has become commonly used in daily routine.
At most laboratories sensitization is avoided through inoculation of rabbits
with a sufficient number of live and active treponemes and daily inspection
of the rabbits, thus making possible an early harvest.

Use offrozen testes

Owing to variations in the time of development of orchitis it happens
rather often that more than one rabbit is " mature" at a time, or that a
rabbit becomes " mature" at a time inconvenient for experiment. However,
Chorpenning, Sanders & Kent'2 have shown that treponemes derived
from deep-frozen infected testes can be used both for the test and for
maintenance or transport of the Nichols strain ; this implies the possi-
bility of a more rational use of the animals. These findings have been
confirmed by Anderson, Kent & Sanders.2

Important technical details of the freezing method appear to be main-
tenance of a constant temperature in the deep-freeze and use of glycerol
as a vehicle during the freezing process.31 However, it remains to be
determined whether the use in the TPI test of treponemes from frozen testes
is recommendable in daily routine.

An unpublished WHO report a on quantitative TPI-testing of two rabbit
control sera by a number of laboratories, as part of the co-operative study
mentioned at the beginning of this paper, contains information on the
results from three laboratories in which both frozen and fresh material
were used. The fresh material was used for a total of 100 experiment

a Report on quantitative TPI testing of the first and second international TPI control sera, including a
statistical analysis of the results (unpublished working document WHO/VDT/SERO/70)
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days and the frozen material for altogether 50 experiment days. The
motility figures for treponemes from the frozen material were from 2%
to 14% lower than those for the fresh material. The difference between
the two types of material was smallest in the control tubes with active
complement.

Air-conditioning

In their original description of the method Nelson & Mayer 54 recom-
mended air-conditioning at 16°-18°C in the animal room. In experimental
rabbit syphilis Hollander & Turner 32 clearly demonstrated the significance
of the rabbits' skin temperature on the propagation of cutaneous infection.
However, in intratesticularly infected rabbits no significant difference in
infectivity was demonstrated with room temperatures of 25°C and 35°C.
This does not preclude the possibility that with intratesticular infection
temperatures higher than 35°C may affect the inoculation result. The
different effect of temperature in cutaneous and testicular syphilis may be
explained by the special temperature regulation of testes in the rabbit.
T. B. Turner a recommends air-conditioning at 18°-20°C in his prescription
for inoculation of material from various treponemal diseases into hamsters.
Air-conditioning is perhaps not absolutely necessary in daily routine, as is
shown by the recent report from Chacko and co-workers in Madras, India,10
who succeeded in transferring Nichols's pathogenic strain in 35 passages
without the use of any air-conditioning at all.

Important Technical Details in the Performance of the Test

Ideal antigen

An ideal antigen would be a suspension of treponemes in a medium
which, without any extra admixture of serum, ultrafiltrate, or tissue extract
(testis extract), would be sufficient to keep the treponemes viable for a long
time. The existence of such an ideal medium would make it unnecessary
to take into account the variability in the supply of the factors thought to
make for survival and provided by different testis extracts, by the serum
under test, or by the complement used.

An approach to this ideal was made by Rice & Nelson,67 who in 1951
succeeded in isolating from beef-serum a crystalline compound which
ensured prolonged survival of pathogenic treponemes. However, in prac-
tice this compound has not been much used, the " survival factor" being
obtained either from serum ultrafiltrate or from serum.

a In: The work of the International Treponematosis Laboratory Center: third annual report, 1953 (un-
published working document WHO/VD/109)
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Controls

In each experiment a series of controls common for the whole experiment
are set up and further controls for each serum to be tested are included.
If the common controls fail the whole experiment is discarded, whereas
failure of the serum controls only implies that the individual tests are
considered inconclusive.54 It is a condition of the test that, at the time
when the results are read, the motility of the treponemes in the controls
should not be less than 70%-80%, depending on the type of control.53
Further, it is important that the treponemes should not be slow-moving
but very active.

