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Summary of the main point: We prospectively assessed the presentation and outcome of
neonatal listeriosis and evidenced that maternal antibiotic treatment administered at least one

day before delivery is associated with a significant reduction of neonatal severity.



ABSTRACT
Context — Listeriosis is caused by the foodborne pathogen Listeria monocytogenes. It can
present as a maternal-neonatal infection. We implemented the nationwide prospective cohort

MONALISA and analyzed the features of neonatal listeriosis.

Methods — We studied all neonates born alive from mothers with microbiologically-proven
maternal-neonatal listeriosis enrolled from November 2009 to December 2017. We analyzed
presentation, neonatal outcome at discharge and predictors of severe presentation and outcome.

The study is registered at clinicaltrials.gov (NCT01520597).

Results — We studied 189 infants. 133/189 (70%) had abnormal clinical status at birth, including
acute respiratory distress in 106/189 (56%). 132/189 (70%) infants developed early-onset
listeriosis and 12/189 (6%) late onset listeriosis who all presented with acute meningitis. 17/189
(9%) had major adverse outcomes: 3% death (5/189), 6% (12/189) severe brain injury, 2%
(3/189) severe bronchopulmonary dysplasia, 15/17 in infants born < 34 weeks of gestation (p
<0.0001 versus infants born > 34 weeks of gestation). Maternal antimicrobial treatment >1 day
before delivery was associated with a significant decrease of infants’ severity (resulting in

significantly less inotropic drugs, fluid resuscitation, or mechanical ventilation requirement),

OR 0.23 [95% confidence interval CI 0.09-0.51], p <0.0001).

Conclusion— Antenatal maternal antimicrobial treatment is associated with reduced neonatal
listeriosis severity, justifying the prescription of preemptive maternal antimicrobial therapy
when maternal-fetal listeriosis is suspected. Neonatal outcome is better than reported earlier,

and its major determinant is gestational age at birth.

Funding — Institut Pasteur, Inserm, French Public Health Agency, Programme Hospitalier de

Recherche Clinique



INTRODUCTION

Listeriosis is a rare and severe foodborne infection, caused by Listeria monocytogenes (Lm),
which manifests as bacteremia, neurolisteriosis and maternal-neonatal infections [1]. Maternal-
neonatal listeriosis accounts for 10-20% of listeriosis cases across Europe and North America
[2, 3] but can represent up to 50% of invasive cases, as reported in the South African outbreak,
the largest so far [4]. It is associated with major adverse outcomes including fetal death, preterm
birth and/or early or late-onset neonatal listeriosis in more than 80% of cases [5]. Public health
agencies require for maternal-neonatal listeriosis diagnosis that Lm is isolated in any sample of
maternal (blood, products of conception) or neonatal origin, including non-sterile sites [2, 6, 7].
This definition is broader than other maternal-fetal infections and reflects the
pathophysiological steps leading to maternal-fetal listeriosis after consumption of contaminated
food: (i) Lm crossing of the intestinal barrier, (ii) maternal bacteremia, (iii) hematogenous
placental seeding and placental barrier crossing resulting in (iv) fetal/neonatal infection [8, 9].
Considering these steps and the fact that Lm is not a member of the maternal vaginal flora [10],
its presence in any non-sterile neonatal sample is unlikely to reflect ascending colonization, but
rather invasive infection following hematogenous placentitis [11]. Whereas these
pathophysiological events are well characterized [9, 12-14], data regarding the features of
neonatal listeriosis are scarce and limited to retrospective studies that captured heterogenous
timeframes and areas [15, 16].

Listeriosis is a notifiable disease in France, with mandatory reporting of culture-confirmed
cases and submission of isolates to its National Reference Center for Listeria (NRCL). The
exhaustiveness of the French national surveillance system is estimated 85-88%, with isolates
submitted to the NRCL in 98% of reported cases [17]. We implemented in 2009 the prospective
Multicentric Observational NAtional Study on LISteriosis and ListeriA (MONALISA), an
ongoing nationwide cohort study [5]. While data on maternal presentation have been previously
reported, infants’ clinical data have not [5]. Here we prospectively studied the cohort of infants

born in the context of maternal-neonatal listeriosis.



PATIENTS AND METHODS

Study design — MONALISA is a prospective national observational cohort study. All eligible
cases declared to the NRCL between 3™ November 2009 and 31% December 2017 with
microbiologically proven listeriosis for which informed consent was obtained were enrolled, as
part of the mandatory reporting [5]. Maternal-neonatal infection was defined as isolation of Lm
from a pregnant woman, a fetus, or a newborn (below one month) [18]. When Lm was isolated
from both the mother and her fetus/neonate, the event was counted as a single case.

MONALISA is registered at clinicaltrials.gov (NCT01520597).

Definitions — Preterm birth was defined as birth before 37 weeks of gestation (WG), and
classified as extreme (24-27 WGQG), very (28-31WG), moderate (32 and 33WG) or late (34-
36WG) preterm birth [19].

Acute respiratory distress was defined by the presence of > 1 following symptoms: tachypnea
> 60/min, grunting, apnea, hypoxemia or cyanosis, or chest indrawing [19].

Cardiovascular impairment was defined by the presence > 1 following symptoms: tachycardia
> 160/min, bradycardia < 80/min, hypotension or poor peripheral perfusion including
prolonged capillary refill [19].

Systemic samples included neonatal blood, cerebrospinal fluid or urine samples [20]. Other
samples were classified as non-systemic : gastric fluid aspirate, pharynx, deep external auditory
canal and anus swab.

Severe intraventricular hemorrhage (IVH) was defined as an IVH with ventricular dilatation or
with intraparenchymal hemorrhages (large unilateral parenchymal hyperdensity by ultrasound
imaging, and/or large unilateral porencephalic cyst) [21]. Cystic periventricular leukomalacia
was defined as periventricular white matter echolucencies at ultrasonography [21]. Severe
bronchopulmonary dysplasia was defined as administration of oxygen for > 28 days plus need
for > 30% oxygen and/or mechanical ventilation support or continuous positive airway pressure
at 36 weeks postmenstrual age [22]. Other outcomes included necrotizing enterocolitis and
retinopathy of prematurity.

