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Abstract

Background: Meningitis and its complications are important causes of mortality and morbidity
in neonates. Preterm neonates and low birth weight neonates are more susceptible to bacterial
meningitis than full-term neonates and older children. Gram-positive bacteria, especially
coagulase-negative Staphylococci have been identified as a common cause of late-onset
neonatal sepsis and meningitis. The most common complication of meningitis is ventriculitis.

Obijective: The purpose of this study was to evaluate perinatal and clinical characteristics, risk
factors, as well as bacteriological findings in cerebrospinal fluid in neonates with meningitis
and/or ventriculitis caused by Gram-positive bacteria.

Patients and Methods: A retrospective study included neonates diagnosed with Gram-positive
bacterial meningitis and/or ventriculitis from 2009 to 2024. Diagnosis of meningitis and/or
ventriculitis was based on clinical picture and analyses of cerebrospinal fluid. The data for
analysis were obtained from the medical history.

Results: Analysis included 12 preterm neonates. More than half, 8 (66.7%), were born before
28 weeks of gestation. There were 10 (83.3%) female neonates. Eight (66.7%) neonates were
born by cesarean section. The mean gestational age was 27.3 and the mean birth weight was
1019.2 g. Apgar score ranged from 2 to 8 in the first minute of life. Ten (83.3%) neonates
requiring endotracheal intubation at birth. Seven (58.3%) neonates had late-onset sepsis
complicated with meningitis and 5 (41.7%) had shunt-related ventriculitis. Gram-positive
bacteria from genus Staphylococcus was the most common cause of neonatal central nervous
system infections. Coagulase-negative Staphylococci was detected in cerebrospinal fluid in
three neonates and Staphylococcus haemolyticus in two neonates. Staphylococcus epidermidis
was the most common cause of ventriculitis in neonates requiring cerebrospinal fluid drainage
with Ommaya subcutaneous reservoir. One extremely preterm neonate was diagnosed with
late-onset meningitis caused by group B Streptococcus. Other Gram-positive bacteria detected
in cerebrospinal fluid were Enterococci. Death was recorded in one neonate.

Conclusion: Prematurity and prolonged hospitalization in neonatal intensive care unit are the
main risk factors for late-onset neonatal sepsis and meningitis caused by Gram-positive
bacteria. Neonates with posthemorrhagic ventricular dilatation are at strong risk for
ventriculitis.
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Introduction

Various types of bacteria can cause infections of the central nervous system (CNS) and meninges with
devastating effects on its structure and function. Central nervous system infections can occur during
intrauterine development, during delivery, or in the first days and weeks after birth. Regardless of the causative
microorganism and time of onset, CNS infections can lead to neonatal death and, among survivors, to
permanent neurological sequelae, such as epilepsy, vision and hearing impairment, cognitive deficits, motor
disabilities and behavioral problems (1-3). Due to the immature of various components of the cellular and
humoral immune system and the poor function of the blood-brain barrier, the neonates, especially those born
prematurely, are at increased risk of developing CNS infections (3-6). Meningitis, defined as direct invasion
and inflammation of the meninges, is the most common bacterial CNS infection in neonates (3,7). In most
neonates, bacterial meningitis is associated with recognizable bacteremia and sepsis. However, studies have
shown that about 30% of neonates had meningitis with negative blood cultures (3,8,9). The main risk factors
for neonatal meningitis are prematurity, low birth weight (BW) (< 2500 g), prolonged hospitalization in the
neonatal intensive care unit (NICU), chorioamnionitis and prolonged rupture of the chorioamniotic membrane
(PROM) (> 18 hours), traumatic delivery, fetal hypoxia and maternal group B Streptococcus (GBS)
colonization (10-12). Gram-negative bacteria are more commonly cause of meningitis in preterm than in full-
term neonates. In early-onset meningitis, group B Streptococcus is the most common cause in full-term
neonates, but meningitis caused by Escherichia coli primarily occurs in preterm neonates. Over the past two
decades, with the increasing survival of preterm neonates, especially extremely preterm neonates, coagulase-
negative Staphylococci (CoNS) have been identified as a common cause of late-onset neonatal sepsis and
meningitis. The most common complication of meningitis is ventriculitis (3,6,13-15). The objective of this
study was to analyse perinatal and clinical characteristics, risk factors, as well as bacteriological findings in
cerebrospinal fluid (CSF) and neurosonography findings in neonates with Gram-positive bacterial meningitis

and ventriculitis.

