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EYALUATrON OF THE T. P ALLJDUM HAEMAGGLUTlNATlON (TPHA) 

TEST FOR SYPHILIS ON "PROBLEM SERA" 

K. Kiråly and H. Prerau

F1·on1 the Nationt1l ln'ilitule of Dermato/ogy and Venereo/ogy, Budt1pesr, J-lungary 

Absrracr. The sensiti,it> and specificity of the T. pallidum 
hacmugglutination (TPIIA) rcaction was compared with 
other serological tests for syphilis in qualitative (35 samples) 
and quantitati,e (42 samples) tests on S)'philitic "problem" 
sera and 32 biologically false positive (BFP) sera. Half of the 
latter wcre also reactive with Reiter protein antigen. The 
sensitivity or TPHA in qualitati,e and quantitative assay 
was higher than that of the other Lreponemal tests (RPCF, 
FTA und FTA-ABS). In primary syphilis howevcr. it was 
less sensiti,e. This fact could be explained by a dccreased 
reacti, ity of the antigen "nh thc lgM-t) pe immunoglobulins 
which form Lhc bulk of antibodies at thc onset of syphilitic 
infection. In onc-fourth of BFP scra thc sorbent fumished 
with the kit failcd to absorb the treponemal group antibodies. 
Based on a previous s1udy, thc rrequency of false-posithc 
results with the TPl-lA test among BFP reactors was cal­
culated as 1-2.3 � •. a rate agreeing well "ith other obsena­
tions. Depending on thc geographical location or the study 
area, however. essentially highcr non-�pecifically positive 
rates \\ere rcpor1ed. The TPHA with rcagents a,ailable 
commercially is highly sensitivc with syphilitic "problem" 
and. in Europc, specific with BFP sera. Il is casy 10 perform 
and it requires ncither highly skilled personnel. nor expenshe 
equipmc:nl. Thcrcforc. 1he TPJ-IA can rcplace thc TPI or 

FTA-ABS test in Lhe verification of "problem·· sera. 

The serological diagnosis or syphilis is generally 
conrirmed by detection, in sera positive with reagin 
tests, of antibodies to treponemal antigens. The 

Abbre!'ia1io11s: 
BFP = biologically ralse-posithe 
CCF = cardiolipin complcment fixation reaction 
CF = complement fixation reaction 
FTA rluorescent treponemal antibody 
FTA-ABS FTA procedure using sera absorbed with soni­

cate of T. rciteri 
lg 

PS 
RPCF 
STS 
T 
TPI-IA 
TPI 
UPR 

= immunoglobulin 
polysaccharidc 
Reiter protein complement rixation 
scrologic tcst(s) for sy philis 
treponema 

=T. pallidum haemagglutination 
-T. paUidum immobilization
� Unheated plasma reagin-test

reference treponemal test is the T. pallidum immobi­

lization test or, when this is not feasible, the absorbed 
fluorescent treponemal anlibody (FTA-ABS) test. 
Neither is simple to perform. The TPI-test is expen­
sive and laborious; il is therefore restricted lo )arge 

reference laboratories with well trained personnel. 
The FTA-ABS test, which is simpler, can be per­
formed only with a small number or specimens at 
one time and by employing elaborate and e.xpeosive 
equipment. 

The T. pallidum haemagglutination (TPHA ) test 
developed by Rathlev (31) and Tomizawa & Kasa­

matsu (34) is a simple procedure for examining large 

numbers of specimens without costly equipmen1. 
The reagents are available commercially. The test 
is cssentially the haemagglutination reaction as 
described by Boyden in J 951 (3) using tanned sheep 
red blood cells coated with a sonicatc of pathogenic 
T. pallidum harvested from rabbit testes. To eliminate
fal�c-positivc reactions and cross-reacting antibodie�.
sera lo be examined are treated with a sorbent
containing sheep red blood cell membrane com­
ponents, normal rabbit tcstes, and T. reitcri cell
components (35). Using this antigen, an automated
quantitative microhaemagglutination assay-the
AMHA-TP test-was developed, and evaluated

immunologically by Cox et al. (4). The test, though
simple to perform, is not designed for routine u e
but as a verification procedure.

