
A. L. WALLACE & A. HARRIS

21. TEST-PLAN RECOMMENDATIONS

LIPOID AND PALLIGEN ANTIGENS

Schlirf & Seidenstucker (1954) recommended a

new arrangement for syphilis serology using Kolmer
cardiolipin-lecithin and Pallida-reaction (PR) com-

plement-fixation tests, the VDRL and one other
flocculation test, and quantitative testing of all
reactive VDRL tests. Mutermilch & Delaville (1955)
indicated from the results of experiments with
Pallignost that the PR could be substituted for the
TPI test. However, when the PR was non-reactive,
the TPI test should be used. Ruge (1956a) stated
that syphilis serology should include the cardiolipin-
lecithin Kolmer test, the PR test, and two floccula-
tion tests, one of which should be quantitated. Bube
(1958) recommended inclusion of both VDRL and
PR in every serological diagnosis of syphilis. Linser
& Langer (1960) recommended the Kolmer cardio-
lipin-lecithin, PR, MKR II, and cardiolipin-lecithin
microflocculation tests for the serology battery, and
the TPI in doubtful cases. Nicoli & Deme (1960)
recommended testing specimens first with the Kline
test, and that all reactors should be tested with the
complement-fixation test with cardiolipin and trepo-
nemal antigens (RPCF with ultrasonic and plain
treponemal extraction).
Blumenthal & Wulkow (1960) concluded from

experience that lipoidal antigens provided the best
and most specific reactions during most of the
different stages of syphilis, and that the complement-
fixation tests with treponemal antigens (Pallida-
reaction) were the most reactive with sera from cases
in stage I and III of syphilis. They recommended that
the serological diagnosis of syphilis slhould comprise
the complement-fixation test with cardiolipin-
lecithin and treponemal antigen and a flocculation
reaction.

LIPOID AND REITER PROTEIN ANTIGENS

Brown & Bunch (1959) stated that the results of
the SERA study (United States Public Health
Service, 1959b) seemed to indicate the combined use
of tests performed with non-treponemal antigen and
the Reiter protein antigen routinely, either on all
blood specimens or on those reactive to the test with
a non-treponemal antigen. Fiumara et al. (1959)
and Fiumara (1960a, 1960b) preferred as a matter of

policy to have a laboratory perform one reagin-type
test and do it well rather than perform a battery of
reagin tests under pressure. In exceptional situations
only, a multiplicity of tests was necessary for the
diagnostic study of a patient. Thus, it was recom-
mended that a good qualitative reagin test should be
used as a routine screening procedure and quanti-
tative tests for diagnostic and post-treatment eva-
luation, with at least one treponemal test available,
either the RPCF or the TPI test. In Massachusetts,
the RPCF was used as a screening device on patients
with reactive serum Hinton tests to determine
whether a TPI test was indicated.

Sequeira (1959) suggested that the ideal combina-
tion of tests for the diagnosis of treponematoses was
the RPCF and two tests for reagin, one of standard
sensitivity and one of high sensitivity, with the TPI
as a confirmatory test on discrepant results. A
reagin test plus RPCF test should have specificity of
99.9%. Ashburn (1959) stated that patients sus-
pected of having false reactive tests for syphilis
should be systematically studied with several titred
serological tests with lipoidal antigens to exclude
technical error, followed by a TPI, TPCF, or RPCF
test. Repeated, confirmed reactive tests with trepo-
nemal antigens almost always mean syphilis.

Carpenter, Miller & Boak (1960) reported a
practical "triple-test plan" designed to help the
private physician establish a diagnosis on the basis
of VDRL slide, RPCF, and TPI tests. The VDRL
test with its optimal sensitivity, relative simplicity,
and inexpensiveness constituted an accepted pro-
cedure for use as a screening test on all serum
samples. If the VDRL result was non-reactive on
serum of the patient without history of syphilis, it
indicated the absence of syphilis. If the VDRL result
was reactive or weakly reactive, the serum was then
subjected to the RPCF test; a corroborative reactive
or weakly reactive RPCF test was considered evi-
dence of past or present infection with T. pallidum.
However, some patients with syphilis exhibited non-
reactive RPCF and reactive TPI tests, thus lending
weight to the view that the RPCF could not replace
the TPI, but could be used as an adjunct with the
VDRL test. A non-reactive RPCF test result
required the additional use of the TPI test. A reac-
tive or weakly reactive TPI test indicated present or
past infection with T. pallidum, and a non-reactive
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TPI confirmed the reaction with the VDRL test as a
BFP reaction. Elkerton (1962) outlined a practical
" triple-test plan " adopted in Ontario that utilizes
the VDRL, RPCF, and TPI tests.

