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STUDIES ON THE FLUORESCENT TREPONEMAL ANTIBODY
(FTA) TEST*

BY

A. E. WILKINSON AND C. F. A. RAYNER

Venereal Diseases Reference Laboratory, The London Hospital

I. A COMPARISON BETWEEN THE FTA AND TPI
RESULTS ON 3,682 SERA

The introduction of the Treponemal Immobili-
zation (TPI) test by Nelson and Mayer (1949) made
available a highly specific test for anti-treponemal
antibodies which has won general acceptance as the
most reliable verification test at present available.
Technical difficulties associated with the maintenance
of virulent T. pallidum have restricted the perfor-
mance of the test to specialized laboratories and
attempts have been made to devise simpler procedures
using killed T. pallidum as antigen which might have
a wider application. Tests using other methods for
demonstrating antigen-antibody reactions, such as
immune adherence (Nelson, 1953), agglutination
(Hardy and Nell, 1955) and complement fixation
(Portnoy and Magnuson, 1955; Price and Whelan,
1957), have been described but have not proved
sufficiently reliable to replace the TPI test.
An indirect immunofluorescence technique for

demonstrating the fixation of antibody globulin in
human sera to T. pallidum was described by Deacon,
Falcone, and Harris (1957). This method has the
advantages of using a specific antigen and of speed
and simplicity of technique. Reports on some large
series of tests have suggested that it also has a high
specificity and sensitivity (Nielsen and Ids0e, 1963;
Niel and Fribourg-Blanc, 1963; Colombani and
Ripault, 1964; Wilkinson, 1963). A pilot study con-
ducted under the auspices of the World Health
Organization in seven laboratories suggested that
good reproducibility was obtainable although further
work on the standardization of reagents and optical
equipment was desirable.

Previous studies in this laboratory (Wilkinson,
1961, 1963) had been carried out on selected sera,
and further information about the performance of
the test when carried out as a routine procedure was
thought desirable. The demonstration by Deacon
and Hunter (1962) that the test detects both group
and specific anti-treponemal antibodies showed the
need for information about the distribution of such
antibodies at various stages of infection with syphilis,
their response to treatment and their possible
relationship to the immobilizing antibody detected
by the TPI test. The present investigation was under-
taken to obtain information about these aspects of
the FTA test.

Material and Methods
Sera.-FrA tests were performed as a routine on all

sera on which TPI tests were performed at the Reference
Laboratory during 1964. These were mainly "problem"
sera which had been found to give positive results with
lipoidal antigen tests at other laboratories and had there-
fore been sent for verification tests. Sera were also
obtained from patients with well-established diagnoses of
syphilis at various stages who were attending the White-
chapel or Homerton Grove Clinics. All sera were stored
at -20°C. and inactivated for 30 min. at 56°C. before
testing.

Serological Tests
Reiter Protein Complement-Fixation Test and a

Wassermann Reaction, using Maltaner cardiolipin
antigen (Association of Clinical Pathologists, Broadsheet
41).

VDRL Slide Test (US Public Health Service Manual
of Serologic Tests for Syphilis, 1964), using stabilized
antigen.

TPI Test, using 40 per cent. complement in the
reaction mixture, tests being incubated for 18 hrs at 35°C.
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FTA Test. - Treponeme suspensions containing
about 40 organisms per high dry field were prepared in
1 per cent. bovine albumin in phosphate buffered saline
pH 7*2, and preserved by the addition of 0 1 per cent.
sodium azide. These remained stable for several weeks at
4°C. 0*01 ml. amounts were spread on slides within
inscribed circular areas 1 cm. in diameter, allowed to dry
in the air, and fixed in acetone for 10 min. Approximately
0 05 ml. of a 1 in 200 dilution of serum in phosphate
buffered saline pH 7-2 (PBS) was added and the slides
left for an hour in a moist chamber at 35°C. Excess serum

was washed off and the slides soaked in two changes of
PBS for 5 min. each. Avoiding the circular areas, the
slides were wiped dry, and approximately 0 05 ml. of a

rabbit anti-human globulin conjugate diluted in PBS to its
optimum titre added and allowed to act for 30 min. at
35°C. The slides were washed as before, rinsed in dis-
tilled water, allowed to dry, and mounted in a mixture of
9 parts glycerin and 1 part PBS. Results were read under
dark-ground illumination with a Reichert Zetopan fluore-
scence microscope at a magnification of x480 using a

2 mm. BG 12 excitor filter. A negative and a positive
control serum at dilutions giving maximal (+ + + +) and
minimal (+ +) degrees of fluorescence were included in
each batch of tests.