Infections diagnosed between birth and six days of life were classified as early-onset infections,
and infections diagnosed between seven and 28 days as late-onset infections [2, 6, 7].

Initial severity was defined as any condition requiring inotropic drugs and/or fluid resuscitation
and/or mechanical ventilation. Major adverse outcome was defined by death or survival with
severe brain injury (severe IVH or periventricular leukomalacia) and/or severe

bronchopulmonary dysplasia, both of which are associated with severe morbidity [23].



Data collection — Data on maternal history, maternal treatment, infant clinical presentation at

birth, management and in-hospital outcome were prospectively collected.

Ethics — All mothers provided written informed consent. In accordance with French legislation,
the MONALISA Study received institutional review board approval by a local ethics committee

(Comité de protection des personnes, Ile de France -3, Nov 6 2009).

Procedures — L. monocytogenes isolates were identified by with API Listeria (bioM¢érieux,
France) until 2016 and then by MALDI-TOF mass spectrometry [24]. DNA extraction was
performed using the DNeasy blood and tissue extraction kit (Qiagen, Aarhus, Denmark) from
5 mL of liquid cultures grown overnight at 35°C in brain—heart infusion medium under aerobic
conditions following manufacturer’s protocol. Library preparation was carried out using the
Nextera XT DNA sample kit and whole genome sequencing was performed on the NextSeq
500 platform (Illumina, San Diego, CA, USA) using 2x150 bp runs and at a minimum coverage
of 40x. Paired-end reads were trimmed and assembled as previously described [25]. In silico

typing was performed using BIGSdb-Lm (https://bigsdb.pasteur.fi/listeria/) [26].

Statistical analysis —All tests were performed with R software (version 3.4.0). All tests were 2-
tailed and p values < 0.05 (calculated by % test, Fisher exact test, Kruskall-Wallis or Student ¢

test) were considered significant.



RESULTS

Cohort — Of the 245 maternal-neonatal listeriosis cases included in MONALISA from 3
November 2009 to 31% December 2017, 56 fetal losses were recorded, and 189 liveborn infants
were included in the study, including 2 pairs of twins. Maternal epidemiological data are
presented in Table 1. Altogether, 108/189 (57%) infants were born prematurely, including
42/189 (22%) cases of extreme (9/189, 5%) or very preterm birth (33/189, 17%).

Clinical presentation — Infant and maternal clinical presentations are detailed in Table 2 and
S1. 133/189 (70%) infants presented with abnormal physical examination, including 12/12
(100%) infants with late-onset listeriosis. Symptoms arose either at birth/within 24 hours (early
onset listeriosis) or within 7-22 days after birth (late-onset listeriosis). Neurological symptoms
(lethargy and/or altered consciousness and/or seizures) were reported in 42/187 (23%) cases,
including 7/9 (78%) infants with early onset meningitis and 4/12 (33%) infants with late onset
infection, who all exhibited meningitis. No focal neurological sign was evidenced. Median
APGAR score at one and 5 minutes were 7 [4-10] and 9 [8-10]. 36/189 (19%) infants presented
with an APGAR score < 7 at 5 minutes. Acute respiratory distress was reported in 106/189
(56%). 77/189 (41%) infants required continuous positive airway pressure ventilation for a
median of 2 days [Interquartile range 1Q 25-75: 1-5], 67/189 (35%) required mechanical
ventilation for a median of 2 days [IQ 25-75: 1-7] and 54/189 (29%) infants required nasal
oxygen therapy for a median of 3 days [IQ 25-75: 1-6]. Fever was reported in 38/189 (20%)
infants, 28/81 (35%) born at term and 10/108 (9%) born prematurely. Cardiocirculatory
symptoms were reported in 39/189 (21%): 23/189 (12%) required fluid resuscitation and 16/189
(8%) inotropic therapy. Skin lesions were reported in 19/173 (11%), and consisted in macular
and/or papular rash (n=9), vesicular and/or pustular skin lesions (n=5) and purpura (n=5).

Hypospadias and cleft palate were reported in one case each.

Microbiological presentation —Microbiological features are detailed in Table 3. 144/189 (76%)
infants had samples from which Lm was identified, classifying them as neonatal listeriosis
cases: 132/189 (70%) with early-onset listeriosis and 12/189 (6%) with late-onset listeriosis.
57/189 (30%) infants had positive systemic samples, and 75/189 infants (40%) had positive
non-systemic samples. The distribution of culture positive samples is shown in Figure 1. In
73/94 (78%), placenta evidenced signs of infection with Lm in culture and/or macroscopic or
microscopic abscesses. Among the 114 infants in whom lumbar puncture was performed, 21

(18%) had Lm evidenced by cerebrospinal fluid (CSF) culture or PCR, including 9/46 (20%)



with early onset listeriosis based on systemic sample and 12/12 (100%) with late onset
listeriosis. Of these 21 infants, 20 had available CSF biochemical and cellular data, reported in
Table S2. Infants with early-onset and late-onset listeriosis exhibited similar CSF features,
except for median nucleated cells count, which was significantly higher in the latter group
(3,350/mm* [IQ 25-75: 1,040-5,055] versus 125/mm? [IQ 25-75: 40-945], p = 0.01). Lm
belonging to hypervirulent clones (clonal complexes 1, 2, 4 and 6) was isolated in 115/184
(63%) of cases. Distribution of clonal complexes and sublineages are presented in Figure S1

and Table S3.

Antimicrobial treatment and outcome — Treatments and outcomes are detailed in Table 4.
38/189 (20%) mothers received active anti-Lm antimicrobial therapy before delivery. 163/189
(86%) infants received antimicrobial therapy based on amoxicillin (163/163, 100%), combined
with aminoglycoside in 141 cases (86.5%). 26/189 (14%) infants did not receive any antibiotic
(26/189, 14%), and another 8/189 (4%) had them tapered off within 72 hours. These 26 infants
all exhibited normal clinical status and laboratory features with negative microbiological
samples (except for 2 with only placenta positive culture); all exhibited good outcome.

