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Objectives: We report the first case series focusing on clinical and biological characteristics of meningitis caused 
by ESBL-producing Escherichia coli in infants.

Methods: Between 2001 and 2020, data on all cases of E. coli meningitis were prospectively collected from a 
network of 259 paediatric wards and 168 microbiology laboratories in France. We analysed the clinical and bio-
logical characteristics, short-term complications and long-term sequelae of ESBL-producing E. coli meningitis 
cases in patients <6 months old.

Results: In total, 548 cases of E. coli paediatric meningitis were reported. ESBL-producing E. coli represented 12 
(2.2%) cases. We included 10 patients aged <6 months old. Eight (80%) patients presented at least one sign of clin-
ical severity: six needed mechanical ventilation, three presented signs of shock and one was in a coma. The overall 
short-term prognosis was good, with only one meningitis-attributed death in the first hours of care. All surviving chil-
dren received carbapenems for a median of 21 days (range 9–28). Two relapses occurred, including one in a patient 
who received only 14 days of imipenem. We reported no long-term sequelae at a median follow-up of 20 months.

Conclusions: Meropenem seems to be the treatment of choice for ESBL-producing E. coli meningitis in children 
and needs to be given as early as possible (<48 h) and for at least 21 days. Maternal colonization or infection 
with ESBL-producing Enterobacteriaceae needs to be reported to the neonatal or paediatric ICU team, in order 
to adapt the empirical antibiotic therapy.

© The Author(s) 2023. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https:// 
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided 
the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

Introduction
Escherichia coli is one of the leading bacterial species implicated 
in meningitis in infants, along with group B Streptococcus infec-
tion.1–3 Moreover, among preterm infants, particularly very pre-
term infants, E. coli is the most common bacterium isolated.4,5

In older children and adults, this pathogen is a rare cause of bac-
terial meningitis but may occur in immunocompromised patients 
or after neurosurgery.6,7

Bacterial meningitis is associated with high mortality and 
long-term sequelae,1,8,9 and delay of adequate antibiotic therapy 
may lead to an unfavourable outcome.10,11 This situation is 

mainly observed if the strain is resistant to the empirical antibiotic 
therapy. WT E. coli is ampicillin susceptible, but resistant strains 
keep increasing in prevalence, with almost 50% of isolates being 
resistant to aminopenicillins. They remain nonetheless suscep-
tible to third-generation cephalosporins (3GCs) such as cefotax-
ime or ceftriaxone, which are the cornerstone for treating 
severe infections due to E. coli.

Although the first descriptions of ESBL-producing 
Enterobacteriaceae were reported in 1980, this phenomenon 
became a public health problem in the 2000s in many countries. 
Now, E. coli accounts for most of the community-acquired 
infections due to ESBL-producing Enterobacteriaceae.12 Severe 
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infections involving ESBL-producing E. coli (ESBL-E) may lead to 
increased mortality and long-term sequelae, especially in the 
event of empirical treatment failure. In France, 3GCs are recom-
mended as empirical therapy for bacterial meningitis and are 
prescribed in more than 95% of E. coli meningitis cases before re-
ceiving the antibiotic susceptibility pattern results.13–15

ESBL-E faecal carriage has increased from 5% to 10% in the 
French community population over the last 10 years, in adults 
and in children.16,17 However, disparities exist worldwide, be-
cause the share of ESBL-producing Enterobacteriaceae meningi-
tis has been reported to be as high as 50% for E. coli meningitis 
and 80% for Klebsiella spp. meningitis in China.1,2 This expansion 
has been mostly attributed to the overuse of cephalosporins and 
quinolones.16 Recently, a worrying proportion of newborns and 
their mothers have been reported to be colonized with ESBL-E 
in European countries,18,19 raising fears of an increasing number 
of ESBL-E infections in newborns and infants. Yet, despite an evi-
dent increase in E. coli resistance, bacterial meningitis cases in-
volving ESBL-E have been reported in only a few case reports or 
observational studies, focused on epidemiological rather than 
clinical data.10,20–22

By using the data from an active surveillance network of 
paediatric bacterial meningitis cases coordinated by the 
Association Clinique et Thérapeutique Infantile du Val-de-Marne 
(ACTIV) group and the Paediatric Infectious Diseases Group of 
the French Paediatric Society, from 2001 to 2020 in France, we 
aimed to describe the clinical and biological characteristics, 
short-term complications and long-term sequelae of ESBL-E 
meningitis cases reported in children <6 months old.

