Short Report

Comparison of Treponema-specific immunoglobulin G
(I2G) index with Treponema pallidum particle agglutination
(TPPA) index for detection of intrathecal Treponema-
specific antibody synthesis for serological diagnosis of

neurosyphilis

Abstract

The determination of Treponema-specific intrathecal immunoglobulin
synthesis with the Treponema pallidum particle agglutination (TPPA)
index is a well-established method recommended in German guidelines
for the diagnosis of neurosyphilis. However, the TPPA test is no longer
available. The aim of this study was to evaluate whether the determina-
tion of a Treponema-specific immunoglobulin G (IgG) index can substi-
tute the TPPA index. Serum and cerebrospinal fluid (CSF) samples from
patients with confirmed (n=6) and probable (n=3) neurosyphilis as well
as patients with adequately treated syphilis without neurosyphilis (n=4)
were investigated. In addition to index calculation further CSF parame-
ters were determined. The results of the Treponema 1gG and the TPPA
index were consistent in all patients with confirmed neurosyphilis and
non-neurosyphilis patients. In two patients with probable neurosyphilis
the IgG index appeared more plausible than the TPPA index when taking
into account all available laboratory and clinical data of the patients. In
conclusion, the determination of Treponema-specific intrathecal immu-
noglobulin synthesis with the IgG index appears to be a suitable alter-
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native to the TPPA index.
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Introduction

Treponema pallidum is the causative agent of syphilis, a
sexually transmitted infection with increasing incidence
in Europe [1]. Syphilis can involve several organ systems
as well as the central nervous system. Meningitis, menin-
govascular syphilis, cranial nerve palsies, and ophthalmic
or otologic involvement are clinical manifestations of early
neurosyphilis while late neurosyphilis mainly encompass-
es tabes dorsalis, paralytic neurosyphilis, and the appear-
ance of syphilitic gummas. Confirmation or exclusion of
neurosyphilis is essential to ensure adequate antibacterial
therapy for the patients.

The diagnosis of neurosyphilis relies on both clinical and
laboratory diagnostic criteria including the investigation of
cerebrospinal fluid (CSF) [2], [3]. Apart from the serologi-
cal confirmation of syphilis by a positive Treponema-spe-
cific antibody test (fluorescent Treponema pallidum ab-
sorption test (FTA-abs test), immunoassay, Treponema
pallidum particle or hem agglutination assay (TPPA/TPHA)
etc.) in serum, the detection of Treponema-specific anti-
bodies in CSF are mandatory for the laboratory confirma-
tion of neurosyphilis [2], [3]. According to the German

diagnostic guidelines, the diagnosis of neurosyphilis is
made from a combination of clinical findings, CSF param-
eters, and the detection of intrathecal synthesis of anti-
bodies against Treponema [3]. For the diagnosis of proven
neurosyphilis the latter can be confirmed by a positive
CSF/serum TPPA/TPHA index or FTA-abs-test index [4].
Syphilis patients who fulfill clinical and laboratory criteria
but miss a positive Treponema-specific CSF/serum anti-
body index are regarded as probable neurosyphilis [3],
[4]. Unfortunately, the TPPA is no longer available on the
market since the manufacturer stopped its production in
2022, and availability of the TPHA test has also tempo-
rarily been limited.

Very recently, the determination of intrathecal synthesis
of Treponema-specific immunoglobulin G (IgG) by recom-
binant enzyme-linked immunosorbent assay (ELISA) has
been introduced as a new and promising tool for diagnosis
of neurosyphilis [5]. Therefore, we compared the TPPA
index with the Treponema I1gG index in patients with con-
firmed neurosyphilis (n=6), probable neurosyphilis (n=3),
and adequately treated past syphilis without neurosyphilis
(n=4) according to German guidelines in order to evaluate
whether the Treponema IgG index can substitute the TPPA
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index as a diagnostic tool for the diagnosis of neurosyph-
ilis.