Several publications contain information on difficulties on this crucial
point. After numerous unsuccessful experiments with poor survival in the
serum controls Portnoy, Harris & Olansky 61 found that a fivefold increase
in the concentration of sodium thioglycollate in the basal medium solved
their problem. However, at the same time as the sodium thioglycollate
concentration was raised the concentration of complement was also in-
creased.

Chemical substances

Substances containing SH groups (cysteine, glutathione, sodium thio-
glycollate) appear to play an important role in the Nelson medium. Their
effects were studied by Nelson,48 Weber,84 Hill and co-workers,30 and
Nielsen.57 By measuring the redox potential (oxidation reduction balance)
Nielsen, in a study shortly to be published, found that sodium thioglycollate
under the usual experimental conditions of the TPI test showed the greatest
reducing power of the three substances. In reality, it is very likely that
cysteine is even more reducing than sodium thioglycollate, but under the
conditions of preparation of the medium cysteine is readily and irreversibly
oxidized, at the same time growing insoluble.

The chemical substances used in the basal medium ought to be chemically
pure, but this condition does not ensure that the substances used at the
different laboratories are uniform. Greater or smaller differences with
respect to SH groups or impurities, for instance, may very well exist. The
TPI co-operative study group has taken up this question, which is indeed
deserving of closer study. In the unpublished WHO report on quantitative
TPI-testing of the two rabbit control sera already referred to, some evidence
is given that a shift in chemicals from one batch to another was correlated
with a shift in level of titre.

Nielsen has studied the effect of thioglycollate in greater detail. The
survival percentages at different thioglycollate concentrations and varied
oxygen tension in the CO2/N atmosphere were compared. The experiments
have shown that the concentration of thioglycollate has great influence on
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the motility percentage, but the significance of the thioglycollate concen-
tration was reduced when the atmosphere was made " oxygen-free " by
passage over heated copper (no colouring of an alkaline solution of pyro-
gallic acid). However, when the atmosphere contained small traces of
oxygen' a fourfold increase of the thioglycollate concentration was
sufficient to ensure satisfactory survival in the controls. After the introduc-
tion of the heated-copper method in the routine, only a few sera gave
inconclusive results. This number was further reduced when the concen-
tration was increased fourfold.66 Thus, the findings of Portnoy and
co-workers 61 are in conformity with those of Nielsen,57 and the beneficial
effect of thioglycollate on " survival " has further been confirmed by
various authors 29, 35 and in the co-operative WHO study.

Inconclusive results caused by antibiotics such as penicillin can be
counteracted by the addition of penicillinase41 and those caused by con-
tamination may be counteracted by the addition of streptomycin to the
basal medium.36 Recently Cannefax 7 has reported that sodium azide can
be used as a bacteriostatic agent without affecting the sensitivity of the
TPI test.

Other treponemicidal substances (drugs or unknown substances) which
cannot be counteracted by the above-mentioned methods may be present
in varying quantity according to the circumstances and may affect sensi-
tivity. Simple comparison of the percentages of inconclusive results found
at different laboratories does not therefore necessarily reflect the value of the
technique used at those laboratories.

Technical modifications in the preparation of the basal medium

At certain laboratories,' including some of those participating in the
co-operative WHO study, the eight components of the medium prescribed
by Nelson are combined into one mixture, which is prepared for several
weeks' use and kept at low temperature. Thivolet & Rolland,74 employing
this modification, observed the development of anticomplementary prop-
erties, while Ajello et al.1 did not report any unsuccessful results using the
whole medium, mixed and stored.