Materials and methods
From January 2001 to December 2020, 259 paediatric wards and 168 
microbiology laboratories prospectively enrolled all reported cases of 
meningitis in children <18 years old throughout France. The methodology 
of this active surveillance system was previously described.23 ESBL-E 
meningitis cases were identified when an ESBL-producing isolate was 
reported by the local investigator. In our study, we only included children 
<6 months old diagnosed with ESBL-E meningitis. Older children were ex-
cluded because of specific risk factors such as CSF shunt or immunodefi-
ciency, which needed specific medical and surgical care.

The diagnosis of meningitis was based on a positive CSF culture or 
positive PCR result for CSF, with or without pleocytosis (≥10 cells/µL in 
children >28 days old and ≥20 cells/µL in children ≤28 days old)24 and/ 
or pleocytosis in CSF associated with positive blood culture and clinical 
signs suggesting meningitis. Bacterial isolate identification, antibiotic sus-
ceptibility pattern and K1 capsular antigen determination were per-
formed by local microbiology centres using standard methods. 
Antibiotic susceptibility testing was interpreted by using the Comité de 
l’antibiogramme de la Sociéte Française de Microbiologie (CASFM)/ 
EUCAST guidelines.25

Early-onset sepsis (EOS) and late-onset sepsis were defined as occur-
ring in the first 3 days of life and from 3 to 90 days of life, respectively.26

Infants were considered preterm if born <37 weeks and very preterm if 
born <32 weeks.

Signs for clinical severity included shock, coma and the need for mech-
anical ventilation. Shock was defined according to international guide-
lines.27,28 Short-term complications, such as seizures, intracranial 
bleeding, cerebral venous thrombosis, brain empyema or relapse were 
noted by the local investigator. Relapse was defined as a new diagnosis 
of meningitis within 3 weeks after completing initial treatment. 

Long-term sequelae were screened with brain MRI, audiometry and dur-
ing follow-up consultations. The follow-up duration corresponded to the 
last reported consultation.

The data collection was approved by the French National Data 
Protection Commission (no. 913006) and the study was registered at 
ClinicalTrials.gov (NCT04664569).

Results
Study population
Between 2001 and 2020, 548 cases of E. coli paediatric bacterial 
meningitis were reported. ESBL-E was reported in 12 (2.2%) 
cases. During the study period, no significant trend was found 
and the number of ESBL-E meningitis cases ranged from 0 in 
2001 to 2 in 2020 (Figure 1). Among the 12 cases, we excluded 
2 patients aged >6 months. These patients were 2 and 12 years 
old, both presenting a prior CSF shunt. They both received a com-
bination of meropenem and fosfomycin for 28 days, and the se-
cond patient received intrathecal gentamicin for 2 days. The 
long-term evolution was good for both patients, despite early 
complications for the 12-year-old patient: ventriculitis and extra-
dural empyema on Day 7 with the need for a new surgical extra-
ventricular CSF shunt.

Our 10 included cases corresponded to 3 patients with EOS 
and 6 with late-onset sepsis. The remaining patient was 
4 months old (129 days old) at meningitis diagnosis. The median 
age at meningitis onset was 8 days (range 1–129) and the me-
dian term of birth was 38 weeks (24–41) (Table 1).

In 6 (60%) cases, the mother received intrapartum antibiotic 
therapy: amoxicillin in 5 cases and ceftriaxone in 1 case. The rea-
sons for this intrapartum antibiotic therapy were prophylaxis for 
group B Streptococcus disease in four cases and fever during 
childbirth or in the previous days in two. Data on maternal 
ESBL-E colonization were not reported in medical records.

Clinical and biological signs
Initial symptoms leading to meningitis diagnosis are described in 
Table 1. They were fever or hypothermia in seven cases, acute re-
spiratory distress in four, shock in three and neurological signs in-
cluding hypotonia, bulging fontanelle or coma in four. In one 
case, the only reported symptom was hyperglycaemia in the 
hours before the meningitis appeared. At the time of meningitis 
diagnosis, in 4 (40%) cases, the C-reactive protein level was 
<40 mg/L, but the overall initial median C-reactive protein 
level was 66 mg/L (range 3–309). Procalcitonin level was docu-
mented in only two patients and was altered for both (3.1 and 
16.4 ng/mL).