The results of the majority of the authors show 
that the TPHA test, whether carried out either by 
a manual or by an automated method, has in general 
a favourablc specificity and sensitivity in comparison 
with the TPl-test and/or thc FfA-ABS test (2, 5, 7, 
24, 25, 26, 32, 35, 36, 39) or with clinical diagnoses 
(13, 27). The TPHA test is easier to perform than 
either the TPl or FTA-ABS tests and is therefore 

an attractive simple confirmatory test for syphilis. 
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The TPI IA test remains positive after specific treat­
ment even after lipoidal tests become negathe (37). 
It is therefore suitable for thc retrospective verifica­
tion of syphilis. The TPHA test b thought. ho,,ever.
to be less sensitive than the FTA-ABS test in pri­
mary syphilis (5. 25, 35).

First cxperience regarding the specificity of the 
test in biologically falsc-positive ( BFP} rcactors with 
lipoidal tests was very favourable. Later, some doubts 
arose rcgarding the absolute specificity of the 
TPHA-test. First Garner et al. (8) obscrved that 
only TPHA was reactive in 17.2°0 of patients from 
a yaws cndemic area. They explained the findings 
either as burnt-out yaws or as insufficient absorption 
of Ireponemal group antibodies. In a later \\Ork (9) 
thcy again obtained only in TPHA an impressivc 
ratio of reactive results in BFP ( 11.3 °0) and a less 
impressive one in scronegaiive leprosy (2.8°0)
patients. The false-positive results of TPHA and
BFP sern secm io be relatcd somehow 10 the geo­
graphical area. Tn a mainly European population
Johnston ( 13) found only a 2.2 °0 positivity among 
400 BFP reactors. Having in view thc�e equivocal
resuhs regarding the specificity of this tcsl, the 
objectives of the present study \\ere: 

I. 10 compare the qualitative results of TPHA and
TPI tests on syphilitic sera which several limes gave
equivocal resuhs with lipoidal tests; 

2. to assess the sensitivity of the TPI-I A  test by 
comparing titres obtained with those of other tre­
ponemal tests;

3. 10 assess ics specificity with sera showing a
BFP result in lipoidal tests as well as in the Reiter 
protein complement fixation (RPCF) test;

4. to analyse the antigens and immunoglobulin
classes of antibodies involved in the TPHA.
Ac1a Der111atove11er (Stockholm) 54 

MATERJALS AND METHODS
I. TPHA reac1ia11 

The antigen used was that manufoctured by Fujizoki Pharma­
ceutical Co. Ltd. It consists of frccze-dried tanncd formolized 
sheep crythrocytes that ha1c been sensitized with a Jysate of
T. pallidum, Nichols strain. U nsensitized tanned sheep
er) throcy tes were used as control antigen. In the presem
study two kinds of kil, which difrered in the method of
absorption. "ere used: 

(a) Lyophilized sorbent consisting of healthy rabbit testi­
cular tissuc adsorbed to tanncd sheep crythrocytes. homo­
genate of T. re11cri. rabhll serum, and arabic gum. was
dis;olved. To O.OS ml serum, 0.95 ml rcconstituted sorbent
"as added: the mixture "as incubatcd al :? 6'C for 30 
minules and sedimcmed b) centrifugauon. The TPHA was 
performed II ith 1he clear superna1an1. 

(hl The dituem containcd the sorbent (.onicated sheep and
cow red blood cell mcmbrnne componcnts, normal rubbil 

tcstis and cell componcn1s of T. rciteri) in homogenized
form. Sera \\Cre diluted a, direc1cd by the manufacturer for 
thc micro mcthod. 

Recon;,litution of the sensitized red blood cell suspcnsion
was as direc1ed b> 1he manufacturer. The test was performed
with Takatsy·s microtitrator equipment \\ith cups of V­
shapcd bonom to allo" a proper senling panern of the
ery1hrocytes 10 occur. For the qualitative test, the dilutions 
of scra werc I : 80 and I : t 60. 