In the report of the Uruguayan Congress of
Syphilography (Congreso Uruguayo de Sifilografia,
1960), Recommendation No. 19 stated that, for the
serological diagnosis of syphilis, the performance of
a minimum number of tests was a practical and
adequate measure in the great majority of instances.
With discrepant sero-reactions, or in questionable
cases, additional tests were indicated. Where pos-
sible, tests with treponemal antigens should be
included, at least in the second stage of the plan.
Recommendation No. 20 stated that, among the
tests with treponemal antigens, the complement-
fixation test with Reiter protein antigen was very
appropriate for the performance in the present
serology laboratory because of its simplicity, its
relatively low cost, and its high degree of specificity
(which approximated that of the TPI test).

Olansky (1961) suggested that for a patient with
repeated reactive non-treponemal tests in whom a
history or clinical evidence of syphilis could not be
established, the following procedure usually estab-
lished the diagnosis: a quantitative non-treponemal
test for syphilis was repeated, preferably every two
weeks or at longer intervals, which determined
whether the quantitative titre was static, rising, or
falling. If the diagnosis remained doubtful, a KRP
or RPCF test was performed, and if the findings of
the original non-treponemal test were confirmed,
additional procedures were unnecessary. If, how-
ever, the non-treponemal test and the RPCF or KRP
test were in conflict, a TPI or FTA test should be per-
formed. The latter tests were usually conclusive
concerning the sero-reaction to syphilis, but did not
determine whether the individual was in need of
therapy. The tests did not diagnose syphilis; they
merely indicated the presence of antibodies in the
human host. Mikol (1961) thought that, in practice,
the combination of Kline quantitative, Kolmer car-
diolipin-lecithin, and RPCF tests was of great im-
portance. Saint-Martin (1961) stated that the RPCF
test was said to compare favourably with the TPI and
TPCF tests, and to have the added advantage of
employing a non-pathogenic micro-organism which
contains an antigen in common with T. pallidum.
He said that the present serodiagnosis of syphilis
should comprise two tests, the first being a VDRL
type, and that sera reactive to this test should be
submitted to a specific test such as the RPCF.

Knox & Moore (1961) discussed BFP reactions for
syphilis and stated that blood specimens on which
reactive reagin tests had been obtained should next
be subjected to testing with the inexpensive RPCF
test, where clinical and/or epidemiological evidence
opposed a diagnosis of syphilis. Specimens on which
both tests were reactive would indicate syphilis with
as much reliability as serological testing can afford.
Where Reiter tests were non-reactive, specimens
should be subjected to testing with one of the other
good treponemal tests. Brown (1962) stated that the
serological test was fundamental to an adequate
diagnosis in syphilis; if doubt remained following
the results of a non-treponemal test, an RPCF test
might be requested; if that test was reactive, a
diagnosis of syphilis most probably was indicated;
and TPI testing should be requested only if the
RPCF was non-reactive or if grave doubt stilt
existed. Sequeira (1962) concluded that modern
serology is tending more and more to the use of
specific treponemal antigens, and that the RPCF and
TPI together with classical tests should in most cases
solve problems of diagnosis. He recommended that
simple tests should be employed, such as Wassermann
with lipoidal, cardiolipin, and Reiter protein antigens.
Since these tests detect three different antibodies, the
diagnosis of syphilis would be almost certain if any
two or more were positive. Only when discrepancies
occurred would the TPI be necessary. Berghorn
(1964) noted that in primary syphilis the serological
test might or might not be reactive, and stated that
there is no need for the TPI, RPCF, FTA, or any
other treponemal test at this time; such a test should
not be done. In secondary syphilis there should
almost never be any need for a TPI, RPCF, or FTA.
In cases of positive serology where there is no known
history of syphilis in the recent past, it would be
necessary to rule out a biological false-positive STS
with a TPI, RPCF, or FTA.

In the chapter on syphilis in Diagnostic procedures
and reagents (Harris & Coleman, 1963) recom-
mendations for testing included: the use of a reagin
test with consideration given to the rapid reagin
tests; quantitation of reactors with a conventional
test; routine examination of reactors with a readily
performed treponemal test as the RPCF or KRP
tests; and the use of other treponemal tests, such as
FTA, TPl, and TPCF60, when reagin and Reiter
tests are in disagreement.
Hadida et al. (1963) tested specimens with several

