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Using whole-genome sequencing, we characterized
Escherichia coli strains causing early-onset sepsis
(EOS) in 32 neonatal cases from a 2019-2021 pro-
spective multicenter study in France and compared
them to E. coli strains collected from vaginal swab
specimens from women in third-trimester gestation.
We observed no major differences in phylogenetic
groups or virulence profiles between the 2 collections.
However, sequence type (ST) analysis showed the
presence of 6/32 (19%) ST1193 strains causing EOS,
the same frequency as in the highly virulent clonal
group ST95. Three ST1193 strains caused meningi-
tis, and 3 harbored extended-spectrum p-lactamase.
No ST1193 strains were isolated from vaginal swab
specimens. Emerging ST1193 appears to be highly
prevalent, virulent, and antimicrobial resistant in neo-
nates. However, the physiopathology of EOS caused
by ST1193 has not yet been elucidated. Clinicians
should be aware of the possible presence of E. coli
ST1193 in prenatal and neonatal contexts and provide
appropriate monitoring and treatment.

xtraintestinal pathogenic Escherichia coli and

Streptococcus agalactine are bacterial pathogens
that commonly cause early-onset neonatal sepsis
(EOS) in industrialized countries. EOS is confirmed
by a blood or cerebrospinal fluid culture positive for
the causative pathogen <72 hours after birth. EOS in-
cidence is #1/1,000 live births (1,2); 10% of cases are
complicated by meningitis, which can lead to neuro-
logic sequelae in up to 50% and death in 10% of cases
in industrialized countries (3).

EOS caused by S. agalactiae can be prevented by
peripartum antimicrobial prophylaxis but not EOS
caused by E. coli. E. coli strains that cause neona-
tal meningitis have been well characterized, but E.
coli strains that cause EOS less so (4,5). Neonatal
meningitis E. coli strains belong mainly to phylo-
genetic group B2/sequence type complex (STc)
95 (6) and are frequently O18:K1, O1:K1, O83:K1,
or 0O45..:K1 serotypes (7,8). Most STc95 strains
are distributed worldwide and still largely sus-
ceptible to antimicrobials (9). However, other
strains that can cause EOS, notably in preterm
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neonates, might be resistant to probabilistic
antimicrobial therapy. In a recent study in Israel
(10), maternal carriage rates of extended-spectrum
B-lactamase (ESBL)-producing E. coli were 17.5%
for mothers and 12.9% for preterm neonates; in
China, ESBL accounted for up to 48% of E. coli in-
fections in neonates (11).

Characterizing E. coli strains that cause EOS
would constitute a critical first step towards better
understanding the pathophysiology of this condi-
tion and developing potential preventive strate-
gies. We conducted a prospective study covering
a large area in France to estimate annual incidence
and pathogen distribution of EOS in neonates born
at 234 weeks of gestation during 2019-2021 (12). In
total, we recorded 107 cases of bacteremia includ-
ing 35 caused by E. coli, 15 (incidence 0.89/1,000
births) in late-preterm and 20 (0.06/1,000 births) in
full-term infants. We prospectively recorded data
on maternal and infant demographics, maternal
antimicrobial therapy, peripartum antimicrobial
prophylaxis, and outcomes (12). We aimed to use
whole-genome sequencing (WGS) to characterize
E. coli strains that caused EOS in cases from this
prospective study and stratify results according
to these data. In addition, we determined to com-
pare those strains to E. coli strains obtained from
cultures from vaginal swabs collected to screen for
S. agalactine carriage at 34-38 weeks of gestation
from woman with newborns who had no history
of EOS. The ethics committee institutional review
board (Ramsay Santé Recherche & Enseignement,
IRB00010835) authorized the study (12).

