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Abstract Cronobacter spp is an opportunistic pathogen that can cause severe neonatal infections,
including septicemia, meningitis, and necrotizing enterocolitis. Over 90% of these
infections outbreaks are associated with the increased consumption of powdered
infant formula (PIF). We report the case of a male neonate born at term with adequate
weight for gestational age, fed by breast milk and PIF. He was admitted to the ICU at
22 days old due to fever, irritability, impaired consciousness, and food intolerance.
Investigation revealed an extensive abscess in the right frontoparietal region, that was
surgically drained. The culture of the purulent material showed the growth of
Cronobacter spp. Guided antibiotic was kept for 21 days. The patient presented a
good clinical outcome, without neurological deficits. The microbiological powdered
formula contamination by Enterobacter sakazakii (Cronobacter spp) can lead to a higher
risk of severe infections in infants. Children may present sepsis, sensory alteration, and
refractory seizures. An early brain image should be considered for symptomatic infants.
The mortality rate ranges from 40 to 80%, and 74% of survivors have an adverse
neurological outcome. From 1997–2013, there were reports of 6 outbreaks of E.
sakazakii disease in Brazil. According to the World Health Organization (WHO), this
disease is undernotified, and active foodborne surveillance systems are less than ideal.
To better address this problem, in some countries, the notification is mandatory, and
the adoption of stricter sanitary measures by regulatory agencies are proposed.

Resumo O Cronobacter spp é um patógeno oportunista que pode causar infecções neonatais graves,
incluindo septicemia, meningite e enterocolite necrosante. Mais de 90% dessas infecções
estão associadas ao aumento do consumo de fórmula infantil em pó (FIP). Relatamos o caso
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Introduction

Nowadays, the use of powdered infant formula (PIF) as a
substitute to feed newborns is increasingly frequent. Al-
though breastfeeding is the primary recommendation for
adequate infantile nutrition, it is not always possible. The PIF
is easily accessible; nevertheless, issues with the production
and distribution of the formula have been associated with a
higher risk of its contamination, and therefore of life-threat-
ening foodborne diseases in infants.1,2

The first documented case of neonatal meningitis by the
Cronobacter (previously named Enterobacter sakazakii) was
in 1958.3 But it was only in 1987 that the association of this
bacteria as an important contaminator of commercial pow-
dered formula was identified and emphasized.4

After that, many outbreaks happened around the world,
and this pathogen emerged as a serious public health issue
for the government and industries.5–8 Since then, the World
Health Organization (WHO) has published guidelines and
promoted international conferences to address this issue and
propose solutions.7 Alongside with that, industries have
invested their budget in developing ways to detect and
prevent the contamination. In Brazil, some cases of Crono-
bacter infections were reported from 1997 to 2017, in
different states, but the data on these cases is limited.9,10

These gram-negative bacteria are well-known for causing
necrotizing enterocolitis, neonatal sepsis, and meningitis. In
the central nervous system, besidesmeningitis, it can result in
abscess formation, ventricle dilatation, and infarcts.11 In addi-
tion, Cronobacter meningitis is the main cause of lethality, �
42% of infected newborns.12

Here we report a case of a neonate fed by PIF that evolved
with a Cronobacter abscess, to highlight this issue for the
neurosurgery community.

Case Report

Neonate, male, born at term with adequate weight for gesta-
tional age. The child used PIF as a complement to breastfeed-

ing. He presented with fever and irritability when he was
22 days old andwas admitted to the intensive care unit (ICU).
The diagnosis of late-onset sepsis was established. He was
treatedwithbroad-spectrumantibioticswith an initial clinical
improvement.

After 2 days, he presented again with fever, irritability,
impaired consciousness, and food intolerance. Cerebrospinal
fluid (CSF) analysis (►Table 1) revealed a neutrophilic pleo-
cytosis consistent with meningitis. Further investigation
with transcranial ultrasound (►Fig. 1) and brain magnetic
resonance imaging (MRI) (►Fig. 2) revealed an extensive
expansive lesion in the right fronto-parieto-occipital region
suggestive of a brain abscess.

It was opted for surgical drainage and the material was
sent to analysis. The culture of the purulent material
(►Fig. 3) revealed the growth of Cronobacter spp. Guided
antibiotic therapy was kept for 21 days, with ampicillin and
gentamicin. The patient presented a good clinical outcome,
without neurological deficits.