cardiolipin and treponemal antigens using various
techniques. They used three preparations for the
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complement-fixation reaction with Reiter trepo-
nemal antigen: (a) Pallignost, a suspension of whole
treponemes in 3% phenol; (b) a glycerol suspension
of ultrasonically lysed treponemes from the Institut
Pasteur in Paris; and (c) a protein extract from
Difco. Their results and recommendations for
testing were that: (a) the TPI is superior to other
tests; (b) the treponemal antigens are superior to the
lipid antigens; (c) the ultrasonate Reiter treponemal
antigen is more specific than whole treponemal
antigen; (d) the protein extracts of Reiter treponeme
and Nichols are a little more specific but less sen-
sitive than the suspension of ultrasonate treponemes;
(e) henceforth, the immunofluorescence reaction
associated with a flocculation reaction will supplant
the complement-fixation test with cardiolipin or
Reiter treponemal antigen for the finding and
control of treatment of syphilis; and (f) the TPI
remains necessary for judging the legal cases.

Knight & Wilkinson (1963) studied 113 BFP
reactors and found that if a person gives repeated
reactive-reagin reactions and shows no evidence of
syphilis, RPCF and FTA tests should be carried out;
if these are non-reactive and confirmed by TPI, the
person is diagnosed as a BFP reactor. Manson &
Trice (1963) have developed the following recom-
mendation for testing out of the maze of lipid and
treponemal tests: the VDRL will usually suffice, if
repeatedly reactive, to confirm a clinical diagnosis of
syphilis; if doubt exists in the VDRL results, a
simple treponemal test, such as the RPCF test, may
be used; if this is reactive, the diagnosis may be
considered further confirmed by laboratory test; but,
if the RPCF is non-reactive, a TPI or FTA test may
be used as the final arbiter in the case. Dalton,
Mendelow & Coon (1964) recommended a multi-test
plan using the VDRL for screening, reactors being
evaluated with the Kolmer, RPCF, and FTA-100.
Of 150 sera tested, the VDRL and Kolmer were
both reactive in 73%, the RPCF in 61 %, and the
FTA-100 in 37%.
Lo Monaco & Berdondini (1963) examined 52 799

sera from 42 451 persons, mainly " healthy " people,
with the VDRL, MKR II, cardiolipin, and Reiter
protein tests. Among the subjects reacting with only
one of these tests, false-positive results appeared to
have been 25% for VDRL, 44% for RPCF, 72% for
cardiolipin antigen test, and 76% for MKR IL test.
They stated that multiple tests are desirable, espe-
cially a screening test in which treponemal protein
antigen is used. Targon & Fiabane (1963) found a
different percentage of positivity in the four tests-

VDRL, citochol, RPCF, and cardiolipin. They
recommended that complement-fixation tests with
cardiolipin and Reiter protein antigens should be
used.

PRE-SELECTOR TESTS FOR TPI

Benazet et al. (1954) stated that the TPI was
constantly non-reactive when the complement-
fixation or flocculation tests with cardiolipin-
lecithin antigens and the complement-fixation test
with Reiter treponemal suspensions or Reiter trepo-
nemal extracts were non-reactive. The use of the
new " keyboard " or battery of cardiolipin-lecithin
and Reiter treponemal tests with all non-reactive
responses permitted the elimination of the TPI test,
which was limited to specialized laboratories.

Harris, Bossak & Wallace (1959) investigated the
effectiveness of the VDRL slide test and the KRP
test as pre-selector tests for the TPI procedure.
They compared the results of the three tests on 918
specimens in the SERA study (United States Public
Health Service, 1959b) and on 513 problem sera
received for TPI testing. Although the VDRL slide
test detected a greater proportion (87%) of TPI-
reactive sera than did the KRP test (69 %), the
combined use of the KRP and VDRL tests was most
effective in detection of TPI-reactive sera (96 %).
The findings indicated that the VDRL slide and
KRP tests could be performed for pre-selection of
sera, collected as stipulated for the TPI testing
service, with minimal loss of TPI test reactors.
Elimination of the sera non-reactive to both the
VDRL slide and KRP tests would have reduced the
TPI testing load by approximately 18 %, with
minimal loss of TPI reactors. Bisset et al. (1961)
showed that the combination of VDRL and RPCF
tests would eliminate the necessity for performing
TPI tests on 66% of specimens in a study of sera
reactive to the VDRL test, 52% of sera in the group
thought to be BFP reactors, and 62% of sera from
prenatal patients. Limitations lay in the fact that
the TPI disagreed with the results of the RPCF
screen test in about 2% of specimens. In a study on
routine blood specimens submitted to a public health
laboratory, results of the VDRL and RPCF tests
indicated that the RPCF would offer little addi-
tional information over routine lipoidal tests in
unselected " routine " specimens. On problem sera
the RPCF did not have sufficient sensitivity to
replace the TPI, but was of value with the VDRL as
a screen test for TPI. Kent et al. (1962) stated that
either the RFTA or FTA II might serve as well as
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the RPCF as a screening procedure in differentiating
persons with latent syphilis from those reacting non-
specifically with cardiolipin antigens. The practice
of considering those persons syphilitics who have
reactive RPCF tests as well as reactive cardiolipin
tests and of referring those who were RPCF-non-
reactive for TPI testing was justified by the results of
their study.
Browne, Coffey & Todd (1963) tested 184 sera

