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Abstract

Background: Necrotizing enterocolitis (NEC) is the most severe and life-threatening gastrointestinal disease among preterm
infants.

Objective: We evaluated the diagnostic methods for clostridial NEC in our center. We described the affected population, the
feeding strategies used before the onset of NEC, the clinical outcomes of patients with clostridial NEC and the outbreak of
clostridial NEC in our center.

Design: We performed a retrospective monocentric study in Rene Dubos Hospital in France. Our population included
neonates with definite NEC corresponding to Modified Bell’s stages II, III, and IV associated with clostridium butyricum and
neonatale, diagnosed between January 2017 and November 2022.

Results: Among the 7 neonates diagnosed with clostridium infection associated with NEC, 85% of our populations were
exclusively fed with human milk. Slower and intermediate rates of progression of enteral feeding strategies were associated
with a higher risk of NEC. Bacteriological diagnoses were announced positive by blood culture after 18 +/- 6 hours with
unidentified anaerobic germ. Microbiota analysis showed that 71% of our populations were clostridium neonatale and 29%
were clostridium butyricum. Surgical intervention was necessary for all patients. An outbreak of necrotizing enterocolitis
occurred within a I-month period, in 3 neonates of our population. Blood culture from these neonates grew the same strain,
clostridium neonatal.

Conclusions: A slow rate of progression of enteral feeding is associated with an increased risk of developing NEC. Medical
teams should provide aggressive therapeutic management, incorporate anaerobic BC into diagnostic workups, and consider
the use of PCR test for early detection of clostridial infections. Outbreak of necrotizing enterocolitis associated with
clostridium neonatal is common, appropriate broad-spectrum disinfectant with hand hygiene and quarantine rules should be
applied.
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species, C. neonatale, was associated with a NEC
outbreak [7]. All of these bacteria belong to the
endogenous intestinal microflora, and the aberrant
gut colonization observed in preterm infants may be a
risk factor [8]. In this retrospective study, we describe
the management of clostridium infection associated
with necrotizing enterocolitis in our neonatal
intensive care unit, highlighting the utility of early
diagnosis and the use of early PCR detection for
clostridium species.

Introduction

Necrotizing enterocolitis (NEC) is the most severe and
life-threatening  gastrointestinal ~ disease among
preterm infants that continues to account for
substantial morbidity and mortality in neonatal
intensive care units [1]. The major complications
following NEC are the development of short bowel
syndrome, intestinal stenosis, need for colostomy, and
difficulty in reestablishing the early enteral diet [2].
The pathogenesis is complex and multifactorial.
Prematurity, enteral feeding strategies, gut bacterial
colonization, and inappropriate proinflammatory
response are major factors implicated in NEC

Methodology

Study design: A retrospective monocentric study in

development [3]. Several causative microorganisms
including  viruses, gram-negative bacilli, and
Clostridium spp have been proposed [5]. The most
common clostridia species involved are C. butyricum
and C. perfringens [6]. Recently, a novel Clostridium

© 2024 Hanady Al Haddad, et al.

Rene Dubos Hospital in France was conducted. We
enrolled all neonates with definite NEC
corresponding to Modified Bell’s stages II, I1I, and IV
associated with clostridium butyricum and neonatale,
diagnosed between January 2017 and November
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2022. Infants who met criteria for NEC without
associated clostridium species were not included.
None of the selected patients had received probiotics.
Ethics: All methods were performed in accordance
with the relevant guidelines. Data base was declared
to the National Commission for Computing and
Liberties (CNIL). Written information was delivered
to all parents, ensuring their non-opposition to the
research.

Outcomes: The primary outcome was to describe the
diagnostic methods for clostridial NEC in our center.
Additional outcome included describing the affected
population, observing feeding strategies used before
the onset of NEC, and describing outcomes of
clostridial NEC in our center.

Data collection: recorded variables included
gestational age, birth weight, [IUGR, gender, mode of
delivery,  antenatal  corticosteroids,  postnatal
antibiotics, APGAR score, speed of feeding, type of
milk, tracheal intubation, hemodynamic failure

Table 1: Characteristics of the population
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suggested by clinical signs and /or abnormal
laboratory results.