Delacretaz 16 replaces the Nelson medium by a mixture of foetal mouse
extract, serum, and Tyrode's solution. Boak & Miller 4 recommend the
use of equal volumes of inactivated normal rabbit serum and saline instead
of the Nelson medium, and Saurino 70 suggests the use of a medium with
a high proportion of inactivated rabbit serum or serum ultrafiltrate in order
to obtain better survival. Ranque and co-authors 63 consider inactivated
rabbit serum an excellent substitute for Nelson's medium and better than
serum from sheep, oxen, or human beings.
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Clinical Value of TPI Test

Material

In Tables I-VIII an attempt is made to collate the qualitative results
found in a fairly representative selection of papers published on the clinical
significance of the TPI test. The results obtained with a total of 10 035
sera and 323 spinal fluids have been incorporated in these tables. The sera
may be divided into 5676 from proved syphilitic cases, 682 from cases -of
doubtful syphilis, 1347 from cases given as " no syphilis ", 474 from normal
individuals, 1533 from diseases other than syphilis, and 323 giving biolo-
gically false positive reactions.

Owing to numerous differences in the various publications it has been
rather difficult to compile the different material into simple, clear tables.
The material and its grouping were not uniform and information on treat-
ment was not always given in the reports. Hence, it has been necessary to
exclude from the tables groups or minor parts of the material given in the
various publications; these are cases shown under such headings as " con-
tacts with syphilitic persons ", " miscellaneous ", " syphilis of unknown
state ", etc. However, it has been possible to include all results from some
of the papers. Other material was published in such a manner as to render
impossible its inclusion in the collection. An example of this is the huge
material tested by Vaisman, Hamelin & Vaisman 82 and the results reported
by Miller & Smith.42

Some authors employ the same material in two or more publications,
or the same material is used by different authors. In such cases only the
results from the most extensive paper have been included in the tables.

It is emphasized that each table shows results obtained with several
different modifications of the original technique, but it is not very likely
that the significance of summarized results obtained from these tables is
thereby invalidated. Delacretaz 16 reports uniform TPI results with Nel-
son's medium and with a medium consisting of mouse-embryo extract.
Likewise, Boak & Miller 4 obtained immobilization in identical numbers
of dilution tubes with the Nelson medium and with rabbit serum medium.
On the other hand, the results obtained by Magnuson and Thompson 41, 76
with different concentrations of complement (from 5% to 22%) clearly
demonstrate the significance of the complement concentration on the sensi-
tivity of the test.

Many of the publications contain comparisons between the usual sero-
logical tests and the TPI test on the same sera; the results with the usual
serological tests have been excluded from all the tables, partly because the
results within the syphilitic stages were in conformity with general experience
and partly for the sake of clarity. In the group " other diseases " the usual
serological tests as a rule were negative, but information was lacking in
some cases. For the biologically false positive group, the implication,
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naturally, is that the usual serological tests were positive or had recently
been positive.

In all the tables the few doubtful results (averaging about 4% of all
reactive sera) have been incorporated in the same column as the positive
results, but inconclusive results due to technical errors, drugs, or unknown
substances in serum have been excluded; these amount to about 0.5% of
the total material.a

The serological results collected from 38 publications have been divided
into four main groups in Tables I-IV.

Table I contains results from publications in which no definite informa-
tion on treatment is given, although it is very likely that the most of the
patients are untreated. Tables II and III contain results from untreated
and treated cases, respectively. The ranges obtained at the different labora-
tories are rather uniform, and most of the exceptions are explained by the
authors' comments given in footnotes to the tables.

In Tables I, II, and III the column " late symptomatic syphilis " includes
tabes dorsalis, dementia paralytica, cardiovascular syphilis, ocular syphilis,
and tertiary muco-cutaneous syphilis. Several but not all the authors have
subdivided their material into all these groups. However, the distribution
of positive, doubtful, and negative TPI values was very nearly the same in
all five groups, tabes dorsalis perhaps excepted.

The column " early and late latent syphilis " comprises cases in which
the diagnosis is based on epidemiological data, or cases in which clinical
symptoms were manifest before the investigation reported. In addition, a
rather large number of these cases was classified on the basis of persistent
positive serological reactions to the usual tests. This column also includes
asymptomatic cerebrospinal syphilis with positive cerebrospinal fluid
reactions to the usual serological tests.