Methods

Bacterial Strains

We recorded 35 cases of EOS caused by E. coli dur-
ing a prospective study in 81 maternity wards of the
Ile de France area during 2019-2021 (12). Thirty-two
E. coli isolates were sent to the National Reference
Center in Robert-Debré Hospital to be further char-
acterized. For comparison with the isolates from the
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Table 1. Characteristics of mothers and their newborns with early-onset sepsis caused by Escherichia coli strains, France*

Pregnancy  Prepartum
Case ID Birth cityt term, wk _antimicrobialf Meningitis§  Serotypesy  FimH type ST (STey# ESBL
APIMF52 Pontoise 37 - - 018:K1 fimH15 95 -
APIMF53 Antony 38 - - 013:K1 fimH21 357 -
APIMF54 Paris (Robert Debre) 35 + - O7:K5 fimH27 93 (168) -
APIMF56 Orsay 41 + - 084 fimH38 2040 -
APIMF57 Clamart 40 + - 08 fimH32 58 (155) -
APIMF58 Clichy 36 + - 018:K5 fimH27 14 -
APIMF59 Paris (Necker) 36 - - 025:K5 fimH30 131 +
APIMF60  Paris (Clinique Bleuets) 37 + + 075:K1 fimH64 1193 (14) +
APIMF63 Quincy Sous Senart 39 - - 02:K1 fimH34 10 -
APIMF67 Mantes-La-Jolie 39 - - 018:K1 fimH107 95
APIMF68 Paris (Pitie) 40 - - 02:K1 fimH27 95 -
APIMF69 Saint Cloud 35 - - 018:K1 fimH15 95 -
APIMF70 Saint Denis 40 - - 025:K1 fimH41 59 -
APIMF71 Paris (Trousseau) 37 - - O7:K1 fimH1 80 (568) -
APIMF72 Aulnay 36 - - 01:K1 fimH41 95 -
APIMF73 Villeneuve Saint-Georges 34 + - 075:K1 fimH64 1193 (14) +
APIMF76 Colombes 41 - - 075:K1 fimH64 1193 (14) -
APIMF77 Nogent Sur Marne 41 - - 017/077:K52  Unknown 394 -
APIMF78 Coulommiers 41 - + 075:K1 fimH64 1193 (14) -
APIMF79 Longjumeau 38 - - 06:K23 fimH103 73 -
APIMF80 Eaubonne 38 - - 04:K96 fimH5 12 -
APIMF81 Jossigny 34 - - 075:K5 fimH27 14 -
APIMF82 Meaux 34 + - 025:K5 fimH28 2279 (131) -
APIMF83 Saint-Maurice 39 + - 08 fimH29 58 (155) -
APIMF84 Creteil 39 + - 015:K96 fimH30 69 -
APIMF85 Arpajon 41 - - 04:Ku fimH8-like 12 -
APIMF87 Paris (Trousseau) 35 - + O7:K1 fimH44 62 -
APIMF88 Marne La Vallee 36 + + O7:K1 fimH44 62 -
APIMF89 Creteil 36 + + 075:K1 fimH64 1193 (14) +
APIMF90 Levallois Perret 36 + - 075:K1 fimH64 1193 (14)
APIMF91 Melun 34 - - 01:K1 fimH41 59 -
APIMF92 Beaumont Sur Oise 40 + + 018:K1 fimH15 95 -

*ESBL, extended spectrum B-lactamase; FimH, type 1 fimbriae D-mannose specific adhesin; ID, identification; Ku, unknown serogroup capsular; +,

positive for condition; —, negative for condition.

tFor Paris birthplaces, name of hospital where born is indicated in parentheses.

FAmoxicillin was the only antimicrobial prescribed within 3 days before labor.
§Early onset neonatal meningitis.

9]0 antigen predicted with SerotypeFinder 2.0 and serogroup capsular predicted by the Center for Genomic Epidemiology

(https://genomicepidemiology.org).

#Sequence type complex (STc) indicated in parentheses if different from ST number.

Ile de France study, we included 50 E. coli isolates
obtained from cultures from vaginal swabs col-
lected from 4 maternity wards to screen pregnant
woman for S. agalactiae carriage at 34-38 weeks of
gestation. We found healthy vaginal carriage (HVC)
among all; that is, none of the infants of the pregnant
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Figure 1. Phylogroup distribution among 32 EOS Escherichia coli
strains from neonates and 50 HVC strains, France. No significant

difference was observed in each group. EOS, early-onset
neonatal sepsis; HVC, healthy vaginal carriage.
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women from the S. agalactine screening developed
EOS caused by E. coli.