Statistics

The discrete data were presented as a percentage.
Numerical data were presented by their median &
quartiles. The statistical analysis was carried out with

the R software & Excel.

Results
Population

In our unit, 7 neonates were diagnosed with a
clostridium infection associated to NEC between
2017 and 2022. NEC was diagnosed based on clinical
and radiological findings, classified using Modified
Bell’s staging criteria. Patient’s characteristics are
summarized in tablel. 85% of our population was
exclusively fed with human milk. The only patient
who received formula was a 2020g neonate, born at

32+4 weeks.

Characteristics of the population
Gestationnal age (SA) 29.6+/-2
Birth weight (g) 1231 +/-377
IUGR < 10e p 2 (28%)
Percentile 48 +/- 36
Male gender (n, %) 1 (14%)
C-section (n, %) 4 (57%)
Maternal antibiotics (n, %) 5(71%)
Initial antibiotics (n, %) 3 (43%)
APGAR
1 7
5 9
10 9
Complete prenatal steroids (n, %) 6 (86%)
Day of 1st feeding 1,1 +/-0,3
Speed of feedings (ml/kg/d) 18 +/-3
Exclusive Human milk 6 (85%)
death n, % 1 (14%)

Bacteriological diagnosis

In all our patients, clostridium was found on a blood
culture. Blood cultures were announced positive after
18 +/- 6 hours with unidentified anaerobic germ. Our
laboratory used 16s rRNA gene sequencing which
resulted in a long delay before precise identification
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of the clostridium species (Figure 1). Clostridium
neonatal was the main species, present in 5 patients.
When feasible, stool cultures were collected on the
day of symptoms onset, but without specific search for
clostridium species.  Stool cultures came back
negative. None of the selected patients had a positive
clostridium species on milk culture samples.
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Figure 1: Duration of bacteriological diagnosis (days)

NEC management and outcomes

Table 2: ECUN characteristics

Day of NEC 6,4+/-3

Neonatale 5(71%)
Butyricum 2 (29%)
Initial rectal bleeding 7 (100%)
Prolonged rectal bleding (>15j) | 2 (29%)
Hemodynamic instability 7 (100%)
Need for surgery 7 (100%)
III B 5 (71%)
I A 2 (29%)
CRP max 128 +/- 46
Lactate max 7,2 +/-0,13
pH min 6+/-5
Quarantine* 3 (43%)
Co infection 3 (43%)
Staph aureus 1 (14%)
Staph, others 2 (29%)
BGN 1 (14%)

All patients presented a severe NEC with clinical sepsis (table 2). Hemodynamic instability was the main reason for
intubation, before pain management (figure 2).

© 2024 Hanady Al Haddad, et al.
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M pain management

B hemodynamic or respiratory

Figure 2: Cause for intubation

Vasoactive drugs were necessary in most patients
(figure 3). The one patient who died was a 33 weeks
neonate with 2™ percentile [IUGR. He developed an
early NEC at DOL 4. His condition deteriorated

with a severe hemodynamic shock and a refractory
hypoxia that failed to respond to resuscitation. He was
infected with clostridium butyricum.

M volu expansion

W vasoactive drugs

Figure 3: Hemodynamic management

All patients required surgery

5 patients required early surgery that consisted in a
resection and protective colostomy. NPO after surgery
lasted 7 +/- 0.5 days. Feeding was resumed with
unfortified human milk, switched later on to
extensively hydrolyzed formula if the mother did not
supply enough breast milk. The duration between
switching from total enteral feeding to premature
baby formula was a one-month period. Reconstitution
of intestinal continuity was performed after 8 +/- 0.3
weeks. For the remaining 2 patients who did not need
early surgery, oral feeding was withheld for 7 and 9
weeks respectively. They experienced prolonged rectal
bleeding, of 41 and 22 days. They both developed
intestinal stenosis. The first patient, intestinal stenosis
was confirmed by a barium enema at 7 weeks post
enterocolitis. A resection of the small intestine
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stenosis and a direct anastomosis was organized
within two weeks. Enteral feeding was resumed at day
3 post surgery. The second patient, intestinal stenosis
was clinically diagnosed by a tender and bloated
abdomen. Eventually, her clinical status deteriorated
at 7 weeks post enterocolitis. She underwent an
emergent surgery. A total colon stenosis with a 20 cm
of small intestine necrosis was found. Protective
enterostomy was performed and enteral feeding was
resumed at day 7 post surgery.