It is very probable that the distinction between the groups " other
diseases" and biologically false positive reactions was made on quite
different criteria by the different authors.

Table IV contains results from papers in which the material could be
divided into one group consisting of cases of definite syphilis, another
group containing cases in which the possibility of syphilis was not excluded
by the authors, and a third group comprising cases in which the possibility
of syphilis was excluded by the authors. The grouping depends mainly on
clinical and anamnestic information, but in some cases the usual serological
tests also contributed to the classification. This system of classification is
not quite correct, but as several of the authors have considered strongly
positive, persistent serological reactions to be evidence of syphilis the
system has been accepted for the purpose of Table IV.

a The material collected for 1954 by WHO on 4862 sera tested in 16 of the laboratories participating
in the co-operative TPI study comprises about 4% doubtful and 7% (range 0.0-9.2) inconclusive results.
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In all tables except Table IV the numbers indicate cases and not sera.
For the untreated cases it is likely that the stage of disease corresponds to
that at the time of sampling, but in all other cases little or nothing is known
about the relation in time between diagnosis, treatment, and sampling.

Table V shows TPI results obtained with 323 cerebrospinal fluids.
In addition to these tables, containing results mainly from syphilitic

cases, three other tables have been compiled, dealing with diseases of special
interest such as bejel, yaws, and pinta (Table VI), leprosy (Table VII), and
malaria (Table VIII).

Discussion of results

The total results of Tables I and II, comprising mainly untreated cases,
are very much alike for both syphilitic and non-syphilitic sera. Summarized
results for both tables are given in Table II.

The sensitivity of the test increases rapidly from the primary cases,
about 60% positive, through the secondary cases, about 90% positive,
to nearly 100% positive in the older cases. Table III shows that for all
categories of treated cases the percentage of positive TPI reactions is some-
what lower than for the untreated cases; this applies particularly to the

TABLE VI. QUALITATIVE RESULTS OF TPI TESTS ON CASES
OF TREPONEMATOSIS OTHER THAN SYPHILIS

I~~~~~~~~~~~-Sus-
ma trepone- AdditionalI,Diagnosis |Bejel Yaws | ita petPedp-| Adtoa

matosis material in

Author TPI reac- +--TableAuthor ~tion + - I+ I+ - + I-
Durel, Sausse & Borel "' 1952

Chacko9 1953

Crampon & Baelden "I 1953

Edmundson, Rico 1953
& Olansky 21

Nielsen a

Nielsen b

1954

1955

0

10

0

0

0

0

2

4

0

10

0

0 0 0 0 39.

10 0 17 9 28 0 39 1
Totals

10 26 28 40

Percentage reactive 100 65.3 100 97.5

0

0

0

0

0

1

II, III, IV, VI VilI

1, 11,II, V, VIIl
1, 11, III, VIl

a Sera from Indonesian yaws patients, obtained through WHO
b Sera from Africans of Bechuanaland, obtained through WHO
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0

0

0

0

0

0

9

0

0

0

0

0

0

0
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0

0

0

0

0

0

0

0

0

0

0

0

0
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TABLE VII. QUALITATIVE RESULTS OF TPI TESTS
ON 350 CASES OF LEPROSY

primary and secondary cases and to a lesser extent to the early and late
latent cases.

The specificity as measured in sera from normal individuals, in sera

from other diseases than syphilis, and in sera from presumably biologically
false positive reactors appears to be high. No positive TPI reaction was

found among 474 sera from normal individuals ((Tables I and II) and only
one positive reaction was found in the biologically false positive group of
141 sera (omitting the three cases suspected of syphilis shown in Table I).
Four out of 1034 (about 0.4%) in the group " other diseases" (Tables II

and III) were found to react in the TPI test.
Among the treated cases (Table III) no TPI-positive reactions were

observed in the 39 sera of the group " other diseases " and only three TPI-
positive in the biologically false positive group of 179 sera. Indeed, these