The reacuon "as read after an incubauon at room tempera­
turc of 22 C (1:3 ) for 4 hours, followcd by an incubation at 
4 C for 16 hour,. Positile and negatile serum controls 
furnished by the manufacturer wcre used. In thc quantitative 
te;,1. the titre was the reciprocal or the highest dilution gi,·ing 
a !-plus sedimentauon pattern. 

2. 01her serologica/ tests 

TPI test was performed with the Budapcst patl1ogenic strain 
of T. pallidum II ith an incubation time of 42 ho urs ( 15) as 
de;,cribed carlier (!OJ. FTA and FTA-ABS reac1ions were 
performed as describcd (19, 21) wi1h chemically and immuno­
logically "ell characterizcd conjugates (method of characteri­
zation, see 12). Sonicates of T. reiteri for the absorption of
sera and conjugatcs werc produced in our laborator). The
antigens and methods of unhcated pla�ma rcagin (UPR) 
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Table I. Distribution oj results of STS with problem sera according lo clinical diagnoses 

T. pallidum 
Unheated Complement fixation immobilization (TPI)
plasma test T. pallidum
re.agin Reiter haem-

Number (UPR) Cardiolipin protein Not agglutination 
Diagnosis of cases Result test (CCF) (RPCF) performed (TPHA) test 

Syphilis primary Il Reactive 
(treated and Weakly 
untreated) Reactive 

Negative 10 

Syphilis secondary 5 Reactive 
(lreated) Weakly 

Reactive 
Negative 5 

Syphilis latent 16 Reactive 4 
(treated and Weakly 
unlreated) Reactive 3 

Negative 9 

Syphilis 2 Negative 
congenital Weakly 

Reactivc 
Negative 2 

Syphilis of the 3 Reactive 
central nervous Weakly 
system Reactive 

Negative 2 

Chronic biologically 32 Reactive 14 
false positive Weakly 
reactors Reactive 4 

Negative 14 

"Problem sera" 21 Reaclive 
tested Weakly 
currently Reactive 2 

Negative 19 

a TPl -tests performed arc not shown in the tables. 

(38) and Rei1er protein complement fixation (RPCF) tests
were used as described (22). The complement fixation (CF)
test used was as described by 1he author (14).

3. Examination of im111u11oglobulin (lg) class of 
antibody int·ohed in the reaction 

(a) Precipitation of lgG or JgM from serum.Toa serum pool,
strongly reactive in TPHA, and under cons1ant stirring an
equal volume of saturated solution of (NH,)2SO, was added. 
The precipitate was sedimented by centrifugation at 8 000 g 

for 10 minutes. The sediment was dissolved in an equal volume 
of saline containing phosphate buffer (pH 7.4) and dialysed 
against the same solution for 36 hours. To a 10-fold dilution 
of globulin solution an equal volume of commercial anti-lgG 
or anti-lgM immune serum was added. The mixture was 
incubated for 30 minutes in a 37°C waterbath. The complete­
ness of precipitation was checked in immunoelectropboresis 
by the disappearance of the relevant precipitalion lines. 

(b) Frac1io11a1io11 on Sephadex G-200 column of a serum

from a patient with treated secondary syphi\is and positive 
in STS was performed as described by Jobbagy (11). 

20- 742804 
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4. Absorption of sera wi1h po/ysaccharide (PS) 

all/igen from pa1hogc11i<· T. pa//idum 

100 mg wet weight of T. pallidum was suspended in I ml of
saline homogenized in Potter and sonicated in a Lehfeld
sonicator al 24.3 W /cm' at 0°C for 6-12 minutes. The
disruption was controlled under the darkfield microscope.
The suspension was autoclaved at 114°C for 30 minutes and 
an equal volume of 1.0 M NaOH was added. The mixlure 
was kept at 4°C overnighl and, after neutralization with 5 N
KH,PO4• it was cenlrifuged at 6 000 g for 30 minutes. The
clear supernatant was dialysed for 48 hours at 4°C against
saline containing I : 5 000 merthiolate, changing the dialysing
solution twice a day. The activity of antigen was checked
in CF with syphilitic serum. 0.1 ml of sera was absorbed by 
adding an equal volume of dialysate and incubating the 
mixture under constant stirring for J hour in a water bath al 
31°c. 

