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Previously, we identified a Chlamydia trachomatis 
lymphogranuloma venereum (LGV) recombinant strain pos-
sessing a non-LGV ompA genotype. Here, culture-independent 
genome sequencing confirms its circulation in Europe, Middle 
East, and North America, and unveils emergence of antibiotic re-
sistance. Broad surveillance is needed.

Keywords.   Chlamydia trachomatis; lymphogranuloma 
venereum (LGV); recombination; intercontinental dissemina-
tion; fluoroquinolones resistance.  

Lymphogranuloma venereum (LGV), a sexually transmitted in-
fection (STI) caused by Chlamydia trachomatis, raises current 
public health concern particularly due to its common clinical 

presentation as ulcerative proctitis and its circulation among 
men who have sex with men (MSM) [1]. Global LGV infec-
tion rates are not known because most countries lack com-
prehensive LGV surveillance systems, or do not generate data 
that are considered representative at national levels. Still, LGV 
cases are believed to be substantially underdiagnosed [2] and 
to be increasing in several European countries [1] and North 
America [3, 4]. LGV is caused by C.  trachomatis strains from 
L1-L3 ompA genotypes, with the ongoing proctitis-associated 
epidemics being primarily caused by L2b strains (although sev-
eral countries have reported increasing frequencies of the an-
cestral L2 genotype) [3, 5, 6]. Recently, we reported an LGV 
outbreak in Portugal, mostly affecting human immunodefi-
ciency virus (HIV)-positive MSM engaging in high-risk sexual 
practices, caused by a novel LGV strain with a recombination-
driven non-LGV ompA genotype [7]. This recombinant strain 
retains greater than 99% of the genome sequence of the epi-
demic L2b clone, but exhibits a hybrid main antigen (MOMP, 
encoded by the typing gene ompA) with the typical epitope 
repertoire of noninvasive and prevalent non-LGV strains 
(genotype D-Da) [7]. Its detection was possible due to the ap-
plication of rapid LGV discriminatory commercial nucleic 
acid amplification tests (NAATs), followed by classical ompA 
genotyping as nonconcordant typing results were obtained by 
the 2 approaches (LGV and non-LGV, respectively) [7]. Still, 
the scarce usage of classical ompA typing or multi-loci sequence 
typing (MLST) techniques for the molecular surveillance of 
C.  trachomatis around the world jeopardizes a proper know-
ledge of the real dissemination landscape of the recombinant 
L2b/D-Da LGV strain.

METHODS

After the identification and genome characterization of the 
recombinant L2b/D-Da strain in Portugal [7], the Portuguese 
National Reference Laboratory (NRL) for Curable STIs was 
contacted by NRL counterparts from Canada (National 
Microbiology Laboratory, Public Health Agency of Canada, 
PHAC) and Israel (Chlamydia National Reference Laboratory, 
National Public Health Laboratories) as these countries de-
tected LGV strains with the same hybrid L2-L2b/D-Da ompA 
sequence (NCBI accession MN094864). The PHAC performs 
genotyping on all clinical specimens collected nationwide from 
patients suspected clinically of having an LGV infection. The 
PHAC LGV molecular surveillance strategy relies on a first 
screening by qPCR (LGV/non-LGV) [8], subsequent ompA 
sequencing, and additional pmpH sequencing to resolve recom-
binants and variants. In turn, Israel NRL applies an in-house 
MLST based on the scheme of Bom et al [9]. In short, the loci 
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of the scheme [hctB (CT046), CT058, CT144, CT172, pbpB 
(CT682)] and ompA (CT681) are amplified and sequenced, 
and the MLST database of Uppsala University, Sweden (http://
mlstdb.bmc.uu.se/) is used to assign the sequence type (ST). 
Similar to the originally described recombinant L2b/D-Da 
strain [7], the isolates detected in Israel belong to ST58. 