Number
of cases Additional

Author Observations material in
TPI TPI Table
+ _

Gat6 et al." 1952 0 4 I, VIII

Nelson 50 1952 11(a) 59 (a) The possibility of syphilis
cannot be excluded

Chacko9 1953 2 35 1, 11,1 II, V, VI

Crampon & Baelden 18 1953 3(b) 19 (b) Anamnestic syphilis 1, 11, III, VI

Gat6, Rousset
& Coudert 26 1953 3 27

Floch et al.24 1953 13 54

Ranque et al.64 1953 13 23 VilI

Rollier & Pelbois 68 1953 7(c) 34 (c) Sera were collected in areas
where syphilis is frequent

Vilanova, de dulanto 1954 6(d) 28 (d) Four of these had syphilis;
& Catasus 8 there is no information on

the other two

Wilkinson 86 1954 2(e) 7 (e) " One of the two ... was
known to have neurosyphi-
lis; the other ... showed
no clinical evidence of sy-
philis." 1, 11, III, IV

60 290
Totals__

350

Percentage reactive 17.1
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last three cases were diagnosed as yaws and should not have been classified
as biologically false positive.

The results shown in Table IV are largely those of cases in which sub-
division into stages of syphilis was impossible. Considered as a whole, the
information obtained is not so adequate as that in Tables I-III. The material
was very dissimilar and the classification into the three groups was no doubt
done on different criteria by the various authors.

Taking a positive TPI reaction as evidence of present or past syphilis
and a negative TPI test as evidence of either no syphilis or cured syphilis,
and on this basis studying the relationship between clinical judgement and
TPI results, we find it possible retrospectively and in spite of treatment to
diagnose clinically proved syphilis in about 85% of sera (436 out of 514).

In the group " no syphilis ", which is thought to be made up preponder-
antly of sera positive, or recently positive, to the usual serological tests,
the TPI test is positive with about 51 % of sera (690 out of 1347), whereas
in the " possible syphilis " group it is positive with about 59% (401 out of
682). It is quite natural that the percentage of TPI-positive sera in the

TABLE Vil. QUALITATIVE RESULTS OF TPI TESTS ON 45 CASES OF MALARIA

Number
of cases Additional

Author Clinical information material in
TPI TPI Table
+ -

Nelson et al.55 1952 0 10 No clinical or anamnestic evi-
dence of syphilis; reagin tests
negative II, V

Durel,Sausse&Borel 19 1952 10 3 Syphilis suspected in all cases
owing to positive or doubfful

_ reagin tests II, III, IV, V, VI

Gat6 et al.27 1952 0 11 No clinical information; reagin
tests doubfful I, VIl

Benazet, Thivolet 1953 0 1 Suspected syphilis; reagin tests
& Rolland a doubtful

Ranque et al.64 1953 0 4 No clinical information; 2 reagin
tests positive and 2 doubfful VIl

Wheeler, Van Goor 1954 1 5 No information IV& Curtis ~

11 34
Totals

45

Percentage reactive f 24.4

* If the 10 TPI-positive cases suspected of syphilis out of the total of 11 are discounted, the
percentage reactive Is reduced to 2 (see text).
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" possible syphilis " group is somewhat lower than for the group of proved
syphilis.

The results shown in Table IV for the group " no syphilis " are apparently
quite different from those of Tables I-III. However, this may as well be due
to the grouping method used as to the information obtained. The assump-
tion that many of the positive TPI results met in these tables led to a more
thorough clinical and anamnestic investigation of the patients and that on
account of further information the corresponding sera were transferred
from the groups " other diseases" or " biologically false positive" to one
of the syphilis groups will explain the difference. An additional explanation
would be that Tables I-III mainly contain results found in acute biologically
false positive sera, but unfortunately, for lack of information, this hypothesis
cannot be tested.

