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Evaluation of Fluorescent Treponemal Antibody (RFTA and FTA II) and

Other Tests (RPCF and TPI) for Syphilis.

(27276)
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Division of Laboratories and Research, New York Staie Dept. of Health and Albany Medical College,
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The Reiter treponeme was recently adapt-
ed(1) to a fluorescent test (RFTA) for tre-
ponemal antibody. Treating the organisms
with dilute hypochlorite was essential to the
adaptation, and subsequent trials showed it
to be equally effective in conditioning viru-
lent Nichols strain treponemes for the fluor-
escent treponemal antibody (FTA) test(2).
A comparison of the RFTA and modified
FTA (FTA II) tests appeared in order. A
complement-fixation test using Reiter protein
antigen(3,4) was evaluated concurrently be-
cause of its increasing use as a screening pro-
cedure(5-7) in differentiating persons with
latent syphilis from those whose sera react
“non-specifically” with cardiolipin antigens.
All specimens had been subjected to a critical
4C-hour test(8,9) for specific Treponecma pal-
lidum immobilizing (TPI) antibody.

Materials and methods. Sera were from a
collection of the TPI testing unit of the Di-
vision of Laboratories and Research: they
were from persons verified as syphilitic or
non-syphilitic on the basis of clinical or
anamnestic evidence, supplemented by a criti-
cal 40-hour test(8,9) for TPI antibody;
many of the non-syphilitic individuals were
“biologic false positive” reactors, their sera
reacting with cardiolipin antigens. “Nor-
mal”; non-reactive sera were obtained from
healthy members of the staffs, and from blood
donors. Al sera were stored at ~25°C.

RFTA and FTA II tests. The Reiter
strain of 7. pallidum was grown at 35°C in
23-ml screw-capped tubes containing 18 ml
NIH thioglycollate broth* to which 2 mil
heated (2 hours at 56°C) rabbit serum was
added to make the final concentration 10%.
Growth was satisfactory at 2 days, the cul-
tures remaining acceptable for antigen prepa-

ration at least to the 5th day. One ml was
removed aseptically from the undisturbed up-
per stratum and delivered into a 15 X 100
mm pyrex centrifuge tube containing 1 ml
0.002% sodium hypochlorite (NaClO}t in
0.85% NaCl solution. The NaClO was es-
sential, the treponemes otherwise clumping,
exhibiting atypical morphology, and/or fail-
ing to adhere to glass slides. They were
mixed well by gentle swirling, then sedi-
mented by spinning 15 minutes at 1,000 g.
The supernate was decanted, and the organ-
isms were washed once by resuspending in 2
ml 0.85% NaCl solution, centrifuging, and
decanting as bhefore. They were suspended
finally in enough 0.85% NaCl solution to
make the count 10-15/430 < microscopic
field, or about 2 X 10%/ml.

T. pallidum of the Nichols strain was
available as suspensions eluted from fresh or
frozen(10) syphilomatous rabbit testes in
Nelson’s medium(11) containing streptomy-
cin and penicillinase (12); they were used on
the day of elution or after 1-15 days’ storage
at 2-4°C. For the FTA test as modified
herein (FTA II), 1 ml of suspension was
treated like the Reiter organisms with 1 ml
0.0029% NaClO in 0.85% NaCl solution. The
treponemes were washed once with 2 ml
0.85% NaCl solution, and adjusted finally
with 0.85% NaCl solution to approximately
the same count (2 XX 10%/ml) as that of the
Reiter suspension. It should be noted in this
connection that hypochlorite-treated Nichols
suspensions could be adjusted to this count
with reasonable assurance that the same
number /field would remain for final examina-
tion in slide films. In the initial experience
(1) with Nichols organisms not treated with
NaClO, it was necessary to adjust suspen-
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t B:K chlorine-bearing liquid bactericide; active
ingredient sodium hypochlorite 5.257%. Pensalt
Chemicals Corp., Phila. 2, Pa. A 1:2,625 dilution
was made in 0.85% NaCl solution.
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sions to 40-50/430 X field to compensate for
losses that occurred during treatment of the
films with test serum and fluorescent anti-
body.