Absorption of Sera.-Reiter treponemes for absorption
experiments were grown in Christiansen's medium (1963)
for 6 days, centrifuged off, washed three times in sterile
saline, and resuspended in merthiolated saline to a

density giving a reading of 45 on an EEL colorimeter
using a 2 ml. tube and blue filter. Suspensions were

stored at 4°C. For removal of group antibody, I * 0 ml. of
a 1 in 10 dilution of serum was added to the centrifuged
deposit from 1 ml. of the standardized suspension and
incubated overnight at 35°C. Completeness of absorption
was checked by setting up an FTA test with the absorbed
serum at dilutions of 1 in 10 and 1 in 50, using Reiter
treponemes as antigen. When necessary, repeated
absorptions were carried out until this control was

negative.

Results
During 1964, 4,211 TPI tests were performed on

sera sent to the laboratory for verification tests. FTA
tests were also carried out on these, but with 529
sera the results were not suitable for analysis, either
because there was insufficient serum for the full
range of tests to be performed or because the results
of one or more tests were invalid due to the toxic or

anticomplementary properties of the serum. There
remained 3,682 sera, 87-4 per cent. of the total, on

which a valid comparison could be made between
the results of the five tests used. To simplify the
presentation, the results of the two tests for reagtn
(Maltaner WR and VDRL slide test) have been
combined. The results are shown in Table I, using
the TPI test as a standard.
The FTA test showed the closest overall agreement

with the TPI test results in 89 * 5 per cent. of the sera,

TABLE I
COMPARISON OF RESULTS OF THE FTA AND RPCF TESTS,
AND TESTS FOR REAGIN WITH THOSE OF THE TPI TEST

ON 3,682 SERA

Agreement Disagreement

Test TPI TPI TPI TPI
Reactivet Negative Reactive Negative

No. Per No. Per No. Per No. Per
cent. cent. cent. cent.

FTA 1,755 47 7 1,540 41 8 275 75 112 3*0
RPCF 1,387 37 7 1,519 41 2 643 17-5 133 3-6
Reagin 1,851 50 3 1,023 27 8 179 4 8 629 17 1

t Positive and doubtful TPI results have been classed together as
reactive in this and subsequent Tables.

compared with 78 9 per cent. for the RPCF test
and 78 1 per cent. for the reagin tests. This figure of
89-5 per cent. agreement is very similar to that of
90 9 per cent. calculated from the results of Niel
and Fribourg-Blanc (1963) on 7,729 sera, 87 3
per cent. by Colombani and Ripault (1964) on 3,156
sera, and 90 per cent. by Fife (1964) on 3,000 sera.
The figures for the discrepant tests showed that the
proportion of possible non-specific results given by
the FTA test (3 0 per cent.) and the RPCF test
(3-6 per cent.) were very similar, but very much
lower than those given by the tests for reagin
(17 1 per cent.). In this connexion it should be
stressed that the series included a large proportion
of "problem" sera sent for verification tests because
the tests for reagin had been found positive in other
laboratories without supporting clinical evidence of
infection. However, the tests for reagin had a higher
sensitivity than either the FTA or the RPCF test;
2,030 sera gave reactive TPI tests and, in this group,
the reagin tests gave 91 -2 per cent. positive results
compared with 86-4 per cent. with the FTA test
and 68 * 3 per cent. with the RPCF test.

In making these comparisons, the TPI test has
been used as the standard in view of its established
position and high specificity. It, like any other test,
has its limitations, being relatively insensitive in
early syphilis and sometimes giving negative results
in some types of late syphilis, such as tabes dorsalis,
and in congenital syphilis of long standing. The
clinical data supplied with the 112 sera which were
suspected of giving non-specific FTA results because
of the negative TPI findings were reviewed. This
showed that there was good evidence of treponemal
infection in eighteen cases and of a possible in-
fection in a further 27; details were lacking about the
remainder. If these clinical findings are taken into
account, the incidence of possible non-specific FTA
results would lie between 2 - 6 and 1 *8 per cent.

371 of the total of 3,682 sera came from patients
attending the Whitechapel or Homerton Grove
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Clinics. The clinical records of these patients were
available and a separate analysis of the results is
shown in Table II.