Antimicrobial Susceptibility Testing and

Phenotypic Characterization

We determined antimicrobial susceptibility of the E.
colistrains using disk diffusion on Mueller-Hintonagar
plates (bioMérieux, https://www.biomerieux.com),
as recommended by Comité de 1’ Antibiogramme de
la Société Francaise de Microbiologie (https://www.
sfm-microbiologie.org) guidelines. We defined ESBL
production by synergy between clavulanic acid and
>1 extended-spectrum cephalosporin or aztreonam.

Molecular Characterization

We performed WGS on 82 isolates, 32 described
elsewhere (12) and 50 from the HVC/S. agalac-
tine screening. We extracted bacterial genomic
DNA using the DNeasy UltraClean Microbial Kit
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(QIAGEN, https://www.qiagen.com) and prepared
libraries using Nextera Flex/DNA Prep library kits
(Wlumina, https://www.illumina.com) as specified
by the manufacturers. We performed sequencing us-
ing 2 x 150bp MiniSeq technology (Illumina) and as-
sembled models using SPAdes (https://github.com/
ablab/spades). We estimated quality of sequencing
data using standard metrics, including N50 and mean
coverage (Appendix, https://wwwnc.cdc.gov/EID/
article/30/1/23-0851-Appl.pdf). We determined phy-
logenetic groups, serotypes, fimH type, sequence type
(ST), and STcs (which regroup all STs of <1 allele dif-
ference), whole-genome multilocus sequence typing
(MLST), and hierarchical clustering of core genome
MLST using Enterobase (https:/ /enterobase.warwick.
ac.uk) (13). We used the Center for Genomic Epidemi-
ology website (https://genomicepidemiology.org) to
search for resistance and virulence genes. We also used
a local BLAST with a collection of virulence genes as
described elsewhere (14). We used Fisher exact analy-
sis for statistical comparisons among groups.

Results

Bacterial Collection and Demographic and

Clinical Features of Patients

We studied 82 E. coli isolates. Birth locations of the
neonates within Ile de France were diverse (30 dif-
ferent locations among 32 EOS case-patients). Ba-
bies were delivered at full term (=37 weeks of ges-
tation) in 59% (19/32) and preterm (<37 weeks of
gestation) in 41% (13/32) of cases. In 6 (31%) cases
from the full-term group and 7 cases (54%) from
the preterm group, mothers received antimicrobial
treatment <3 days before labor. We observed 6 cases
of meningitis, 3 each from the full-term and preterm
neonate groups (Table 1).

Diversity and Phylogenetics of EOS and HVC

E. coli Strain Collections

Five of 7 major E. coli phylogroups—A, B1, B2, D,
and F, but not C or E—were represented in simi-
lar proportions in both the Ile de France study and
vaginal swab collections (p>0.05). The exceptions
to this trend were phylogroup A being more com-
mon in vaginal swab (22%) than EOS (9.4%) iso-
lates and group B2 more common in EOS (65.6%)
than vaginal swab (48%) isolates (Figure 1). Among
the 3 most frequent ST/STc variants in our study,
STcl10 (phylogroup A) was present in more HVC
strains, whereas ST95 and STc14 (phylogroup B2)
were more common in EOS strains. The imbalance
was striking for STc14, which was present in 25% of
EQOS strains but only 4% of HVC strains (p = 0.01)
(Figure 2). STc14 isolates included 6 ST1193, 2 ST14,
and 2 ST404. Of note, the 6 ST1193 isolates were
found exclusively in the EOS collection.

Virulence and Antimicrobial Resistance
We observed no significant difference in distribution
of virulence factors between the EOS and HVC strain
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Figure 3. Antibiotic resistance rates among EOS neonate and
HVC Escherichia coli strains, France. AMX, amoxicillin; CIP,
ciprofloxacin; CTX/COX, cefotaxime/ceftriaxone; EOS, early-onset
neonatal sepsis; GTM, gentamicin; HVC, healthy vaginal carriage;
NAL, nalidixic acid.
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Figure 4. Phylogroup distributions according to birth term among

32 neonates with early-onset sepsis, France. EOS, early-onset
neonatal sepsis.

collections, except for genes encoding the K1 capsule,
which were present significantly more in the EOS
collection (Appendix Table 1). In contrast, antimicro-
bial resistance differed markedly between collections
(Figure 3). Aminopenicillin resistance was ~2 times
higher among EOS (65.6%) than HVC (34%) collec-
tion strains (p = 0.007); ESBL was present in 12.5% of
EOS and 8% of HVC strains (p>0.05). Resistance to
fluoroquinolone and gentamicin were also more com-
mon among EOS strains (Figure 3).