Infection management

Broad spectrum antibiotics were started in 6 patients
with cefotaxime, vancomycin, gentamicin and
metronidazole. The one patient who died was the only
patient who was initially treated with cefotaxime,
gentamicin, vancomycin but without metronidazole.
Due to severe hemodynamic shock, cefotaxime was
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switched to meropenem at dayl following NEC
diagnosis. All clostridium had similar antibiogram
(figure 4), and were sensitive to both flagyl and
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vancomycin. Initial biotherapy was continued in
survivors for 18+/-3 days.

I. Clostridium neonatale
Hemoculture

Antibiogramme |

.Amoxrcullmu I's]

Amoxi+Ac.cdlavulanique
Pipéra+Tazobactam
Imipénéme

Clindamycine

+
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Métronidazole (CMI
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S: Sensible a posologle standard
| : Sensible a forte posologie ou forte exposition
R: Résistant
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| Antibiogramme [
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Figure 4

An outbreak of necrotizing enterocolitis occurred
within a I-month period, in 3 neonates of our
population. Blood culture from these neonates grew
the same strain, clostridium neonatal.

Those 3 were put in quarantine, with isolation and
safety measures similar to the ones recommended for
clostridium difficile.

Discussion
Population

There was a large majority of female neonates in our
population (85.7%). There is no evidence of a gender
specific sensitivity to clostridium infection in
neonates. Patients did not necessarily present with
known risk factors for NEC. The mean GA was over
28 weeks, only two of them were small for gestational
age. Infants with clostridial NEC have more extensive
pneumatosis intestinalis, gangrene and a more rapid
progression of NEC than infants with non-clostridial
NEC [6] All our patients needed rapid surgery either
due to their extensive clinical deterioration, or later
for an intestinal stenosis. One patient with
clostridium butyricium eventually died.

Bacteriological diagnosis

Several causative microorganisms have been proposed
in necrotizing enterocolitis. Nonetheless, the most
implicated anaerobic bacteria from the commensal
fecal microbiota are the family of clostridium [9] In
2014, based on a polyphasic study combining
phylogenetic analysis and phenotypic
characterization, Bouvet et al, clarified the status of C.
neonatale, demonstrating that it is a new species
belonging to cluster 1 of the Clostridium genus sensu
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stricto [10]. Particularly, this study permitted the
differentiation of C. neonatale from another
Clostridium species involved in NEC, Clostridium
butyricum [11]. The differences between cases of NEC
may be due to real differences in etiologies, or species
but also to methodology. Application of molecular
technique to the gut microbiota analysis showed that
a large part cannot be cultivated under standard
laboratory conditions. New methodologies are based
on PCR techniques using universal primers or
primers designed to amplify the variable 16S rRNA
gene regions [12]. Van den Brand M et al introduced
a newly developed multiplex PCR, as a rapid tool to
enhance diagnosis of neonatal sepsis. (13) Direct
clostridium species identification with PCR showed
results available within 4 hours as compared with
14hours of incubation for blood culture which
enables early initiation of targeted therapy. Further
studies are needed to confirm that routine
microbiological exams in preterm neonates with NEC
should include bacterial culture under anaerobic
conditions and RT-PCR testing specific for
C.neonatale, C.butyricum and C. perfringens on a
stool, milk, blood and surgical samples.