TABLE II
COMPARISON BETWEEN FTA AND TPI RESULTS ON 371
SERA FROM PATIENTS ATTENDING VENEREAL DISEASE

CLINICS

The overall agreement between the two tests was
again 89 * 5 per cent., the same figure as in the whole
series. There were fourteen sera (3 * 8 per cent. of the
total) in which a negative TPI result cast doubt on
a positive FTA test. Three of these patients had
undoubted syphilis and another seven sera came from
six patients who gave a history of treated syphilis or
yaws or whose contacts had syphilis. The remaining
four sera came from three West Indian patients who
gave no previous history of treponemal disease.
Thus, in this group, the incidence of positive FTA
tests which were not supported by reactive TPI tests
or by suggestive clinical evidence or history of
treponemal infection was only 0-8 per cent.

It is now possible to test for a variety of antibodies
produced in response to treponemal infection and it
is reasonable to assume that the presence of more
than one antibody in a serum increases the likelihood
that such reactions are specific. In the group of sera
from clinic patients, there were 217 which gave
positive results with the FTA test, the RPCF test,
and tests for reagin. The TPI test was reactive in all
but six instances. Two of these patients were West
Indians with a history of previous yaws, one had
early syphilis, and one was a contact of early syphilis.
The remaining two were both West Indians, one
with gonorrhoea and one with non-gonococcal
urethritis; neither gave a history of previous tre-
ponemal disease. It is considered that when sera are
found to give definite positive reactions with the
three tests used (FTA, RPCF, and tests for reagin),
recourse to the TPI test for further confirmation is
unnecessary.
A negative result in the FTA test cannot be taken

as excluding treponemal disease with the same
degree of certainty. In the original series, 275 out of
1,815 sera giving negative FTA tests proved to be
reactive in the TPI test. In most of these the RPCF
test or tests for reagin were positive, but it is clear
that in these circumstances a TPI test is needed to
reach a serological diagnosis. This relative insen-

sitivity of the FTA test is due to the high dilution- I
in 200-at which sera have to be tested to avoid non-
specific reactions due to low titred natural antibody
against treponemes. Reports by Hunter, Deacon, and
Meyer (1964) and Hunter (1964) suggest that the
sensitivity of the test can be increased without
compromising its specificity by the use of absorption
or blocking procedures to remove the natural anti-
body present in many sera.

II. THE ANTIBODIES DETECTED BY THE FLUORES-
CENT TREPONEMAL ANTIBODY TEST

Reports by Pillot and Borel (1961), Deacon and
Hunter (1962), and Kiraly (1964) suggested that
syphilitic sera contain two antibodies which react
with T. pallidum under the conditions of the FTA
test. One of these, a group antibody, was shown by
Deacon and Hunter to react with other treponemes
such as T. microdentium, T. zielzerae (a saprophytic
treponeme isolated from mud), and the Reiter
organism as well as with T. pallidum. They state that
25 per cent. of normal sera may give low titred
reactions in the FTA test using T. pallidum as
antigen, in some cases as high as 1 in 100. Niel and
Fribourg-Blanc (1962) found some normal sera to
give titres of 1 in 50 or 1 in 100, but never higher than
1 in 150. These reactions by normal sera were
attributed to the presence of small amounts of
group antibody, possibly produced against com-
mensal treponemes such as those found in the mouth.
The test dilution of 1 in 200 was chosen to provide a
sufficient margin of safety above this normal thres-
hold. When syphilitic sera are absorbed with Reiter
treponemes to remove the group antibody moiety, a
second antibody remains which is apparently
specific for T. pallidum. Deacon and Hunter (1962),
in tests on four sera, found that this absorption
procedure resulted in a two to four-fold reduction in
titre. Because there is no information about the
relative distribution of the two antibodies at various
stages of syphilitic infection, this was further
investigated.
Level of Group Antibody in Normal Sera

Quantitative FTA tests were performed on fifty
sera from pregnant women which had been found to
give negative reagin tests on routine examination.
The results are shown in Table III (opposite).
The majority were found reactive up to a titre of

1 in 10 or 1 in 25. One serum was found reactive at a
dilution of 1 in 200 but was subsequently found to
have a positive TPI test. Routine FTA tests were
also performed at a dilution of 1 in 200 on 221 sera
from the inhabitants of a very isolated island
community, Tristan da Cunha. One serum only gave
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TABLE III
FTA TITRES ON FIFTY PRESUMED NORMAL SERA

FTA Titre .. <5 5 10 25 50 100 200

No. of Sera 1 7 19 16 6 - 1

a positive result and the specificity of this reaction
was confirmed by the finding of a low titred positive
TPI test on two separate specimens of serum. These
results strongly suggest that the chosen test dilution
of 1 in 200 offers a sufficient margin of safety.