New precleaned microscope slides (75 X
25 X 1 mm) and cover slips (22 X 22
mm, thinness No. 1) were used, two 1-
cm circles being inscribed on the former
with a template and diamond stylus. Slides
and cover slips were soaked one hour in 95%
ethanol, then wiped clean with clean gauze
followed by disposable tissue;* they were
stored in dust-free containers. The technic
of testing was that given for the RFTA test
(1). A minimum (less than 0.01 ml) of an
antigen suspension was delivered into each of
2 circles on a slide and spread to fill the cir-
cles with a glass rod. It was important, in
both RFTA and FTA II tests, to use as little
suspension as possible since excess contrib-
uted greatly to background fluorescence. The
films were air-dried, after which the slides
were immersed 10 minutes in acetone (Certi-
fied Reagent), and again air-dried. Sera to
be tested were heated 30 minutes at 56°C. A
0.1-ml sample was then diluted 1:200 step-
wise by adding 1.9 ml phosphate buffered sa-
line solution (PBS) of pH 7.2,§ mixing well,
transferring 0.10 ml to a tube containing 0.90
ml PBS, and again mixing well. The 1:200
dilution served for qualitative tests; for
quantitative testing further serial 2-fold di-
lutions were made in PBS. In the test proper,
0.03-ml aliquants of diluted serum were de-
livered onto 2 films each of the Reiter and
Nichols treponemes, and the slides rotated||
30 minutes at 100 rpm in the incubator
(37°C); they were protected from evapora-
tion by lids containing moistened blotting pa-
per. Slides were then rinsed in PBS, soaked
5 minutes in each of 2 changes of PBS, and
pressed gently on filter paper to remove ex-
cess moisture.  Fluorescein-labeled rabbit

{ Kimwipes, Kimberly-Clark Corp., Neenah, Wis.

§ One liter of aqueous solution contained 6.8 g
NaCl, 148 g Na,HPO,, and 043 g KH,PO,. The
formula differed slightly from that prescribed for
FTA tests, but had better buffering capacity, and
did not affect FTA results(1).

| Rotating apparatus, electric, Cat. No. 3623,
A. H. Thomas Co., Phila., Pa.
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antihuman globulin! diluted optimally (1:
500) in PBS containing 2% Tween 80** was
then added, 0.03 ml being distributed over
each film, and the slides again rotated 30 min-
utes at 100 rpm in the incubator. They were
washed twice in PBS and blotted gently as
before on filter paper. Finally, a drop of bui-
fered glycerol (9 parts glycerol + 1 part
PBS) was placed on each reaction site and
surmounted with a cover slip. Slides were
examined by darkfield microscopett using low
fluorescence immersion oil*¥ between con-
denser and slide. Fields containing trepo-
nemes were located first by visible light, and
the treponemes then examined for fluores-
cence by ultraviolet light. Degree of fluores-
cence was estimated, and the sera were desig-
nated reactive (2-4- to 4+ fluorescence) or
nonreactive (- to 14). Reactive specimens
were diluted serially in PBS and retested. Re-
activity restricted to the 1:200 dilution was
represented as a titer of 1; reactivity extend-
ing to higher dilutions (1:400, 1:800, etc.)
as 1/200th the reciprocal of the highest reac-
tive dilution (titer — 2, 4, etc.). '
Cardiolipin and Reiter protein comple-
ment-fixation tests. The cardiolipin antigen
(13,14) contained cardiolipin 0.0175%, leci-
thin 0.0875%, and cholesterol 0.30%. The
Reiter protein antigen(3,4) was a commercial
product.! The complement-fixation proce-
dure was a natural development of earlier
methods(15). Total volume was 0.75 ml,
the reagents being used in 0.15-ml aliquants.
The reagent diluent(16) was triethanolamine
buffered saline solution (TBS) containing
Mgt++ and Ca** in concentrations(17) op-
timal for immune hemolysis. In practice,
0.05 ml heated (30 minutes at 56°C) serum
plus 0.10 ml TBS were incubated 16-18 hours

1 The Sylvana Co., Millburn, N. J.

** Hilltop Labs. Inc., Cincinnati, Ohio.

tt American Optical Co., Model 2; objective,
achromatic, 43X ; condenser, C234, wide angle, with
dark-field stop plate. Illumination, Reichert “Fluor-
ex” with power supply. Subocular filter OG-1 used
continuously to exclude visible blue and residual UV
light; filter BG-12 interposed for switch from unre-
stricted to UV illumination.