5. Specimens 

Sera used in this study were "problem sera" from our
lyophilized serum bank giving equivocal results with different
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Tablc I r. Comparison of TPT and TP HA re.wfrs 011 61 

--problem .. sera 

TPHA rcsults 

TPJ rcsuhs Po"ll\e Negall\t: Total 

TPI positi,e 19 10 

(among thcrn 6 "eakl) 

reac1hc) 
Negative 10 31 41 

Total 19 31 61 

types of serologic tests for S)phili, ISTS). Clinical an1ecc­
den1s and epidemiological data "er� "ell kno""· Halr or 
them \\Cre of Rf P reactors giving positive rcsults wi1h 
lipoidul und/or Rciter pro1cin antigen,. To asscs, thc o,ernll 
performan,·e of 1he TPHA test. 11 scra "ere 1e,ted from thc 
current problem material ,cnt 10 our laborator) for ,enfica­
tion. 

RESULTS 

I. Sensitivity oj TPHA

1.1. Comparison oj serum titre:, 

Quantita1ive tests werc performed with 48 sera 

(primary syphilis 9, secondary 16, latent 15, syphilis 

of the nervous system and congenital syphilis 4 
cases each). The geome1rical means of titres are 

shown in Fig. I. Except for primary syphilis, the 

litre:, in other forms or syphil1:, were e sentially 

Tablc 111. Titre oj sel'll i11 TPHA before and a(rer 

absorption with polysaccharide treponemal a111igen 

umber 
of serum Dmgnosis 

102 Syphilis Il 1rea1ed 
103 Sy philis Il 1rcated 
106 Syphilis 11 trcntcd 
107 S} philis Il 1rc,11ed
5-8 S} philis latent

treated
S-22 Syph,hs latent

treutcd
S-28 S} philis latent

treated
S-10 Syph1li� of thc

11cnous system 

trcatcd
S-74 S) ph1lis or the

ncn ous s}slcm
lrcatcd 

8-87 Bioloiiicall}
fabc-positi,e
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Titrc in TPIIA 

Bcfore Af ter 
ab,,orption absorption 

5 120 5 120 
S 110 S 110 
J 280 I 280 

320 320 

5 120 3 200 

80 80 

80 80 

t 280 I 180 

80 80 

80 80 

higher than those of other tests, the mcans exceeding 

even that of FT A, showing a high sensitivicy of the 
mcthod and good quality of antigen batches exami­

ned. 

1.2. Compariso11 in q11alitatire 1esti11g 

Qualitative tests wcrc performcd with 37 syphili1ic 

sera (Table l). TPHA was reactive "ith 25. RPCF 

wi1h 20, cardiolipin CF with 10 and UPR with only 

9 sera. Except for primary syphilis. the TPHA was 

rnore frequently reactive than the other tests com­
parcd. 

1.3. Compari.\011 with TPI-test 

The rcsult� of the TPHA and TPI tests are compared 
in Table Il. or rhe 21 sera po itive in the TPl-lest, 
the TPHA was non-reactive with the serum of a 

patient with congenital syphilis. This serum wa� also 

non-reactivc with the other STS. Taking the scnsi­

ti, ity of the TPJ-test as !00 °.,, the scnsitivity or 1he 

TPHA test in 1he verification of problem sern was 

95°
0 , 

2. Specificily of TPHA 

32 BF sera, 17 of which wcre positive in RPCF 
procedure. \\Cre e11amined (Table J). The TPHA 
was reactive in 8 (3 - and 5 - ). With thcse 

sera the sorbent (diluent) did not block the anti­

bodies reacting with 1he treponemal group antigen. 
The rate of false-po�itive TPHA results occurring 
in "problem"' sera was estimated-a:, based on 21 
sera �ent currently 10 our Laboratory whcre syphilis 
had bcen excluded by earlier TPl-testing and abo by 
epidemiological investigation. Or thcse, TPHA was 
positive in only one patient: TPI was non-reacti,e. 

The exact diagnosis or the patient was not estab­

lished. The probability of false-posi1ive reactivity 

\\.ith our problem sera may ha,e been 5°0 . 

