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Objectives: Meningitis in neonates and young infants leads to significant morbidity and mortality world- 

wide. This study aimed to investigate pathogens, antibiotic resistance and secular change of incidence in 

Hong Kong. 

Methods: A retrospective search was performed on meningitis in neonates and infants aged < 3 months 

in three Hong Kong public hospitals from 2004 to 2019. Medical charts were reviewed, with focus on the 

identification and antibiotic resistance of the pathogens. 

Results: A total of 200 cases of meningitis were identified (67% were bacterial). Group B Streptococcus 

(GBS) and Escherichia coli ( E. coli ) were the commonest bacterial pathogens. The annual rates of early- 

onset GBS meningitis decreased after the implementation of universal GBS screening and intrapartum 

antibiotic prophylaxis (IAP) in 2012, while that of late-onset GBS meningitis remained similar. A signifi- 

cant portion of E. coli isolates were resistant to ampicillin and/or gentamicin. 

Conclusion: GBS and E. coli were the most common bacteria for meningitis in this age group. The annual 

rate of bacterial meningitis in Hong Kong has declined in recent years, which has been attributed to 

the decline in early-onset GBS meningitis due to universal GBS screening and IAP. Antimicrobial-resistant 

bacterial strains that cause meningitis require further clinical and public health attention. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Meningitis remains a significant burden on healthcare systems 

t a global level, especially in children. The number of meningitis 

ases was over 5,0 0 0,0 0 0 in all ages in 2017 ( James et al, 2018 ).

espite antimicrobial treatment, up to 23% of survivors may 

till suffer from long-term neurological sequelae at the age of 

 years ( de Louvois, Halket, & Harvey, 2005 ). Neonates and in- 

ants aged < 3 months are particularly prone to suffer from 

eningitis because of their exposure to potential pathogens in 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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he birth canal, immaturity of both cellular and humoral immu- 

ity, and a developing blood-brain barrier ( Barichello et al, 2013 ; 

handran, Herbert, Misurski, & Santosham, 2011 ; de Louvois 

t al, 2005 ; Libster et al, 2012 ; Okike et al, 2014a ; Thigpen et al,

011 ). 

According to data from the United Kingdom (UK) in 2014 

nd France in 2011, Group B Streptococcus (GBS) and Escherichia 

oli ( E. coli ) are the most common pathogens that cause neona- 

al meningitis, with meningococcal and pneumococcal meningi- 

is together contributing 8% and 5% in these two studies, respec- 

ively ( Gaschignard et al, 2011 ; Okike et al, 2014b ). In contrast,

 meta-analysis showed that E. coli and Streptococcus pneumoniae 

ere the most common pathogens of neonatal meningitis in the 

frican region ( Oordt-Speets, Bolijn, Van Hoorn, Bhavsar, & Kyaw, 

018 ). These highlight the differences in pathogens causing neona- 

al meningitis across different regions of the world. 

A study in 2019 conducted on childhood meningitis in Shen- 

hen, a city with a 12.5 million population adjacent to Hong 

ong (HK), found that GBS and E. coli were the most common 

athogens in neonatal meningitis ( Shen et al, 2019 ). However, 

n up-to-date aetiological study in HK investigating this poten- 

ially lethal and disabling disease is lacking. The latest study 

rom HK was published in 1997, which was a single-centre ret- 

ospective study describing the aetiology of paediatric meningi- 

is between 1984-1993 ( Sung, Senok, Ho, Oppenheimer, & Davies, 

997 ). 

