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Current Syphilis Epidemiology
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The traditional state of play

* Penicillin as SOC
* Azithromycin has been & gone
* No trial data for any oral options

* T. pallidum is an unculturable organism — reliant on rabbit model
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New Tools - Genomics
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* Treponemas are difficult to sequence

Direct m_etagenomic Target enrichment sequencing
V. difficult to culture (outside of rabbit model) ;q : 4
* Sequencing must be performed directly on clinical EWMMMW EATATATA
specimens R L
* Most of the extract (>95%) will contain host (human) @WMMMM/“
DNA e
) !
B Biotinylated o
. Wﬂﬂﬁﬂﬁt\\ pathogen-specific . ‘@
* Target enrichment methods ﬁm/ Rtggﬁggﬂg’;ﬂﬁﬂﬁ '?5‘2;\
* Now enable robust high-throughput sequencing at 1 Ucm o oo =
STUFUFAT. .
scale Baits hybridised & oomee Bead
3 .. . to pathogen / ¥ capture
* We can use residual samples from Syphilis PCR testing E . _
arget enrichment usin
for WGS (some caveats) | RNAOrDNAbaits
* Historic archives (pre-2000) of genomic DNA or swabs £'m n l
are rare TN NTA T N TN NN
BT NN NN IOV
athogen o3 S inica ibra .
TR El\tg\ ogr cDNA WBN;& or cDNA v galmplel ﬂ;rt;pgation ﬂSEquencmg

Houldcroft, Beale & Breuer (2017) Nat Rev Micro,
https://doi.org/d0i:10.1038/nrmicro.2016.182 WWW IUSTI2022ZIMBABWE.COM
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It works!

» Sequenced 14 Syphilis DNA extracts
directly from clinical swabs

* 8 good coverage genomes

* Highly dependent on pathogen load
e >2000 copies/total (>100copies/ul or Ct <
31)
* Sequencing in larger sample numbers

allows balancing of pools by pathogen
load (so becomes more reliable)

gPCR Ct vs Mapping Coverage

gPCR [Ct)
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Limited genomics due to inability to culture

n=31 > #aune 2016
L
L « Two studies 2 show two syphilis
E_ 9 (TPA) lineages (n=31) diverging around
13 the C18th
'& Syphilis .
(S514) * Most TPA is “SS14” (clonal)
'g * Older lab strains are “Nichols”
'y L__Syphilis
- Jt e SS14-lineage is often Macrolide
Nz['— resistant
N postulated as a cause for SS14-lineage
expansion.
1
N4 Syphills * Many sampling biases and poor
{ & (Nichols) coverage genomes.
I—ll
L+ g
_
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2021

e 726 partial genomes

e Large number of both SS14- and
Nichols- lineage strains

B Nichols
I ss14

Continent
Africa

B Asia
Caribbean

B Europe

| N.America
Oceania
S.America

Country

I South Africa Netherlands
Zimbabwe Portugal

B china | Spain

| Russia Sweden
Cuba

B Haiti UK
Austria | Canada

Belgium Mexico
| Czech Republic USA
I France Australia
Hungary Argentina
Ireland

Switzerland

Beale et al (2021) Nature Microbiology https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8612932/ WWW.IUSTI2022ZIMBABWE.COM
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* 726 genomes
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Syphilis: Genomic diversity of Low- and Middle-Income SO \
Countries is poorly understood J

TPA Sampling is heavily biased towards the ‘global north’

* Sampling biases reflect:

@ -® *  WHOQO'’s ‘Syndromic Management’ approach to STls
(ﬁ}@ ) * Absence of molecular diagnostics
oO&} s - * Poor understanding of aetiology of STIs and GUD
@ @ o

_ _ * BMGF grant to implement molecular diagnostics in 5
4 ® : countries
* Establish sustainable molecular epidemiological surveillance of

GUDs over 2 years (with potential to expand)
*  Treponema samples (10-25%) sent for WGS at WSI

Imm | ' 5 o * Potential to sequence additional STIs where appropriate
so0om O * H.ducreyi
Leaflet | ©@ Mapbox © OpenStreetMap Improve this map e HSV' 1/2
BILL &
MELINDA
GATES

foundation WWW.IUSTI2022ZIMBABWE.COM
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Sample count by country
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* So it appears that TPA is broadly the same all over the world
e “Everything is Everywhere”
* But these populations are not static
* Some new sublineages are introduced to countries
* Some global sublineages may have disappeared

e Suggests global transmission networks

* How did we get here?
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00 » Relative genetic diversity (pop
size) fluctuates until 1990s
o * Population bottleneck
52 ﬁ\/_\ Relative occurring in late 1990s
g3 genetic * Correlates with decline in
S diversity global syphilis rates
¥ | e Subsequent population
¢ expansion occurring in
/\ early 2000s
2 5
528 oo Start date for
§§§ 2-fold pop
2°2 ooos expansion
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Year

