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Syfilis zpusobuje T. pallidum ssp. pallidum (TPA)

TREPONEMA PALLIDUM TREPONEMA CARATEUM
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ENDEMICKE TREPONEMATOZY: 99,7% identita

Characteristika poddruhQ 7. pallidum

DIFFERENCES SIMILARITIES

» invasiveness and pathogenicity e obligate human pathogens

» clinical manifestation e uncultivable

» mode of transmission » serologically and morphologically indistinguishable

» congenital infection » small genome size (~1.14 Mbp)

* age distribution o T. pallidum subspecies >99.8% identical at DNA level
 geographical distribution e genetically monomorphic bacterial pathogens

https://upload.wikimedia.org/wikipedia/commons/e/e4/Yaws_01.jpg
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Molekularni diagnostika syfilis

T. pallidum genome
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TP0105 TP0117 16S rRNA  TP0319 TP0574 TP0768 TP0769 TP1016 TP1038
(polA)  (tprC) (tmpC) (tpp47) (tmpA) (tmpB) (bmp)  (tpF1)

. . . } Diagnostic loci
Diagnostic loci

Gene Gene function Reference

TP0105 DNA polymerase 1 Liu et al., 2006

TPO117 Tpr protein C Rajan et al., 2006

TP0319 membrane lipoprotein Flasarova et al., 2006
TP0574 carboxypeptidase Burstain et al., 1991
TP0O768 antigen Hay et al., 1990

TP0O769 antigen Hay et al., 1990

TP1016 membrane protein Noordhoek et al., 1991
TP1038 antigen Hay et al., 1990

16S rRNA Centurion-Lara et al., 1997
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Typovaci systemy T. pallidum

TP0136 23S rRNA (2 copies) TP0548 TP0705 T. pallidum genome
‘ 300 500 600 700 800 900 1000 1138 kbp
*
tprk, tprG arp tprd
TP0136/TP0548/TP0705 typing CDC typing (arp/ tprEGJ genes)
- MLST - arp gene: number of tandem repeats (60 bp)
- additional detection of macrolide - lprEGJ genes: Msel restriction digest
resistance - Pillay et al., 1998

- Grillova et al,, 2018

Enhanced CDC typing system (arp/tprEGJ
genes/TP0548)

arp gene: number of tandem repeats (60 bp)
- tprEG] genes: Msel restriction digest
- sequencing of 86 bp of TP0548
- Marra et al, 2010
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Detekce DNA v klinickych vzorcich

PCR

+ easy to perform
- lower sensitivity
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Multiplex PCR

+ detection of
causative agents of
genital ulcers in one
reaction (7. pallidum,
Haemophilus ducrei,
Herpes simplex virus)

- lower sensitivity

Real-time PCR Nested-PCR

+ quantitative + high sensitivity

results
+ fast method - contamination
+ low risk of - time-

contamination consuming

hard to use for
molecular typing
purposes

- results depend on sample type and syphilis stage




Typovani pomoci CDC
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MLST T. pallidum

23S rRNA
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Alelické profily klinickych izolatu

TPO705
TP0548

TPO136
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Alelické profily klinickych izolatu

A public database for the new MLST
scheme for Treponema pallidum subsp.
pallidum: surveillance and epidemiology
of the causative agent of syphilis

Linda Grillova®, Keith Jolley?, David Smajs* and Mathieu Picardeau’

! Biology of Spirochetes Unit, Institut Pasteur, Paris, France
* Department of Zoology, University of Oxford, Oxford, UK
? Department of Biology, Masaryk University, Brno, Czech Republic

ABSTRACT

Treponema pallidum subsp. pallidum is the causative agent of syphilis, a sexually
transmitted disease with worldwide prevalence. Several different molecular typing
schemes are currently available for this pathogen. To enable population biology
studies of the syphilis agent and for epidemiological surveillance at the global scale,
a harmonized typing tool needs to be introduced. Recently, we published a new
multi-locus sequence typing (MLST) with the potential to significantly enhance the
epidemiological data in several aspects (e.g., distinguishing genetically different
clades of syphilis, subtyping inside these clades, and finally, distinguishing different
subspecies of non-cultivable pathogenic treponemes). In this short report, we
introduce the PubMLST database for treponemal DNA data storage and for
assignments of allelic profiles and sequencing types. Moreover, we have summarized
epidemiological data of all treponemal strains (n = 358) with available DNA
sequences in typing loci and found several association between genetic groups and
characteristics of patients. This study proposes the establishment of a single MLST
of T. p. pallidum and encourages researchers and public health communities to
use this PubMLST database as a universal tool for molecular typing studies of the