Methods

All serum samples were sent to our laboratory for diagnos-
tic work-up of syphilis infection with informed consent to
all performed diagnostic tests. TPPA was determined in
parallel in serum and CSF with the test of Fujirebio (Tokio,
Japan), and CSF/serum index was calculated according to
Reiber’'s method [6]. ATPPA index =3.0 indicates intrathe-
cal Treponema-specific antibody synthesis. Treponema-
pallidum-specific 1gG was determined in serum and CSF
by Treponema 1gG ELISA (EI 2111-9601-L G, Euroimmun,
Luebeck, Germany, using recombinant Treponema pal-
lidum proteins) and in parallel on the EUROLab work-
station ELISA (Euroimmun). Serum and CSF samples were
analyzed in standard dilutions of 1:404 and 1:2, respec-
tively, on the same microtiter plate according to the re-
commendations of the manufacturer and, if necessary,
pre-diluted up to 1:40 (serum) and 1:200 (CSF) to obtain
optical density values within the linear range of the stan-
dard curve. CSF/serum index was calculated according
to Reiber’'s method [6]. Albumin and IgG in serum and CSF
was determined by nephelometry on a BN-2 system
(Siemens Healthcare, Eschborn, Germany). A Treponema
IgG index >1.5 indicates intrathecal Treponema-specific
IgG synthesis. The titer of rapid plasma reagin was de-
termined with the test by Becton Dickinson (Sparks, MD,
USA). A titer 24 in serum and >1 in CSF is considered
positive. Total protein was determined in CSF on the Advia
1800 system (Siemens Healthineers, Erlangen, Germany),
reference range 0.15-0.45 g/I. chemokine (C-X-C motif)
ligand 13 (CXCL13) was determined by ELISA (Euroim-
mun, Luebeck, Germany) on an EUROAnalyzer. A concen-
tration >20 pg/ml is defined as positive according to the
manufacturer. CSF was rethawed twice after freezing at
-20°C; thus, concentrations of CXCL13 may be false low
in some cases. Borrelia-specific IgG in serum and CSF
was determined by chemiluminescence immuno assay on
the Liaison XL system (Diasorin, Dietzenbach, Germany),
and dilutions for the determination of the index were
performed by the analyzer.

Results

In all of the six patients with confirmed neurosyphilis both
the TPPA index and the Treponema IgG index were path-
ologically increased (Table 1, Table 2 and Table 3). All
patients also had a markedly elevated TPPA titer in CSF
and, interestingly, all patients (except one with a missing
amount of CSF for measurement) also showed an in-
creased concentration of CXCL13 in CSF (Table 1).

The three patients with probable neurosyphilis had normal
TPPA indices, but two of them showed an increased
Treponema 1gG Index >1.5 (patient no. 7 and 9) and one
had a borderline index of 1.48 (patient no. 8, Table 2).

In patient no. 7 with a Treponema IgG index of 1.97, fur-
ther serological and CSF results were highly suggestive
of neuroysphilis, including a positive RPR in serum and
CSF, a CSF TPPA titer of 1,024, CSF pleocytosis, and in-
creased CXCL13 >5,000 pg/ml (Table 1 and Table 2).
Clinically a newly manifested monocular scotoma led to
the diagnosis of active syphilis infection in patient no. 7.
Patient no. 9 showed an increased Treponema IgG index
of 1.89, but the TPPA index was normal. The patient
presented for the first time with active syphilis infection,
and increased CSF total protein as well as borderline in-
trathecal IgM synthesis favour diagnosis of neurosyphilis
but TPPA titer below 640 in CSF and absence of pleocy-
tosis are contradictory. Nevertheless, the involvement of
the meninges or the central nervous system appears
possible. Patient no. 8 presented with meningo-enceph-
alitic symptoms, and diagnostic workup for syphilis was
initiated due to a CXCL13 concentration >5000 pg/ml
after neuroborreliosis, cryptococcosis, carcinomatous men-
ingitis, and CNS lymphoma had been ruled out.

Four patients with adequately treated past syphilis infec-
tion were included in the study. They received lumbar
puncture for other reasons. One patient had acute tick-
borne encephalitis (patient no. 10). All patients showed
normal a TPPA index and Treponema 1gG index, and TPPA,
RPR and CXCL13 levels in CSF were also unremarkable
(Table 1 and Table 2). In addition, five patients with
neuroborreliosis and positive intrathecal Borrelia-specific
IgG synthesis (IgG index 2.0 to 4.5, median 4.1) were in-
vestigated. Treponema IgG were not detectable in serum
or CSF in any of these patients. Unfortunately the TPPA
index could not be determined since the reagent was not
available anymore.