3. lmm1111oc/1emical examina1io11s

3.1. Ti1res of sera 11/ter absorption with 

trepo11emnl PS antirren 

These remained the same as bdore absorption (Table 
111). There \I.as only one dilution step difrerence in a 
single case. 11 could be concluded that the bulk of 
antigen coating the surface or red blood cells was of 
proteic naturc. 

3.2. lg c/ass of a11tibodies reac1i11g in TPHA 

As sho"n \\.ith the pooled serum absorbcd "ith anti­
JgG and anti-lgM globulin (Table IV), as well as 



in lhe fractions of gcl-fillered serum (Fig. 2), the 

bulk of reactivity in TPHA is with the lgG class of 

globulins. With the gel-filtered erum the TPHA 

titre in the second IgM-containing fraction was only 

J : 80, while it was vcry high with the other fractions 
containing lgG. The rcactiviiy in fractions 3 and 4 

may be due lo a reacllvity with JgA-type globulins. 

3.3. Ki11etics of TPHA-test in primory syphilis 

Tt is well known that the primary immune response 
in syphilis is in the TgM class of globulins. TgG-type 
antibodies appear only later. A follow-up to TPHA 

in treated primary syphilis may be an additional proof 

for thc lgG nature of antibodies involved in the 
TPHA te�t. Mean titrcs of three sera are shown in 
Fig. 3 bcfore trea1mcn1, and 3 and 6 months arter 

penicillin trcatment. The TPHA was non-reactive 
in untrcated primary syphilis. It. became reactive, 
howe,er, (mean titre 300) 3 months after treatment. 
ln the serum samplcs taken 6 months after treat­
ment, the TPHA test was already non-reactive. 

DISCUSSION 

There arc two crucial criteria for the performance of 

a new confirmatory serological test: its sensitivity as 

measured in comparison with thc TPl-test and ils 
specificity with BFP sera. 

l . Se11si1irity is expressed in the present study as
percentage of TPI positives. Taking this criterion, the 

performance of the test was 95.2 °0 , with confidence 
Jimits ranging bet"een 76.2 and 99.9 °;, (al 95 °0 

probably leve!). From the studies published (7. 8, 
13, 23, 35) the sensitivity calculatcd by us according 
to the criterion mentioned above was between 88.9 
and 99 °0. The lowcst sensitivity (88.9 °

0) was found 
by TomiLa\\a et al. (35). On the basis of 1he ensi­
tivity found, and on the comparison of geometrical 
means of titres, 1hc TPHA seems lo be adcquately 

sensitive to replace the other treponemal confirma­

tory (TPI, FTA. FTA-ABS) tests. 
2. Speci(icity is measured by the non-reactive

results found with BFP sera. The performance of 
TPHA in the majority of studies was excellent, giving 
a range of false posi1ivi1y rates between I. 7 and 
2.4 °0 only (5, 9, 13, 26). The pre�enI study cannot be 

compared with thosc previously cited studies. ho\\­
ever, as ;pccimcns also reactivc with lipoidal and 
Reiter protein antigen� were examined. As was 

shown earlier in a fairly large series (17) that the 

probabili1y of coincident posi1ivity of both test� in 
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Fig. l. Upper cuf\e: absorbanc) of serum fractions collccted 
from Sephadex G200 column mcusured al 2 800 A. As 
idcntiried by immunoelectrophorcsis, fraclion� I and; 2 
(first pcak) contain mainly lgM; fractions 3 and 4. JgA; 
fractions 4, 5, 6 (second peak) and parti) 7, JgG. thc remain­
der, albumin. Lowcr diagram: rcactivity of fractions in 
differcnt STS exprc�scd as logarithm of titres. 