Submitled 10 October 2018 syphilis pathogen.
Accepled 29 November 20185
Published 9 January 2019




Detekce DNA v klinickych vzorcich

klinicky material: stér kozni léze, plna
krev, mozkomisni mok,
synovialni tekutina

izolace DNA na pfistroji Qiacube
(Qiagen)

plné automatizovana izolace pomoci
kolonek

2-12 vzorku

200 mikrolitrt klinického vzorku => 100 mikrolitrt
eluatu
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Detekce DNA v klinickych vzorcich

EROLOGY

combination of at least one treponemal
and one non-treponemal tests

{ g TCR DIAGNOSTICS

PCR +

Success rate of treponemal DNA detection: 51%
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Alelické profily klinickych izolatu
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PCR pozitivita klinickych vzorku

Success rate of amplification Optimization of amplification
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Optimization of PCR conditions led to
higher relative frequency of PCR positive
samples (p=0,0003)

Shorter genes are amplified with
higher success rate
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PCR pozitivita klinickych vzorku

100% 7 ® PCR
positive
90% A
80% 1 Number of samples tested
0
60% A 60 % swab 256 169 66%
whole blood 338 121 36%
50% - serum 187 4 2%
tissue 5 3 60%
40% - 36 % CSF 10 1 10%
30% A
20% A
0
Lo 10 %
2 (i
o% i ]
swab whole blood serum tissue CSF
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PCR pozitivita klinickych vzorku

Comparison of PCR-positivity

PCR-positive swab

52.3% posivite blood vs. 47.6% negative blood
PCR-positive blood

84.9% positive swab vs. 15.1% negative swab
PCR-negative swab

23.5% positive blood vs. 76.5% negative blood
PCR-negative blood

61.2% positive swab vs. 38.8% negative swab

Whole blood Swab Swab Whole blood
27/72 I N ! 24/27" 24/54%
327 54/72

30/54

30/45%

3/18*
15/45 18/72 — D 15/18

45/72 [

L] PCR-positive

[] PCR-negative



Alelické profily klinickych izolatu
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Alelické profily klinickych izolatu
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*Number of unique allelic profiles found in a single country

**Alelic profiles shared by two or four countries



Alelické profily klinickych izolatu

> 16 different genotypes

> Most genotypes showed

genetic relatedness to

TPA SS14 strain, only one
genotype was similar to

TPA Nichols

> Dynamic spectra of TPA

strains in population
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SS14-like and Nichols-like kmeny

108 209 30% 40%  100%
China 4.1% ] n=_822
LISA I]s.cr'!ﬁ :l n=297
Denmark =S 1 n=197
Australia == 1 n=191
Czech Republic 5% 1 n=114
Taiwan e — R Y
France um = n=71
Russia L — =/ n=70
26.8%
Argentina = n=41
26.5%
Others . 1 n=102
@ Nichols-like isolates [ 5514-like isolates
TPA 5514 TPO548 (CP004011.7), coordinates 130 - 215 within TRO548.
AR R R AR R A RN O A N - A A E R R AT
Tvea GTAGCG- --GGGTAGTGGTTECGGCHMGEGEG GAGC
Tvpeb G TAGCG- --GGGTGEGTGGTTERCGHMICMIGGEG GAGC
Typec G TAGCG---GGGTAGTGGTTEHCGEMECEMEGGEG GAGC
Typed G TAGCG-~--GGGTAGTGGTITECGEECEGGG GAGHE
Tvpee G TAGCGTGGGMGTAGTGGTTGCAGCGAAGGACTC
Typef G TAGCGTGGGGGTAGTGGTTGCAGCGAAGGACC
TypEﬁ G TAGCGTEMGGMG TAGTGGTTGCAGCGAAGGACTC
Typeh G TAGCG- --GGGTAGTGGTTEHRCGECEMGGE G GG C
Tvpei G TAGCGTGGEMGGTAGTGGTTGCAGCGAAGGACTC
Tvpe] G TEGEMGGTGGGGGTIG- - - - - - - - - GCGIGAGEACC
Tvpek G TAGCGTGHMIGGGTAGTGGTTGCAGCGAAGGACTC
Tvpel G TAGCEMITGGGGGTAGTGGTTGCAGCGAAGGACTC
Tvpem GEMAGCGTHGGEEG TAGTGGTTGCAGCGAAGGACC
Typen G TAGCGTGGGGGMAGTGGTTGCAGCGAAGGACC
Typeo*BlTAGC G- - -GGG TAGTGGTTECGGIMMGGENGAGC
Tvpep G TAGCGTGGGEMEG TAGTGGTTGCAGCGAAGGACC
Tvpeq G TAGCGTGGGGGTAGTGGTMGCAGCGAAGGACC

