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Introduction
Nosocomial neonatal meningitis is 

particularly dreadful because it occurs 
in patients of immature immunity and a 
developing brain. It is always a challenge for 
the clinician due to its clinical polymorphism 
making the diagnosis often difficult. Despite 
the progress made in its management, 
neonatal bacterial meningitis (BM) 
remains alarming due to its high mortality 
ranging from 8.5 to 15% and the long term 
neurological complications observed in 20 to 
58% of survivors [1]. 
Patients and methods 

Our series is a descriptive retrospective 
analysis of neonatal nosocomial BM cases 
confirmed by the isolation of germs in the 
cerebrospinal fluid (CSF) observed in the 
neonatal intensive care unit in Marrakesh 
between January 2016 and December 2020, 
included all newborns less than 30 days old 
with meningitis declared after 48 hours of 
hospitalization. All newborns who have a 
contraindication to lumbar puncture (LP) or 
transfontanellar ventricular puncture were 
excluded from the study, and those treated on 
clinical, biological and/or radiological signs 
without bacteriological evidence. 

Results
During the study period, 32 cases of 

meningitis were confirmed, 14 of which were 
nosocomial meningitis (43%).

Our patients had gestational age that ranged 
from 35 to 41 weeks of amenorrhea. Preterm 
babies represented 28% of cases. The ages 
of hospitalized infants ranged from one to 27 
days, with 57% of newborns being less than 
one week old. The pregnancy was not followed 
in 36% of the cases. Delivery was by C-section 
in 21% of mothers. Perinatal distress was noted 
in four children (28.5%). A male predominance 
was noted in 57.1% (8 cases).  

The initial reason for admission to the neonatal 
intensive care unit was: neonatal respiratory 
distress (64%), urinary tract infection 
(14%), hemorrhagic syndrome (7%), poly-
malformation syndrome, neonatal jaundice 
(7%). The time between hospitalization and 
the appearance of signs of meningitis varied 
between 3 and 22 days with an average time of 
8 days. The risk factors noted were the presence 
of a ruptured myelomeningocele in 4 patients 
(28%) and an umbilical venous catheter in 3 
patients (21%).

Fever was the most frequent symptom 
together with neurological signs (Table 1). 
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The association of several clinical signs was found in 11 cases 
(78.5%). Three newborns were asymptomatic. Harmonious and 
severe intrauterine growth restriction was noted in 6 newborns 
(42%). The weight of our patients varied between 1050g and 
3700g with an average of 2570g. 

The CSF study showed pleocytosis> 100 elements / mm 
(variable between 400-7860 elements) in 50% of our patients 
with perineuronal net predominance in 71% of cases. Lack 
of cellular response was noted in 21.4% of cases. CSF/serum 
glucose ratio was less than 0.4 in 11 patients (78%). The CSF 
protein concentration was variable between 1.9 and 8.5g / l. The 
CSF culture was positive in all cases. Klebseilla pneumoniae 
was found in 28.5% of cases (Table 2). The blood culture was 
positive in 9 cases (64%) (Table 3).

A 42% match was found between the germ isolated in the 
blood and the CSF. The c-reactive protein (CRP) was positive 
above 30 mg / l in 71% of cases. On the complete blood count, 
thrombocytopenia was found in 32% of the newborns, while 
50% were anemic and leukopenia was noted in 21% of cases. 
Transfontanellar ultrasound performed systematically in all 

patients, it showed an aspect of ventriculitis in four newborns, 
and triventricular hydrocephalus in two patients. Brain CT was 
performed in six patients and identified; multiple brain abscesses 
in two cases, tetraventricular hydrocephalus in two patients, 
triventricular hydrocephalus in one patient and subarachnoid 
hemorrhage associated with diffuse cerebral edema in one 
patient.

As we are in a context of nosocomial infection, the 
antimacrobial therapy initially prescribed according to our 
microbial ecology of the neonatal intensive care unit was 
imipenema associated with amikacin and ciprofloxacin then 
adapted according to the isolated germ and the antibiogram.