Many changes in the past 20 years have likely made the past 

ublished information about neonatal meningitis less reflective of 

he current situation. The HK government started the pneumococ- 

al vaccination program for infants and the elderly in 2007 ( Hong 

ong Reference Framework for Preventive Care for Children in Primary 

are Settings Module on Immunisation , 2019 ). Furthermore, a uni- 

ersal GBS screening program and use of intrapartum antibiotic 

rophylaxis (IAP) commenced in HK in 2012, which was similar 

o the revised guideline on Prevention of Perinatal Group B Strep- 

ococcal Disease by Centers of Disease Control and Prevention in 

010 ( Ma et al, 2018 ; Verani, McGee, & Schrag, 2010 ). The current

trategy of GBS screening in HK is a culture-based approach to de- 

ect maternal GBS colonisation by rectovaginal swabs at the ges- 

ational ages of 35-37 weeks. IAP is given to mothers with: GBS 

olonisation (except caesarean deliveries performed before the on- 

et of labour on women with intact amniotic membranes); known 

BS bacteriuria; a definite history of a previous infant who was 

ffected by GBS disease; or unknown GBS status at the onset of 

abour with no available GBS screening results in the presence of 

isk factors, including gestational age < 37 weeks, maternal fever or 

rolonged rupture of amniotic membrane ( > 18 hours). This screen- 

ng program detected a colonisation rate of 21.8%, according to a 

tudy conducted from 2012-2014 ( Ma et al, 2018 ). 

Ampicillin and gentamicin are the two most common mainstay 

mpirical antibiotics used in presumed neonatal bacterial infec- 

ion. The use of third-generation cephalosporins and meropenem 

s empirical antibiotics varies between physicians and the pa- 

ient’s presenting clinical picture. A potential reason for this vari- 

bility is that there have been no universally accepted treat- 

ent guidelines or updated local information on the pathogens 

hat cause neonatal meningitis and the antibiotic resistance 

atterns. 

In view of these important changes in the past few 

ecades, this study was performed to assess the secular 

hange of meningitis, particularly focusing on antibacterial re- 

istance patterns. It aimed to help ascertain whether these pa- 

ients are still receiving the essential and appropriate empiri- 

al antimicrobial coverage while waiting for their final culture 

esults. 
r
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tudy Setting 

This was a retrospective, multi-centre study conducted at 

hree public hospitals (Pamela Youde Nethersole Eastern Hospi- 

al, Princess Margaret Hospital and Queen Mary Hospital) across 

hree different districts in the HK Special Administrative Region of 

hina, which provide approximately 30% of hospital beds for the 

hole paediatric and neonatal service in HK, including the paedi- 

tric and neonatal intensive care units. The number of live births in 

he three studied hospitals was 168,275, which was 17% of the live 

irths across the whole HK territory during the studied period. All 

f these hospitals included obstetric services and received trans- 

ers from private hospitals. Approval from the Institutional Review 

oard of each of the three hospitals was obtained prior to the col- 

ection of data. 

atient Selection and Definitions 

All inpatient admissions to the Department of the Paediatric 

nd Adolescent Medicine of the three hospitals during the period 

 September 2004 to 31 August 2019 were filtered by the Clinical 

ata Analysis and Reporting System with the following criteria: 1) 

dmission age < 90 days of life, and 2) all meningitis-related Inter- 

ational Classification of Diseases (ICD)-9 codes and/or spinal tap 

s the procedure code. The study included newborns delivered in 

he three hospitals, patients admitted via the emergency depart- 

ent and patients referred from other private hospitals. Discharge 

ummaries and all laboratory results during that hospitalisation 

nd follow-up clinic notes in their electronic medical charts were 

eviewed by a paediatric doctor. 

Cases of microbiologically-proven meningitis were defined by a 

atient who exhibited symptoms, diagnosed and clinically treated 

s such, with cerebrospinal fluid positive for either 1) bacterial, 

ungal, acid-fast bacilli or viral culture; 2) latex agglutination test; 

r 3) viral polymerase chain reaction (PCR). Relapse was defined as 

eningitis due to the same organism within three weeks of com- 

letion of antimicrobial therapy from the initial episode ( Durand 

t al, 1993 ). Preterm was defined as patients born at a gestational 

ge of < 37 weeks and 0 days. Meningitis was considered as early- 

nset if either 1) the infection occurred in the first 6 days of life 

 Okike et al, 2014b ) or 2) the lumbar puncture was performed in

he first 6 days of life if the date of presentation was not clearly 

ocumented. Mortality was defined as death during the same hos- 

italisation. Subjects were excluded if 1) their CSF samples were 

rawn beyond 89 days of life or 2) the organisms yielded in the 

eport were considered by the patient’s physicians to be due to 

nvironmental contamination and the final diagnosis of the index 

ase was not meningitis. Live birth data were obtained from HK’s 

ospital Authority annual statistics report. 