Beale et al (2021) Nature Microbiology https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8612932/ WWW IUSTI2022ZIMBABWE.COM
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Beale et al, (2019) Nature Communications, DOI: https://doi.org/10.1038/s41467-019-11216-7 WWW.IUSTI2022ZIMBABWE.COM
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Emergence of macrolide resistant lineages
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New Models & New Drugs
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Sadly penicillin isn’t reliably available....

g Q00 O

[ No BPG shortage
Il BPG shortage

O Surveyed with no response
[] Not surveyed
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Long-Term In Vitro Culture of the Syphilis Spirochete
Treponema pallidum subsp. pallidum

Diane G. Edmondson,® Bo Hu,” (' Steven J. Norris®*
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Tissue Culture System

Cell culture for Drug Susceptibility Testing

FBS-based media
T. pallidum cells

Rabbit Sf1Ep cells

Antibiotic T = P
dilution ¢

cece
cee

MIC, MIC, MIC,
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MIC Over 7 days
Triplicate
conditions

High Throughput
DNA Harvest

gPCR

Tp47 gross quantitation

Analyze quantities of cells per
condition. Determine MIC and
whether it is bacteriostatic or
bactericidal via RNA/Re-seeding
without antibiotic

LONDON
SCHOOLYf /.
HYGIENE

STI2022ZIMBABWE.COM



7%
o=
al®
23
a1

i
Z
=
=
T

Linezolid

10000+
8000-
6000-
4000-

as -/+ In/sa1dod $/60d} uespy

Penicillin
Moxifloxacin

10000
8000
6000
4000-

10000
8000

as -/+ In/sa1do p/God) uespy as -/+ In/sa1do p/God) uesy

N
22ZIMBABWE.COM

|usg‘§ﬁ

uet.




Infradermal
challenge
with T.pallidum

—>

Animal Model

Oral
freatment

l

Assess lesion
healing

Euthanize and
harv est organs

Assess bacterialburden
in localskin and organs

via gPCR

10 weeks post-inoculation

Lymphnode
transferto
naiv erabbifs

l

Assess infection status
by serology, darkfield
microscopy and
orchitis dev elopment

Rabbit Infectivity Test
3 months
Positive in untreated rabbits
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Antibiotic treatment was initiated 7 days after T.p. intradermal inoculation:

* 106 viable T. pallidum injection site

Linezolid Untreated Moxifloxacin Clofazimine
75 mg/Kg/8h 200.000 U IM 40 mg/Kg/12h 75 mg/Kg/24h
5 days Single dose 5 days 3 days

+

25 mg/kg/24h
4 days

L. Giacani, U Washington, Unpublished data WWW.IUSTI2022ZIMBABWE.COM
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| C Serological conversion
i 1:64 -
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= : = Linezolid-treated
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Linezolid human trial — led by Oriol Mitja

Barcelona STI Network
& London sites joining

L A
" b
L' o
=
| ’
X
ar
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n= 330
Primary, Secondary, Early Latent Syphilis

BPG 2.4 MU i.m.
Stat dose
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Primary outcome:

Clinical cure

Serological cure (RPR/TPHA, DPP)

Molecular cure (WGS)

Linezolid oral

4

600 mg daily
5 days

Secondary outcomes:

Resistance vs Reinfection
Compare sequence of target

genes to identify mut

ations

v

Follow-up week 2- 12- 24- 48

WWW.IUSTI2022ZIMBABWE.COM



Clinical Trial Evaluating the Clinical Efficacy of Cefixime for Treatment  Siovicar \ @

of Early Syphilis — led by Jeff Klausner
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Study Goal: Evaluate oral Cefixime 400 mg as an alternative treatment to Benzathine penicillin G 2.41U IM to treat early syphilis

Outcome of Interest: 4-fold decrease in RPR titers 3 or 6 months after treatment completion

Sample Size: 400 Participants

Randomized to
Cefixime 400 mg by mouth, twice a day, for 10 days
Benzathine Penicillin G2.4M IM injection once

Follow-up conducted across 9 months, with 4 visits to assess treatment response

3 6 o
e : ’],@.Q? B0 QR
oo\ Nl “\%\:)ox\\%\'

@O

Follow-up
Phone Call (Day
5+ 10) Only for
Cefixime arm

N0 ¥

NSl
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Conclusions

Syphilis is on the rise & we need new tools

Whole genome sequencing is now emerging as a valuable tool to provide insights
into epidemiology & transmission BUT we must recognize the limitations of this
approach

Cell-culture of T.pallidum is allowing new approaches to understanding biology &
AMR

New oral drugs are in trials - we still need new approaches for CNS disease
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