Discussion

The results of the Treponoema IgG index and the TPPA
index were consistent in all patients with confirmed neu-
rosypilis as well as syphilis patients without neurosyphilis.
Discrepant results between Treponema I1gG index and
TPPA index occurred only in patients with a probable di-
agnosis of neurosyphilis. In these cases the IgG index was
markedly lower (<2.0) in comparison to the patients with
confirmed neurosyphilis (15.6-588). The cutoff value for
positive intrathecal Treponema 1gG synthesis is >21.5 ac-
cording to the manufacturer, but Alberto et al. suggested
a cutoff of 1.7 by receiver operating characteristic (ROC)
analysis resulting in a sensitivity of 59% and a specificity
of 98.6% for diagnosis of neurosyphilis [5]. Thus, these
increased indices were still above the cutoff proposed by
Alberto et al. Results of TPPA in CSF, RPR in CSF, and
CXCL13 were also noticeable in the discrepant patients.
A CSF TPPA titer 2640 has a high specificity for neurosyph-
ilis [7], [8], [9] and constitutes a diagnostic criterion for
neurosyphilis in British guidelines [10]. According to
European and other international guidelines, the detection
of cardiolipin antibodies in CSF is also indicative of neuro-
syphilis [1], but this parameter has not been included in

s PEGE

GMS Infectious Diseases 2023, Vol. 11, ISSN 2195-8831

2/5



Wellinghausen et al.: Comparison of Treponema-specific immunoglobulin G ...
Table 1: Clinical data of the patients and results of the Treponema diagnostics

3/5

a|ge|ieAe. jou :"B'U ‘Jainjoejnuew
ayj 0} Buipiodoe aaisod se pauyap si jw/Bd 0z< uonesussuod €L TOXD , OAIISOd PalapISuod ale 4SO Ul |2 pue wnias ul $z Jo) e ‘1s9) uibeas ewse|d pidel Jo Jal) , 48N} o
‘sisayiuAs ©b6| oyoads-ewosuodal |ed8YRIUI SBIRDIPUI G L2 Xapul ©B| ewauodal] , ‘sisayjuhs Apogiue oioads-ewauodal |[eoayjeljul Sajedipul 0'g€< Xapul Ue ‘Wi <98Iy Ji 981
Jo peajsul wip Buisn (96| 4SO X Ydd 1 wniag)/ (96| wnies X Yddl 4SD)=Xopul Yddl q ‘SIse} onsoubelp paw.opad || 0} Jussuod pawlojul yum uondsjul sijiydAs jo dn-yiom
onsoubelp 1oy A10jeloge| Jno 0} Juas alam sajdwes wnias |e ((NN) siilydAsoinau ou inq ‘sijiydAs 1sed ‘(Nd) siiiydAsoinau sigeqoud ‘(ND) sijiydAsoinau pawuyuo?) (‘1)) Aiobaje) .