CSF analysis and blood and urine culture are described in 
Table 2. The meningitis diagnosis was established on positive 
CSF culture in 7 (70%) cases, positive PCR results in CSF with sug-
gestive clinical signs in 1 case, and positive blood culture with CSF 
pleocytosis and suggestive clinical signs in 2 cases. The median 
CSF leucocyte count was 87 elements/mL (range 3–12 000). In 
three cases, the CSF leucocyte count was <10 elements/mL, 
but Gram staining was positive for Gram-negative rods in two 
of these cases, and the CSF culture was positive for ESBL-E in all 
three cases. From non-haemorrhagic lumbar punctures, the me-
dian CSF protein level was 1.07 g/L (range 0.27–2.30) and median 
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CSF glucose level 2.45 mmol/L (range 0.4–16.5). K1 antigen was 
positive in 7 (70%) cases.

A second lumbar puncture was performed in 5 (50%) cases, at 
a median of 3 days (range 2–4) after the initial lumbar puncture.

Empirical and definitive antibiotic therapy
Empirical and definitive antibiotic therapy is described in Table 3. 
After antibiotic susceptibility test results, all patients (except the 
one child who died in the first hours of care) received a carbape-
nem (meropenem or imipenem) for a median of 21 days (range 
9–28). Aminoglycosides were prescribed in all cases for a median 
of 4.5 days (1–7). Ciprofloxacin was added in 5 (50%) cases for a 
median of 21 days (5–21). In one case (Patient 5 in the tables), 
the strain was resistant to ciprofloxacin, yet the patient received 
21 days of ciprofloxacin.

The median total duration of antibiotic therapy was 21 days 
(range 14–28), excluding the patient who died in the first hours 
of care.

Antibiotic susceptibility patterns
Antibiotic susceptibility patterns are presented in Table 4. All 
ESBL-E strains were susceptible to the carbapenem, 90% to ami-
kacin and only 44.4% to ciprofloxacin. Among the five tested 
strains, all were susceptible to fosfomycin. Remarkably, the two 
relapses had the same antibiotic susceptibility pattern as the ini-
tial meningitis case.

Short-term complications and long-term sequelae
Clinical severity, short-term complications, long-term sequelae 
and follow-up are described in Table 5. Eight (80%) cases pre-
sented at least one sign of clinical severity: six needed mechan-
ical ventilation, three patients presented signs of shock and one 
patient was in a coma. In two cases, preterm infants experienced 
intraventricular haemorrhage (grade 1 or 2) during treatment. 
For the two children with relapse, complications were reported: 
grade 2 intraventricular haemorrhage and subdural haematoma 
with the need for extraventricular derivation.

Among all patients, one died from septic shock in the first 24 h 
after meningitis diagnosis. Another one died 2 months after 
meningitis resolution due to an HSCT graft failure for familial hae-
mophagocytic lymphohistiocytosis.

Among the survivors for whom long-term follow-up data were 
available, no sequelae (including hearing loss and neurological 
impairment) were described. The median follow-up was 
20 months (range 6–64).

Relapses
Relapses are described in Tables 1–3 and 5. Two children were 
concerned: the first received only 14 days of imipenem for the ini-
tial meningitis, but no reason for relapse was found for the se-
cond patient. Both strains were susceptible to carbapenems, 
amikacin and fosfomycin but resistant to ciprofloxacin. Both chil-
dren received a combination of meropenem and fosfomycin to 
treat the relapse.
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Figure 1. Evolution of ESBL-producing and non-ESBL-producing E. coli meningitis by year.
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Discussion
To our knowledge, our study is the first published case series fo-
cusing on ESBL-E meningitis in infants, with 10 cases between 
2001 and 2020. Our study highlights that an early switch to ad-
equate antibiotic therapy and its continuation for at least 
21 days led to a fair prognosis for ESBL-E meningitis in these chil-
dren. Most cases (including the two relapses) were treated with a 
carbapenem (meropenem or imipenem), which seems to be the 
antibiotic class of choice for ESBL-E meningitis. The time to initi-
ate adequate antibiotic therapy should be as short as possible, 
ideally less than 48 h. Rapid ESBL detection tests can be used 
to minimize this delay. Antibiotic therapy also needs to be 
continued for at least 21 days because the only case treated 
for only 14 days exhibited relapse in the days after antibiotic 
discontinuation.

Among carbapenems, meropenem seems the most suited to 
treat ESBL-E meningitis in infants. The MIC epidemiological cut- 
off value for E. coli is lower for meropenem than imipenem 
(0.06 versus 0.5 mg/L, respectively).29 Remarkably, in neonates 
and infants <90 days old, the individual dose of meropenem 
might vary from 20 to 40 mg/kg every 8 h depending on the clin-
ical response and strain MIC.30 Imipenem associated with cilasta-
tin is also said to be more epileptogenic, although recent studies 
and a meta-analysis reported data to the contrary.31,32 A pro-
spective study could help compare these two treatments for 
ESBL-E meningitis but may be difficult to organize because of 
the very low prevalence of these infections in children.