IVH was reported in 25 preterm infants (25/101, 25%), 12 of which (48%) were severe (grade
3 or more), including one with concomitant cystic periventricular leukomalacia. Severe IVHs
were mostly reported in the context of extreme (4/9, 44%) or very preterm birth (6/33, 18%).
Three infants born between 25 and 27 WG developed severe bronchopulmonary dysplasia. No
necrotizing enterocolitis nor retinopathy of prematurity was reported.

Median hospital stay was 16 days [IQ 25-75: 8-25]. Five neonatal deaths were recorded during
the 8-year study period (5/189, 3%), all in infants born between 27 and 29 WG. Seventeen
infants (17/189, 9%) had major adverse outcome (death or survival with severe brain injury
and/or severe bronchopulmonary dysplasia): all exhibited positive samples at birth (17/132,
13%). Median gestational age for this subset of infants was 29 WG [1Q25-75: 27-29]. Outcome
appeared strongly dependent on gestational age at birth, as major adverse outcome was reported
in 7/9 (78%) and in 8/33 (24%) of infants born extremely preterm and very preterm,
respectively, but only in 2/66 (3%) infants born moderately or late preterm and in none of the

81 infants born full term (p < 0.0001).

Severity by sample type — Infants could be classified according to the type of samples from
which Lm was isolated. Infants with positive systemic samples (blood or CSF) at birth exhibited

a more severe presentation than those with only non-systemic positive samples, and also than



those in whom listeriosis was only diagnosed from a maternal sample: they almost all presented
with abnormal physical examination at birth (56/57 (98%), 58/75 (77%) and 7/45 (16%),
respectively (Table 2)), with significantly more frequent neurological, cardiovascular and
respiratory impairment. They also exhibited higher C-reactive protein and procalcitonin levels
(Table 2). They had significantly longer antimicrobial therapy (median duration of 14 days [IQ
25-75: 10-21], 10 days [1Q 25-75: 8-14] and 6 days [1Q 25-75: 3-10], respectively (Table 4)).
Infants with positive systemic samples at birth exhibited poorer outcome, with higher rate of
severe [VHs (8/39 (21%), 4/58 (7%) and 0/11 (0%), respectively) (p = 0.003), longer hospital
stay (p < 0.0001), more frequent intensive care requirement (p < 0.0001), and more frequent
adverse outcome than other groups: 10/57 (18%), 6/75 (8%) and 1/45 (2%), respectively (p =
0.03) (Table 4).

Evidence for a protective effect of maternal treatment before delivery on newborn
presentation — We studied determinants of initial severity in the 177 infants without late onset
infection. Neither maternal background (ethnicity or immunosuppression) nor strain clonal
complex was found associated with infant outcome (data not shown).

Mothers of infants without positive samples exhibited distinctive features from mothers of
infants with positive systemic/ non-systemic samples: more frequent fever and influenza-like
symptoms (p<0.01) but less obstetrical signs (p<0.0001).

Importantly, there was a significant association between the absence of antenatal anti-Lm
maternal treatment and the occurrence of neonatal infection (Table 4): only 2/57 (4%) mothers
of infants with systemic samples positive had received anti-Lm antibiotic before delivery,
versus 22/26 (85%) mothers of infants classified as uninfected (p = 0.008). Antenatal anti-Lm
maternal therapy (initiated at least one day before delivery) was associated with an OR of 0.05
[95% confidence interval (CI): 0.006-0.21], p < 0.0001) of positive systemic infant sample and
with an odds ratio of 0.06 [95% CI: 0.02-0.14], p < 0.0001) of any infant positive sample.
Moreover, antenatal anti-Lm maternal treatment was associated with reduced neonatal initial
severity, defined as requirement for inotropic drugs, and/or fluid resuscitation, and/or

mechanical ventilation at birth, with an odds ratio of 0.23 [95% CI: 0.09-0.51], p < 0.0001).



DISCUSSION

Here we report the results of the first prospective study on neonatal listeriosis. It included 189
cases and constitutes the largest series reported so far [15, 27-29]. We detailed initial
presentation, defined neonatal patterns and assessed severity. We evidenced a drastic
improvement of in-hospital outcome as compared to earlier studies, and for the first time the
benefits of antenatal Lm-maternal treatment on neonatal presentation and severity. The main
strength of the study is its prospective and nationwide design. The quasi-exhaustiveness of the
French surveillance system for listeriosis provided the unique opportunity to collect a near-
complete dataset on a large scale in space and time [5]. The main limitation lies in its
observational nature, even though most infants benefited from the same work-up procedures.
Important conclusions can be drawn. First, clinical neonatal presentation is usually severe, with
70% of infants exhibiting abnormal clinical features at diagnosis, 22% with extreme or very
preterm birth, and many requiring prolonged hospital care. This is consistent with retrospective
studies that reported abnormal clinical presentation in > 75% of cases [15, 16]. The prospective
nature of the study allowed to delineate four distinct neonatal patterns (Figure 2).

A first group consisted in the 132 infants (70%) with early-onset listeriosis. Acute respiratory
distress was the prominent presentation, which reflects either non-specific signs of sepsis [30],
and/or respiratory distress syndrome in prematurely born infants [23], and/or Lm-pulmonary
involvement. It was associated with neurological and/or cardiocirculatory impairment as a
consequence of sepsis and/or central nervous system infection (that was reported altogether in
10% (9/99). Vesicular/pustular rash was reported in 5 infants, 4 with bacteremia: this
presentation is evocative of granulomatosis infantiseptica, a rare neonatal listeriosis condition
characterized by multifocal granulomas [31]. Among these 132 infants with early-onset
listeriosis, 2 subsets were identified. 57 infants had early-onset listeriosis diagnosed as
bacteremia, associated with CSF (20%) or urine (4%) infection: they exhibited the most severe
presentation. The rate of meningitis in these bacteremic infants was in the range of previous
reports (25- 41% [15, 16, 32]), and of other pathogens involved in early-onset neonatal sepsis,
such as group B streptococcus (7-16% [33, 34]). The other 75 had early-onset listeriosis
diagnosed only from non-systemic samples; they exhibited less severe presentation, with 2-3
times less cardiocirculatory and neurological symptoms.