uonounysAp Jaliieq 4SO-POOI] OU ‘SISaLiUAS B| [eosylenuIoN|  eU | 0z> ] > losz') | s> oLl 0¢> | NN | €1 o
uonounysAp Jallieq 450-poojq auIEPIOg SISSUIUAS B] [E0SUEAUION | BU | 0Z> ) > |08zt | s> 6.0 0¢> | NN | 21 &
uonounysAp Jaliieq 4SO-poojq ou ‘sisayjuhs B [eosyjenul oN | | 0Z> 3 > | 0Z€ 8> vll 0€> | NN | LI 2
uonounysAp JalIeq 4S0-poojq ‘SISaUIUAS (%) NI [eoouenul | /6 eu | 1> | 1> |09 8> 6Ll 0¢> | NN | 0L z
uonouNnysAp Jarlieq 450-poolq ‘sisauiuAs (%) WB| [eosurenur sulepiog | € eu | v 1> | ovzoL | ¥9 68’1 ZL | Nd |6 .
uonounysAp Ja1ieq 4S0-poojq ou ‘sisauiuAs B| [eoUIEnUI ON | 8¢ 000G< | z¢ | 1> | o0sroz | v9 e 60 | Nd |8 -
sisauyuAs B| [eosulenUl ou ‘uoRounysAp Jalieq 450-poold | 0¥z | 000'G< | 2€ | ¢ | 089'/z€]| ¥20'L 161 €0 | Nd | Z -
uonounysAp Ja1u1eq 450-poojq ‘sisaLiuAs (%91) OBl [edaylenul| 8 1ze 8 L | 0960y | 2618 6l Z8L | ND | 9 o
CO_HOCD.._.w%U Jalleq . . . . M
450-Poold ou ‘sisaypus (%56) OBI pue ‘(%.) VBl ‘(%v6) WEI leospenu | ¢ | 06 vo | S | OveESl) ylcor| 289 | z88s ) NO | g 2
uonounysAp . , . . 8
18111eq 4SD-POOI] OU ‘SISALIUAS (%.G) DOB] pue (%95) 6| [eoasyesnu) | © eu LT b 09se | cld ¢yl V0L | NO | ¥ 2
uonounysAp Jaliieq 4§0-PO0Iq OU ‘SISSUIUAS (%€ 1) OB| [eoatpendl | 2 Zi 8 \> | 08¥'0z | 8v0C Vol 0¥z | NO | € 7
uonounysAp . ‘ . . . =
181118q 4SD-PO0I] ‘SISBUIAS (%.9) OB| PUe ‘(%89) VBI ‘(%z6) B [eosypenyy | 9€¢ | 000G< | 8 8 | 0960y | vRED] Loz L¥e | NO | 2 2

UOIUNSAD | oy | gez ¢ | v |osvoz | 960'% voL | 9L | NO |1

Jauteq 480-poo|q ‘sisayiuis (%yz) 96| pue (%0¢) vBI (%88) NBI [edayyesu|
(inaad) | (Jw/Bd) |o(1238) |o(1233) | p1238) | pl40313)
JUN0S | £110X0 | Hd¥| ¥dM| VddL| VddL| -xepui 96| (xapur
sisAjeue 4§90 Joypng | 190 480 | 480 |wnieg| 4§D | wnieg| 48D | eweuodail | vddl|e1eD | ON

=

s P




Wellinghausen et al.: Comparison of Treponema-specific immunoglobulin G ...

Table 2: Results of CSF protein and Reiber diagram analysis in the patients

No. | Cat.? | CSF Serum |CSFIgG [Serum |CSF Qige Qaibumin | Qiim Patient age
Protein |1gG (mg/l)® [ Albumin | Albumin | (10=3)9 | (1073)9 | (103" [ (years)
(gn)® (g (g (mg/)f
1] CN 0.74 8.59 145.0 25.70 396.0 16.88 15.41 12.81 76
2| CN 1.16 10.2 354.0 42.0 589.0 34.71 14.02 11.54 32
3| CN 0.39 9.4 45.0 40.0 232.0 4.79 5.8 416 46
4 | CN 0.30 10.9 48.1 37.7 112.0 4.41 297 1.88 50
5| CN 0.87 12.6 632.2 47.3 192.8 49.86 4.08 272 36
6 | CN 0.82 11.2 147.0 41.3 555.0 13.36 13.44 11.0 54
7| PN 1.0 18.4 219.0 37.3 708.0 11.9 18.98 16.1 54
8 | PN 0.46 14.3 50.0 38.5 265.0 3.5 6.88 5.09 55
9| PN 0.59 12.6 66.1 42.7 343.0 5.25 8.03 6.11 36
10 | NN n.a. 8.35 54.3 40.2 461.0 6.5 11.47 9.21 43
11 | NN n.a. 9.00 24.0 42.4 225.0 267 5.31 3.74 35
12 | NN 0.42 9.55 28.5 427 286.0 298 6.7 493 29
13 | NN 0.36 13.2 45.2 26.8 155.0 3.42 5.78 414 61

a Category (Cat.): confirmed neurosyphilis (CN), probable neurosyphilis (PN), past syphilis, but no neurosyphilis
(NN); all serum samples were sent to our laboratory for diagnostic work-up of syphilis infection with informed
consent to all performed diagnostic tests; ° total protein reference range 0.15-0.45 g/l; ¢ serum IgG reference range
6.3-15.0 g/l; 4 CSF IgG reference <40.0 mg/l; ® serum albumin reference range 35-52 g/l; f CSF albumin reference
range 110-350 mg/l; 9 Qige=CSF IgG/serum IgG; Qabumin=CSF albumin/serum albumin; " Qim=0.93 x (Qabumin® +