Patients and Methods

In this retrospective study were included 12 neonates with meningitis and/or ventriculitis caused by Gram-
positive bacteria (GPB) who were treated in our hospital between 2009 to 2024. Meningitis and/or ventriculitis
were confirmed according to clinical characteristics and positive results of CSF culture. Antenatal,
demographic and delivery characteristics, clinical features and comorbidities, as well as bacteriological
findings in CSF and neurosonography findings were analyzed from data in medical history of patients.

Detailed data obtained from the medical history included type of conception, number of pregnancy, type of
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pregnancy (singleton, twin, triplet), age of mother and mother’s diseases and conditions during pregnancy,
such as chorioamnionitis, urinary tract infection, PROM and placental abruption. Other demographic and
perinatal data about neonates included sex, gestational age, mode of delivery, BW, Apgar score at first minute
and fifth minutes after birth, and need for endotracheal intubation (ET) at birth. Postnatal data about neonate’s
clinical features and comorbidities included need for invasive mechanical ventilation (MV) and high-
frequency oscillatory ventilation (HFOV), the use of inotropic support, neonatal sepsis and meningitis,
ventriculitis, pneumonia, pulmonary hemorrhage, pneumothorax, neonatal seizures, necrotizing enterocolitis
requiring surgical treatment, patent ductus arteriosus requiring treatment (medical, surgical or both),
bronchopulmonary dysplasia, retinopathy of prematurity treated by intravitreal application of anti—vascular
endothelial growth factor (anti-VEGF), the use of red blood cell transfusion for anemia and the use of fresh
frosen plasma for various hemorrhage (pulmonary, gastrointestinal, et al.). Also, CSF cultures and cranial

ultrasound findings were analyzed. Mortality rate was recorded. Data were analyzed using SPSS (ver. 27.0).

Results

The neonates with meningitis and/or ventriculitis caused by GPB treated at our hospital during a period of 15
years, 12 of them, were included in this retrospective study. All included neonates were tranfered in our
hospital, 10 (83.3%) from tertiary Maternity Ward and 2 (16.7%) from secondary Maternity Ward. In our
sample, 10 (83.3%) pregnancy were singleton and there were two neonates from a twin pregnancy. One
pregnancy was achieved with assisted reproductive technology. Ten (83.3%) neonates were born from
controlled pregnancy and 6 (50%) mothers were primigravida. The median age of mother was 30.6 (ranged
22 — 43). Four (33.3%) mothers were diagnosed with cervico-vaginal infection and one mother had placental
abruption. Two mothers presented with PROM. One pregnancy was complicated by twin-to-twin transfusion
syndrome.

Out of a total of 12 included neonates were born preterm, and eight (66.7%) of them were born before 28
weeks of gestation (GW). The median gestational age (GA) was 27.3 (ranged 24.0 — 36.0) and median BW
1019.2 g (ranged 710 — 2200 g). Demographic and delivery characteristics of included neonates are presented
in Table 1.
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Table 1. Demographic and delivery characteristics of included neonates

Mode of delivery

vaginal delivery 4 (33.3%)
caesarean section 8 (66.7%)
Sex

male 2 (16.7%)
female 10 (83.3%)
Classification of neonates by gestational age

extremely preterm (< 28) 8 (66.7%)
very preterm (28 — 31+6/7) 3 (25.0%)
moderate preterm (32 — 33+6/7) 0 (0.0%)
late preterm (34 — 36+6/7) 1 (8.3%)
full-term (> 37) 0 (0.0%)
Classification of neonates by birth weight

extremely low birth weight (< 1000 g) 8 (66.7%)
very low birth weight (1000 — 1499 g) 3 (25.0%)
low birth weight (1500 — 2499 g) 1 (8.3%)
normal (2500 — 4000 g) 0 (0.0%)
Apgar score at first minute of life

0-3 4 (33.3%)
4-7 7 (58.3%)
8-10 1 (8.3%)
Apgar score at fifth minute of life

0-3 0 (0.0%)
4-7 10 (83.3%)
8-10 0 (0.0%)
not determined 2 (16.7%)
Endotracheal intubation at birth 10 (83.3%)

All included neonates had late-onset sepsis, complicated by meningitis in 7 (58.3%) cases. Five (41.7%)
neonates developed ventriculitis after Ommaya subcutaneous reservoir (SCR) implantation, well-known in
literature as shunt-related ventriculitis. In our cohort, there were five (41.7%) neonates diagnosed with
pneumonia.