Eleven patients received ciprofloxacin (78%), three patients 
received colistin two of them by intrathecal route, vancomycin 
was administered in two patients. The duration of treatment 
was from 14 to 60 days. None of our patients had corticosteroid 
therapy. Phenobarbital was administered in 35.7% of cases. 
An external bypass was performed in two patients for active 
hydrocephalus. The length of hospitalization varied between 17 
to 68 days with an average length of 24.2 days.

The mortality rate recorded in our series was 28.5%, half 
of which have harmonious and severe intrauterine growth 
restriction. Septic choc was the main cause of death in 50% 
of cases. The bacteria involved was gram-negative bacilli 
in all cases: Acinitobacter baumannii (1case), Pseudomonas 
aeruginosa (1case), Serratia marcescens (1case), Klebsiella 
pneumoniae (1case). Psychomotor restriction was observed in 
three patients (30%) and unprovoked seizures and epilepsy in 
two patients.
Discussion

A nosocomial infection (NI) is an infection that was not 
present or incubating upon admission. Therefore, it is accepted 
that an infection occurring more than 48 hours after admission, 
or directly linked to an act of care (regardless of its date of 
occurrence), is nosocomial [1]. The hospitalized newborns are 
sometimes in an unstable clinical state, often present serious 
conditions which may justify the use of invasive procedures. It 
is frequent that very early preterm babies have longer hospital 
stay which increases the risk of NI. Preterm and low birth weight 
are the perinatal risk factors most frequently linked to neonatal 
BM [2], this is explained by the high permeability of the blood-
brain barrier, especially at the level of the choroid plexuses, 
the absence of polynuclear cells and immunoglobulins G in 
the CSF allow faster growth of germs. The rate of nosocomial 
BM is underestimated: in preterm babies, the risk of 1.4% of 
nosocomial BM (5% of LP performed) is much higher than that 
of primary meningitis [3]. These 2 risk factors were found in 
our study with a respective frequency of 28 and 42%. A male 
predominance was found with a sex ratio M / F equal to 1.3 [3], 
the same results was noted in our study. 

The signs of meningitis we noticed are those of infection with 
fever 57.1%, breast refusal 50% and seizures which represented 
42% of cases.  Fever and breast refusal were the 2 most 
frequently found in the study of Ben hamouda et al [4]. In the 
study of Devi et al. (2017) seizure and lethargy were the most 
common clinical symptoms [5]. In Khalesi et al. (2014), seizure 
was revealing sign in 55% of neonatal meningitis [6]. However, 
37% of neonatal BMs have no neurological signs [7], 21.4% of 
newborns in our study had no clinical signs of meningitis, and 
LP was performed after an increase in CRP and / or a positive 
blood culture.

Clinical signs Number of cases Percentage %
Fever 8 57,1
Hypothermia 1 7,1
Seizure 6 42,8
Groaning 2 14,2
Breast refusal 7 50
Bulging fontanelle 1 7,1
Asymptomatic 3 21,4

Table 1. Clinical signs revealing meningitis

Germs  Number Percentage 
klebsiella pneumoniae 4 28,5%
Serratia marcescens 2 14,2%
Acinetobacter baumannii 2 14,2%
Coagulase-negative staphylococci 2 14,2%
Enterococcus spp 1 7 ,1%
Pseudomonas aeruginosa 1 7 ,1%
Enterobacter cloacae 1 7,1%
Group B streptococcus 1 7 ,1%

Table 2. Isolated germs in CSF

Table 3. Germs isolated in blood culture

Germs Number Percentage 
Coagulase-negative staphylococci 2 22,2%
Serratia marcescens 2 22,2%
klebsiella pneumoniae 3 33, 3%
Enterococcus faeciu 1 11,1%
Acinetobacter baumannii 1 11,1%
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The severity of nosocomial neonatal BM requires early 
diagnosis. A LP should be performed in any newborn suspected 
of septicemic infection after clinical stabilization. Positive 
culture is essential for diagnostic certainty [8].

