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			Abstract

			Neonatal meningitis, though uncommon, is one of the contributors to infant mortality and morbidity worldwide. It is mainly caused by group B streptococcus (GBS), Escherichia coli and other pathogens. The disease presents mild to moderate symptoms including fever, bulging fontanel, respiratory distress, among others. The disease is mainly diagnosed through cerebrospinal fluid (CSF) culture confirmation. If not timely treated, the disease may progress to devastating complications like seizures, ventriculitis, brain abscess, cerebral infarction, as well as long term neurological defects like hearing loss. Broad-spectrum antibiotics are the primary choice of treatment, depending on the type of pathogen and intrapartum antibiotic prophylaxis is vital to prevent neonatal meningitis. This review highlights the need for innovation of less invasive diagnostic tools as well as better preventive strategies like vaccination to avoid the severe complications that may ensue if treatment is not promptly initiated.  
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			Introduction

			Neonatal Meningitis is a severe and often life-threatening infection that involves inflammation of the membranes surrounding the brain and spinal cord and occurs during the neonatal period-the first month of life [1]. Concerning the time of diagnosis, neonatal meningitis is classified as early-onset (where clinical features appear during the first weeks of life) or late-onset meningitis (which occurs between 8-28 postnatal days) [2,3]. The disease mainly presents with signs and symptoms of sepsis including fever, respiratory distress, jaundice, irritability, and apnea, as well as bulging fontanel, refusing to feed and extreme sleepiness, among others [4,5]. In the United States, the incidence of neonatal meningitis is estimated to be 300 to 400 cases for every 100,000 live births. The incidence in developing countries is higher, from 0.8 to 6.1 per 1000 live births. The mortality from neonatal meningitis is estimated to be 40-58% in developing countries, and 10-15% in developed countries [6-8]. Moreover, the reporting of the disease in developing countries is suspect, and thus its burden is thought to be underestimated [9]. Neonatal meningitis is mostly caused by group B streptococcus (GBS), Escherichia coli (E. coli), and Listeria monocytogenes. Several factors underwrite the susceptibility of infants to this illness, 

including prematurity, postnatal age, immature immune system, gestational age, and geographic location. Although the most causes of meningitis are bacterial, some cases are due to viral and fungal infection [4,10]. Despite the initiation of intrapartum antibiotics in developed countries, GBS is still the most common cause of bacterial meningitis, accounting for 50% of all cases, followed by E. coli which accounts for 20%. In contrast, gram-negative bacilli such as Klebsiella and E. Coli are more common than GBS in developing countries [7,11]. Meningitis caused by gram-negative bacteria often presents with more severe outcomes and complications [10,12,13]. The populations at highest risk include preterm infants, males, the impoverished, and daycare infants. Besides, children of mothers with a history of a sexually transmitted disease and positive GBS pregnant mothers are at risk. Mothers with Listeria infection- a foodborne illness, have a risk of passing it to their newborns [9]. Despite the high incidence and possibility of life-threatening complications, less is known about neonatal meningitis, especially by the mothers and caregivers. This review thus aims to highlight the complications of neonatal meningitis as well as its treatment and management. We used the keyword “Neonatal meningitis” to search for papers in Google Scholar, Web of Science and PubMed. Peer-reviewed English journal articles and case reports published about the disease were reviewed and relevant information considered.

			Diagnosis

			The initial clinical symptoms of neonatal meningitis are non-neurological and non-specific. They include respiratory distress or failure, poor suck, jaundice and pyrexia (temperature >39oC) [14,15]. In bacterial meningitis, the symptoms may often present as pale or marble skin, respiratory distress, irritability, poor feeding and hyper- or hypotonia, and in minority of cases fever (6-39%) and seizures (9-34%) are reported [6,8,14]. However, in GBS, the dominant initial signs are respiratory (72%), cardiovascular (69%) and neurologic (63%) symptoms [14]. The Gold standard to confirm neonatal meningitis is Cerebrospinal fluid (CSF) culture, where CSF is preferably collected by lumbar puncture (LP) [9]. The CSF analysis must include cell count, glucose, gram stain, protein, culture and, if suspected, HSV (herpes simplex virus)  polymerase chain reaction (PCR) study should be done. Positive growth of the CSF culture helps to identify the exact pathogen and refinement of treatment [16]. In CSF culture, the WBC counts range from 200 to 100,000 per mL and for viral meningitis range from 25 to 1000 per mL. In comparison, there may be 80% to 100% neutrophils in bacterial illness and less than 50% in viral illness. Some studies show that even with a normal WBC count, there is the presence of meningitis [8]. PCR, C-reactive protein (CRP) and procalcitonin tests are also used for the diagnosis. PCR has a higher detection rate compared to culture (72% vs 48%), is more sensitive and a real-time tool to diagnose the disease. Also, it can detect multiple pathogens, including Streptococcus pneumonia, E. coli, GBS, S. aureus and L. monocytogenes. CRP and procalcitonin are used to identify serious bacterial infection (SBI) in infants; however, the CRP results take 8-10 hours to synthesize and the sensitivity can vary. Procalcitonin test shows high sensitivity and specificity when procalcitonin is drawn in the first hours of life [16,17]. In bacterial meningitis, Blood cultures may be negative in 15-55% of cases, making its diagnosis difficult [17]. However, less than two-thirds ratio of cerebrospinal fluid to blood glucose is indicative of the infection [18]. For all the proven and suspected cases of sepsis, a spinal tap must be done but it is controversial for seemingly healthy infants who are  but at risk of sepsis from their mothers [18,19]. To rule out viral meningitis, all the infants born from mothers with STD’s including Herpes simplex virus must be tested for viral infection. For a complete diagnosis, Liver tests, complete blood count, cerebrospinal fluid analysis, and a chest X-ray should be done [19]. Samples can be taken from the cerebrospinal fluid, skin, mouth and throat, rectum, conjunctiva (eye) and urine for viral culture and polymerase chain reaction [18].