BFP sera is 6.2 °0, with confidence intervals between 
3.7 and 9 °

0. In our present study it was found that 

thc absorption of sera reduccd the non-specific result 

of TPHA to one-fourth, rcducing the confidence 
intervals to I 2.3 °.,. thus agreeing well with values 
found in other studies. The ratio of non-specific 
TPI-IA results was essentially higher, however, if 
BFP specimens from ecological conditions cssentially 
different from those in Europe were examined, as 
was found by Tomizawa et al. (35): 8.3 °

0 in Japan; 

Garner et al. (9): J 1.3 O,o in Papua, New Guinea; 

Ghinsbcrg et al. (10): 38 °� in Israel. Rcgarding the 

Table IV. TPHA rirres afrer hlocki11g of sem wirh 

a111i/111ma11 glob11/i11s 

Material tested 

Serum pool 
Globulin solution 
Globulin solution blockc<l b) 
anti-lgM serum 

Globulin solution blo:�ed b) 
anti-lgG serum 

TPIIA titre 

I 280 

5 120 

I 280 

80 
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FTA-ABS test it was shown (J 8) !hat absorption of 
sera with Reiter treponemes cannot remove all tre­
ponemal antibodies. Tn the present study this possi­
bility was confirmed regarding the TPHA test. 

The overall non-specific result rate of TPHA 
(reactives among healthy populations non-reactive 
in STS including possibly TPI or FT A-ABS) ranged 
between 0.3 and 3.2% (2, 5, 7, 13, 26, 35). As the 
TPHA has not been developed with the airn of 
serving as a routine STS, this non-specific result is of 
no practical importance. The rate of non-speciFic 
results was very high, however: 11.3 % in rural 
communities in Senegal (33) and 14% in a multi­
purpose serological survey in Kenya (28). The rate 
of non-specific positive TPHA results with "problem'' 
sera sent for confirmation was 4.8 % in our series 
(confidence limits 0. I 2-23.8). The data compiled 
from different studies containing a larger material 
are within these confidence limits: 7.5 % (6), 11.3 % 
(23), the highest rate (20%) being reported from 
Israel (l 0). 

As non-specific reactivity in the RPCF test is due 
partly to the polysaccharidic component, an attempt 
was made lo discover whether polysaccharidic anti­
gens of T. pallidum are involved in the TPHA-test. 
Under the experimental conditions used, their role 
could not be proven. 

As the TPHA is not proposed as a diagnostic 
procedure in symptomatic syphilis, its lower sensi­
tivity in primary syphilis is of theoretical importance 
only. The study regarding the distribution of anti­
bodies according to lg class gives a clue to the under­
standing of this shortcoming. The bulk of anti­
bodies produced in early syphilis are found in the 
lgM class of immunoglobulins. Thereafter a gradual 
shift takes place to the IgG fraction. This type of 
Acta Dermatovener (Slockholm) 54 

immune response was shown for antilipoidal (i), 
FTA (16, 29), and other types of antibodies, with 
the exception of TPI (11). The inadequate sensitivity 
of TPHA in primary syphilis may be explained by a 
decreased reactivity of human lgM molecules as the 
preponderant antibody in primary syphilis in the 
TPHA test. Okamoto & Tanabe (30) made rnention 
of their similar observation: in patients with early 
syphilis, 19 S (fgM) fractions of sera were less sensi­
tive in the TPHA assay. Both observations are at 
odds with the rule of high sensitivity of haemag­
glutination in detecting lgM-type antibodies in 
humans, and with experiments performed on rabbits 
infected with T. pallidum. Rabbit sera fractionated 
by ultracentrifugation and gel filtration (30) or 
sucrose gradient centrifugation (31) displayed 
TPHA antibodies in the early stages of infection 
exclusively in the IgM class of immunoglobulins. 

CONCLUSlON 

From previous evidence available and the data 
obtained from the present study, and under ecologi­
cal conditions similar to those prevailing in Europe, 
the TPHA can be considered as a simple and reliable 
confirmatory reaction for the diagnosis of syphilis 
to replace the more sophisticated TPI and Fr A-ABS 
tests. When it is used without discrimination to test 
all sera, however, its specificity is less satisfactory. 

ACKNOWLEDGEMENTS 

Supplies of the commcrcial reagents for carrying out this 
cva\uation were kindly made available by the courtesy of 
Fujizoki Pharmaceutical Co .. Tokyo, Japan. 