Aminoglycosides were used in all cases as adjuvant ther-
apy at a median of 4.5 days (range 1–7). Although aminogly-
cosides have particularly poor CSF diffusion, they are useful 
to obtain rapid bactericidal activity when bacteraemia is as-
sociated.33 Ciprofloxacin was frequently used (50%) com-
bined with carbapenems, even if in one case the strain 

was resistant to fluoroquinolones. Some teams use cipro-
floxacin combined with a β-lactam antibiotic to prevent 
short-term neurological complications such as empyema. 
However, a recent study showed no advantage of combining 
ciprofloxacin with a 3GC for treating E. coli meningitis in chil-
dren in terms of improving short-term neurological outcomes 
and mortality.34

Current French guidelines support the choice of amoxicillin 
and gentamicin for non-severe suspected EOS and cefotaxime 
and gentamicin for severe suspected EOS.35 For suspected 
E. coli meningitis, the recommended empirical treatment is 
3GCs and an aminoglycoside.13,14 In total, 2.2% of our isolated 
strains in E. coli meningitis were ESBL producers. This proportion 
is consistent with that observed in maternal–fetal colonization,18

but is less frequent than in urinary tract infections in children.12,36

ESBL-E rates are important to monitor because a higher propor-
tion could lead to replacing 3GCs with carbapenems as the pre-
ferred empirical therapy for neonatal Gram-negative rod 
meningitis.2 However, our data favour maintaining the current 
guidelines in France.

Information on maternal ESBL-E colonization before childbirth 
might lead physicians to consider carbapenems for empirical 
therapy in young infants with a meningitis diagnosis. The system-
atic search for maternal carriage of ESBL does not seem neces-
sary in France but may be discussed in countries or regions with 
a high prevalence of ESBL infections. Nonetheless, if known, re-
cent maternal infection or colonization with ESBL-E needs to be 
reported to the neonatal or paediatric ICU team, to adapt empir-
ical antibiotic therapy.

The main limitation of our study is the small number of pa-
tients included. Furthermore, although the prevalence of ESBL-E 
meningitis seems very low in France, we cannot exclude that 
some cases may not have been reported to the meningitis 
observatory.

Table 1. Study population and clinical features at meningitis diagnosis

Case Sex
Term of birth 

(weeks)
Birth weight 

(g) Risk factors
Age at meningitis 
diagnosis (days) Symptoms at meningitis diagnosis

1 M 30 1075 — 6 Hyperglycaemia
2 M 40 3240 FHL (but diagnosed after the 

meningitis)
23 Fever + tachycardia

3 F 24 590 — 1 Hypothermia + acute respiratory 
distress

4 F 30 1400 — 12 Acute respiratory distress
5 M 39 3140 — 12 Fever + shock
6 M 41 3710 — 10 Fever + axial hypotonia + vomiting
7 M 40 3930 — 129 Fever + shock + bulging fontanelle
8 F 32 1975 — 1 Bradycardia + desaturation
8 (R) F 32 1975 — 17 Fever + tachycardia
9 F 39 2500 Gastric sample at birth positive 

for ESBL-E
5 Acute respiratory distress + coma

10 M 37 3800 — 1 Fever + axial hypotonia + acute 
respiratory distress

10 (R) M 37 3800 — 36 Fever + shock + acute respiratory 
distress + fainting

M, male; F, female; FHL, familial haemophagocytic lymphohistiocytosis; (R), relapse.
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Another limitation is the lack of extended microbiological and 
genetic characterization of the strains involved. Unfortunately, 
too few strains were sent to the National Reference Centre for 
E. coli infections laboratory in Robert Debré hospital for further 
characterization.