We examined the distribution of phylogenetic
groups and ST/STc frequency among EOS strains
stratified by gestational term of newborns. Differenc-
es in rates of B2 phylogroup strains in the 2 subpopu-
lations (69% in preterm, 63% in full-term neonates)
were not statistically significant (Figure 4). STcl4
(ST14/ST1193) was >2 times as frequent in the pre-
term (38.5%) as the full-term subpopulation (15.8%),
but the difference was not statistically significant
(p>0.05). Distribution of ST95, the second most fre-
quent ST, was similar between preterm (15.4%) and
full-term (21.1%) subpopulations (Figure 5). There
were more mothers with STc14 E. coli isolates (5/13
[38.5%]) among those who received antimicrobial
therapy <3days before delivery than those who did

251
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not (3/19 [15.8%]) (p>0.05) (Figure 6). In contrast,
there were fewer ST95 isolates among mothers receiv-
ing prenatal antimicrobial therapy (1/13 [7.69%]) than
those receiving no therapy (5/19 [26.32%]) (p>0.05).

Main Features of EOS Caused by ST1193 E. coli

and Characterization of Isolates

All 6 ST1193 EOS strains were isolated from differ-
ent maternity hospitals. Half (3/6) of neonates with
ST1193 EOS were born at full term. Three neonates
had meningitis, 2 full-term and 1 preterm. Four (67 %)
mothers with ST1193 strains received prenatal anti-
microbial therapy compared with nine (35%) for the
non-ST1193 strains (p>0.05) (Table 1; Figure 6). All
strains were resistant to fluoroquinolones, 3 were
resistant to azithromycin, and 3 others harbored an
ESBL phenotype (Table 2). All strains were lactose
nonfermenters (data not shown).

We assessed presence of putative virulence fac-
tors among the 6 ST1193 isolates (Table 2; Appendix
Table 2) and identified presence of factors with a sig-
nificant difference (p<0.05) among ST1193 compared
with non-ST1193 strains: adherence protein Iha, co-
licin Ia immunity protein Imm, major pilin subunit
PapA_F43, plasmid-encoded enterotoxin SenB, serine
protease Sat, vacuolating autotransporter toxin Vat,
and Type 1 fimbrin D-mannose specific adhesion 64.

Three strains harbored ESBL phenotypes con-
tained the B-lactamase-encoding genes bla and

bla, , , associated with the aac(6’)-Ib-cr genecsT,X aMr11c51 3/6
strains harbored the mph(A) gene (macrolide 2'-phos-
photransferase), which inactivates macrolides, rein-
forcing observed phenotypic resistance to azithromy-
cin. None of the non-ST1193 strains carried that gene.
One strain was resistant only to fluoroquinolones
(Table 2). All strains had different hierarchical cluster
10 (HC10) but the same HC20 (571), whereas ribosomal

MLST (rMLST) splitthestrainsinto2 main populations:

Figure 5. ST distributions according
to birth term among 32 neonates
with early-onset neonatal sepsis. ST,
sequence type.

Preterm
® Term

ST2040 ST357 ST62 ST93 ST14 ST2279 ST95 ST1193 ST131 ST59 ST58 ST10 ST80 ST394 ST73 ST12 STE9
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Figure 6. Distribution of
maternal antimicrobial therapy
within 3 days before delivery
according to Escherichia coli ST
among 32 neonates with early-
onset neonatal sepsis, France.
ST, sequence type.

m Antimicrobial therapy
®m No antimicrobial therapy

ST2040 ST357 ST62 ST93 ST58 ST14 ST1193 ST131 ST69 ST95 ST10 ST59 ST80 ST394 ST73 ST12

rMLST 33503, which regroups the 3 ESBL-produc-
ing strains, and rMLST 1674, which contains 2 less-
resistant isolates.