{1 Type A, R. P. Cargille Laboratories, Inc., New
York, N. Y.
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at 2-4°C with 0.15 ml each of complement
(five 50% hemolytic units) and the optimal
dilution of antigen (cardiolipin antigen,
1:250; Reiter protein antigen, 1:130); 0.15
m!l TBS was substituted for antigen in the
serum control. Three-tenths ml of optimally
sensitized (18) sheep’s erythrocytes (5 X 10°
sensitized cells/ml) were then added, and the
tests incubated 30 minutes at 37°C for he-
molysis. Results were read by visual com-
parison with standards simulating the pos-
sible events, i.c., reaction (40-100% inhibi-
tion of hemolysis), weak reaction (10-35%
inhibition), or no reaction (0-5% inhibition).

T. pallidum immobilization (TPI) test.
This was a sensitive 40-hour test(8,9) bhased
essentially on the original method(11), but
using an improved survival medium(12).
Sera found reactive (more than 50% specific
treponemal immobilization) after the usual
18-hour incubation were not examined fur-
ther. Those found weakly reactive (21-50%
immobilization) or non-reactive (0-20%) re-
ceived supplements of complement, 0.05 ml
of active and heat-inactivated guinea-pig se-
rum being added respectively to tests and
serum controls, and were reincubated. At 40
hours, the percentage of specific treponemal
immobilization was redetermined.

Results. The relative sensitivity of the
RFTA and FTA II tests was determined by
parallel titration of syphilitic sera: aliquants
of the same serum dilutions served for both
tests. Comparative titers of 108 individuals
appear in Table I. They were identical in
the majority (68) of instances. Differences
never exceeding 2-fold occurred in the re-
mainder, the RFTA titer exceeding the FTA
IT in 20 instances, and the reverse being true
in another 20 instances. A study was also
made of the relative frequency of reactions in
qualitative RFTA and FTA II tests of 204
patients representing different stages of
syphilis. Table IT summarizes the findings;
only the RFTA results are represented, those
of the FTA I being identical unless other-
wise indicated. There were only 4 discrep-
ancies; the RFTA test was reactive and the
FTA 11 negative in one case each of primary,
secondary and cardiovascular syphilis, and
the FTA ITI was reactive in one case of un-
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TABLE I. RFTA and FTA II Titers of 108 Syph-
ilitie Persons Using NaClO-Treated T. pallidum of
Reiter and Nichols Strains.

32 2
16 2 2
RIFTA 8 2 7
titer 4 6 10 5
2 3 20 5
1 7 27 7
<1 3

<1 1 2 4 8 16 32
FTA II titer

classified syphilis which was RFTA-negative.
As already indicated, a critical 40-hour test
(8,9) for specific TPI antibody had been per-
formed to supplement the clinical diagnoses;
these received strong support, the only TPI-
negative patients being 4 with primary syphi-
lis and one with cardiovascular involvement;
in these instances other laboratory and clini-
cal findings provided a definitive diagnosis.
Specificity for syphilis was evaluated in tests
of 112 persons with non-treponemal infec-
tions or non-infectious disorders, sera of 101
healthy individuals serving as controls; 105
of the former reacted in routine tests with
cardiolipin antigens, but all were negative in
the 40-hour TPI test(8,9). Table IIT sum-
marizes the findings, the diseases being
grouped because of their variety under gen-
eral nosologic headings. The tests appeared
identical in specificity, RFTA and FTA II
reactions being encountered in only 2 indi-
viduals, one a narcotic addict, the other with-
out apparent disease; the remainder were se-
ronegative.