Another group (n = 12) presented with late-onset listeriosis (6%). They all developed a
meningitis within 7-17 days after birth, with 8% bacteremia. This unique pattern probably
reflects its distinctive invasion mechanism, with putative ingestion of Lm during passage

through the birth canal [35].



A group of 26 infants (14%) appeared non-infected with normal clinical features, samples’
cultures negative, and good outcome without antibiotic therapy (for these infants, diagnosis was
made through maternal samples). Previous retrospective studies have suggested that 7-23%
bacteremic pregnant mothers deliver uninfected infants, and this was confirmed here on a large
scale by a combined clinical/biological approach [29, 36].

A last group of 19 infants (10%) with negative culture samples exhibited only non-specific
signs likely attributable to prematurity.

Importantly, despite the overall severe initial presentation, infants’ outcome appeared more
favorable that previously reported, as only 9% of the cases exhibited major complications
(including 3% mortality). Major adverse outcome (death, severe brain injury, severe
bronchopulmonary dysplasia) was mostly observed in the context of extreme or very preterm
birth (before 34WGQG), reflecting the vulnerability of this population and the likely contribution
of coincident diagnoses/comorbidities such as severe IVH [23]. We however evidenced a much
lower rate of complications than reported in earlier studies and/or in other areas: mortality
reached 25% in a review of 100 cases from the 1980-2000 literature, and 33% in a compilation
of 133 British cases between 1967 and 1985 [15, 16]. Neonatal mortality reached 18% (12/65)
in a large study conducted in Israel from 1999 to 2007 [27]. This is in line with the major
improvements achieved in neonatal intensive care management in the past decades, and
provides reassuring new data for infants born in the context of listeriosis after 34 WG (78% of
our cohort) [27, 37]. Long-term consequences of neonatal listeriosis remain largely unknown,
and are currently under investigation.

Besides gestational age at birth, another critical parameter influenced neonatal severity, with
major implications for the management of maternal listeriosis. Indeed, maternal anti-Lm
treatment administered before delivery was associated with a significant decrease of severity at
birth (OR 0.23 of inotropic drugs, and/or fluid resuscitation, and/or mechanical ventilation
requirement), and with a major reduction of the frequency of neonatal infection (OR 0.06 of
any positive infant sample). This strongly supports the empirical administration of
ampicillin/amoxicillin in undifferentiated maternal fever, in line with recommendations and
guidelines that such treatment should be prescribed especially after consumption of Lm-
contaminated food [38, 39] or in listeriosis outbreaks [28, 40]. Mothers of infants without
positive samples exhibited more signs evocative of listeriosis (fever, influenza-like symptoms)
but less obstetrical signs reflecting/requiring urgent delivery than mothers of infants with
positive samples, highlighting that maternal symptoms of listeriosis should prompt early

antimicrobial therapy.
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Finally, these results are in line with recent large reports that revealed non-existent to extremely
low rates of mortality with early-onset infection in term infants [41, 42]. Such reduction in
mortality could neither be attributed to improved therapies nor decreased pathogens virulence,
but rather to the frequency of intrapartum antibiotic prophylaxis. Together, these data underline
the critical impact of effective maternal management to improve neonatal infection-related
outcomes, and the pivotal importance of antenatal anti-Lm antimicrobial therapy in febrile

pregnant mothers.
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FIGURE LEGENDS

Figure 1. Distribution of culture positive samples in the 177 infants without late onset listeriosis
(blue, infant cerebrospinal fluid; pink, infant blood sample; yellow, other positive infant sample
(gastric fluid, ear, skin, amnionic fluid or placenta); hatched pink, maternal blood culture).
Maternal data are missing for 4 mothers (for detailed maternal microbiological features, see

Table S1).

Figure 2. Distribution of the 189 infants of the cohort according to their clinical and biological

presentation.
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Table 1. Epidemiological characteristics of the study population

Infants with Lm-
positive systemic

Infants with Lm-
positive non-

Infants with only

maternal Lm-positive

Infants with

Cohort sample(s) systemic sample(s) samples late onset infection P value q P vahie
N=189 ) (NS) M)’ N=12t Svs. NS vs. M Svs. SC
N=57 N=75 N=45
Sex ratio
Male 108/189 (57%) 33/57 (58%) 45/75 (60%) 25/45 (56%) 5/12 (42%) 0.69 0.8
Female 81/189 (43%) 25/57 (42%) 30/75 (40%) 20/45 (44%) 7/12 (58%) 0.69 0.66
Maternal origin*
France 99/187 (53%) 29/56 (52%) 33/74 (45%) 26/45 (58%) 10/12 (83%) 0.57 0.43
Europe 13/187 (7%) 6/56 (11%) 5/74 (7%) 2/45 (4%) 0/12 0.47 0.43
Africa 51/187 (27%) 17/56 (30%) 17/74 (23%) 17/45 (40%) 1/12 (8%) 0.28 0.35
Other 14/187 (3%) 4/56 (7%) 0/75 0/45 1/12 (8%) - -
Maternal immunosuppressive 17/187 (9%) 2/56 (4%) 4/74 (5%) 7/45 (16%) 0/12 0.72 0.61
comorbidity*’
Median gestational age at birth (IQ 25-75) 36 WG (33-39) 34 WG (31-37) 34 WG (30-36) 38 WG (37-39) 39 WG (38-40) <0.0001 0.24
Premature delivery <37 WG 108/189 (57%) 39/57 (68%) 58/75 (77%) 11/45 (24%) 0/12 <0.0001 0.25
Extremely preterm birth 24-27 WG 9/189 (5%) 4/57 (7%) 4/75 (5%) 1/45 (2%) - 0.54 0.69
Very preterm birth 28-31 WG 33/189 (17%) 11/57 (19%) 21/75 (28%) 1/45 (2%) - 0.002 0.24
Moderate preterm birth 32-33 WG 25/189 (13%) 10/57 (18%) 11/75 (15%) 4/45 (9%) - 0.43 0.62
Late preterm birth 34-36 WG 41/189 (22%) 14/57 (25%) 22/75 (30%) 5/45 (11%) - 0.07 0.54

Systemic samples were neonatal blood, cerebrospinal fluid or urine samples. Other neonatal samples were classified as non- systemic. Maternal positive samples were blood,

vaginal or urine samples.