Relative Proportions of Specific and Group Tre-
ponemal Antibody at Various Stages of Syphilis
Quantitative FTA tests were carried out before

and after absorption of sera with Reiter treponemes
to remove group antibody on sera from patients
with untreated syphilis with the results shown in
Table IV. The primary cases were all dark-ground
positive and the late and latent cases all had positive
TPI tests. 27 of the patients in the latent group were
coloured, mainly from the West Indies, and so some
of these may have had latent yaws rather than
syphilis.

TABLE IV
DISTRIBUTION OF SPECIFIC AND GROUP ANTIBODY AT

DIFFERENT STAGES OF UNTREATED SYPHILIS

Stage of Syphilis Pri- Secon- Latent Late
mary dary

No. of Sera .56 11 38 19

Mean Titre Unabsorbed .. 639 2,745 1,489 1,545
After absorption 144 1,445 218 300

Absorbed Titre as Percentage of
Unabsorbed Titre .. .. 23 53 15 19

The proportion which the absorbed titre (specific
antibody) formed of the titre found before absorp-
tion in the various groups is shown in more detail
in Table V.

TABLE V
ANALYSIS OF PERCENTAGE WHICH THE SPECIFIC ANTI-
BODY FORMS OF THE TOTAL AT VARIOUS STAGES OF

INFECTION

Stage of No. of Percentage
Syphilis Sera

100 50 33 25 <25

Primary 156t 5 6 11 7 18
Secondary I. 1 5 1 1 - 4
Latent .. 38 - 6 2 7 23
Late. .. 19 - 2 - 9 8

t Nine sera which were negative at a dilution of 1 in 200 were not
absorbed.

The group antibody predominated except in some
cases of primary syphilis and more often during the
secondary stage; in late and latent syphilis the titre
of specific antibody was usually only a quarter or
less of the titre of that found before absorption.
The effect of treatment on the presence of the two

antibodies was studied in early syphilis. Quantitative
FTA tests were performed before and after absorption
of sera to remove group antibody on sera from
patients as they attended for observation after
treatment, usually with 6 mega units procaine
penicillin given over a 10-day period. All the primary
cases were initially dark-ground-positive, but the
results (Table VI) give a composite picture only, as
the same patients were not necessarily followed
throughout.

Before treatment was given, 84 per cent. of the
primary cases and all the secondary cases were
FTA-positive. After treatment of primary syphilis,
the mean titres of the unabsorbed and absorbed sera
fell at about the same rate and the majority of sera
tested 6 months or more after treatment were FTA-
negative. The numbers of sera from cases of secon-
dary syphilis were small, but after a marked drop in
the first 3 months, the mean titre of absorbed sera
showed a slower decline than that of the unabsorbed
sera. Antibody can be detected by the FTA test for
long periods in the sera of some cases of apparently

TABLE VI

FTA TITRES AFTER TREATMENT OF PRIMARY AND SECONDARY SYPHILIS

Syphilis Months after Treatment Untreated -3 3-6 6-9 9-12 > 12

No. of Sera .. 56 45 35 14 7 12

Primary Unabsorbed Titre 3 2000t 47 29 19 3 1 5

Mean Titre Unabsorbed 639 351 160 91 57 83
Absorbed 144 77 33 18 14 29

No. of Sera.. . I 21 13 3 2 9

Secondary Unabsorbed Titre S200t .. 11 21 13 3 2 6

Mean Titre Unabsorbed .. 2,745 1,762 1,184 866 400 177
Absorbed .. 1,445 369 238 216 125 17

t i.e. FTA positive.