In order to confirm the presence of this recombinant LGV 
strain in these 2 countries, subsets of positive DNA samples 
from Israel (obtained using MagNA Pure Compact, ROCHE) 
(n = 2) or lysates (in APTIMA Hologic buffer) from Canada 
(n = 5) were sent to the Portuguese NRL for C.  trachomatis 
culture-independent targeted genome sequencing and bio-
informatics analysis, as previously described [7]. One repre-
sentative L2b/D-Da positive sample detected in 2019 from 
Portugal was also sequenced. The phylogenetic analysis of 
the newly sequenced strains (n = 6) (Supplementary Table 1) 
was performed in combination with genome sequence data of 
5 hybrid L2b/D-Da strains from Borges et  al, (2019) [7]. The 
tree was constructed using IQ-TREE (version 1.6.12) based 
on 23 core variant sites (Supplementary Table 2) detected 
after mapping quality-controlled reads against the parental-
like strain L2b/UCH-1/proctitis (NCBI accession numbers: 
AM884177.2/NC_010280.2 for chromosome and AM886279.1 
for the plasmid; used as outgroup in the tree) using Snippy 
(version 4.6.0; https://github.com/tseemann/snippy; param-
eters: --mapqual 20 --mincov 4 --minfrac 0.9 --basequal 20). 
The analysis included strains with >70% of the genome covered 
by at least 4-fold coverage, and excluded any variant site falling 
within the ompA-containing recombinant region (NC_010280; 
approximate positions 55221–59461) or low coverage regions 
(<4-fold coverage) observed in any of the compared genomes. 
The phylogenetic placement of ISR02 strain, which does not 
meet the 70% threshold (Supplementary Table 1), was inferred 
after confirmation of its SNP profile through visual inspection 
of the mapping reads in the 23 core variant sites using IGV 
(https://igv.org/app/). 

Chlamydia. trachomatis-specific reads generated in this 
study were deposited in the European Nucleotide Archive 
(ENA) (https://www.ebi.ac.uk/ena/data/view/PRJEB32243) 
(accession numbers listed in Supplementary Table 1). A  rep-
resentative genome sequence of the recombinant strain and 
the chimeric ompA were previously deposited in ENA/NCBI 
(CAAKND010000000/CAAKND01) and NCBI (MN094864), 
respectively [7].

RESULTS

Partial or near-complete C. trachomatis genome data were col-
lected directly from 6 clinical samples representative of the 
novel hybrid non-LGV ompA genotype detected in the 3 coun-
tries (Canada, Israel, and Portugal) (Supplementary Table 1). 
All strains clustered together at genome-scale level and revealed 

the expected unique L2b/D-Da recombinant fingerprint (ie, ex-
change of ~75% of the ompA gene and 4 complete neighboring 
genes with a genotype D/Da strain (Figure 1A; Supplementary 
Table 1) [7]. Notably, 2 clinical strains (CAN04 and PT26) ex-
hibited a Ser83Ile amino acid change in DNA gyrase subunit 
A  (GyrA) (Supplementary Table 2) that most likely mediates 
fluoroquinolone resistance [10]. Figure 1B summarizes the 
proportion the novel hybrid L2b/D-Da genotype in the total 
number of ompA-genotyped confirmed LGV cases per country 
and year. Although the proportion in Portugal decreased in 
2019 (3.1%) in comparison with 2017 (12.5%) and 2018 (16.5%) 
[7], a progressive and considerable increase has been observed 
in Canada in last years, with this recombinant strain accounting 
for 26.3% (143/543) of all LGV cases in 2019 (Figure 1B). In 
Israel, the NRL receives suspected cases according to voluntary 
physician’s requests. One L2b/D-Da case was detected per year 
in 2018 and 2019, out of the 11 and 17 confirmed LGV cases, 
respectively (Figure 1B).

