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Chlamydia trachomatis

About the Pathogen

- Obligate intracellular bacterium
- Most common cause of bacterial STI globally

Diseases Caused

- urogenital and anorectal Infections

- Lymphogranuloma Venereum (LGV): invasive STI affecting lymph
nodes

- Ocular Trachoma: leading infectious cause of blindness globally

Treatment
- Antibiotics like Doxycycline and Azithromycin.
- Azithromycin used for Mass Drug administration Campaigns.

Global Burden

- High in young adults (15-24 years) worldwide
- Ocular trachoma prevalent in Sub-Saharan Africa, Southeast Asia,
Middle East

- >70% females and ~50% males are asymptomatic

Serovar ABBaC DEFGHIJK L1 L2 L3

2 | ™A
Biovar @ W 2 W

Trachoma Lymphogranuloma

Genital Tract v
enereum

Pelvic Inflammatory
Blindness Disease Genital Ulcers
Complications = conjunctivitis 4
junctiviti Ectopic Pregnancy Lymphadenopathy

Sterility Fibrosis

Chronic Pelvic
Pain

https://doi.org/10.1016/j.vaccine.2021.03.043


https://doi.org/10.1016/j.vaccine.2021.03.043

Core-genome phylogeny divides the species into 4 distinct lineages

Tree clearly distinguishes the 4 lineages
of CT associated with different infections:

e LGV: Lymphogranuloma Venereum

e NP-UA: Non-prevalent Urogenital
and Anorectal infections

e P-UA: Prevalent Urogenital and
Anorectal infections

e Ocular: ocular trachoma

OmpA genotype is marked at the nodes of the tree. Variesin the
different lineages but clusters of OmpA type are distinct for LGV
and Ocular lineages while there are some overlap in NP-UA and
P-UA clusters.

MLST Sequence Types are marked at the outer ring of the tree.
STs are distinct between the 4 lineages but not reliable since
many genomes (even some ref genomes) are left unassigned.
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Recent studies highlight treatment failures indicating
antibiotic resistance
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AlIM: Study azithromycin resistance in globally
circulating CT strains

Create a comprehensive dataset of high quality CT genomes
Evaluate resistance by looking at associated genes and mutations



Datasets and mutations

AllTheBacteria

NCBI : 87 high quality genomes Quallty Filtration:
‘AllTheBacteria’ database (assembled SRA) : 1319

All bacterial genomes assembled, available and searchable

Selecting for high completeness
Ref genomes : 20 (>97%) and low contamination
(<5%)

Sequence Data (Infected Patients): 288 Final Dataset

Total: 1714

1349 high quality assembled
genomes
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- Mutations and substitutions from public Fﬁg;?c"::gofs
databases like NCBI AMR database and CARD FOSFOMYCIN
- Literature survey QUINOLONE

- Candidate genes: 23S rRNA, rp/V and rp/D i
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Putative resistance mutations in rplV gene are lineage specific
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- Core phylogeny of
1349 genomes (left)

- total 16 mutations (x-
axis)

- 3 mutations linked with
AZ resistance
highlighted in red box

-100% of LGV
genomes carry G52S
and V77A

- 98.8% of P-UA
genomes carry G52S,
V77A and R65C



Time scaled analysis reveal these mutations developed
before widespread use of AZ

rplV substitutions
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Azithromycin was discovered
in 1980 and approved for
medical use in 1988.

3 Oldest isolates are:
e 1959 (Taiwan) ocular strain -
no mutations
e 1959 (USA) P-UA strain - triple
AZ mutation
e 1967 (USA) LGV strain -
G52S+V77A mutation



Putative resistance mutations in 23S rRNA were present in

all genomes

Allele Reference species CT-numering Detected
a2074c /a2074g / Campylobacter coli, a1879c /a1879g /
a2074t Campylobacter jejuni a1879% yes (a->g)
Campylobacter coli,
a2075g Campylobacter jejuni a1880g
a2059¢g Neisseria gonorrhoeae a2036g yes
a2058g / a2058t Escherichia coli a2038g
a2114g Streptococcus pneumoniae a2449g
a2115g Streptococcus pneumoniae a2450g
Campylobacter coli,
c2627a Campylobacter jejuni c2592a
Neisseria gonorrhoeae,
c2611t Escherichia coli €2592t /c2592g yes (c->t)
g2032t Escherichia coli g2012t
c2630a/c2630g Streptococcus pneumoniae na*
t2609¢c Escherichia coli t2590c
t754a Escherichia coli t740a yes (t->g)

- Mutations were found from
NCBI AMR database and
CARD.

- Genomes were positive for
4 macrolide resistance
mutations

- These mutations were also
found in 98%-99% of the
isolates in the dataset



Patterns of Mutations in 23S rRNA and rp/D
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Conclusion

- Putative resistance mutations predate clinical introduction of azithromycin.
- High lineage specificity reflects neutral evolution rathan than acquired resistance after

azithromycin use.

- Azithromycin Treatment failures for C. trachomatis, i.e the resistance phenotype may be
multifactorial, involving epistatic genetic mutations or physiological factors beyond the presence of
known mutations. Treatment failures may also results from reinfection from an untreated partner,
inadequate drug treatment, or noncompliance with medication.

- Resistance markers (listed in public databases) are non-tranferable across species.

- Studies like these, help refine targets for designing efficient phenotypic validations for clinical

relevance.

LINK to this published study: https/doiorg/101128/aac.01708-25
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Putative azithromycin resistance mutations in Chlamydia
trachomatis are globally distributed but arose before

azithromycin was discovered
' Desborah Daan
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