A complement-fixation test (RPCF) using
Reiter protein antigen was evaluated concur-
rently. In sensitivity for syphilis (Table II)
the results agreed generally with those of the
tests for fluorescent antibody (FA); 151 of
the 204 patients reacted in both RPCF and
FA tests, and 21 were negative in both. Some
discrepancies were noted, 24 patients react-
ing only in the RPCF test, 8 only in the
RFTA, and 6 only in the FTA II test. In
specificity for syphilis (Table 1IT) there was
virtual agreement between the tests. Six
RPCF reactions were encountered, one in a
patient with measles, another in one with
melanoma succeeded by basal cell carcinoma,
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and the remaining 4 in chronic “biologic false dict, the other in a “BFP” reactor. In the
positive (BFP)” reactors, i.e., persons with group of 101 healthy individuals, there were
chronic ailments who reacted persistently no reactions with treponemal or cardiolipin
with cardiolipin antigens. Only 2 FA reac- antigens.

tions were encountered, one in a narcotic ad- Discussion. The advantage of pretreating

TABLE II. Relative Sensitivity of RFTA, FTA II, and RPCF Tests of Syphilitic Patients of
Known TPI Reaction.

Persons found seroreactive in the given tests

Diagnostie status Persons RFTA* RFTA* RPCF
& TPI reaction tested & RPCF only only  Neither
Primary — 4 1 3
+ 18 13 1t 4
Secondary —
+ 18 16 1t 1
Early treated —
+ 4 4
Congenital —
-+ 10 5 2 3
Neurological —
+ 20 14 3 3
Cardiovascular — 1
+ 10 5 1t 3 1
Other late —
+ 30 20 3 3
Latent + 77 65 7 3
Unelassified + 12 8 131 3
Totals 204 151 8 24 21

* FTA II result was identical except where indicated by t or {.
t FTA II negative.
b ” reactive.

TABLE III, Relative Specificity of RFTA, FTA II, and RPCF Tests of Non-Syphilitie, TPI-
Negative Patients.

Persons found seroreactive in the given tests

Persons RFTA* RFTA* RPCF
Diagnostic status tested & RPCF only only Neither
Non-treponemal infections
Leprosy 4 4
Viral 4 1 3
Totals 8 1 7
Noun-infectious disorders
Systemic lupus erythematosus 9 9
Hematologie 3 3
Neuropsychiatrie 7 7
Cardiovascular 7 7
Pregnancy 10 10
Immunizations 2 2
Narcotism 12 1 11
Miseellaneous 5 1 4
Unclassified 49 4 44
Totals 104 5 97
Healthy 101 101

* FTA II result was identical.
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Nichols strain 7. pallidum with dilute
NaClO, as in preparing Reiter treponemes
for the RFTA test(1), is considerable and
readily realized. The organisms adhere bet-
ter to slides, and it is no longer necessary to
adjust suspensions initially to counts (cf. 2)
several times that anticipated (10-15/430 X
microscopic field) following treatment of
films with test serum and fluorescent anti-
body.

The RFTA test as initially evaluated(1)
was somewhat more sensitive for syphilitic
antibody than the then unmodified FTA test
(2). The difference may have been more ap-
parent than real, arising possibly from the
fact that the sample of syphilitic sera was
smaller than the present one, or that NaClO-
treatment of Nichols treponemes somewhat
increased the sensitivity of the FTA reaction.
Whatever the cause, the RFTA and modified
FTA (FTA II) tests appeared on a par with
respect to sensitivity for syphilitic antibody
(Table I), a conclusion that was borne out
in qualitative tests of patients representing
different stages of the disease (Table IT). It
is worth noting, however, that 3 persons with
RFTA reactions were FTA 1II negative,
whereas one who was FTA II reactive proved
RFTA negative; the differences were con-
firmed by repeating the tests. As for speci-
ficity for syphilis, there were but 2 “non-spe-
cific” RFTA and FTA II reactions among
112 persons with non-treponemal infections
or disorders (Table TII). The findings take
on added significance from the fact that 105
of these were chronic “BFP” reactors and so
constituted a more critical test of specificity
than seronegative individuals.