6x107%)25-1.7x1072 [6]; n.a.=not available

Table 3: Raw data of Treponema IgG ELISA and dilution factors used in serum and CSF

No. [ Serum IgG Serum dilution | Serum IgG CSF IgG CSF dilution CSF IgG
calculated factor measured calculated factor measured
(U/ml) (U/ml) (U/ml) (U/ml)

1 134,855 4,040 33.38 17,774 200 88.87
2 97,324 4,040 24.09 29,960 400 74.90
3 76,194 2,020 37.72 5,129 80 64.11
4 36,650.88 808 45.36 5,061 100 50.61
5 517,120 20,200 25.60 95,020 1,000 95.02
6 103,545 4,040 25.63 17,896 200 89.48
7 738,350 16,160 45.69 17,164 200 85.82
8 535,866 8,080 66.32 2,753 80 34.41
9 19,849 404 49.13 195 2 97.36

10 4,036 404 9.99 30.9 2 15.49

11 11,280 808 13.96 341 2 17.03

12 22,745 808 28.15 53.4 2 26.71

13 5,050 404 12.50 19.0 2 9.52

the German guidelines. CXCL13 has recently been pub-  Conclusion

lished as a diagnostic marker for neurosyphilis. A cutoff of
184 pg/ml was determined by ROC analysis to have a
sensitivity of 82.8% and a specificity of 81.1% for symp-
tomatic syphilitic meningitis [7], while others found a
sensitivity and specificity of 41% and 79%, respectively,
for a cutoff of 250 pg/ml [11]. In our experience, apart
from neurosyphilis CXCL13 >5000 pg/ml is only seen in
neuroborreliosis, cryptococcosis, and carcinomatous men-
ingitis or CNS lymphoma, and these differential diagnoses
have been ruled out in all three patients. Taking into ac-
count all available data of CSF analysis in the discrepant
patients as well as recommendations of international
guidelines, the diagnosis of neurosyphilis appears likely
in these patients.

In conclusion, our data suggest that the determination of
the Treponema IgG index by ELISA appears to be an ad-
equate substitute for the former TPPA index for the diag-
nosis of neurosyphilis. In addition, it is easy to perform
both manually as well as on an automated ELISA plate
processor. Nevertheless, a limitation of our study is that
the number of samples from patients with neurosyphilis
was small; however, the investigation of further patients
is not possible since the TPPA test is no longer available
on the market.
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Erratum

In the article the TPPA index was calculated according to
the German guidelines [3] by using the values of TPPA
and Q. However, in patients no. 1 to 6 the Q,, was
greater than the Q,, and, thus, the Q,, should be used.
The corrected TPPA indices are shown in the corrected
Tab. 1. In addition, in patient 2 the Treponema 1gG index
was calculated falsely and was corrected. Furthermore,
patients no. 6 and 9 had a blood-CSF barrier dysfunction,
and patient no. 12 hat a borderline blood-CSF barrier
dysfunction.

In Tab. 2 the values of Q , Q,,,m,» @nd Q,, for patient
no. 8 were mistakenly shown as those of patient no. 7.
The corrected values of patient no. 8 are shown in the
corrected Tab. 2.

We added a table depicting the measured concentrations
of Treponema IgG in serum and CSF as well as the final
dilution factors used for measurement of serum and CSF,
respectively (Tab. 3). Diluted serum and CSF samples
resulted in Treponema IgG concentrations within the
standard curve of the ELISA test, i.e. between 5 U/ml and
100 U/ml. Treponema indices were calculated by the
formula of Reiber et al. [6] within our laboratory informa-
tion system considering the Q, , if Q .>Q,,.

The values in the third sentence of the discussion were
amended.

Furthermore, Professor Hagedorn was added in the ac-
knowledgements.
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