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Group A Streptococcus (GAS) commonly causes 
noninvasive infections affecting the skin and 

throat and invasive infections that can involve any 
tissue of the human body. Treatment of GAS infec-
tions is primarily with β-lactam antimicrobial drugs; 
macrolides and clindamycin are alternatives for pa-
tients allergic to β-lactam antimicrobial drugs (1). 
GAS co-resistance to macrolides and clindamycin has 
increased (2), which compromises macrolide usage 
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Among >16,500 recently recovered invasive Strepto-
coccus pyogenes isolates, we detected 9 independent 
acquisitions of lsaC or tandem lsaE-lnuB genes, which 
are known to confer resistance to pleuromutilins and 
clindamycin. Continued awareness of the evolving S. 
pyogenes antimicrobial resistosome is important for fu-
ture infection treatment considerations.



for noninvasive infections and combined clindamy-
cin with penicillin for severe disease (1). The 2 main 
streptococcal macrolide resistance mechanisms are 
23S rRNA methylation by erm gene–encoded meth-
ylases, which confers resistance to macrolides, lincos-
amides (including clindamycin), and streptogramin B 
antimicrobials, and macrolide efflux by mef-encoded 
and msrD-encoded proteins (3). The lnu genes con-
fer lincosamide resistance, whereas lsa genes confer 
resistance to lincosamides, streptogramin A drugs, 
and pleuromutilins. The pleuromutilin lefamulin 

is approved in the United States for systemic treat-
ment of community-acquired bacterial pneumonia in 
adults (4) and has potent antibacterial activity against 
β-hemolytic streptococci (5). Although lsa and lnu 
genes are documented in group B Streptococcus (6,7) 
only 1 GAS isolate carrying tandem lsaE-lnuB deter-
minants has been reported (8).

We identified 11 invasive GAS (iGAS) blood iso-
lates positive for lsa or lnu genes, 7 lsaC and 4 lsaE/
lnuB, from >16,500 iGAS isolates recovered dur-
ing 2015–2023 and 335 isolates screened before 2015 
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Figure 1. Alignments of 5 different group A Streptococcus lsaC-carrying accessory elements from study of repeated acquisitions of 
lsaC and tandem lsaE-lnuB resistance genes. Alignments include a partial element from S. agalactiae strain UCN70 (6) and 2 complete 
elements recently described in pneumococci (9). The j1 and j2 (junctions 1 and 2) sequences depict 24–25 bp sequences that demarcate 
a 5,258–5,816 bp mobilizable lsaC-carrying cassette that is highly conserved between all of the strains shown except for iGAS strain 
20201216 (Appendix Figure 1, panel B, https://wwwnc.cdc.gov/EID/article/32/3/25-1776-App1.pdf). The 8–18 bp target sequence repeat 
flanking each complete element shown is perfect except in strain 20201216 (nonconserved base in red font). Underlined text indicates the 
stop codon of the rplL gene in 4 strains (including S. pneumoniae strain 2). The insertion within strain 20156709/20175626 targeted an 
8-bp internal sequences within the rlmD gene, resulting in a truncated allele, rmlD’; the insertion within strain 20201216 targeted an 18-bp 
internal sequence within the lysS gene, resulting another truncated allele, lysS’. Scale bar indicates 5,000 base pairs. ST, sequence type.



through Active Bacterial Core surveillance (ABCs). 
We detected the positive isolates on 1 of 9 distinct mo-
bile elements (Figures 1, 2; Appendix Table, Figures 
1–9, https://wwwnc.cdc.gov/EID/article/32/3/25-
1776-App1.pdf). Each element was found within 1 of 
7 different iGAS strains (7 emm type/sequence type 
[ST] combinations; for example, emm89.0/ST101). 
Two strains were represented by indistinguishable 
(360807 and 360907) or nearly identical (20156709 and 
20175626) isolate genome sequences available under 
BioProject PRJNA395240 (Appendix Table).

We found 5 large (61,501–78,917 bp) accessory 
elements carrying lsaC in combination with ermB 
and tetM in 6 isolates from 5 strains and with ermTR 
in isolate 20201216 (Figure 1). All 6 elements were 

flanked by short genomic target repeats, indicative 
of genomic insertion through precisely targeted 
transposition (7). Three of the 5 elements were in-
serted at the rplL 3′ end, 1 within the rlmD gene, and 
1 within the lysS gene.

Four iGAS strains, including 1 S. equisimilis isolate 
(10), carried an identical lnuB allele and conserved 
lsaE alleles sharing 98%–100% sequence identity on 4 
distinct accessory elements (Appendix Figure 2, pan-
el B). As with 3 lsaC-carrying elements (Figure 1), 2 of 
the 4 elements carrying lsaE-lnuB mapped at the rplL 
3′ end and were also apparently inserted through pre-
cise transposition events. For 2 strains, we were un-
able to map element genomic insertion sites because 
of incomplete assembly.
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Figure 2. Alignment of complete and partial lsaE-carrying elements from study of repeated acquisitions of lsaC and tandem lsaE-lnuB 
resistance genes by group A Streptococcus. Alignments shown are from group A ABCs strains 2013217351 and 20231270 with partial 
elements from strains 20236407 and 20201347. Also included are complete elements from GAS2887Hub (8) and GBS strain SGB76 
(GenBank accession no. KF772204). Antimicrobial resistance genes include 3 aminoglycoside 6-adenyltransferase genes (ant6, aph3, 
and ant9), and the streptothricin acetyltransferase gene aph3. Prokka annotations include topB (DNA topoisomerase genes), bin3 (DNA 
invertase gene), repB (DNA replication gene), tn-IS3 (IS3 family transposase gene), and xerC (tyrosine recombinase gene). Underlined 
bold text indicates the stop codon of the rplL gene in 2 strains. Scale bar indicates 5,000 base pairs. ABCs, Active Bacterial Core 
surveillance; sero, serotype; ST, sequence type.