considered BFP reactors with TPI, Kline CSL,
VDRL Slide, Kolmer, and RPCF tests. The TPI
reactivity rate was 46%. On these specimens the
Kline CSL was superior to the VDRL or Kolmer
because of specificity and superior to the RPCF
because of its sensitivity. They compared the
relative efficiency of the Kline CSL or the VDRL
combined with the RPCF test as a screen for the
TPI test and found that they seemed to yield com-
parable results in terms of TPI reactivity. Fiumara
(1963c) stated that in Massachusetts the RPCF test is
used as a screening treponemal test, and if it is
reactive it means that the patient has or has had
syphilis or a treponemal disease.

SCREENING AND TREPONEMAL TESTS

Harris (1960) reported that developments in
venereal disease laboratory procedures included the
return to the use of screening tests, such as rapid
plasma reagin (RPR), unheated serum reagin
(USR) (United States Public Health Service, 1961),
and PlasmaCriT (PCT) (Andujar & Mazurek, 1959)
tests, and the use of treponemal tests such as TPI,
FTA, and KRP. Widelock et al. (1961) suggested a
routine for a public health laboratory which con-
sisted of the USR test as a screening procedure, the
testing of reactors with the VDRL slide quantitative
test, Kolmer and RPCF tests, and the use of the
FTA test when additional testing was required. It
appeared advisable to perform additional trepo-
nemal tests when the RPCF test was found non-
reactive. Of the many treponemal tests for deter-
mination of BFP results, the RPCF test seemed most
likely because of its low cost, sensitivity, specificity
and adaptability. Gottman & Lincoln (1962) used
the triple-test plan of Carpenter, Miller & Boak
(1960) with the PCT test as a preliminary screening
test in a private hospital.

22. MISCELLANEOUS TESTING PROCEDURES]
RErTER TREPONEMAL ANTIGEN AND ANTIBODIES

IN FLUORESCENT ANTIBODY TE3CHNIQUES

Poetschke & Killisch (1959) used T. pallidum and
the Reiter treponemes as antigen in fluorescent
antibody (FA) techniques and both treponemes were
stained with fluorescein-isocyanate-labelled antisera
from syphilitic humans and rabbits and with labelled
Reiter treponemal antisera from rabbits. Covert,
Kent & Stevens (1961) described a fluorescence test
for treponemal antibody using the in vitro cultured
Reiter treponemes, the Reiter fluorescence trepo-
nemal antibody (RFTA) test. That test compared
favourably in sensitivity and specificity for syphilis
with the FTA test using the virulent Nichols strain
of T. pallidum. The titres of the FTA and RFTA
were the same in most instances. The RFTA ap-
peared slightly, but significantly, more sensitive for
syphilis antibody than the FTA test. Kent et al.
(1962) compared the RFTA and FTA II with a
modified RPCF and TPI (40-hour), and found the
RFTA and FTA II closely comparable in sensitivity
and specificity for syphilis. Stevens (1964a) found
approximately 5% of specimens tested in the RPCF

test to be anti-complementary and tested these with
the RFTA using 0.03 ml of a 1: 200 serum dilution.
Deacon & Hunter (1962) absorbed human

syphilitic sera with Reiter treponemes, removing
reactivity to the KRP test and the FTA test with
Reiter treponemes as antigen. The titre of the FIA
test with T. pallidum was lowered. The TPI and
TPCF tests remained reactive. With FA techniques
the close relationship of the so-called "Reiter
antigen ", virulent T. pallidum, and treponemes
unrelated to syphilis-T. zuelzerae and T. micro-
dentium-were demonstrated. For this reason
" Reiter antigen " was considered a non-specific
component. Absorption of labelled antisera to
T. pallidum, T. zuelzerae, T. microdentium and
Reiter treponeme with the Reiter treponemes
removed all cross-reactivity between the different
organisms and all the reactivity to the Reiter trepo-
neme with the Reiter treponemal antiserum. In the
FTA test, 25% of a normal group of donors were
reactive in dilutions from 1: 5 to 1: 100. The
reactivity was removed by absorption with T. pallidum
or Reiter treponeme, but not with lipoidal antigens.
The same normal sera labelled with fluorescein