Discussion
In our study, we used WGS to characterize E. coli
strains causing EOS from a prospective multicenter
study in France (12) and compared them to E. coli
strains obtained from vaginal samples from preg-
nant women at 34-38 weeks of gestation. Although
we observed no major differences between the EOS
study and vaginal sample collections in distribution
of phylogroups or virulence factors except the K1 an-
tigen, we identified emerging ST1193 strains as ma-
jor causes of EOS. Three isolates of the ST1193 clonal
group caused meningitis, and half harbored an ESBL.
E. coli ST1193 thus appears to be the most virulent and
antimicrobial-resistant E. coli group that causes EOS.
Among major phylogroups, B2 and, to a lesser ex-
tent, D are associated with extraintestinal infections,
whereas A and Bl are most associated with commen-
sal strains or intestinal infections (15). We also observed
predominance of B2 strains in our EOS population, re-
gardless of the term of birth of the newborns. Although
the proportion of phylogroup A strains was higher in
the HVC than the EOS population, B2 strains largely
predominated in the HVC collection, as reported in
previous studies (16,17). However, sequence typing
enabled a finer comparison between the 2 collections.
Among the HVC strains, phylogroup A/STc10 (ST10,
ST13795, ST6826, and ST13957) was predominant but
was rarely observed among the EOS patients, in which
ST95 and STc14 (notably ST14 and ST1193) were largely
predominant. The high frequency of ST95 was expected
because of its virulence in neonates, notably those with
neonatal meningitis, which is well known worldwide
(6,18). Of note, ST95 was second most common among
HVC strains, suggesting its capacity to colonize the va-
gina, at least temporarily. Five of 6 mothers with EOS
caused by ST95 received no prepartum antimicrobials.

In contrast, ST14 and ST1193 strains were frequently
associated with women receiving prepartum antimicro-
bials (5/8), and those strains were not present among
HVC patients, suggesting the vaginal environment
might inhibit the presence of ST14 and ST1193 strains.
Of note, STc14 but not ST95 was more prevalent among
preterm neonates with EOS, and 3/6 infections caused
by ST1193 strains occurred in preterm newborns. It
might be that ST1193 strains are less virulent than ST95
strains commonly found in full-term neonates. Howev-
er, almost all women with preterm newborns received
antimicrobial drugs, which might favor the selection of
resistant strains, such as ST1193.

ST1193 was identified within STc14 approximately
25 years ago; its prevalence in extraintestinal infec-
tions could become a public health burden (19-21).
One study observed an increased rate of ST1193 caus-
ing bloodstream infections, mostly in elderly patients
in Canada during 2016-2018 (22). In an analysis of the
population structure of 218 ESBL-producing E. coli in
urinary tract infections in febrile children in France
during 2014-2017, we noted prevalence of ST1193
rose from 0% to 9% (23). Large epidemiologic studies
of ST1193 prevalence in neonatal infection have only
recently been conducted. In 2 studies, ST1193 was
shown to be a major cause of neonatal sepsis; however,
because the definition of EOS in those studies differed
from ours, data are difficult to compare (11,24). The
finding of a worrying percentage of ST1193 among
EOS patients (19%) in our study population indicates
that in the future that ST should be closely monitored
using microbiologic detection.

One epidemiologic study of intracranial infec-
tions in neonates caused by E. coli (25) found ST1193 to
be the most prevalent ST (28%). All 8 ST1193 isolates
caused late-onset infections, although none caused
EOS. Only 1 recent case of early-onset meningitis
caused by E. coli ST1193 has been reported, but cases
of meningitis caused by ST1193 occurring >72 hours
after birth were described in another study (24,26).
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Table 2. Characteristics of newborns with early onset sepsis caused by ST1193 Escherichia coli and genetic and phenotypic features