It is highly probable that the group " no syphilis " contains several cases
of syphilis ignoree 72. 73 or cases of treated syphilis in which the patient denies
the possibility of syphilis. The frequency of such cases, of course, varies
greatly in different parts of the world, different social environments, etc.
In practice, naturally, it will never be possible to get full information on all
cases. Hence, it remains impossible to prove the complete specificity of the
TPI test, but the very low frequency of positive TPI reactions in normal
individuals, in patients with diseases other than syphilis, and in patients
with biologically false positive reactions argues in favour of the high spe-
cificity of the TPI test (Tables I to III).

Vaisman and co-authors,82 having tested altogether 7922 human sera
and spinal fluids, arrive at similar conclusions on the sensitivity and speci-
ficity of the TPI test, concluding that it constitutes a very important contri-
bution to the solution of numerous problems in syphilis.

Rather few TPI results on spinal fluids have so far been reported, but
the results are shown in Table V, where it will be seen that 86 of 94 specimens
(91.5 %) derived from patients with symptomatic and asymptomatic cerebro-
spinal syphilis (treated and untreated, the asymptomatic being diagnosed
on the basis of positive serological reactions to the usual tests) were TPI
positive, whereas only about 6% of 179 specimens from other stages were
positive.

Durel, Sausse & Borel 19 state that in their material a TPI-positive spinal
fluid always coincides with a positive TPI reaction in the blood.

The high percentage of TPI-positive spinal fluids in asymptomatic
cerebrospinal syphilis indicates that TPI control of spinal fluid in latency
may be of diagnostic and prognostic value, especially when the usual
serological tests are weak or negative in serum, spinal fluid, or both.

The few results obtained in treponematoses other than syphilis have
been grouped together in Table VI. In untreated bejel, yaws, and pinta one
would expect positive TPI reactions because of the close relationship be-
tween the pathogenic Nichols strain and the other pathogenic treponemal
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strains;34 all the bejel sera, 17 of 26 yaws sera (65 %), and all the pinta sera
were positive. However, the material is small and information on stage of
disease and treatment is lacking. The 40 cases suspected of " treponema-
tosis" from Bechuanaland were all positive but one.

Of the 350 leprosy cases shown in Table VII, 60, or about 17 %, were
TPI positive. This comparatively high percentage ought not be taken as
evidence of non-specificity of the TPI test in leprosy, as syphilis was proved
in many of these patients and as the sera originated from areas in which the
frequency of syphilis or other treponematoses was high.

Table VIII gives the TPI results found in 45 cases of malaria ; 11, or
about 24%, were positive. However, 10 of the 11 TPI-positive cases were
suspected of syphilis, and the TPI-positive cases should therefore be
reduced from about 240% to about 2%.

Both malaria and leprosy are generally accompanied by biologically
false positive reactions.47 In order to test whether malaria could induce
positive TPI reactions, Olansky and co-workers 60 studied the reactions to
the usual serological tests and to the TPI test in 130 volunteers inoculated
with malaria. They state that " the results indicate that there is no evidence
to show that malaria has caused any of the positive or doubtful findings
in this test ".

Most authors agree in considering the TPI test to be of considerable
diagnostic help in leprosy and malaria.

Conclusion

It is beyond the. scope of the present paper to lay down precise and final
rules either on the significance of TPI results at different stages of syphilis,
in treated and untreated cases, and in diagnostically difficult cases, or on the
relationship between the usual serological tests and the TPI test in different
diseases or stages of disease, the two not being at all concordant, either
qualitatively or quantitatively.55 The material collected is too uneven for
this to be done. There is also too little material, especially for the groups
" normal individuals " and " other diseases "; the various stages of syphilis
(except congenital syphilis) are fairly well represented in the collection of
results.

However, a few general conclusions can be drawn on the sensitivity
and specificity of the qualitative TPI test.

Sensitivity

The general sensitivity appears to be high-higher than that of the usual
serological tests-approaching 100% in untreated syphilis, including
congenital syphilis. Exceptions are primary and, to a lesser degree, early
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secondary cases, in which the TPI test may be negative and usual tests
positive. However, the TPI test is positive in about 60% of primary cases
and about 90% of secondary cases (Tables I and III). As a general rule the
usual serological tests become positive earlier than the TPI test in early
syphilis,19 22 but the results published so far do not allow of any detailed
analysis of this difference between the two types of test. In the TPI-negative
cases of possible early syphilis the diagnosis must be made on purely clinical
grounds, possibly supported by positive sero-reactions to the usual tests.