REFERENCES 

I. Aho, K.: Studies of syphilitic antibodics. Br J Vener Dis 

43: 259. 1967. 
2. Alcssi, E., Cainelli, T. & Scioccati, L.: La reazione di

emoagglutinazione TPHA nella sierodiagnosi della
sifilide. Gion Min Dern, 108: 387, 1973.

3. Boyden, S. V.: The adsorption of proteins treated with
tannic acid and subsequem hemagglutination by anti­

protein sera. J Expt Med 93: 107, 1951.

4. Cox, P. M ., Logan, L. C. & Norins, L. C.: Automated,
quantitativc microhemagglutination assay forT. pallidum 

antibodies. Appl Microbiol 18: 485, 1969.

5. Cox, P. M., Logan. L. C. & Stout, G. W.: Further
studies of a quantitative automated microhemagglutina­

tion assay for antibodies to T. pallidum. Pub! Hlth Lab 
29: 43. I 971. 

6. Dixon, J. M. S., Grocbolski, J. J. & Kadis, E. M.:
Experience with the microhemagglutination test for T.
pallidum antibodies. Canad J Publ Hlth 63: 251, 1972.

7. Garner, M. F., Backhouse. J. L., Daskalopoulos, G. &
Walsh, J. L.: The T. pallidum haemagglu1ina1ion test for 
syphilis. A comparison with the TPI and FT A-ABS 
tests. Br J Vener Dis 48: 470, 1972. 

8. - The T. pallidum haemagglutination test for yaws.
A comparison with the TPI and FTA-ABS test. Br J
Vener Dis 48: 479, 1972. 

9. - The T. pallidum haemagglutination test in biological 
False positive and leprosy sera. J Clin Path 26: 258,
1973. 

10. Ghinsberg, R., Elian, M. & Stanic, G.: Specificily and
sensitivity of thc T. pallidum haemagglutination test in
syphilitic and non-syphilitic sera (unpublishcd working
document) WHO/VDT/RES/72.289. 

t l. Jobbagy, A.: Distribution of syphilitic antibodies in gel 
filtered sera fractions. Unpublished working document 
WHO/VDT/RES/70.204. 

12. Jobbagy, A. & Kiraly, K.: Markierung der Serumei­

weisskörper mit Fluoresceinisothiocyanat. (Hung.) Kiser!
Orvostud 2/: 322, 1969. 

I 3. Johnston, N. A.: The T. pallidum hemagglutination test 
for syphilis: evaluation of a modified micromeLhod. Br J 
Vener Dis 48: 414, 1972. 

14. Kiråly, K : Syphilitische mil T. pallidum Antigenen durch­
gefiihrte Komplementbindungsreaktionen (Hung.) Bör­
gyogy Vener Szle 13: 261, 1959.

15. - Versuche zur Steigerung der Empfindlichkeit des T.
pallidum. Immobilisationstestes (TPJ-test). Dern, Wschr
151: 2035, 1965.

16. Kiråly, K., Backhausz, R., Jobbagy, A., lajos, J. &
Kovats, L.: Fluorescent lreponemal antibody test with
antihuman immune sera of different specificity. Acta
dermatovencr (Stockholm) 48: 362, 1968.

17. Kiråly, K. & Csomay, T.: Syphilis-Komplementbindungs­
reaktionen mit Treponema-Antigencn. (Hung.) Börgyogy
Vener Szle 44: I, 1968. 

18. Kiråly, K .. Jobbagy, A. & Kovats, L: Group antibodies 
in fluorescent treponemal antibody (FTA) test. J lnvest
Derm 48: 98, 1967. 

19. Kiråly, K., Jobbagy, A. & Mccher, T.: Fluorcsccnt 
treponemal antibody testing. Bull Wld Hlth Org 33: 687, 
1965. 

T. pa/lidum haemaggluti11ation test Jor syphilis 309

20. Kiråly, K. & Karolyi, I.: Erfahrungen mil der lmmo­
bilisationsuntersuchung der Treponema (TIT). (Hung.) 

Orv Hetil 97: I, 1956.

21. Kiråly, K. & Kovats, L.: Comparison or various immuno­
fluorescent procedures in the serological diagnosis of 
syphilis. Dcrmatologica 135: 443, 1967. 