References for the breakpoint for resistance to antibiotics were 

ased on the updated Clinical and Laboratory Standards Institute 

CLSI) recommendation ( Clinical and Laboratory Standards Insti- 

ute, 2019 ). The presence of extended-spectrum beta-lactamases 

ESBL) was tested by the combined-disk test for isolates of Kleb- 

iella pneumoniae, Klebsiella oxytoca, E. coli, and Proteus mirabilis . 

he technique of 16s rRNA and MALDI-TOF-MS were not employed 

n the laboratory during the study. 

tatistical Analysis 

Data were entered and stored in an encrypted Microsoft Excel 

le, which was analysed by JMP version 14.2.0. Non-parametric nu- 

erical data were presented by medians and 95% inter-percentile 

anges (IPR). The Wilcoxon test was employed for the analyses. 
 Kong from ClinicalKey.com by Elsevier on December 16, 
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Table 1 

Demographics of the cases. 

Subgroup n in subgroup N % 

Gender Male 108 54.0% 

Female 92 46.0% 

Gestation Term 143 71.5% 

Preterm 51 25.5% 

< 34 weeks 28 (54.9%) 

34-36 week and 6 days 23 (45.1%) 

Uncertain 6 3.0% 

Hospital PMH 80 40.0% 

PYNEH 51 25.5% 

QMH 69 34.5% 

CNS device in situ Yes 7 3.5% 

Bacterial meningitis 139 69.5% 

Early-onset 53 (38%) 

Late-onset 86 (62%) 

Viral meningitis 61 30.5% 

Death 4 2.0% 

Abbreviations: PMH, Princess Margret Hospital; PYNEH, Pamela Youde Nethersole Eastern Hospital; QMH, Queen Mary Hospital; CNS, central nervous system 

Table 2 

Categorisation of pathogens involved in bacterial meningitis, according to gestational age at birth. 

Category of the bacterial organism Genus and species Total number of 

case (%) 

Term Preterm (% of all 

preterm bacterial 

meningitis) 

Gestation 

uncertain 
28 days or 

younger(%) 

beyond 28 

days (%) 

Gram positive Streptococcus agalactiae 67 (48.2) 46 (67.6) 10 (52.6) 7 (14.9) 4 (80) 

Bacillus species 6 (4.3) 0 1 (5.3) 5 (10.6) 0 

Coagulase negative 

staphylococci 

6 (4.3) 0 2 (20.5) 4 (8.5) 0 

Staphylococcus aureus 5 (3.6) 2 (2.9) 0 3 (6.4) 0 

Streptococcus bovis I/II 4 (2.9) 2 (2.9) 0 2 (4.3) 0 

Enterococcus 2 (1.4) 1 (1.5) 0 1 (2.1) 0 

Listeria monocytogenes 2 (1.4) 1 (1.5) 0 1 (2.1) 0 

Streptococcus pneumoniae 1 (0.7) 0 1 (5.3) 0 0 

Total number of Gram positive 93 (66.9) 52 (76.5) 14 (73.7) 23 (48.9) 4 (80) 

Gram negative Escherichia coli 35 (25.3) 12 (17.6) 3 (15.8) 19 (40.4) 1 (20) 