In treated syphilis the sensitivity is also very high-about 85% of all
categories together (Table IV). Only primary and early secondary TPI-
positive cases become negative in response to treatment. This response is
generally taken as a sign of cure, but does not imply that failure to become
negative in older cases can be taken as a sign of the opposite.

The material collected from treponematoses other than syphilis is too
scant to allow of any conclusion as to the sensitivity of the TPI test in
these diseases.

Specificity

The specificity as measured in sera from normal individuals is very
nearly 100%. In biologically false positive sera and sera from patients
suffering from diseases other than syphilis, it also appears to be about 100 %,
when judged by the results in Tables I and III, but it appears to be only
about 50% from Table IV. However, the nature of the material in the tables
is quite different. In Tables I and III the group " other diseases " is mainly
made up of sera negative to the usual serological tests and obtained from
cases with no history whatsoever of syphilis, whereas in Table IV cases
with doubtful or positive reactions to the usual tests are grouped under
the heading " no syphilis ". It is also highly probable that the composition
of the material differs with respect to age, sex, social standard, exposure
to infection, etc. In some of the cases found in Tables I and III positive
TPI reactions may have resulted in repeated clinical and anamnestic
examination of the patients, and this again may have resulted in a diagnosis
of syphilis leading to a transfer of presumed biologically false positive
cases to one or another of the syphilis groups.

The low frequency of positive TPI reactions in leprosy and in malaria
-two diseases known to give rise frequently to biologically false positive
reactions-is also an indication of the specificity of the TPI test.

From the above, it is evident that the TPI test is mainly a diagnostic
test, and that at its present stage of development-as a qualitative
procedure-it is not yet fit to be used as a test of cure, except perhaps in
early syphilis.

The main application of the TPI test is to cases with persistent and
unexpectedly positive reactions to the usual serological tests, the diagnosis

7
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here being either latent syphilis or chronic biologically false positive
reactions.

Cases in which TPI-testing is recommended

There are three groups of persons for whom TPI-testing may be recom-
mended:

1. Persons who have neither clinical nor anamnestic evidence of syphilis,
such as pregnant women and blood donors, who yet give positive reactions
to the usual serological tests. Attention should be drawn to the fact that
immobilizing antibodies, just like reagins, are passively transferred through
the placenta.

2. Patients showing doubtful symptoms of syphilis or suspected of
having had syphilis and who may be either positive or negative to the usual
serological tests. Cardiac, nervous, and mental diseases are most important
here. The testing should include spinal fluid examinations.

3. Patients showing strong or definite symptoms of syphilis, e.g.,
those clinically diagnosed as primary or secondary cases, and who also may
be positive or negative to the usual tests. If darkfield examination is impos-
sible or yields a negative result a TPI test may be a valuable aid to diagnosis,
constituting strong evidence of syphilis when the result is positive, but not
excluding the possibility of syphilis when the result is negative.

Diagnostic significance of TPI test alone

A positive TPI reaction indicates that it is highly probable that the
patient suffers from or has suffered from syphilis, provided the other
treponematoses can be excluded.

A doubtful TPI reaction has the same implication, the antibody titre
here being ow; low antibody content is found in primary syphilis and in
cases treated early.
A negative TPI reaction does not exclude the possibility of past or

present syphilis. However, if past or present early syphilis is not very
probable on other grounds, a negative TPI reaction makes the presence of
such disease all the more unlikely.

Naturally, the diagnostic significance of the TPI test is greatest in
untreated cases, though the high sensitivity allows for retrospective diagnosis
in about 90% of treated cases, except those of primary and secondary
syphilis where the average frequency of positive TPI reactions is only about
40%.