I1I
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adequately treated early syphilis. Five of twelve
primary cases and six of nine secondary cases were

found positive with this test more than a year after
treatment. Colombani and Ripault (1964) found
positive FTA and TPI tests in 23 of 53 primary and
30 of 49 secondary cases examined 2 to 3 years after
treatment, the amount of which was not stated. It is
not known whether an unusually slow reversal of
treponemal tests after treatment when there are no

clinical signs of infection has any adverse significance
for the individual patient. Treponemes have been
demonstrated by Collart, Borel, and Durel (1962)
and Yobs, Rockwell, and Clark (1964) in lymph
nodes removed from patients who had received
apparently adequate treatment for syphilis by current
standards. The former workers have suggested that
such a persistance of treponemes may be responsible
for the continued positivity of the TPI test. In the
present state of our knowledge, the introduction of
treponemal tests such as the FTA test as part of the
final tests ofcure ofearly syphilis merits consideration.

Relationship between Immobilizing Antibody and the
Antibodies detected by the FTA Test
Table VII compares the quantitative TPI titres

with those ofFTA tests on unabsorbed and absorbed
sera from 38 cases of untreated latent treponemal
disease and nineteen of late symptomatic syphilis.
These results showed that there was little corre-

lation between the unabsorbed FTA titres and those
of the TPI test, the FTA titres being considerably
higher in most cases; they differed in eighteen
instances by one dilution step and in 35 by more than
one step. This is probably explained by the finding
that the main part of the antibody detected by the
FTA test in latent and late syphilis is group rather
than specific anti-treponemal antibody (Table IV).
D'Alessandro and Zaffiro (1961) have shown that a

serum containing group antibody alone, but none

specific for T. pallidum, such as an antiserum pre-

pared against Reiter treponemes, will not immo-
bilize virulent T. pallidum, although it will immobilize
and lyse Reiter treponemes. The FTA titres after
removal of group antibody by absorption with
Reiter treponemes showed a somewhat closer
agreement with the TPI titres; the values agreed
within plus or minus one dilution step in 46 instances;
in the remaining eleven sera, the TPI titre exceeded
the FTA titre by two or more dilution steps. These
last discrepancies suggest that the specific antibody
detected in the FTA test may be distinct from immo-
bilizing antibody. The absorbed FTA titres on six
sera from patients with primary syphilis which were
all TPI-negative ranged between 25 and 200, again
suggesting a difference between the two antibodies
rather than a difference in the sensitivity level of the
two tests.

Possible Non-specific Reactivity in the FTA Test of
Sera containing Abnormal Macroglobulins
Fife (1964) reported that some sera containing

abnormal macroglobulins might give positive
reactions in the FTA test. The rheumatoid factor is
known to react with denatured gamma globulins, as

for instance in the sheep cell agglutination test in
which it agglutinates sheep cells coated with a sub-
agglutinating dose of rabbit anti-sheep cell agglu-
tinin, or in the latex or bentonite tests in which it
causes agglutination of these carrier particles
sensitized with human gamma globulin. It seemed
possible that, if the treponeme suspensions used in
the FTA test were sensitized with traces of anti-
treponemal antibody from the rabbits used to
prepare the suspensions, sufficient rabbit gamma

globulin, partly denatured by union with the tre-
ponemal antigen, might be present on the treponeme

ILE VII

COMPARISON OF TPI TITRE WITH UNABSORBED AND ABSORBED FTA TITRE ON 57 SERA
(38 LATENT, 19 LATE SYPHIL.IS)

TPI Titre
FTA Titre

<100 101-200 201-400 401-800 801-1,600 > 1,600 Total

200 7 - - - - - 7
201-400 7 2 - _ _ _ 9

Unabsorbed 401-800 4 3 4 - - - 11
801-1,600 2 3 4 4 2 - 15
< t,600 1 3 2 6 2 1 15

Total 21 11 10 10 4 1 57

e100.. 18 5 3 - - - 26
101-200 1 4 4 2 1 1 13

Absorbed 201-400 1 1 2 5 3 - 12
401-800 - - 3 3 - - 6

Total 20 10 12 10 4 1 57

12
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surface to permit union with rheumatoid factor.
This union would be revealed by the anti-human
globulin conjugate used in the second stage of the
FTA test.
To test this, treponemes were exposed to varying

dilutions of syphilitic rabbit serum for 30 min. at
35°C., excess serum removed by washing in two
changes of buffered saline, and quantitative FTA
tests set up with serum from a patient with rheuma-
toid arthritis which had given a titre of 1 in 320 in a
latex test for rheumatoid factor. The results are
shown in Table VIII.