Biological assessment of the CSF guides the diagnosis: a CSF 
protein concentration greater than 1.20 g / L and, above all, a 
CSF / blood glucose ratio of less than 0.40 are in favor of BM. A 
hypercytosis, greater than 21 / mm3 in the CSF has a sensitivity 
of 79% and a specificity of 81% [3,9,10]. However, an absence 
of cellular reaction when the LP is done very early is possible 
in the invasion phase of CSF, therefore; it does not disprove the 
diagnosis which is confirmed in this case only by culture [10], 
this was noticed in our study as well where the cellular reaction 
was absent in 21.4% of patients.

The germs most frequently isolated in our study were 
Klebsiella pneumoniae (28,5%), Acinitobacter baumannii 
(14,2%), Serratia marcesens (14,2%), coagulase negative 
Staphylococcus A (14,2%). In Hassan Boskabadi et al , the most 
common microorganisms were Klebsiella pneumoniae (49%), 
Enterobacter aeruginosa (14%), and Acinetobacter baumannii 
(6%)[11].in one study, Klebsiella pneumoniae, Coagulase 
negative staphylococci, and Enterococcus faecalis were the 
most common bacterial infectious agents [5,11].

The mainly aerobic blood culture that usually precedes the 
LP; was positive in 61.4% of cases with a mismatch of germs 
in 3.5% of cases [10]. A multicentric study in the National 
Institute of Child Health on 134 low birth weight newborns with 
confirmed meningitis showed that the pathogens responsible for 
meningitis were similar to those associated with sepsis, and that 
one third of these newborns did not have positive blood cultures 
[8]. In our series, the blood culture was positive in 64% with a 
germ mismatch in 22% of cases. 

Meningitis due to Klebsiella pneumonia is a rare disease [12]. 
They are poorly described and yet their mortality is high. They 
seem to occur before 1 year, or around the age of 55, and can 
occur in patients without specific medical history [13]. Serratia 
marcescens is an enterobacterium that causes a multitude of 
infections and nosocomial epidemics including meningitis; 
found mainly in neonates and neurosurgery [14]. Regarding 
Acinetobacter baumannii is a nosocomial pathogen of increasing 
importance. The authors of one evaluation of children with 
nosocomial meningitis reported that Acinetobacter accounted 
for 11.2% (20/178) of cases [5]. In large series in the USA and 
Taiwan, Acinetobacter ranked the fifth most common genus to 
be associated with nosocomial meningitis [15,16]. Nosocomial 
infections associated with Acinetobacter baumannii lead to high 
mortality [17].

Today, coagulase-negative staphylococci (CoNS), as typical 
opportunists, represent one of the major nosocomial pathogens, 
having a substantial impact on human life and health [18]. CoNS 
is sometimes a contaminant, it has increasingly been recognized 
as a cause of clinically significant nosocomial bloodstream 
infections, particularly in neonates [19,20]. The cases of CoNS 
meningitis in our series were symptomatic with a pleocytosis in 
the CSF study and a positive culture.

Enterobacter cloacae is a rare but severe agent particularly 
affecting preterm babies and hypotrophic newborns. The 
prevalence of Enterobacter cloacae in neonatal nosocomial 
infections is variable according to studies from 4 to 10% of 
systemic infections. These E. cloacae infections are severe 
and result in sepsis and meningitis [21]. The case noted in our 
series was a preterm 35 weeks old presented with multiple brain 

abscesses requiring an intrathecal use of colistin.
Meningitis caused by Pseudomonas aeruginosa are rare, 

and always defined as nosocomial. Only old epidemiological 
studies put forward a figure of 10% of Pseudomonas aeruginosa 
among Gram-negative meningitis [22]. We recorded one case 
of Pseudomonas aeruginosa meningitis which occurred in a 
newborn baby with myelomeningocele and whose outcome was 
unfavorable.

Bacterial meningitis can cause acute complications such 
as brain parenchymal vasculitis, ventriculitis and systemic 
complications such as pneumonia and septic shock [23]. In 
agreement with data in the literature, complications such as 
ventriculitis, hydrocephaly and abscesses were more frequent 
in Gram-negative meningitis [24]. Neonatal meningitis is 
responsible for 25–50% of deafness, blindness, cerebral palsy, 
seizure, hydrocephalus, or cognitive impairment of surviving 
infants [25].