Marra et al, 2010
Marra et al, 2010
Marra et al,, 2010
Marra et al., 2010
Marra et al,, 2010
Marra et al, 2010
Marra et al, 2010
Marra et al,, 2010
Marra et al, 2010
Grange etal., 2013
Grillova et al., 2014
Tian et al, 2014; Li et al, 2015
Read et al, 2016
Read et al, 2016
Knauf et al, 2016
Mikalové et al., 2017
Lietal, 2017
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T. pallidum tvori dvé skupiny: SS14-like kmeny a Nichols-like kmeny
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970 worldwide clinical isolates chacarterized by sequencing of short gene fragment of TP0548.

SS14-like : Nichols-like
907 : 63

TPA Mexico A
TPA Chicago

—N% _ 7pa pAL-1
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P 100
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94% of worldwide TPA clinical isolates belong to SS14-like
i . Nichols-like strains strains although most reference strains belong to Nichols-
SS14-like strains ke strains



Alelické profily klinickych izolatu

Bl 5514 - e Clonal complexes
Michals - like
. Clonal complex not determined Vs,
A Macrolide sensitivity/resistance B.) Sexual orientation C.) Age
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Clonal complexes associated with the macrolide sensitivity/resistance (A), sexual
orientation (B), and age of the patients (C).



Alelické profily klinickych izolatu
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Klinické izolaty TPA z Cali, San Francisca a CR a jejich rozdily v tprD alelach
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Sanjiv Kumar et al. mBio 2018; doi:10.1128/mBio.01006-18
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Detekce makrolidové rezistence v klinickych vzorcich

2000 2009
1950 1977 1993 2002 2011 2015
ERYTHROMYCIN ITH ROMYC& >
?
erythromycin for erythromycin
treatment of primary, treatment
stage of syphilis
erythromycin not azithromycin not
suitable for erythromycin recommended in
treatment of replaced by MSM patients - risk
pregnant woman azithromycin group
Mechanism of macrolide

resistance

Macrolide antibiotic

A

Resistance mechanism in T. pallidum

Mutation of the target site (the peptidyl
transferase region in domain V of 23S rRNA)

-




Detekce makrolidové rezistence v klinickych vzorcich
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undescribed area

The prevalence of macrolide-resistant TPA isolates appears to show geographical differences with lower prevalence on
islands (Madagascar, Taiwan) and relatively remote areas (Northwest Territories, Canada; Lesotho, South Africa), while
the highest prevalence was in large cities with a high level of tourism and business travel.

Macrolide resistant TPA strains — spread of resistance due to selection pressure and appearance of de novo mutation or
spread of already existing resistant strains?



Detekce makrolidové rezistence v klinickych vzorcich
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» Macrolide resistance-causing mutation A2058G was identified in 2000. In the Czech Republic, the A2058G mutation was firstly
detected in 2006. Second mutation causing macrolide resistence in 7. pallidum A2059G was firstly identified and described in the
Czech Republic in 2007.

Mutations A2058G or A2059G were always detected in both copies of 23S rRNA.
The number of macrolide-resistantisolates increased over time.
» In 2014, the number of macrolide resistant strains in the Czech Republic reached 82%.
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Detekce makrolidové rezistence v klinickych vzorcich
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e Mutation A2058G causes resistence to azithromycin, clarithromycin, erythromycin and roxithromycin
e Mutation A2059G causes resistence to macrolides including spiramycin
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Shrnuti

1. Molekularni diagnostika syfilis je mozna a dosahuje zhruba polovi¢niho zachytu oproti sérologii
2. MLST typovani ma 30% rozliSovaci schopnost ve srovnani s celogenomovymi daty

3. Nevhodnéjsim materidlem jsou koZni stéry nebo plnd krev

4. Nejcitliveéjsi metoda detekce treponemalni DNA je nested-PCR

5. Alelické profily TPA jsou bud’ ¢asto se vyskytujici (1.3.1, 1.1.8, 1.1.1, 3.2.3) a spole¢né mnoha statiim nebo vzacné,
které jsou odlisné v riznych statech

6. Klinické izolaty jsou dvojiho typu: patii do skupiny SS14-like kmenti nebo Nichols-like kment
7. Alelické profily TPA jsou dynamické v Case

8. Alelické profily TPA jsou asociovany s geografickym ptivodem a s pohlavim

9. Makrolidova rezistence je asociovana s n€kterymi alelickymi profily

10. Zjisténi genetické diverzity klinickych izolath je predpokladem pro vyvoj vakeiny proti syfilis, ktera je nezbytna
pro ev. eradikaci syfilis
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