of the isolates*

APIMF EOS clinical features

Genetic and phenotypic characteristic of E. coli strains ST1193

case Term, Antimicrobial Antimicrobial Phenotypic
ID wkt prepartumi Virulence genes§ resistance genes§ AMR HC10Y HC209 rMLST#
60** 37 Amoxicillin aslA, chuA, csgA, fdeC, fimH, dfrA17, aph(6)-Id, AMX, CTX, 132,558 571 33,503
fyuA, gad, iha, irp2, iucC, iutA, aac(6')-lb-cr, aac(3)-  CIP, SXT,
kpsE, kpsMIl_K1, neuC, nipl,  lla, aph(3”)-Ib, sul2, GTM, AZI,
ompT, papA_F43, sat, senB, catB3,mph(A), TET, CMP,
shiA, sitA, terC, tia, usp, vat, SitABCD, tet(B), ESBL
yehA, yehB, yehC, yehD, yfcV  blacrx-u-1s, blatem-1s,
blaoxa-1
73 34 Amoxicillin aslA, chuA, csgA, fdeC, fimH, catB3, tet(B), AMX, CTX, 148,092 571 33,503
fyUA, gad, iha, irp2, iUCC, iUtA, blaCTx_M_15, blaOXA_1, ClP, SXT,
kpsE, kpsMIl_K1, neuC, nipl,  aph(6)-ld, aac(3)-lla, GTM, TET,
ompT, papA_F43, sat, senB, aph(3”)-1b, aac(6')- ESBL
sitA, terC, usp, vat, yehA, yehB, Ib-cr, sul2, aac(6')-
yehC, yehD, yfcV Ib-cr, qnrB19, dfrA17
76 41 None aslA, ccl, chuA, clbB, csgA, None CIP 227,323 571 1,674
fdeC, fimH, fyuA, gad, iha, irp2,
iucC, iutA, kpsk, kpsMlIl_K1,
neuC, nipl, ompT, papA_F43,
sat, senB, sitA, terC, usp, vat,
yehA, yehB, yehC, yehD, yfcV
78** 41 None AslA, chuA, csgA, fdeC, fimH, aadA>5, dfrA17, CIP, AZI, 11,740 571 1,674
fyuA, gad, iha, irp2, iucC, iutA, mph(A) SXT
kpsE, kpsMIl_K1, neuC, nipl,
ompT, papA_F43, sat, senB,
sitA, terC, usp, vat, yehA, yehB,
yehC, yehD, yfcV
89** 36 Amoxicillin/ AslA, astA, chuA, colE7, csgA, aac(3)-lla, aac(6')lb- AMX, CTX, 4,073 571 33,503
gentamicin fdeC, fimH, fyuA, gad, iha, irp2, cr, blacrxu-1s, CIP, GTM,
iucC, iutA, kpsk, kpsMIl_K1, blaoxa-1, catB3 CMP, ESBL
neuC, nipl, ompT, papA_F43,
sat, senB, shiA, sitA, terC, tia,
usp, vat, yehA, yehB, yehC,
yehD, yfcV
90 36 Amoxicillin AslA, chuA, csgA, fdeC, fimH, blatem-1g, dfrA17, AMX, CIP, 227,336 571 New
fyuA, gad, iha, irp2, iucC, iutA,  mph(A), aph(6)-Id, SXT, AZI,
kpsE, kpsMIl_K1, neuC, nipl, aph(3”)-1b, sul2, TET

ompT, papA_F43, sat, senB,
SitA, terC, usp, vat, yehA, yehB,
yehC, yehD, yfcV

tet(B)

*AMR, antimicrobial resistance; AMX, amoxicillin; AZI, azithromycin; cgMLST, core genome multilocus sequence typing; CIP, ciprofloxacin; CMP,
chloramphenicol; CTX, cefotaxime; EOS, early-onset neonatal sepsis; ESBL, extended spectrum B-lactamase; GTM, gentamicin; HC, human
chromosome; ID, identification; rMLST, ribosomal multilocus sequence typing; ST, sequence type; SXT, trimethoprim/sulfamethoxazole; TET, tetracycline.

tTerm of pregnancy at birth in weeks.
FAntimicrobial treatment within 3 days before labor began.

§Search for antimicrobial resistance genes and replicon/plasmid sequence types run using Center for Genomic Epidemiology website

(https://genomicepidemiology.org) and local BLAST.

{Hierarchical clustering of distances between genomes calculated using 10 (HC10) or 20 (HC20) shared core genome MLST alleles and genomes linked

on a single-linkage clustering criteria.

#Approach that indexes variation of the 53 genes encoding the bacterial ribosome protein subunits.