Lm refers to Listeria monocytogenes.

* Maternal positive samples were blood cultures in 44/45 cases and CSF with PCR documentation in one case.

T Range 7-22 days after birth

{There were 2 twin pregnancies, hence 187 mothers. One mother gave birth to one infant with S and one infant with NS positive samples, while the other mother gave birth to
2 infants with NS positive samples.

§ Maternal immunosuppressive comorbidities included HIV infection (n=5), rheumatoid arthritis (n=2), solid organ cancer (n=1), inflammatory bowel disease under oral
corticosteroids + infliximab, infliximab, or azathioprine (n=1, each), congenital immunodeficiency (n=1), spondylarthritis (n=1), lupus erythematosus (n=2), oral corticosteroids
therapy n=2).

42 test was used for qualitative variables, Kruskall-Wallis test was used for quantitative variables.

I'v2 and Fisher tests were used for qualitative variables, Student ¢ test was used for quantitative variables.
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Table 2. Clinical and laboratory features of the study population

Infants with Lm-

Infants with Lm-

Infants with only

positive systemic positive non- maternal Lm-positive Infants with late P value
Cohort . . . Pvalue
N=189 samples systemic samples samples onset infection S vs. NS S s, NSl
(S) (NS) ™) N=12" vs. M
N=57 N=75 N=45

Clinical features
Any clinical sign 133/189 (70%) 56/57 (98%) 58/75 (77%) 7/45 (16%) 12/12 (100%) <0.0001 <0.0001
Temperature > 38°C 38/189 (20%) 15/57 (26%) 9/75 (12%) 3/45 (7%) 11/12 (92%) 0.01 0.03
Acute respiratory distress symptoms 106/189 (56%) 52/57 (91%) 51/75 (68%) 3/45 (7%) 2/12 (17%) <0.0001 0.001
Cardiocirculatory symptoms? 39/189 (21%) 26/57 (46%) 13/75 (17%) 0/45 0/12 <0.0001 0.0004
Neurological symptoms? 42/187 (22%) 24/56 (43%) 13/74 (18%) 2/45 (4%) 3/12 (25%) <0.0001 0.002

Seizures 5/187 (3%) 3/56 (5%) 1/74 (1%) 0/45 1/12 (8%) - -
Median APGAR 1min score (IQ 25-75) 7 (4-10) 5(2-8) 5(2-9) 10 (9-10) 10 (10-10) - -
Median APGAR S5min score (1Q 25-75) 9 (8-10) 8 (7-9) 8 (6-10) 10 (10-10) 10 (10-10) - -
APGAR 5 min score <7 36/189 (19%) 11/57 (19%) 23/75 (31%) 2/45 (4%) 0/12 0.002 0.14
Skin lesionf 19/186 (10%) 13/56 (23%) 6/73 (8%) 0/45 0/12 <0.0001 0.01

Macular and/or papular rash 9/186 (5%) 5/56 (9%) 4/73 (5%) - - - -

Purpura 5/186 (3%) 4/56 (7%) 1/73 (1%) - - - -

Vesicular and/or pustular 5/186 (3%) 4/56 (7%) 1/73 (1%) - - - -
Blood chemical tests
Median C-reactive protein (mg/L) (IQ 25-75) 49 (11-96) 89 (53-127) 47.5 (23-97) 3 (1.75-6) 10 (4-24) <0.0001 <0.001
C-reactive protein < 10 mg/L 42/171 (25%) 2/57 (4%) 11/74 (15%) 23/28 (82%) 6/12 (50%) <0.0001 0.0002
Median serum procalcitonin (ng/mL) (IQ 25-75) 1(0.21-13) 23 (5-44) 4 (1-19) 0.12 (0.03-0.17) 0.27 (0.18-0.4) < 0.0001 0.11
Serum procalcitonin < 0.5 ng/mL"* 16/39 (41%) 0/9 2/14 (14%) 6/6 (100%) 8/10 (80%) <0.0001 0.50
Blood count
Median leucocytes count (cells per pul) 10,635 7,790 11,000 14,300 21,980 <0.0001 0.04
(1Q 25-75) f (6,450-16,825) (4,82(-11,750) (6,800-15,400) (9,035-18,480) (18,150-22,625)
Median polymorphonuclear cells (cells per pL) 5,490 3,900 5,520 6,670 3,655 0.0001 0.04
(1Q 25-75) (3,168-10,038) (1,470-6,600) (3,214-8,725) (4,290-18,480) (1,750-5,500)
Monocytopenia®’ 11/110 (10%) 3/32 (9%) 7/53 (13%) 0/19 0/6 0.40 0.73
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Systemic samples were neonatal blood, cerebrospinal fluid or urine samples. Other neonatal samples were classified as non- systemic. Maternal positive samples were blood,
vaginal or urine samples

Lm refers to Listeria monocytogenes

* Range 7-22 days after birth

 Respiratory symptoms included: tachypnea > 60/min, grunting, apnea, cyanosis, or chest indrawing

! Cardiocirculatory symptoms included: tachycardia > 160/min, bradycardia < 120/min, hypotension and poor peripheral perfusion

$ Neurological symptoms included lethargy, altered consciousness and/or seizures. Information was available for 187 patients, including 56 with positive systemic samples, 74
with non-systemic positive samples and 45 with only maternal samples positive

T Information was available for 186 patients, including 56 with positive systemic samples, 73 with non-systemic positive samples and 45 with only maternal samples positive
I'Information was available for 171 patients, including 57 with positive systemic samples, 74 with non-systemic positive samples 28 with only maternal samples positive and
12 with late onset infection

** Information was available for 39 patients, including 9 with positive systemic samples, 14 with non-systemic positive samples 6 with only maternal samples positive and 10
with late onset infection

" Information was available for 168 patients, including 56 with positive systemic samples, 73 with non-systemic positive samples, 27 with only maternal samples positive and
12 with late onset infection

 Information was available for 155 patients, including 49 with positive systemic samples, 69 with non-systemic positive samples, 25 with only maternal samples positive and
12 with late onset infection

$§ Information was available for 110 patients, including 32 with positive systemic samples, 53 with non-systemic positive samples, 19 with only maternal samples positive and
6 with late onset infection

M2 test was used for qualitative variables, Kruskall-Wallis test was used for quantitative variables.