The neonatal meningitis and/or ventriculitis was caused by GPB from genus Staphylococcus, in 9 (75.0%)
neonates. Three (25.0%) of included neonates had meningitis and/or ventriculitis caused by bacteria from
genus Enterococcus. In one neonate, meningitis was caused by GBS. One neonate had ventriculitis twice,
caused by two different bacteria, Enterococcus faecium and CoNS. Th most common causes of meningitis
were Gram-positive bacteria from the genus Staphylococcus. Staphylococcus epidermidis was the most
common cause of ventriculitis in neonates with posthemorrhagic ventricular dilatation (PHVD) treated with
Ommaya SCR implantation. Etiology of meningitis and/or ventriculitis in our sample are presented in Chart
1.
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Chart 1. Etiology of neonatal meningitis and/or ventriculitis
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Ten (83.3%) of these neonates required ET at birth, but in other two neonates, who initially received non-
invasive ventilation, ET and MV were required during hospitalization due to respiratory failure. A third of
these neonates, 4 (33.3%), required the use of HFOV. Clinical features and comorbidities of these neonates
are presented in Table 2.

Table 2. Clinical features and comorbidities of included neonates

Hypotension requiring inotroping drugs 4 (33.3%)
Patent ductus arteriosus 6 (50.0%)
Pulmonary hemorrhage 2 (16.7%)
Pneumothorax 1 (8.3%)
Bronchopulmonary dysplasia 8 (66.7%)
Neonatal seizures 7 (58.3%)
Anemia corrected with red blood cell transfusion 12 (100.0%)
Hemorrhage corrected with fresh frosen plasma 2 (16.7%)
Necrotizing enterocolitis 1 (8.3%)
Retinopathy of prematurity 5 (41.7%)

The most common structural lesion diagnosed by cranial ultrasound (CUS) was intraventricular hemorrhage

(IVH), in 11 (91.7%). The frequency of IVH according to the Volpe's classification is shown in Chart 2.
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Chart 2. The frequency of intraventricular hemorrhage
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In 7 (58.3%) neonates, CUS showed PVHD. In one neonate, ventriculomegaly was transient, 6 (50.0%) of
these neonates required neurosurgical treatment, implantation of Ommaya SCR and/or ventriculoperitoneal
(VP) shunt. Five neonates diagnosed with ventriculitis had a similar CUS findings highly suggestive associated
with inflammation of the choroid plexus and ependyma covering the lateral ventricles. This CUS findings
include increased thickness, irregularity and echogenicity of the ependyma, the presence of intraventricular
debris and stranding and fibrin sept formation in lateral ventricles.

In our cohort, one neonate died due to sepsis and multiple organ dysfunction syndrome.

Discussion

Meningitis is one of the important causes of mortality and morbidity in neonates. During the last few decades,
advances in antenatal and neonatal intensive therapy and care, survival of preterm neonates and low birth
weight neonates have increased. These group of neonates are more susceptible to bacterial meningitis than
full-term neonates and older children (3,6,9). In this retrospective study, it was identified 12 neonates with
meningitis and/or ventriculitis caused by GPB. Our data indicated that CNS infection caused by GPB is found
predominantly in female neonates. In our sample, all neonates were born before 37 GW and more than half
were extremely preterm neonates. There were neonates required ET intubation, the use of MV, prolonged
hospitalization in the NICU and received several different antibiotics during hospitalization. Also, 6 (50.0%)
of included neonates had neurosurgical treatment of PHVD. All of these are well-known risk factors for
developing late-onset neonatal infection, after seventh day of life.

The bacterial distributions of neonatal meningitis and/or ventriculitis caused by GPB in our cohort were

consistent with those reported in previous studies (6,16-18). In our study, bacteria from genus Staphylococcus
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were the most commonly detected by CSF culture. Other bacteria were GBS and Enterococcus spp. In
consistent with the increased survival of preterm neonates, especially low birth weight neonates, CoNS is how
represent one of the major nosocomial microorganism and important cause of late-onset sepsis and meningitis
(3). Jean-Baptiste N, et al. (19) in retrospective cohort study reported that CoNS infection was inversely related
to GA and BW. Drinkovic D, et al. (20) reported of successfully treated CONS meningitis in two extremely
preterm neonates without shunt for CSF drainage. In our study, two neonates were diagnosed with CoNS
meningitis. One of them was born at 29 GW and second neonate with CoNS meningitis was late-preterm, born
at 36 GW. Coagulase-negative Staphylococci was identified as a cause of ventriculitis in one extremely
preterm neonate, born at 26 GW, treated PHVD with Ommaya SCR implantation.