The contribution of neuro-radiological investigations, in 
particular transfontanellar ultrasound and brain CT is essential 
for highlighting the immediate complications which influence 
the vital prognosis and increase the risk of neurological longterm 
complications [4]. 

Rapid initiation of appropriate broad-spectrum antimicrobial 
therapy in response to suspected neonatal meningitis is critical 
to optimize the outcomes. While waiting for the bacteriological 
results, the choice of antimicrobial therapy is probabilistic and 
must take into consideration the local bacterial epidemiology, 
the resistance profile of the germs circulating in the neonatal 
unit and the circumstances of the disease [2].

The potential indications for fluoroquinolones in newborns 
are relatively limited, and are represented by Staphylococcal, 
Enterobacter, and even Gram-negative meningitis [26]. This 
class of antibiotic can be used as a curative treatment in 
nosocomial neonatal meningitis caused by bacteria resistant to 
traditional antibiotics (ceftazidime or imipenem type) combined 
with an aminoglycoside

However, in coagulase-negative Staphylococcal meningitis, 
the combination of vancomycin with an aminoglycoside remains 
the treatment of choice [27]. The recommended duration of a 
antimicrobial therapy is 21 days. It is extended to 6 or even 12 
weeks in the event of a brain abscess or ventriculitis.

Steroid administration has not been shown to be beneficial as 
an adjunct to antimicrobial therapy in neonatal BM [28]. 

At the end, newborns with meningitis management, regardless 
of the involved pathogen, requires a specific follow-up protocol. 
It is based on the early detection of complications, in particular 
seizures (clinical +  EEG) [3].
Conclusion 

Nosocomial meningitis in newborns is an infrequent but 
serious infection causing long-term complications both 
psychomotor and neurocognitive. They are characterized by 
clinical polymorphism and often occur in patients with risk 
factors. Early diagnosis and management based on broad-
spectrum antimicrobial therapy will minimize its complications. 
Prevention remains the best strategy for the fight against this 
infection.

References
1.	 Brun-Buisson C, Risques et maîtrise des infections nosocomiales 

en réanimation : texte d’orientation SRLF/SFAR. Réanimation . 



Page 4 of 4

Fatima Ezzohra Elhanafi. et al.: Pediatrics and Neonatal Medicine. 2022; 2(1):1-4

Pediatr Neonatol Med. (2022) Vol 2, Issue 1

2005;14(6):463–471.
2.	 Heath PT, Okike IO. Neonatal bacterial meningitis: an update. 

Paediatr Child Health 2010;20:526–30. 
3.	 Aujard Y. Méningites bactériennes du nouveau-né : de 

la physiopathologie au traitement. Néonatologie : bases 
scientifiques © 2016 Elsevier Masson SAS.

4.	 Ben Hamouda H, Ben Haj Khalifa A, Harmza MA, et al. Aspects 
cliniques et évolutifs des méningites bactériennes néonatales. 
Arch Pediatr 2013;20:938–44.

5.	 Devi U, Bora R, Malik V, et al. Bacterial aetiology of neonatal 
meningitis: A study from north-east India. Indian J Med Res 
2017;145:138-143.

6.	 Khalessi N, Afsharkhas L. Neonatal meningitis: risk factors, 
causes, and neurologic complications. Iran J Child Neurol. 
2014;8:46-50.

7.	 Wiswell TE, Baumgart S, Gannon CM, Spitzer AR. No lumbar 
puncture in the evaluation for neonatal sepsis : will meningitis 
be missed? Pediatrics 1995;95:803–6.

8.	 Bentlin MR, Ferreira GL, Rugolo LM, et al. Neonatal 
meningitis according to the microbiological diagnosis: a 
decade of experience in a  tertiary center. Arq Neuropsiquiatr 
2010;68(6):882-887.

9.	 Ghazvini K, Rashed T, Boskabadi H, et al. Neonatal intensive 
care unit nosocomial bacterial infections. Tehran Univ Med J. 
2008;66:349-354.

10.	 Garges HP, Moody MA, Cotten CM, et al. Neonatal meningitis: 
what is the correlation among cerebrospinal fluid cultures, 
blood cultures, and cerebrospinal fluid parameters? Pe-diatrics 
2006;117:1094-110. 