Il v2and Fisher tests were used for qualitative variables, Student ¢ test was used for quantitative variables.
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Table 3. Microbiological features of the neonatal study population

Infants with Lm- Infants with Lm- Infants with only

positive systemic positive non- maternal Lm- Infants with late Pvalue
Cohort . o . . P value
N=189 samples systemic samples positive samples onset infection S vs. NS vs. S s, NS
(S) (NS) (M) N=12° Mt 5
N=57 N=75 N=45

Blood sample
Blood culture 57/164 (35%) 56/57 (98%) 0/75 (0%) 0/45 (16%) 1/12 (8%) <0.0001 <0.0001
Cerebrospinal fluid sample
Positive culture 18/114 (16%) 6/46 (13%) 0/53 (0) 0/3 (0) 12/12 (100%) 0.02 0.007
Positive PCR 3/10 (30%) 3/6 (50%)F 0/3 (0) - 0/1 (0) - -
Any positive microbiological CSF sample 21/114 (18%) 9/46 (20%) 0/53 (0) 0/3 (0) 12/12 (100%) 0.003 <0.0001
Peripheral samples?
Any positive peripheral sample culture 117/189 (62%) 51/57 (89%) 66/75 (88%) 0/45 (0) 0/12 (0) <0.0001 0.79
Gastric aspirate 110/151 (73%) 48/50 (96%) 62/68 (92%) 0/32 (0) 0/1 (0) <0.0001 0.30
External auditory canal 60/82 (73%) 18/21 (86%) 42/46 (91%) 0/14 (0) 0/1 (0) <0.0001 0.49
Anus 29/45 (64%) 13/15 (87%) 16/21 (76%) 0/8 (0) 0/1 (0) <0.0001 0.43
Pharynx 20/38 (53%) 6/12 (50%) 14/19 (74%) 0/7 (0) - 0.004 0.18
Amniotic fluid
Any positive amniotic fluid culture 12/25 (48%) 6/8 (75%) 6/7 (86%) 0/9 (0) 0/1 (0) <0.001 0.60
Placenta sample
Any placenta sample evocative of listeriosis

73/94 (789 26/27 (939 47/48 (989 0/18 (0 0/1 (0 <0.0001 0.29
(culture and/or histology) (78%) (93%) (98%) ©) ©)
Placenta culture positive 68/93 (73%) 26/27 (93%) 42/47 (89%) 0/18 (0) 0/1 (0) <0.0001 0.29
Macroscopic or microscopic abscesses 14/18 (78%) 5/5 (100%) 9/10 (90%)"" 0/3 (0) - 0.002 0.44
Urine sample
Any positive urine culture 2/5 (40%)"* 2/3 (66%) 11 - - 0/2 (0) - -

Systemic samples were neonatal blood, cerebrospinal fluid or urine samples. Other neonatal samples were classified as non- systemic. Maternal positive samples were blood,

vaginal or urine samples.

Lm refers to Listeria monocytogenes.
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* Range 7-22 days after birth

T All samples with PCR evidence of L. monocytogenes had concomitant negative CSF culture.

# No meconium sample was collected, nor any tracheal aspirate.

$ Among the 13 placenta samples with abscesses, four had concomitant negative placenta culture (in all cases maternal treatment had been started before sampling (several hours
to 24 hours).

T Maternal samples consisted in blood cultures or vaginal samples {Charlier, 2017 #10700}.

I' All positive urine samples were collected among infants with concomitant positive blood cultures.

" Of the 9 infants with histological evidence of placental infection, 5 had negative placenta culture but all had other Lm-positive non systemic samples.
Tt All infants with positive urine culture also had positive blood cultures.

42 test was used for qualitative variables, Kruskall-Wallis test was used for quantitative variables.

5% v2and Fisher tests were used for qualitative variables, Student ¢ test was used for quantitative variables.
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Table 4. Antibiotic treatment and outcome of the study population

Infants with Lm-

Infants with Lm-

positive non-

Infants with
only maternal

Infants with late

C(:hort positive systemic systemic samples Lm-positive onset infection P value S V*S ’ P valuef
N=189 samp_les (S) (NS) samples (M) N=12" NS vs. M* Svs. NSt
N7 N=75 N=45
Neonatal antibiotic treatment
Amoxicillin (n=), 163/189 (86%) 57/57 (100%) 74/75 (99%) 20/45 (44%) 12/12 (100%) <0.0001 0.38
Median posology (mg/kg/d) (IQ 25-75) (n=) 164 (100-200) 198 (103-200) 164 (100-200) 100 (96-142) 181 (93-201) 0.12 0.28
(n=170) (n=55) (n=62) (n=17) (n=12)

Median duration (days) (IQ 25-75) (n=) 12 (8-17) (n=173) 14 (10-21) (n=57) 10 (8-14) (n=74) 6 (3-10) (n=20) 21 (19.5-21) <0.0001 <0.001
Aminoglycoside (n=), 141/189 (75%)" 51/57 (89%) 62/75 (83%) 18/20 (90%) 10/12 (83%) 0.46 0.27

Median duration (days) (IQ 25-75) (n=) 3 (2-5) (n=141) 3 (2-5) (n=51) 3 (2-5) (n=62) 2 (2-2) 8 (5-10) 0.01 0.20
Addition of a 3™ antibiotic active on Lm 7/189 (4%) * 4/57 (7%) 2/75 (3%) 0/45 (0) 1/12 (8%) 0.14 0.23
No treatment 26/189 (14%) 0/57 (0) 1/75 (1%) 25/45 (56%) 0/12 (0) <0.0001 0.38
Treatment stopped at day 3 8/189 (4%) 0/57 (0) 2/75 (3%) 6/45 (13%) 0/12 (0) 0.003 0.21
Maternal antibiotic treatment