TABLE VIII
EFFECT OF SENSITIZATION OF TREPONEMES WITH

RABBIT ANTIBODY ON FTA REACTIVITY WITH SERUM
CONTAINING RHEUMATOID FACTOR

Dilution of Syphilitic Rabbit Serum used to Unsen-
Latex- sensitize Treponemes sitized
positive Tre-
Serum ponemes

25 125 625 3,125

1 in50 +++ +++ ++ ++ ++
100 +++ ++ ++ + +
200 +++ ++ ++ + 0
400 ++ ++ + 0 0
800 ++ + ± 0 0

1,600 + 0 0 0 0

Degrees of fluorescence + + or greater are regarded as reactive in the
FTA test.

These results showed that sensitization of the
treponemes with rabbit antibody gave positive
reactions with a serum containing rheumatoid
factor, the strength of the reaction increasing with
the amount of antibody used for sensitization of the
antigen.
A treponeme suspension sensitized in vivo by

rabbit antibody was prepared from a rabbit killed 14
days after inoculation instead of after the usual 6 to 7
day incubation period. A fluorescence test on these
treponemes with an anti-rabbit globulin conjugate
gave a + + reaction, indicating the presence of
rabbit antibody on the treponeme surface. Fluor-
escence tests were then performed with eleven sera
which had given positive latex tests, using this
sensitized suspension and a control suspension which
gave a negative result when tested with anti-rabbit
globulin conjugate. All eleven sera gave negative
TPI tests. The results are shown in Table IX. These
tests showed clearly that in vivo sensitization of
treponemes by rabbit antibody can lead to reactivity
in the FTA test with sera containing rheumatoid
factor. All the sera tested gave negative results at the
usual test dilution of 1 in 200 when unsensitized
treponemes were used, but were all frankly positive
at this dilution when sensitized treponemes were
used as antigen. The degree of reactivity did not run
strictly in parallel with the latex titres of the sera.

TABLE IX
FTA TESTS ON SERA CONTAINING RHEUMATOID FACTOR
USING SENSITIZED AND UNSENSITIZED TREPONEME

SUSPENSIONS

Suspension

Serum Latex Unsensitized Sensitized
Titre

Serum Dilution Serum Dilution

50 100 200 50 100 200

25 160 ± - - ++++ +++ ++
26J 320 +± + i ++++ ++++ ++++
26P 80 + + - ++++ +++ ++
33 20 + ± - ++++ +++ ++
36 320 ++ + - ++++ ++++ ++
37 320 + - ++++ +++ ++
1 80 - - +++ +++ +++

10 40 ± - - +++ ++ ++
15 320 ++ + - +++ ++ ++
21 320 ± - - +++ +++ ++

DISCUSSION
The TPI test has won general acceptance as being

the most specific serological test for treponemal
infection at present available. The necessity for using
living, virulent T. pallidum as antigen, which can be
maintained only in an animal host, has restricted the
performance of the test to specialized laboratories.
It is relatively insensitive in early syphilis and a
minority of sera give invalid results because of their
anticomplementary or toxic properties, these latter
being peculiar to the serum or to the presence of
treponemicidal drugs. The FTA test also uses T.
pallidum as antigen, but has the advantage that a
killed suspension of the organism is employed and
that such suspensions are stable for relatively long
periods when stored at 4 to 6°C., so that the test can
be used as a routine procedure. It has been shown to
have a specificity which approaches that of the TPI
test and is more sensitive than the latter in early
syphilis although slightly less so in the detection of
latent and late cases. Harris, Bossak, Deacon, and
Bunch (1960) found its sensitivity superior to that of
the TPI test in the examination of cerebrospinal
fluids, which are tested without dilution. Ripault and
Colombani (1964) have suggested that a deter-
mination of the ratio of the serum:spinal fluid titre
may afford an indication of disease activity in the
neuraxis, this being suspected when the ratio is less
than 100:1.
The results obtained during the present study have

shown that the FTA test detects at least two separate
antibodies. One, reacting with the Reiter treponeme
as well as with T. pallidum, unites with the shared or
group antigen common to these and other tre-
ponemes; the other is apparently specific for T.
pallidum itself. Except in some cases of early syphilis,
the group component of the antibody predominates.
This would explain the successful use of the Reiter