Staphylococcus epidermidis is a common microorganism causing hospital-acquired infections in many NICU.
Central nervous system infections caused by Staphylococcus epidermidis were most frequently reported in
neonates particularly in association with neurosurgical procedures, such as intraventricular catheters
implantation (3,21,22). In this study, there were four (33.3%) neonates with ventriculitis caused by
Staphylococcus epidermidis. All of these neonates had PHVD and required temporary CSF drainage with
Ommaya SCR. Ventricular puncture was performed by a neurosurgeon. In three neonates, CSF analysis
showed pleocytosis, hyperproteinorachia and hypoglycorrhachia, but one neonate had unremarkable CSF
white blood cell counts, glucose and protein concentrations.

In this analysis, there were no identified Staphylococcus aureus as a cause of meningitis and/or ventriculitis
in neonates. Meningitis due to Staphylococcus aureus is relatively uncommon, accounting about 10% of cases
of bacterial neonatal meningitis. It is found that Staphylococcus aureus, as a cause of neonatal meningitis,
occurs in a wide variety of patological condition, such as hydrocephalus and presence the shunts for CSF
drainage, cranial trauma and after neurosurgical procedures (3,23,24).

Bateria from genus Enterococcus are unusual cause of neonatal CNS infections. However, in recent years,
Enterococci have become a significant cause of hospital-acquired infections. The main risk factors for
enterococcal infections in neonates are prematurity and prolonged hospitalization in NICU (25,26). In our
study, it was identified extremely preterm neonate, born at 25.5 GW with BW of 900 g, with late-onset sepsis
complicated by meningitis and ventriculitis caused by vancomycin-resistant Enterococcus faecium. In addition
to their high resistance in the external environment, Enterococci are resistant to numerous antibiotics from
different groups, so the treatment of enterococcal infections is a major challenge for neonatologists (27,28).
In neonates, GBS is well-known cause of early-onset meningitis, community-acquired and hospital-acquired
late-onset meningitis. Group B Streptococcus (Streptococcus agalactiae) is a commensal microorganism of

the normal vaginal and gut microbiome of healthy adults. It is estimated that GBS is present in the vagina
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and/or rectum, of up to 40% of healthy pregnant women, but maternal GBS colonization is the most important
risk factor for neonatal infection (29,30). Similary, in our study, one extremely preterm neonate born from
prenancy complicated with maternal GBS colonization, had late-onset sepsis and meningitis caused by GBS,
presented with status epilepticus. In some developed countries, GBS has become the common cause of late-
onset neonatal disease. Other risk factors for neonatal GBS infection are prematurity, young maternal age,
African ethnicity and exposure to Human Immunodeficiency Virus (31). Ueda NK, et al. (32) reported a case
of neonatal GBS meningitis and recurrent bacteremia transmitted via the contaminated breast milk caused by
maternal mastitis. However, the breastfeeding as a risk factor for GBS infection in neonates has been reported
only in case reports and case series, but its role has not yet been confirmed by evidence-based data. It is similar
with the twin delivery as a risk factor for GBS infection in neonatal age (31,33). In contrast to early-onset
infection, which is acquired predominantly by vertical transmission, late-onset neonatal GBS infection is
acquired both vertically and horizontally (31,34,35). Neonatal GBS meningitis can cause significant
neurological morbidity and mortality, and because of that, prevention is very important. The most important
preventive strategy is universal screening for maternal GBS colonization to 360/7 to 376/7 GW and receiving
appropriate intrapartum antibiotic prophylaxis in positive cases (36).

Despite advances in neonatal intensive therapy and the decrease in mortality, it remains significantly high in
developing countries, of up to 60%. In contrast, mortality in developed countries is 10-15%, with a
significantly higher rate in preterm neonates (5,37,38). In our analysis, there was one extremely preterm

neonate with a fatal outcome.

Conclusion

Prematurity and prolonged hospitalization in NICU are the main risk factors for late-onset neonatal sepsis and
meningitis caused by GPB. Neonates with PHVD are at strong risk for ventriculitis. Gram-positive bacteria
from genus Staphylococcus was the most common cause of neonatal CNS infections. Early diagnosis and

appropriate causal and symptomatic therapy reduce complications and neurological sequelae in later life.
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