Prescription of anti-Listeria antibiotic before 38/189 (20%) 2/57 (4%) 17/75 (23%) 33/45 (73%) 0/12 (0%) <0.0001 0.002
birth

Median duration of anti-Listeria antibiotic 0(0-1) 8 (1-14) 1(1-3) 56 (10-76) - <0.0001 0.57
before birth
Outcome
In-hospital death 5/189 (3%) 2/57 (4%) 3/75 (4%) 0745 (0) 0/45 (0) 0.41 0.88
Intensive care unit management 94/189 (50%) 39/57 (68%) 40/75 (53%) 8/45 (18%) 4/12 (33%) <0.0001 0.11
Median hospital stay (days) (n=) 16 (8-25) (n=171) 21 (12-28) (n=55) 16 (10-30) (n=71) 6 (4-10) (n=35) 21 (17-22) (n=12) <0.0001 0.67
Intraventricular hemorrhage (n/prematurely 25/108 (23%) 12/39 (31%) 13/58 (22%) 0/11 (0) - 0.1 0.35
born infants)

Severe intraventricular hemorrhage (SIVH) § 12/25 (48%) | 8/39 (21%) ! 4/58 (7%) 0/11 (0) - 0.003 0.04
Severe bronchopulmonary dysplasia (SBPD) 3/189 (2%) 1/57 (2%) 1/75 (1%) 1/45 (2%) - 0.93 0.84
(n/prematurely born infants) T
Necrotizing enterocolitis (n/prematurely born 0/189 - - - - - -

infants)
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Major adverse outcome (death and/or severe 17/189 (9%) 10/57 (18%) 6/75 (8%) 1/45 (2%) - 0.03 0.11
brain injury and/or SBDP)

Systemic samples were neonatal blood, cerebrospinal fluid or urine samples. Other neonatal samples were classified as non- systemic. Maternal positive samples were blood,
vaginal or urine samples.

Lm refers to Listeria monocytogenes.

* Range 7-22 days after birth

T Aminoglycosides included gentamicin in 93 cases (31 with C, 46 with NC, 12 with M and 4 with late onset infection), amikacin in 44 cases (16 with C and NC, each and 6
with M and late onset infection, each), tobramycin in 3 C cases and netilmicin in 1 C case.

f Antibiotics added to amoxicillin eventually combined to aminoglycoside included vancomycin in 5 cases (3 with C, 1 with NC and with late onset infection, each) and
rifampicin in 2 cases (1 with C and 1 with NC, each).

$ Severe intraventricular hemorrhage (IVH) was defined as IVH with ventricular dilatation or as IVH with intraparenchymal hemorrhages (large unilateral parenchymal hyper
density by ultrasound imaging, large unilateral porencephalic cyst) .

T Severe bronchopulmonary dysplasia was defined as administration of oxygen for >=28 days plus need for >30% oxygen and/or mechanical ventilation support or continuous
positive airway pressure at 36 weeks postmenstrual age [22].

I'One infant with SVIH also exhibited periventricular leukomalacia.

** x% test was used for qualitative variables, Kruskall-Wallis test was used for quantitative variables.

Tt v2and Fisher tests were used for qualitative variables, Student ¢ test was used for quantitative variables.
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Table S1. Features of the maternal population

Mothers of Mothers of Mothers of infants Mothers of
infants with Lm- infants with with only maternal infants with P val
Cohort positive systemic Lm-positive Lm-positive 1 ? SW ¢ g va ]L\t[g Pvalue
N=187* samples non-systemic samples i?lfeggf)i v‘;s' 8 S vs. NS®
(S) . samples (}IS) (M) N=12t '
N=56 N=74 N=45
Clinical features
Any clinical sign 167/187 (89%) 50/56 (89%) 70/75 (93%) 45/45 (100%) 1/12 (8%) 0.08 0.4
Temperature > 37.7°C 129/187 (69%) 36/56 (64%) 49/74 (66%) 43/45 (96%) 1/12 (8%) 0.0004 0.81
Influenza-like symptoms 49/185 (26%) 13/56 (23%) 15/74 (20%) 21/43 (49%) 0/12 0.002 0.69
Diarrhea 10/187 (5%) 5/56 (9%) 1/74 (2%) 4/45 (9%) 0/12 0.1 0.04
Neurological symptoms* 1/187 (1%) 0/56 0/74 1/45 (2%) 0/12 - -
Systemic blood pressure <90 mm Hg 3/187 (2%) 1/56 (2%) 0/74 (1%) 1/45 (2%) 1/12 (8%) - -
Septic shock 0/187 0/56 0/74 0/45 0/12 - -
Obstetric signs (contractions, 130/187 (70%) 48/56 (86%) 66/74 (89%) 15/45 (33%) 0/12 (0%)  <0.0001 0.55
labor, abnormal fetal heart rate)
Death 0/187 0/56 0/74 0/45 0/12 - -
Positive maternal blood cultures 20/54 (37%) 19/47 (40%) 44/45 (98%) - <0.0001 0.84
Positive maternal CSF culture 0/54 0/47 0/45 - - -
Positive maternal CSF PCR 0/54 0/47 1/45 (2%) - -

Systemic samples were neonatal blood, cerebrospinal fluid or urine samples. Other neonatal samples were classified as non-systemic. Maternal
positive samples were blood, vaginal or urine samples

Lm refers to Listeria monocytogenes

* There were 2 twin pregnancies, hence 187 mothers. One mother gave birth to one infant with S and one infant with NS positive samples, while

the other mother gave birth to 2 infants with NS positive samples.
T Range 7-22 days after birth

4% and Fisher tests were used for qualitative variables



Table S2. Biochemical and cellular features of the cerebrospinal fluid in the 20 patients with Listeria monocytogenes
IQ denotes interquartiles.