13
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treponeme in place of T. pallidum as antigen reported
by Covert, Kent, and Stevens (1961) and by Kent,
Covert, Reilly, Kinch, and Lawson (1962). Com-
parisons of the FTA titres of sera before and after
removal of group antibody by absorption with
Reiter treponemes with the titre of immobilizing
antibody did not show a close correlation between
the results, and it is thought probable that the FTA
and TPI tests detect different antibodies although
both are usually present together in treponemal
infection.
The reactivity of sera containing abnormal

macroglobulins, such as the rheumatoid factor, with
sensitized treponemes represents a combination
between the macroglobulin and the partly denatured
rabbit globulin coating the treponeme which acts
here as an inert carrier, analogous to the latex or

bentonite particles used in conventional tests for
rheumatoid factor. This has been reported to occur

in other conditions besides rheumatoid arthritis,
such as sarcoidosis, kala azar, and liver disease by
Kunkel, Simon, and Fudenberg (1958). Peltier and
Christian (1959) studied 146 cases of syphilis and
found positive latex tests for rheumatoid factor in
sixteen, they observed, however, that the sheep cell
agglutination test was positive in only one of these
cases. Kunkel and others (1958) noted similar find-
ings in their cases, suggesting that there are dif-
ferences between rheumatoid factor and the similar
macroglobulin found in other conditions. The ability
of some latex-positive sera to react with sensitized
treponemes makes it advisable that, in addition to
other tests of suitability, suspensions for use in the
FTA test should be examined for contamination
with rabbit antibody before acceptance.

SUMMARY
(1) FTA tests were performed as a routine pro-

cedure on 3,862 sera sent for TPI tests during
1964. The two tests showed an overall agree-

ment in 89 - 5 per cent. In tests on 381 sera from
patients whose clinical antecedents were known,
the incidence of positive FTA tests which were

not confirmed by positive TPI tests or clinical
evidence or history of treponemal infection
was 0 * 8 per cent. When sera give positive
results with the FTA test, Reiter protein
complement-fixation test, and tests for reagin,
further confirmation by the TPI test is thought
to be unnecessary. A negative FTA test, al-
though making treponemal infection unlikely,
does not exclude it, and a TPI test may be
required in these circumstances.

(2) Studies on syphilitic sera showed that the FTA
test detects two separate antibodies, a group

anti-treponemal antibody which can be re-
moved by absorption with Reiter treponemes
and an antibody specific for T. pallidum which
is left after such an absorption. Except in some
cases of early syphilis, the group antibody pre-
dominates. The behaviour of the two antibodies
after treatment of early syphilis has been
studied.

(3) Sera from cases of rheumatoid arthritis giving
positive latex tests for rheumatoid factor may
give falsely positive FTA tests when treponeme
suspensions sensitized with rabbit antibody are
used. The mechanism of this reaction is
discussed.

We wish to thank the Directors of the Whitechapel
and Homerton Grove Clinics for ftccess to clinical in-
formation and Mr. C. J. Storey and Miss B. M. Jones
for their technical assistance during the present work.
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Etudes au sujet du test fluorescent des anticorps des
treponemes (FTA)

REsuME
(1) Les tests FTA furent faits de fagon routiniere avec

3,862 serums envoyes pour le test TPI pendant
F'annee 1964. Les deux tests ont donne un resultat
semblable dans 89,5 % des cas. Dans les tests faits
avec 381 serums de malades dont les antecedents
cliniques etaient connus, l'incidence des tests FTA
positifs qui n'avait pas ete confirmee par des tests
TPI positifs ou de signes cliniques ou l'historique
d'infection par le treponeme etait de 0,8 %. Quand
le serum donne des resultats positifs avec le test
FTA, le test de fixation du complement de la

proteine de Reiter et les tests pour la reagine, une
confirmation de plus par le test TPI n'est pas

consideree necessaire. Un test negatif FTA,
quoique faisant une infection par le tr6pon6me
improbable, ne l'exclut pas, et le test TPI peut etre
necessaire dans ce cas.

(2) L'etude du serum syphilitique a demontre que le test
FTA a revele deux anticorps distincts, un groupe
d'anticorps anti-treponemes qui peut etre retire par
absorption avec les treponemes de Reiter et un
anticorps specifique au T. pallidum qui demeure
apres une telle absorption. Sauf dans certains cas
de syphilis recente, le premier groupe d'anticorps
predomine. La conduite des deux anticorps apres
le traitement de la syphilis a ete etudiee.

(3) Le serum des cas de la polyarthrite evolutive donnant
un test positif de latex peut donner des reactions
pseudo-positives FTA quand les suspensions des
treponemes rendues sensibles avec I'anticorps du
lapin sont utilisees. Le mechanisme de cette
reaction a ete discute.
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