DISCUSSION

In this study, we confirm the circulation of the novel recombi-
nant LGV strain (with a hybrid L2b/D-Da ompA genotype) in 
Europe, Middle East, and North America. Two clinical isolates 
collected in different continents were found to carry a bona fide 
genetic determinant of fluoroquinolone resistance. This strong 
genetic evidence for antibiotic resistance in circulating strains 
supports that more efforts are needed to investigate resistance 
traits in C.  trachomatis [10, 11]. In fact, little is known about 
antibiotic resistance (and its potential relation with treatment 
failures) in clinical settings, since resistance phenotyping and 
genome screenings are hardly applicable for routine surveil-
lance of obligate intracellular bacteria [10, 11]. In another per-
spective, we cannot anticipate the clinical implications of the 
emergence of fluoroquinolone-resistant strains, since these 
antibiotics are not first-line drugs for C. trachomatis treatment. 
Resistance might have been triggered by the common prescrip-
tion of fluoroquinolones to treat co-infections. The novel re-
combinant LGV strain is circulating among MSM (most of them 
co-infected with HIV and other STI agents) often reporting 
risky sexual behaviors and involvement in international sexual 
networks [7]. These trends seem not to differ from the ones ex-
hibited by the epidemic L2b clone [1, 5, 7]. Still, the rather atyp-
ical character of the recombinant L2b/D-Da strain, marked by 
a hybrid ompA (coding the main antigen) and neighbor genes 
with mutational signatures typical of highly prevalent genotypes 
(E, F, and D), led us to hypothesize that this strain may display 
modified transmission (or even tissue tropism and pathogenic) 
capabilities [7]. The transcontinental spread of the novel strain, 
and its marked increase in the prevalence in Canada during the 
last years, may favor this hypothesis. Concordantly, a signifi-
cant increase in L2-L2b/D-Da cases since 2018 was also recently 
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reported in Italy [12], also suggesting the broad circulation of 
this recombinant strain. Taking into account the estimated sub-
stitution rate of 0.2 SNPs per genome per year for the LGV lin-
eage [11] and the observed lack of phylogenetic clustering by 
country within the L2b/D-Da sub-lineage, we speculate that 
this recombinant strain has been circulating undetected for sev-
eral years. Importantly, its detection could only be possible be-
cause the 3 NRLs apply LGV molecular surveillance approaches 
relying on more than 1 genome locus (including the historical 
ompA). Of note, a few cases have been reported in France [13, 
14] where ompA sequencing matched genotype Da, whereas 
pmpH amplification was positive for L2b. Although these data 
suggest that another potentially relevant LGV recombinant 
strain is circulating, genome sequencing is still needed to con-
firm the LGV genomic background. 

In summary, we anticipate that a better knowledge of the 
worldwide circulation landscape of the hybrid L2b/D-Da strain 
(and other clinically relevant variants/recombinants) will be 
hard to achieve, giving the current scarce application of classical 
ompA typing and MLST around the world. A  multi-country 
systematic molecular surveillance of C. trachomatis (LGV) in-
fections, based on rapid multi-loci typing (ideally including 
ompA), is needed to track the emergence of novel variants to-
wards an enhanced monitoring and control of this prevalent 
STI.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.

Figure 1.  A. Genome-based phylogenetic reconstruction of Chlamydia trachomatis L2b/D-Da recombinant clinical isolates detected in Portugal, Canada, and Israel. The 
phylogenetic tree includes 11 hybrid L2b/D-Da clinical strains: 5 strains with nearly complete genome data from Borges et al, 2019 [7] and the 6 strains analyzed in the 
present study (Supplementary Table 1) (details in Methods section). The metadata blocks near the strains designations denote the year of collection and the detection (in 2 
clinical strains) of a SNP (asterisk) leading to a Ser83Ile amino acid change in DNA gyrase subunit A (GyrA) (Supplementary Table 2) that was previously shown to mediate 
C. trachomatis resistance to fluoroquinolones in vitro [10]. Apart from the recombination event leading to the genetic transfer of ompA and 4 neighboring genes from a serovar 
D/Da strain to a L2b strain, the diversification of the hybrid LGV strain has been marked by discrete SNP and small indels accumulation (see Table S2 in Borges et al, 2019 
and Supplementary Table 2 of the present study). The tree branch in dashed line reflects the genetic distance in the core-alignment (see Methods section), and not the real 
distance of the L2b/D-Da most recent common ancestor to the parental-like strain L2b/UCH-1/proctitis (used as outgroup in the tree). L2b/D-Da complete genomes analyzed 
so far differ by ~20 SNPs from L2b/UCH-1, with 10 of them being shared by all recombinant strains. PT, Portugal. CAN, Canada. ISR, Israel. B. Proportion of L2b/D-Da strains 
among ompA-typed confirmed LGV cases per country since the year of collection of the first L2b/D-Da-associated sample (indicated by arrows). CAN, Canada; ISR, Israel; 
PT, Portugal.
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>300,000 PEOPLE LIVING WITH HIV 
HAVE BEEN TREATED WITH DOVATO GLOBALLY10