Infants with early  Infants with late

onset infection  onset infection P
n=8 n=12"
Direct examination positive 1 (13%) 6 (50%) 0.37
Median nucleated cells count (cells /mm?) (IQ 25-75) 125 (40-945) 3,350 (1,040- 0.01
5,055) '
Median polymorphonuclear to nucleated cells ratio (IQ 25-75) 0.55 (13-65)f 0.52 (38-70) 0.67
Median protein concentration (g/L) (IQ 25-75) 2.6 (1.7-5.05)f 2.5(1.5-4.7) 0.68
Median cerebrospinal fluid to blood glucose ratio (IQ 25-75) 0.05 (0.03-0.1)*  0.56 (0.35-0.57) 0.67

" Range 7-22 days after birth
" Based on n=6
! Based on n=3



Table S3. Distribution of L. monocytogenes clonal complexes among samples collected from the
study cohort

Data available for 184 isolates, including 56 isolates from infants with central positive samples, 75
infants with non-central positive samples including 2 twins, 43 infants with maternal positive
samples only and 12 with late onset infection. In case of maternal and infant sampling or twin
sampling (n=2), only one sample was analyzed.

Infants with Infants with Lm- Infants with onl Infants
MLST . Lm-positive positive non- Y with late
No. isolates maternal samples
Clonal (N=184) central central samples ositive (M) onset
Complex samples (C) (NO) p A3t infection
n=56" n=73 B n=12*
Lineage |

CC1 48 (26%) 11 (20%) 17 (23%) 14 (33%) 6 (50%)

CCeo 27 (15%) 11 (20%) 10 (14%) 3 (7%) 3 (25%)
CC4 25 (14%) 11 (20%) 12 (16%) 2 (5%) -
cC2 15 (8%) 3 (5%) 10 (14%) 2 (5%) -

CCs 13 (7%) 3 (5%) 6 (8%) 3 (7%) 1 (8%)
CC87 4 (2%) - 3 (4%) 1 (2%) -
CC3 3 (2% 1 (2% 2 (3% - -
CC220 3 22%(3 (- ) 1 szg 2 (5%) -
CC224 3 (2%) 2 (4%) - 1 (2%) -
CCs4 2 (1%) 1 (2%) - 1 (2%) -
CC59 2 (1%) 1 (2%) 1 (1%) - -
CC77 2 (1%) - 1 (1%) 1 (2%) -
CC183 2 (1%) 1 (2%) 1 (1%) - -
CcC217 2 (1%) - 2 (3%) - -
CC218 1 (1%) - - 1 (2%) -
CC240 1 (1%) - - 1 (2%) -

Lineage 11

cc7 4 (2%) 2 (4%) 1 (1%) 1 (2%) -
CC101 4 (2%) 3 (5%) - 1 (2%) -

CCl11 3 (2%) 1 (2%) - 1 (2%) 1 (8%)
CCl4 3 (2%) 1 (2%) 1 (1%) 1 (2%) -
CC18 3 (2%) 1 (2%) - 2 (5%) -
CC37 3 (2%) 1 (1%) 2 (5%) -
CC155 3 (2%) 1 (2%) 2 (3%) - -
CC121 2 (1%) - 2 (3%) - -

CC8 1 (1%) - - - 1 (8%)
CC20 1 (1%) - - 1 (2%) -
CC29 1 (1%) - - 1 (2%) -
CC403 1 (1%) 1 (2%) - - -
CC412 1 (1%) - - 1 (2%) -
CC475 1 (1%) 1 (2%) - - -

* Central samples were neonatal blood, cerebrospinal fluid or urine cultures. Other neonatal samples were classified as
non-central.

T Maternal positive samples were blood, vaginal or urine samples.

fRange 7-22 days after birth



Genoserogroup

Figure S1. cgMLST analysis of Listeria monocytogenes isolates (data available for 184
isolates)

cgMLST allelic profiles were obtained using the Institut Pasteur scheme of 1748 loci (Moura
et al., 2016), implemented at BIGSdb-Lm (https://bigsdb.pasteur.fi/listeria/). The dendrogram
was constructed using the single linkage algorithm implemented at BioNumerics v.7.6
(Applied-Maths, Belgium) and annotated with iTol v.4.2 (Letunic & Bork, 2016). Phylogenetic
lineages (L#) and sublineages (SL#) are labelled in the branches. Corresponding clonal
complexes (based on MLST scheme of 7 loci; Ragon ef al., 2008) are also indicated in brackets
(CC#). The external ring represents the genoserogroups (based on Doumith et al., 2004 and
Leclercq et al., 2011), colored as indicated in upper right panel.
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Summary of the main point: We prospectively assessed the presentation and outcome of
neonatal listeriosis and evidenced that maternal antibiotic treatment administered at least one

day before delivery is associated with a significant reduction of neonatal severity.



ABSTRACT

Context — Listeriosis is caused by the foodborne pathogen Listeria monocytogenes. It can
present as a maternal-neonatal infection. We implemented the nationwide prospective cohort

MONALISA and analyzed the features of neonatal listeriosis.

Methods — We studied all neonates born alive from mothers with microbiologically-proven
maternal-neonatal listeriosis enrolled from November 2009 to December 2017. We analyzed
presentation, neonatal outcome at discharge and predictors of severe presentation and outcome.

The study is registered at clinicaltrials.gov (NCT01520597).

Results — We studied 189 infants. 133/189 (70%) had abnormal clinical status at birth, including
acute respiratory distress in 106/189 (56%). 132/189 (70%) infants developed early-onset
listeriosis and 12/189 (6%) late onset listeriosis who all presented with acute meningitis. 17/189
(9%) had major adverse outcomes: 3% death (5/189), 6% (12/189) severe brain injury, 2%
(3/189) severe bronchopulmonary dysplasia, 15/17 in infants born < 34 weeks of gestation (p
<0.0001 versus infants born > 34 weeks of gestation). Maternal antimicrobial treatment >1 day
before delivery was associated with a significant decrease of infants’ severity (resulting in
significantly less inotropic drugs, fluid resuscitation, or mechanical ventilation requirement),

OR 0.23 [95% confidence interval CI 0.09-0.51], p <0.0001).

Conclusion— Antenatal maternal antimicrobial treatment is associated with reduced neonatal
listeriosis severity, justifying the prescription of preemptive maternal antimicrobial therapy
when maternal-fetal listeriosis is suspected. Neonatal outcome is better than reported earlier,

and its major determinant is gestational age at birth.
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