11.	 Boskabadi H, Heidari E, Zakerihamidi M. Etiology, clinical 
findings and laboratory parameters in neonates with acute 
bacterial meningitis. Iran J Microbiol. 2020;12(2):89-97. 

12.	 Guedari H, Hachimi A, Charra B, Benslama A, Motaouakkil 
S. Méningoencéphalite àKlebsiella pneumoniae. Annales 
Françaises d’Anesthésie et de Réanimation.  2007; 26(11):1000-
1002.

13.	 Huriez P, Cattoir V, Corvec S, et al. Caractéristiques des 
méningites à Klebsiella pneumoniae et Klebsiella oxytoca. 
Médecine et maladies infectieuses. 2019;49 (4):S97–S100.

14.	 Abdellah A, Mohamed Y, Karima S, et al. Une épidémie de 19 
cas de méningite à Serratia marcescens après rachianesthésie. 
Ann Fr Anesth Reanim 2014;33(S2):A160

15.	 Rudinsky B, Stankovic I, Kacerova A, et al. Nosocomial 
postsurgical meningitis in children: a 12-year survey comparing 
data from 1993-1998 with data from 1999-2004. Infect Control 
Hosp Epidemiol. 2006;27(7):788-790.

16.	 Kim BN, Peleg AY, Lodise TP, et al. Management of meningitis 
due to antibiotic-resistant Acinetobacter species. Lancet Infect 
Dis. 2009;9(4):245-255. 

17.	 Cisneros JM, Rodríguez-Baño J. Nosocomial bacteremia due to 
Acinetobacter baumannii: epidemiology, clinical features and 
treatment. Clin Microbiol Infect. 2002;8(11):687-693.

18.	 Becker K, Heilmann C, Peters G. Coagulase-negative 
staphylococci. Clin Microbiol Rev. 2014;27(4):870-926. 

19.	 von Eiff C, Jansen B, Kohnen W, Becker K. Infections associated 
with medical devices: pathogenesis, management and 
prophylaxis. Drugs. 2005;65(2):179-214. 

20.	 Xu M, Hu L, Huang H, et al. Etiology and Clinical Features 
of Full-Term Neonatal Bacterial Meningitis: A Multicenter 
Retrospective Cohort Study. Front Pediatr. 2019;7:31.

21.	 Traoré P, Coquery S, Zupan-Simunek V, Guibert M, Boileau 
P. Abcès cérébraux multiples à Enterobacter cloacae chez un 
prématuré. Intérêt de la ciprofloxacine . Archives de Pédiatrie 
2010;17:S184-S187.

22.	 Brion JP. Traitement des méningites expérimentales à 
Pseudomonas aeruginosa avec la ciprofloxacine et la fosfomycine. 
Med Mal Infect. 2000;30:207.

23.	 Sellner J, Täuber MG, Leib SL. Pathogenesis and pathophysiology 
of bacterial CNS infections. Handb Clin Neurol 2010;96:1–16. 

24.	 Krebs VL, Costa GA. Clinical outcome of neonatal bacterial 
meningitis according to birth weight. Arq Neuropsiquiatr. 
2007;65(4B):1149-1153.

25.	 Barichello T, Fagundes GD, Generoso JS, Elias SG, Simoes 
LR, Teixeira AL. Pathophysiology of neonatal acute bacterial 
meningitis. J Med Microbiol. 2013;62:1781–1789.

26.	 Nejjari N, Benomar S, Lahbabi MS. Les infections nosocomiales 
en réanimation néonatale et pédiatrique. Intérêt de la 
ciprofloxacine. Arch Pédiatr. 2000;7:1268-73.

27.	 McPherson C, Gal P, Ransom JL. Treatment of Citrobacter 
koseri infection with ciprofloxacin and cefotaxime in a preterm 
infant. Ann Pharmacother 2008;42:1134–8.

28.	 Gordon SM, Srinivasan L, Harris MC. Neonatal Meningitis: 
Overcoming Challenges in Diagnosis, Prognosis, and Treatment 
with Omics. Front Pediatr. 2017;5:139. 