Discussion

Formulas are well-accepted alternatives for infant feeding
when breastmilk is insufficient. However, microbiological
powdered formulae contamination by the Cronobacter spp
(formerly Enterobacter sakazakii) leading to a higher risk of
severe infections in infants constitutes a major health issue,
already alerted by the WHO.7,9,11

Although infection by the Cronobacter spp. can affect
all ages,13 the population at higher risk for invasive and

de um recém-nascido do sexomasculino, nascido a termo, compeso adequado para a idade
gestacional, alimentadocomleitematernoeFIP. Ele foi internadonaUTI com22diasde idade
devido a febre, irritabilidade, comprometimento da consciência e intolerância alimentar. A
investigação revelou abscesso extenso na região frontoparietal direita, que foi drenada
cirurgicamente. A cultura domaterial purulento mostrou o crescimento de Cronobacter spp.
Antibióticoguiado foimantidopor21dias.Opacienteapresentoubomresultadoclínico, sem
déficits neurológicos. A contaminação microbiológica da fórmula em pó pela Enterobacter
sakazakii (Cronobacter spp) pode levar a um risco aumentado de infecções graves neonatais.
As crianças podem apresentar sepse, alterações sensoriais e crise convulsiva refratária. Uma
imagemcerebral precoce deve ser considerada nestes pacientes. A taxa demortalidade varia
de 40 a 80%, e 74% dos sobreviventes têm um quadro neurológico sequelar. Entre 1997 e
2013, houve relatos de 6 surtos de E. sakazakii no Brasil. De acordo com a Organização
Mundial deSaúde (OMS), estadoençaestásubnotificadaeos sistemasdevigilância alimentar
são insuficientes. Para resolver esse problema, emalgunspaíses, a notificação é obrigatória e
a adoção de medidas sanitárias mais rigorosas é exigida pelas agências reguladoras.
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Table 1 Cerebrospinal Fluid Results

WBC 2900/mm3 Neutrophils 70%

RBC 0/mm3 Lymphocytes 20%

Protein 200mg/dl Lactate 64mg/dl

Glucose 10mg/dl Culture negative

Abbreviations: RBC, red blood cells; WBC, white blood cells.
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life-threatening infections are low-birthweight infants, pre-
mature, immunodeficient and long-term hospitaliza-
tions.11,14 These risk factors are supposed to be associated
with an immature immune system and a low density of
intestinal microflora predisposing the individual to more
severe infections.15 The pathogenesis of this infection is still
poorly understood, nevertheless recently researchers proved
the C. sakazakii can survive and multiply within the brain
capillary endothelial cells in rats16 and in human microglial

cells, and also, translocate trough the human brain micro-
vascular endothelial cells.17,18 This invasive process influen-
ces cytokine secretion and induces a severe brain
inflammatory state.

Children may present typical signs of sepsis, sensory
alteration, and refractory seizures. An early brain image
should be considered for symptomatic infants. Themortality
rate ranges from 40 to 80% of infected infants,14,19 and 74% of
survivors have an adverse neurological outcome.

From 1997 to 2013, therewere reports of 6 outbreaks of E.
sakazakii disease in Brazil. However, according to the WHO,
this disease is undernotified and active foodborne surveil-
lance systems are less than ideal. To better address this
problem in some countries, the notification is mandatory
and the adoption of stricter sanitary measures by regulatory
agencies are proposed.

Powdered infant formula is not sterile, and contamination
by opportunistic pathogens is a health issue. The formula
contamination can happen in any sequence of the process:
during the production, at the micronutrients addition after
the pasteurization, and during the preparation of the
formula.20

Prevention campaign for the divulgation of Food and
Agriculture Organization (FAO)/WHO guidelines for hospi-
tals and parents regarding PIF preparation should be done,
especially to the vulnerable population (infants< 2 months
old). Alongside that, modern procedures associated with
technological innovations have been implemented to the
continuous surveillance of the production of the formula .21

Conclusion

Cronobacter spp. is responsible for a severe infection of the
central nervous system (CNS) of newborns. It frequently
evolves to brain abscess and requires neurosurgical treat-
ment. The main source for this infection is an infected infant
powdered formula. It is crucial for the neurosurgeons,
mostly the ones treating infants, to know the existence of
this entity.
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Fig. 1 Transfontanellar ultrasound with a coronal view showing a
hypoechoic area at the right cerebral hemisphere.

Fig. 2 MRI axial view: A. T1–weighted gadolinium enhanced B. Fluid-
attenuated inversion recovery (FLAIR) C. Apparent diffusion coefi-
ciente (ADC) D. Diffusion weighted imaging (DWI) revealing an
extensive right fronto-parieto-occipital abscess.

Fig. 3 Macroscopic aspect of purulent material surgically drained.
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