			Prognosis

			Neonatal meningitis is a severe medical condition in infants that is rapidly fatal if untreated [20]. Mortality is approximately half in developing countries and ranges from 8%-12.5% in developed countries [10]. The mortality rate for neonatal bacterial meningitis, without treatment, advances 100%. With treatment, the prognosis is determined by birth weight, pathogens and clinical severity. The mortality may be as high as 75% when the infection is due to pathogens that cause vasculitis (C. diversus, Cronobacter sakazakii (Enterobacter)) or brain abscess (Pseudomonas aeruginosa, E. coli K1, and Serratia spp) [5,21]. Prognosis is also dependent partly on the number of pathogens present in CSF at diagnosis. The persistence of positive CSF cultures correlates directly with the incidence of complications [22].

			Complications

			Some affected infants experience cardiorespiratory problems, such as respiratory distress syndrome or pneumonia, in association with hypotension or patent ductus arteriosus during their first days of life [23]. In  addition the commonly occurring complications are mentioned below.

			
					Seizures: These are involuntary jerking movement caused by abnormal electrical patterns in the brain due to various problems like altered neurochemistry due to bacterial infections. Neonatal seizures are often subtle and thus difficult to identify. They are a critical neurologic complication of infantile and childhood bacterial meningitis and are often linked with poor prognosis [21,24]. 

					Hydrocephalus: Bacterial meningitis related hydrocephalus is characterized by ventricular dilation and is present in 14–65% of infants and can occur in either the acute or the chronic phase of the disease [25]. 

					Cerebral infarction (stroke): is bleeding from either the arterial or venous blood vessels in the brain. Recent evidence has established an association between stroke and bacterial meningitis in neonates [26,27].

					Ventriculitis: This refers to inflammation of the ventricular fluid and lining of the ventricles and is sometimes associated with obstruction to cerebrospinal fluid flow. Ventriculitis is a common complication of neonatal meningitis, occurring in up to 20% of cases. It is diagnosed by neuroimaging or ventricular tap [28,29].

					Encephalomalacia: Also known as Cerebral softening is characterised by softening of brain tissues and can happen due to inflammation observed in neonatal meningitis. If not controlled promptly, it can further affect parts of the brain including the occipital lobe, frontal lobe, parietal lobe and the temporal lobe [30]. 

					Subdural empyema: is intracranial collection of pus between the dura and arachnoid mater of the brain due to infections. It is only known to affect approximately 1-2% of patients with bacterial meningitis [31,32]. 

					Brain Abscess: This is inflammation of the brain tissue caused by a collection of infected material, It may occur in 1.3-4.0% of neonates with bacterial meningitis is less common than other complication [33].Development of the above complications may lead to long term consequences varying from moderate to severe neuro-disabilities [34]. About 20–50% of survivors may develop neurologic sequelae that include seizures, cognitive deficiencies, motor abnormalities, hearing and visual impairments [23,35,36].
Prevention and Treatment
Neonatal meningitis can be prevented mainly by intrapartum (during labour) antibiotic prophylaxis for women with current infections to reduce the risk of GBS related early-onset meningitis. For late-onset meningitis, it is mainly the role of the caretakers to stop the spread of diseases through proper hygiene [37]  and proper antibiotic use. Vaccinations against Streptococcus agalactiae and E. coli could be alternative preventive methods although it is still under development [18,19]. Viral infection among neonates can only be prevented by Caesarean section delivery of the mothers showing symptoms of viral infection [38]. Broad-spectrum antibiotics are the first-line drugs and should be started as soon as possible. Ampicillin and gentamicin or cefotaxime are the antibiotic choices based on the culture results. From 8 to 28 days old, the ampicillin dose is 200mg/kg/day divided q6 hours, plus the same dose for gentamycin or cefotaxime 150 to 200mg/kg per day divided every 6 to 8 hours. Acyclovir is highly recommended for HSV cases and the dosage is 60mg/kg per day divided every 8 hours, or 20mg/kg per dose [9]. For late-onset neonatal meningitis, the anti-staphylococcal antibiotic regimen is recommended, which is aimed at sterilising the cerebrospinal fluid of all pathogens. A spinal tap must be repeated 24 to 48 hours after treatment is started to confirm sterilisation and the infants must be hospitalised until the CSF cultures are negative for 72 hours [18,19].
Conclusion
This review has highlighted the burden and complications of neonatal meningitis. Knowing about these complications enables prevention and facilitates prompt treatment for neonates in the early stages of life. There is a need for consideration and innovation of less invasive methods of diagnosis since repetitive lumbar puncture is not easily acceptable by the mothers and is stressful to both parents and neonates. Besides, proper hygiene by mothers and caretakers is essential to prevent perinatal infections which predispose neonates to neonatal meningitis. Moreover, priority must be focused on better prevention strategies like vaccination.
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