**Early-onset neonatal sepsis with meningitis.

The recent case occurred in a late-preterm neonate
with a history of prolonged rupture of the membrane
with prepartum and peripartum antimicrobial drugs
administered, as in most of our cases.

Given that 3/6 ST1193 strains caused neonatal
meningitis, such strains were shown to have high
invasive disease potential in newborns. Several
virulence factors and genetic determinants have
been shown to be involved in the pathophysiology
of neonatal meningitis, such as capsule K1, sidero-
phore salmochelin, plasmid pS88, and invasin IbeA
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(27). Of note, among these determinants, only the
K1 capsule was present in the ST1193 strains. Sev-
eral virulence factors (lha, Imm, plasmid-encoded
enterotoxin SenB, Sat) were present in all ST1193
strains, with a significant p value (p<0.05) com-
pared with non-ST1193 (Appendix Table 2) strains,
and were present in >85% of ST1193 strains in the
large collection of 1 study (28). Therefore, without
in vivo study, it is difficult to determine the spe-
cific roles of these key factors in the invasiveness of
ST1193 in cerebrospinal fluid.
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Except for consistency of fluoroquinolone resis-
tance and carrying the fimH64 allele, which charac-
terized all ST1193 E. coli strains described in previous
studies, multiple plasmid-borne resistance genes have
been reported but are inconsistently associated with
ST1193 (19,28,29). No isolates harbored the same phe-
notypic antimicrobial resistance pattern, highlighting
their diversity. The co-occurrence of bla ., ,,,./bla.,, ./
aac(6')-Ib-cr, which we observed in 3/6 of EOS strains,
has been frequently described, initially in ST131 but also
more recently in emerging lineages of ST1193 (30). Half
of our strains, similar to findings from other studies (28),
carried the mphA resistance gene and had a high azithro-
mycin MIC (>32 mg/L) (data not shown), which might
have contributed to the emergence of ST1193 given that
azithromycin is among the most-prescribed antimicro-
bial drugs worldwide among adult outpatients (31).

As of May 2023, sequences of 2,031 E. coli ST1193
strains from all over the world are available in En-
terobase (13). Of those, 80% belong to HC20 571, as
did our strains, and most (82%) harbor rMLST 1674,
whereas rMLST 33503 is found in only 8%. Hierarchi-
cal clustering analysis did not suggest the presence
of a particular clone in our collection. Distribution
of rMLSTs was notably different: half of our ST1193
strains belonged to rMLST 33503. Whether this sub-
group is emerging or has specific invasive disease po-
tential in neonates has yet to be determined.

Among its strengths, our prospective epidemio-
logic study, conducted in a large area of France, es-
timated annual incidence and pathogen distribution
in EOS patients (12) and documented the unique mo-
lecular and phenotypic characteristics of the strains
in our study. We were limited by the small number of
patients; results, especially implication of ST1193 in
infections in very preterm neonates, need to be con-
firmed in larger study populations.

In conclusion, our findings suggest that ST1193
is emerging as a major E. coli pathogen that can cause
EOS and early-onset neonatal meningitis in full-term
and late-preterm newborns and might surpass ST95 in
incidence and causing illness because of its potential
virulence combined with its resistance to multiple anti-
microbials. Pediatricians and microbiologists should be
aware of the public health threat from E. coli ST1193 and
the benefits of prepartum/peripartum EOS treatment
with effective antimicrobials. Isolating ST1193 E. coli
strains in the neonatal context (from mother, newborn,
or both) will require careful, sustained clinical monitor-
ing of newborns. It might also require implementing
measures to limit spread, especially in neonatal wards.
On the basis of microbiologic evidence, ST1193 should
be suspected when 3 properties are all present: high

Infection Caused by E. coli ST1193 in Neonates

resistance to ciprofloxacin, K1 capsule, and non-lactose-
fermenting colonies, each of which can easily be tested
for in a microbiology laboratory. Further studies should
help to define the genetic determinants of ST1193 viru-
lence in neonates and confirm and subsequently explain
its inability or weak ability to colonize the vagina. Clini-
cians need to be aware of the possible presence of E. coli
ST1193 in prenatal and neonatal contexts and provide
appropriate monitoring and treatment.
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