In treated cases the duration of positive TPI reactions depends on the
stage of disease at which treatment is given; in treated primary and early
secondary cases the reactions may either never become positive or disappear
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within from a few months to one or two years. The longer the duration
of infection before treatment, the longer the reactions remain positive.
In the great majority of treated cases the TPI reactions remain positive
far longer than do those to the usual tests-for many years or even a
life-time.20' 23, 46

In TPI-testing, as in nearly all serological testing, it is a good rule to
take the clinical judgement as well as the laboratory result into consideration
in every case.

However, the need for specificity in serodiagnostic tests for syphilis
is much greater than the need for specificity in serodiagnostic tests for
other diseases, for instance, the Widal agglutination test in typhoid fever.
This applies especially to the more " educated" or " developed " areas.
This difference is quite understandable for at least two reasons. First,
in most syphilis tests so far developed non-specific lipoidal antigens are
used, and non-specific reactions are not infrequently observed, even when
the most purified antigens-the cardiolipin antigens-are used. The other
reason is to be found in the relationship of moral standards to the acquisi-
tion of non-endemic syphilis.

Finally, it is stressed that the simultaneous occurrence of positive TPI
reactions and negative reactions to the usual serological tests for syphilis
in cases without anamnestic or clinical evidence of syphilis cannot be taken
as a proof of non-specificity of the TPI test; the possibility of past or
present syphilis (or other treponematoses) can never be excluded by any
clinical method.

RJtSUMIE

Le test d'immobilisation de Treponema pallidum (TPI), qui utilise comme antigene
le treponeme vivant, a et6 adopte depuis 1949 par un nombre croissant de laboratoires,
en raison de sa specificite pour les treponematoses - syphilis, pian, bejel et pinta. Les
auteurs de cet article decrivent le principe de ce test et les modifications de technique
que son emploi a suscitees au cours des dernieres annees. Ils 6valuent son r6le en clinique
d'apres les multiples travaux publies a ce sujet.

La sensibilite du test TPI est superieure A celle de tous les tests serologiques de
diagnostic de la syphilis actuellement en usage. Elle est voisine de 100% dans la syphilis
non traitee, y compris la syphilis congenitale. Les exceptions s'observent dans les cas
primaires et quelquefois dans les cas secondaires A leur debut; le test TPI peut alors
etre n6gatif alors que tous les autres tests sont positifs.

Dans la syphilis trait6e, seuls les cas primaires et les cas secondaires pr6coces
deviennent negatifs au TPI a la suite du traitement. La frequence tres faible des resultats
positifs au TPI dans les cas de lepre et de paludisme est un indice de la haute specificit6 de
ce test.

Le test TPI est essentiellement un test qualitatif de diagnostic, et, dans 1'etat actuel
des recherches, ne peut servir d'indication du traitement, sauf peut-etre dans les cas
recents. Ce test est appliqu6 particuli6rement dans les cas ou les tests serologiques courants
donnent de faron persistante et surprenante des reactions positives; il permet alors
d'tablir le diagnostic de syphilis latente ou de fausse reaction positive chronique.
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L'application de ce test est indiquee: a) chez des personnes - telles que des femmes
enceintes ou des donneurs de sang - qui n'ont aucun symptome ni aucun antecedent
syphilitique et qui donnent pourtant des resultats positifs avec tous les tests serologiques
usuels; b) chez les malades presentant des symptomes douteux de syphilis et donnant
.des resultats soit positifs soit negatifs avec les tests usuels (il s'agit en particulier de
maladies cardiaques, nerveuses et mentales); c) chez les malades presentant des sympt6mes
syphilitiques (cas primaires et secondaires) et qui sont soit positifs soit n6gatifs aux tests
usuels; si l'examen sur fond noir est impossible ou s'il est negatif, le test TPI peut confirmer
un resultat serologique positif mais il ne peut foumir la preuve absolue d'absence de
syphilis s'il confirme des r6sultats negatifs.
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