The 4 deduced 492 residue LsaE proteins shared 
52.2%–53.7% sequence identity with the 5 deduced 
494 residue LsaC protein sequences. Other than re-
sistance determinants, few genes were conserved be-
tween the 4 mobile elements carrying lsaE-lnuB from 
this study with the prophage described from S. pyo-
genes strain Gas2887Hub (8) also carrying those genes 
(Figure 2). The iGAS S. equisimilis strain 2013217351 
and S. pyogenes 20231270 carried closely related trans-
posons, each inserted at the 12-mer rplL 3′ terminus 
conserved between the 2 species.

The 5 lsaC-carrying elements represented 4 phy-
logenetically distinct lsaC alleles (Appendix Figure 1) 
with 90.4%–99.8% sequence identity to the S. agalactiae 
UCN70 lsaC allele (6). The 4 elements carrying lsaC, 
ermB, and tetM each contained a small (5,258–5,816 bp) 
conserved lsaC self-mobilizing element inserted within 
a consensus Tn916 oriT site sequence (Appendix Figure 
1, panel B) described in S. agalactiae (7) and recently de-
scribed in 2 distinct pneumococcal elements (9). There 
was wide sequence divergence between the 4 small oriT-
targeting iGAS lsaC mobile elements, despite identical 
24–25 bp sequences flanking their insertion sites. For the 
lsaC-containing element in strain 20156709/20175626, 
genomic insertion and phylogenetic data were consis-
tent with the sequential genomic insertion of a Tn916 
family element before a more recent second precise 
insertion of the 5546 bp lsaC–carrying element into its 
oriT site (Appendix Figure 2, panels A, B). For 2 other 
lsaC-carrying elements, phylogenetic data suggested 
recent introduction of the complete composite element, 
consisting of a Tn916-related element carrying an inte-
grated small lsaC element (Appendix Figures 3–4).

Ten of the 11 study isolates were resistant to both 
erythromycin and clindamycin (Appendix Table); 
that resistance is associated with the presence of ermB 
and lsaC (6 isolates), ermTR and lsaC (1 isolate), or 
ermB, lsaE, and lnuB (3 isolates). One strain, 20201347 
(lsaE+, lnuB+), was erythromycin susceptible but 
clindamycin-resistant, indicating lsaE- and lnuB-con-
ferred clindamycin resistance. That finding in strain 
20201347 was consistent with masking of lsaE- and 
lnuB-conferred clindamycin resistance in the other 
10 isolates because of erm gene–encoded methylase 
activity. The 4 isolates carrying lsaE-lnuB had high 
MICs for the pleuromutilin lefamulin (MIC >2 µg/
mL), whereas the 7 lsaC-positive isolates had low 
MICs for lefamulin (MICs <0.25 µg/mL) (Appendix 
Table). We conclude that expansion of lsaE-positive 
iGAS lineages could compromise future potential use 
of lefamulin, and lsaC- or lsaE-lnuB–positive strains 
could further undermine the use of clindamycin for 
treating β-hemolytic streptococcal infections.
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Tuberculosis (TB), caused by Mycobacterium tu-
berculosis, remains a major global health threat. 

The World Health Organization (WHO) European 
Region reported 172,300 TB cases and 22,500 deaths 
in 2023 (1,2). Migrants from high-incidence countries 
are disproportionately affected by TB (3). Pregnancy 
further increases vulnerability because of immuno-
logic changes and healthcare barriers (4). Early iden-
tification of M. tuberculosis infection during preg-
nancy could represent an opportunity for prevention; 
however, evidence on the balance between potential 
benefits and risks remains limited (5). Current WHO 
recommendations restrict TB preventive treatment 
(TPT) during pregnancy to persons living with HIV 
and are largely derived from high-burden settings, 
which have limited applicability to migrant popula-
tions in Europe (6). Although drugs included in TPT 
regimens are used for treating TB during pregnancy, 
safety data remain limited (6). Given those gaps, we 
queried clinicians in Europe on M. tuberculosis infec-
tion screening and preventive practices for pregnant 
migrant women. 

We disseminated an online query during March 4–
May 31, 2025 (Appendix 1, https://wwwnc.cdc.gov/
EID/article/32/3/25-1775-App1.pdf; Appendix 2, 
https://wwwnc.cdc.gov/EID/article/32/3/25-1775- 
App2.pdf), to gather information on M. tuberculosis 
infection screening and management practices for 
pregnant migrants in Europe. The query was endorsed 
by the European Society of Clinical Microbiology and 
Infectious Diseases Study Group for Infections in Trav-
elers and Migrants and Study Group for Mycobacterial 
Infections. We descriptively summarized responses.

A total of 101 professionals responded, 74.3% 
(75/101) of whom were infectious diseases special-
ists, and most worked in hospitals. Participants rep-
resented 20 different countries, most within the WHO 
European Region (Appendix 1 Table). Only 27.7% 
(28/101) reported routinely offering M. tuberculosis 
infection screening to pregnant migrants, but 36.6% 1These first authors contributed equally to this article.

Pregnant migrant women face increased tuberculosis 
vulnerability. We queried clinicians in Europe on Myco-
bacterium tuberculosis infection screening and man-
agement among pregnant migrants. Fewer than half 
reported routinely performing screening, and diagnostic 
and preventive practices varied widely. Those responses 
highlight substantial heterogeneity and uncertainty in 
current M. tuberculosis infection screening practices.