DOVATO is supported 
by a wealth of evidence, 
with the outcomes of 
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including those with:4–9,11,12
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DOVATO is indicated for the treatment of Human Immunodeficiency Virus type 1 (HIV-1) 
infection in adults and adolescents above 12 years of age weighing at least 40 kg, with no 
known or suspected resistance to the integrase inhibitor class, or lamivudine.13

Adverse events should be reported. Reporting forms and information can be found at 
https://yellowcard.mhra.gov.uk/ or search for MHRA Yellowcard in the Google Play 

or Apple App store. Adverse events should also be reported to GSK on 0800 221441

ABBREVIATIONS

3TC, lamivudine; CD4, cluster of differentiation 4; DTG, dolutegravir; FDA, United States 
Food and Drug Administration; FTC, emtricitabine; HIV, human immunodeficiency virus; 
ITT-E, intention-to-treat exposed; NRTI, nucleoside/nucleotide reverse transcriptase 
inhibitor; RCT, randomised controlled trial; RNA, ribonucleic acid; TAF, tenofovir 
alafenamide fumarate; TDF, tenofovir disoproxil fumarate; XTC, emtricitabine.

FOOTNOTES

*Data extracted from a systematic literature review of DTG+3TC real-world evidence. Overlap 
between cohorts cannot be fully excluded.
**The reported rate reflects the sum-total of resistance cases calculated from GEMINI I and 
II (n=1/716, through 144 weeks), STAT (n=0/131, through 52 weeks), and D2ARLING (n=0/106, 
through 24 weeks).5–7

†GEMINI I and II are two identical 148-week, phase III, randomised, double-blind, multicentre, 
parallel-group, non-inferiority, controlled clinical trials testing the efficacy of DTG/3TC in 
treatment-naïve patients. Participants with screening HIV-1 RNA ≤500,000 copies/mL were 
randomised 1:1 to once-daily DTG/3TC (n=716, pooled) or DTG + TDF/FTC (n=717, pooled). The 
primary endpoint of each GEMINI study was the proportion of participants with plasma HIV-1 
RNA <50 copies/mL at Week 48 (ITT-E population, snapshot algorithm).13

‡STAT is a phase IIIb, open-label, 48-week, single-arm pilot study evaluating the feasibility, 
efficacy, and safety of DTG/3TC in 131 newly diagnosed HIV-1 infected adults as a first line 
regimen. The primary endpoint was the proportion of participants with plasma HIV-1 RNA <50 
copies/mL at Week 24.6

§D2ARLING is a randomised, open-label, phase IV study designed to assess the efficacy 
and safety of DTG/3TC in treatment-naïve people with HIV with no available baseline HIV-1 
resistance testing. Participants were randomised in a 1:1 ratio to receive DTG/3TC (n=106) or 
DTG + TDF/XTC (n=108). The primary endpoint was the proportion of participants with plasma 
HIV-1 RNA <50 copies/mL at Week 48.7 Results at week 24 of the study.
||The reported rate reflects the sum-total of resistance cases calculated from TANGO (n=0/369, 
through 196 weeks) and SALSA (n=0/246, through 48 weeks).8,9

¶TANGO is a randomised, open-label, trial testing the efficacy of DOVATO in virologically 
suppressed patients. Participants were randomised in a 1:1 ratio to receive DOVATO (n=369) 
or continue with TAF-containing regimens (n=372) for up to 200 weeks. At Week 148, 298 of 
those on TAF-based regimens switched to DOVATO. The primary efficacy endpoint was the 
proportion of subjects with plasma HIV-1 RNA ≥50 copies/mL (virologic non-response) as per 
the FDA Snapshot category at Week 48 (adjusted for randomisation stratification factor).8,13

#SALSA is a phase III, randomised, open-label, non-inferiority clinical trial evaluating the efficacy 
and safety of switching to DTG/3TC compared with continuing current antiretroviral regimens 
in virologically suppressed adults with HIV. Eligible participants were randomised 1:1 to switch 
to once-daily DTG/3TC (n=246) or continue current antiretroviral regimens (n=247). The primary 
endpoint was the proportion of subjects with plasma HIV-1 RNA ≥50 copies/mL at Week 48 (ITT-E 
population, snapshot algorithm).9
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