Long-term follow-up was reported for all included cases, with 
a median follow-up of 20 months (range 5–64), and no neuro-
logical sequelae were reported for all patients. However, these 
sequelae might have been underestimated in our study by early 
evaluation. In fact, in another study, this complication was re-
ported in 45% of children evaluated for childhood meningitis 
more than 5 years after discharge.9

Finally, signs of severity were more frequently reported in our 
study (78.6%), when compared with meningitis due to non-ESBL 
E. coli (37.8%) in another study.13 However, the ESBL-E 
meningitis-attributed mortality rate in our study (1/10; 10%) 
was comparable to that of non-ESBL E. coli meningitis (9.2%).13

Early appropriate antibiotic treatment, concerning 5/10 patients 
(and the 2 relapses) in our study, may explain this result. In adults 
with E. coli bacteraemia, mortality seems to be higher with 
ESBL-E than non-ESBL E. coli bacteraemic infection [OR 3.57 
(95% CI 1.48–8.60)].37 Increased mortality was probably due to 

Table 4. Antibiotic susceptibility patterns for ESBL-producing E. coli 
meningitis in children

Antibiotics/ 
susceptibility

Susceptible 
(%)

Intermediate 
(%)

Resistant 
(%)

Piperacillin/ 
tazobactam (n = 7)

71.4 28.4 0

Cefoxitin (n = 6) 100 0 0
Cefotaxime (n = 9) 0 11.1 88.9
Ceftazidime (n = 9) 11.1 44.4 44.4
Cefepime (n = 7) 0 42.9 57.1
Aztreonam (n = 5) 0 20 80
Meropenem (n = 10) 100 0 0
Amikacin (n = 10) 90 0 10
Gentamicin (n = 9) 66.7 0 33.3
Tobramycin (n = 8) 50 0 50
Nalidixic acid (n = 9) 44.4 0 55.6
Ciprofloxacin (n = 9) 44.4 0 55.6
Fosfomycin (n = 5) 100 0 0
Cotrimoxasole (n = 9) 33.3 0 66.7

Table 5. Outcome and follow-up

Case Clinical severity Short-term complication Long-term sequelae
Follow-up duration 

(months) Death Cause of death

1 Mechanical 
ventilation Shock

Unresponsive septic shock — — Yes (at Day 1) ESBL-producing E. coli 
meningitis

2 — — — 5 Yes (at 142 days 
of age)

HSCT graft failure for 
FHL

3 Mechanical 
ventilation

— Normal brain MRI at 
34 days 

No LT sequelae 
(including hearing loss)

41 — —

4 Mechanical 
ventilation

Grade 1 intraventricular 
haemorrhage

Normal brain MRI at 
30 days 

No LT sequelae 
(including hearing loss)

64 — —

5 Shock — No LT sequelae 12 — —
6 Mechanical 

ventilation
Cerebral venous thrombosis No LT sequelae 

(including hearing loss)
37 — —

7 Shock — No LT sequelae 
(including hearing loss)

17 — —

8 Mechanical 
ventilation

Grade 1 intraventricular 
haemorrhage 

Relapse

No LT sequelae 
(including hearing loss)

21 — —

8 (R) Shock Grade 2 intraventricular 
haemorrhage

No LT sequelae 
(including hearing loss)

20 — —

9 Mechanical 
ventilation 

Coma

— No LT sequelae 6 — —

10 — Relapse Normal brain MRI at 
12 days 

No LT sequelae 
(including hearing loss)

12 — —

10 (R) Mechanical 
ventilation 

Coma 
Shock

Subdural haematoma with 
need for an EVD

Normal brain MRI at 
2 months 

No LT sequelae 
(including hearing loss)

12 — —

FHL, familial haemophagocytic lymphohistiocytosis; LT, long-term; EVD, extraventricular drain; (R), relapse.
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the delay of one or more days in receiving appropriate antibiotic 
treatment, which concerned 36/46 (78%) adults with ESBL-E 
E. coli infection versus 54/308 (17%) with non-ESBL E. coli infec-
tion.37 In addition, a negative impact on outcomes of neonates 
with ESBL-E bacteraemia following inappropriate antibiotic treat-
ment was reported in another study.38

Thus, our study suggests that good short-term prognosis can 
be achieved when appropriate antibiotic therapy with a suscep-
tible drug is prescribed early and for at least 21 days. No long- 
term sequelae were reported in our study, but the follow-up dur-
ation might not have been long enough to detect them.

Conclusions
We describe here the first case series focusing on ESBL-E menin-
gitis in children <6 months old published to date. Despite their 
severe initial presentation, the short-term prognosis was good 
for patients receiving carbapenems, with only one meningitis- 
attributed death. Carbapenems, especially meropenem, remain 
the treatment of choice for ESBL-E meningitis in children and 
need to be given as early as possible and for at least 21 days. 
Maternal ESBL-E infection or colonization could be an essential 
factor to investigate in further studies, especially in countries 
with high ESBL prevalence, in order to administer appropriate 
antibiotic therapy early to infants with suspected meningitis or 
sepsis.
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