Antibiotics exposure

Cotten CM et al, demonstrated in their study that
perinatal exposure to antibiotics has been identified
as a risk factor for NEC, in particular when
administered more than 5 days [15]. In our study,
43% of our population was exposed to perinatal
antibiotics for less than 72 hours. Large spectrum
antibiotics may have increased the risk of NEC.
Moreover, the use of large spectrum antibiotics during
the first episode of NEC may have participated by

5
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promoting gut dysbiosis to a secondary worsening
episode.
Antibiotic treatment

Due to a lack of supportive evidence and guidelines,
the length of treatment and choice of antimicrobial
agents for presumed and proven episodes of NEC vary
among centers. The study of Cantey et al. showed
recently that the implementation of antibiotic
stewardship programs including appropriate dosages
and narrow-spectrum regimens was effective in
reducing unnecessary antibiotic use in NICU [16].
86% of our neonates received cefotaxime,
vancomycin, gentamicin and metronidazole as a first
treatment for NEC. The one patient who was
clinically stable with low inflammatory marker did not
receive  metronidazole initially, He rapidly
deteriorated and eventually died. Even though he had
vancomycin, a bi-therapy could have been more
effective against clostridium butyricum. We believe it
is reasonable to always initiate metronidazole on the

onset of NEC.
Nutrition

Though the etiology of NEC is multifactorial, several
studies show that nutrition plays a major role as a
preventive factor for necrotizing enterocolitis in
neonates. Morgan ] et al showed that advance enteral
feeding volumes at daily increments of 30-35 ml/kg
does not increase the risk of NEC in very preterm or
very low birth weight infants. (17) Moreover, a delay
in enteral feeding is associated with intestinal
inflammation and a small volume of feeding has little
or no impact on gut growth and maturation [18]
However, in our center, the local protocol still
recommended 20ml/kg daily increase, in order to
prevent NEC. Thus, enteral feeding volume was
increased at daily rate slightly under 20 ml/kg,
resulting in several days delay in establishing full
enteral feeding. Campos-Martinez AM et al, reviewed
the protective effect of human milk on the
inflammatory responses and provides immunological
defenses to reduce the incidence of NEC (19). We
maintained the human milk as only source of enteral
feeding for our patients, since they were all below 32

weeks of GA or 1500g.

Prevention and Treatment

Various strategies have been proposed for the
prevention of necrotizing enterocolitis. One of these
preventing factors includes the routine use of
different strains of probiotics, especially Lactobacillus
and Bifidobacterium. However, the most suitable
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combination of strains and the optimum doses need
further studies to be determined. (20-21) Therefore,
probiotics are not routinely used in our NICU due to
a lack of sufficient studies. Several studies isolate
clostridium linked to outbreak cases of necrotizing
enterocolitis. Dong Y et al showed an association
between NEC and C. butyricum contamination
within the hospital [24]. Also, Michelle J. Alfa et al,
described an outbreak of necrotizing enterocolitis
associated with clostridium neonatal within a 2-
month period [25] 42.8 % of our population
developed NEC in a period of 1 month at the same
unit. Colonization in preterm neonates is highly
influenced by iatrogenic manipulations including
hospital environments. The ability of physicians and
nurses to carry various clostridium species on their
fingers if hand washing is not adequate has been
suggested as a potential means of transmitting
clostridium and this may be related to outbreak of
NEC [25]. Spore forming bacteria are highly resistant
to usual hospital disinfectants, so we wused an
appropriate broad-spectrum disinfectant, similar to
the one used against clostridium difficile. Hand
hygiene was performed with soap and water then
alcohol-based hand rub. Patients were quarantined in
single rooms.

Conclusion

Preterm infants with NEC may have a life-threatening
evolution with extensive intestinal necrosis and high
mortality. Medical teams should provide aggressive
therapeutic management, incorporate anaerobic BC
into diagnostic workups, and consider the use of PCR
test for early detection of clostridial infections.
Knowledge about NEC due to Clostridium neonatal
and butyricum has not been widely circulated, and
given the significance of NEC, we decided to publish
this study to alert the medical community to this
ominous clinical presentation and facilitate
diagnostic improvements.
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