
The role of Chlamydia trachomatis

genetic diversity in trachoma



C. trachomatis and trachoma

TS

TT

CO

Normal
TF

TI

• Contagious ocular infection caused by Chlamydia trachomatis

• Blinding eye disease

– Chronic

– Disabling

• Most common infectious cause of preventable blindness*

– >200 million people live in trachoma endemic areas

• 80% burden in 14 countries

– > 2 million visually impaired

– 3.2 million require surgery to prevent blindness

– 1.2 million people are blind (3% global blindness)
*WHO, 2016 
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History of Ct genomics

1960 1970 1980 1990 2000 2010 20201950

MOMP Serotyping
Wang & Grayston, 1970, Am J 

Ophthamol

Isolation of Ct
T’ang et al, 1957, Chin Med J

Molecular typing of 

MOMP (ompA)
Stephens et al, 1987, J Bacteriol

First whole genome 
sequence (D/UW3)

Stephens et al, 1998, Science

WGS directly from 

clinical isolates
Christiansen et al, 2014, BMC Infect Dis

MLST typing
Klint et al, 2007, J Clin Microbiol

First ocular WGS
Kari et al, 2008, JID

First NGS isolate
Harris et al, 2012, Nat Genet



Ct typing methods



Ct genomics: current status

� Urogenital isolates constitute the majority of CT WGS

� 2017; 563 WGS published 

(Hadfield et al, 2017, Genome Res)

� 45 ocular isolates (< 8%)

� 8 archived samples from 1950-2000

� 37 clinical isolates from > 2000

� All underwent variable rounds of culture passage



Trachoma group WGS

Guinea-Bissau n=81
The Gambia n=34 Tanzania n=92

Sudan n=20

Fiji n=2
Kiribati n=44
Solomon Islands n=46
Vanuatu n=1

N=320



Population-level diversity

� Greater than expected 

diversity

� Considerable variation 

between populations

� Cell culture passage 

may reduce diversity 



The Bijagos Archipelago

1507 conjunctival 

swabs

220 Ct-positive 

samples

81 WGS in analyses

126 WGS

Last AR et al, 2014, PloS Neglec Trop Dis



Genomics and pathogenicity

Last AR et al, 2018, Gen Med

Identify SNPs associated with disease severity (inflammation and Ct load)

Nutrient 
acquisition

Host cell 
adhesion

Homologues of Gram-negative 
bacterial virulence factorsResponse to 

IFNy-induced 
stress



Genomics and immunity

Purifying/no 

evidence of 

selection in 

susceptibility-

associated antigens

Purifying selection 

in  surface 

antigens

Non-beneficial

antibody responses

Pickering H et al, 2017, Sci Rep

Identify patterns of selection in Ct antigens associated with susceptiblity to infection



Uses for WGS in trachoma

Transmission and control

• Is population-level diversity related to endemicity?

• Does diversity impact success of MDA control efforts?

• Can WGS help understand patterns of transmission?

Pathogenicity

• Is diversity and/or genetic markers associated with Ct pathogenicity?

• Is diversity and/or genetic markers associated with disease severity?
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