22. Kiraly, K. & Prerau, H.: Einfachc Yerfahren zur Her­
stellung diagnostischer Antigene aus Kulturtreponemen.

Z Immun Forsch 134: 32, 1967. 

23. Kraft, D., Morgenstern, H., Raff, M. & Söltz-Szöts, J.: 
Der Haemagglutinationstest in der Lues-Serologie im 
Yergleich zu den spezifischen Testen TPI und FT A-A BS. 

Z Haut Geschlcr 48: 221, 1973. 

24. Le Clair. R. A.: Evaluation of a qualitativc hemagglu­
tination test for antibodies to T. Pallidum. J lnfect Dis 

123: 668, 1971. 

25. Lesinski, J. & Krach-Kraczmarczyk. J.: Evaluation of
T. pallidum haemagglutination test (TPHA) for syphilis.
A comparison with TPI and FTA-ABS tests in syphilitic 
and problem scra. WHO/VDT/RES/73.298. 

26. Logan, L. C. & Cox. P. M.: Evaluation of a quantitative 
automated microhemagglutination assay for antibodies 
to T. pallidum. Am J Clin Path 53: 163, 1970. 

27. Luger, A. & Spcndlingwimmer, 1.: An appraisal of the T.
pallidum haemagglutination (TPHA} test. WHO/VDT/
RES/72.284. 

28. Masar, I. & Christensen. S.: A mullipurpose serological
survey in Kenya. 3. Results of treponematoses serological 

tests. Personal observations. 
29. Matuhasi, T., Mizuoka, K. & Usui, M.: Studies on the

fluorescent treponemal antibody test using fluorescent
anti-y, anti-o:, anti-µ., anti-!, anti-k chains and anti-{/
ICA globulin reagents. Bull Wld Hllh Org 34: 566, 1966.

30. Okamoto, S. & Tanabe, Y.: Studies on T. pallidum 
haemagglutination antibodies. I. TPHA antibodies in 
experimental syphilitic rabbits. Br J Vener Dis 47: 77,
1971.

31. Rathlev, T.: Haemagglutination test utilizing antigens

from pathogenic and apathogenic T. pallidum. Un­
published working document WHO/VDT/RES/77.65.

32. Rathlev, T.: Haemagglutination test utilizing pathogenic 
T. pallidum for the serodiagnosis of syphilis. Br J Vener
Dis 43: 181, 1967. 

33. Ridet, J.: Rapport de progrcs sur les activitcs dc l'equipe
OMS/IR51 t•r ao('ll 1973. WHO/YDT/INT document.

34. Tomizawa, T. & Kasamatsu, S.: Haemagglutination tests
ror diagnosis of syphilis. Jap J Med Sci Bio! 19: 305,
1966.

35. Tomizawa, T., Kasamatsu, S. & Yamaya, S.: Usefulness
of the haemagglutination test using T. pallidum antigen
(TPHA) for the serodiagnosis of syphilis Jap J Med Sci
Biol 22: 341, 1969. 

36. Tringali, G.: Hemagglutination test utilizing pathogenic
T. pallidum (TPHA) in comparison with other serologic 
tests for syphilis. Ann Sclavo 12: 311, 1970.

37. Uete, T., Fukazawa, S., Ogi, K. & Takeuchi, Y.: Clinical 
evaluation of the T. pallidum haemagglutination test.
Br J Vener Dis 47: 73, 1971. 

38. U.S. Public Health Service: Manual or Tests for SyphiJis, 

1969. US Government Printing Office, Washington,
1969.

Acta Dermatovener (Stockholm) 54 



310 K. Kirdly and H. Prerau 

39. Wesl. B. S. & Pagano, D. A.: Evaluation of the automated 

microhemagglutinalion assay for a111ibodies to T. palli• 

dum. HSMHA Hlth Rep 87: 93, 1972. 

Acta Dermatovener (Stockholm) 54 

Reccived Nocember 27, 1973 

K. Kiraly, M.D.

Oepartmcnt of Dermatology

Semmelweis Medical University 

Måria str. 41

1085 Budapest

Hungary