Attention is drawn here again to the va-
riety of diagnoses, particularly among non-
infectious disorders, that were associated
with chronic “BFP” reactions in tests with
cardiolipin antigens, Leprosy, of course, is a
well recognized cause. Among the viral in-
fections were 2 cases of infectious hepatitis,
and one each of measles and unidentified up-
per respiratory infection. In the group of
non-infectious  disorders, systematic lupus
erythematosus, with possibly associated(19,
20) hematological, neuropsychiatric, and car-
diovascular symptoms, accounted for 26 cases
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of “BFP” reactivity. Pregnancy(21) was the
apparent cause in 10 instances, and multiple
immunizations preceded 2 “BFP” reactions.
Narcotic addiction, a comparatively new ad-
dition(22) to known causes of such reactions,
was implicated in 12 cases.

While the fluorescent antibody tests agreed
essentially in sensitivity and specificity, they
differed somewhat from the RPCF test. As
indicated, the latter was slightly more sensi-
tive for syphilis (Table II), and yielded
somewhat more “non-specific’ reactions
(Table IT1). The differences in both respects
were minor, however, and it appeared that
either FA test might serve as well as the
RPCF if used as a screening procedure in
differentiating patients with latent syphilis
from chronic “BFP” reactors; according to
recommended practice(5-7), persons found to
react with RPCF as well as cardiolipin anti-
gens are considered syphilitic and reported
directly, while those found RPCF negative
are referred for TPI testing. The present ex-
perience justified this practice almost un-
equivocally. To be sure, the RFTA test
(Table IT) missed 45 cases of verified syphi-
lis, the FTA II 47 cases, and the RPCF 29,
but 3 of these were patients with primary
syphilis, already identified by dark-field ex-
amination for treponemes, and all but one of
the remainder, a patient with cardiovascular
syphilis, was identified as suggested(5-7) by
reference to the 40-hour TPI test. Obviously
fewer would have been recovered if the less
sensitive 18-hour test had been used. On the
other hand, if reactivity in the RFTA, FTA
11, or RPCF test were to be considered con-
clusively diagnostic(5-7), i.e., not necessitat-
ing recourse to the more specific TPI test, a
few patients (Table T1I) would be mislabeled
as syphilitic. It is worth noting that the
RPCF erred more frequently in this respect
than either FA test. In choosing among the
3 tests as screening procedures, a number of
ancillary factors deserve consideration. Two
favoring selection of the FA tests are elimi-
nation of the hemolytic indicator reaction,
and rapidity of performance. One advantage
of the RITA over the FTA 1II or FTA(2)
tests is the substitution of a treponeme that
can be cultivated simply and inexpensively
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in vitro for one requiring time-consuming, un-
certain, and expensive maintenance in in-
fected rabbits.

Summary. Fluorescent treponemal anti-
body tests (RFTA and FTA 1I) using hypo-
chlorite-treated Reiter and Nichols strain
treponemes, respectively, were compared with
each other and with a Reiter protein comple-
ment-fixation (RPCF) test in a study of sera
previously subjected to the Treponema pal-
lidum immobilization (TPI) test. The fluo-
rescent antibody (FA) tests were closely
comparable in sensitivity and specificity for
syphilis. The RPCF test was slightly more
sensitive than either FA test, but yielded
somewhat more ‘“non-specific” reactions. It
appeared that either FA test might serve as
well as the RPCF test as a screening proce-
dure in differentiating persons with latent
syphilis from those whose sera react “non-
specifically” with cardiolipin antigens. Con-
siderations favoring selection of an FA test
are simplicity of performance and the need
for fewer reagents. Moreover, the RFTA
test substitutes an organism that can be cul-
tivated simply iz vitro for one requiring
maintenance in infected rabbits,

We are grateful to Jacob B. DeWeerdt and Janet
G. Jennings, who performed the essential TPI tests,
and to Willard B. Olmstead who assisted with the
fluorescent antibody tests.
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Effects of Mannoheptulose on Glucose Metabolism of Isolated Tissues.
(27277)
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Parenteral administration of mannoheptu-
lose produces hyperglycemia and hyperketo-
It has been suggested

nemia in rats(1,2).

* Visiting Scientist on leave of absence from Dept.
of Exp. Biol,, Weizmann Inst. of Science, Rehovoth,
Israel.