Klebsiella pneumoniae 4 (2.9) 2 (2.9) 0 2 (4.3) 0 

Elizabethkingia species 3 (2.2) 2 (2.9) 0 1 (2.1) 0 

Morganella morganii 1 (0.7) 0 0 1 (2.1) 0 

Neisseria menignitidis 2 (1.4) 0 2 (10.5) 0 0 

Total number of Gram negative 45 (32.4) 16 (23.5) 5 (26.3) 23 (48.9) 1 (20) 

Other Mycoplasma hominis 1 (0.7) 0 0 1 (2.1) 0 

Total number of bacterial organism 139 (100) 68 (100) 19 (100) 47 (100) 5 (100) 
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ategorical data were compared using the Chi-square test. Differ- 

nces were considered to be significant with P -values < 0.05. 

esults 

During the study period, 200 records with episodes of 

icrobiologically-proven meningitis were retrieved ( Table 1 ): 143 

71.5%) were born at term, while 51 (25.5%) were preterm at ges- 

ational ages ranging from 25 weeks and 3 days to 36 weeks and 

 days. The gestational age was not recorded for the remaining six 

atients (3%). A bacterial pathogen was identified for 139 subjects 

69.5%), while 61 (30.5%) cases were due to viruses. The overall 

roportion of late-onset meningitis cases was 70.5% (n = 141); 61.8% 

f bacterial meningitis was late onset. 

Gram-positive and Gram-negative organisms consisted of 67% 

nd 32% of all bacterial meningitis, respectively ( Table 2 ). GBS and 

. coli were the two most common pathogens in bacterial meningi- 

is in both term and preterm infants. Together, they accounted for 

ore than 50% of the cases. GBS was the predominant pathogen 

n both early-onset and late-onset term meningitis. The median 

ge for late-onset GBS meningitis was 22.5 days (95% IPR: 8-87 

ays). All cases of preterm GBS meningitis were late-onset (n = 7), 

nd their gestational ages at birth ranged 27-36 weeks and 5 days; 

. coli was the predominant pathogen in preterm bacterial menin- 
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itis (19/45, 42.2%). Two cases were due to Neisseria meningitidis 

n = 2, 1%), including one imported case from outside the region, 

n which the patient initially presented in Hainan, China. After the 

atient was found to have meningitis, he was transferred to HK for 

urther management. There was one patient who had meningitis 

ue to Streptococcus pneumoniae (n = 1, 0.5%). Haemophilus influen- 

ae was not found in this study. There was one case of relapsed E. 

oli meningitis in a 32-week preterm infant who presented on day 

 of life; the E. coli isolate was sensitive to cefotaxime. The relapse 

pisode occurred 8 days after completion of a 3-week course of 

efotaxime at a higher dose indicated for treatment of meningitis. 

Seven infants had a ventricular device in situ (two external ven- 

ricular devices and five ventriculoperitoneal shunts) for underly- 

ng diseases during the episode of meningitis and all were due 

o Gram-positive organisms (two Bacillus species, four coagulase- 

egative Staphylococcus and one Staphylococcus aureus ). The dura- 

ion of the ventricular device in situ before the infection ranged 

5-84 days (median: 35 days). None of the cases was documented 

ith a structural defect of meninges with external communication, 

pinal bifida or CSF leak. 

There were four deaths (2% mortality) and all of them were 

reterm infants (gestational ages at birth from 31 weeks and 1 day 

o 35 weeks and 6 days). The causative organisms were Bacillus 

pecies for two cases, Klebsiella pneumoniae and E. coli . 
 Kong from ClinicalKey.com by Elsevier on December 16, 
n. Copyright ©2021. Elsevier Inc. All rights reserved.
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Figure 1. The rates of bacterial meningitis (blue line) and viral meningitis (grey line) across the years from 2005 to 2018. The citywide, universal GBS screening and 

intrapartum antibiotic prophylaxis program in the public hospital system commenced in 2012. 
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There was an uptrend in the annual rates of bacterial meningi- 

is from 2006 to 2010, peaking in 2011 ( Figure 1 ). However, there

as been a decline in the annual rates of bacterial meningitis since 

012, with a 5.5-fold reduction in 2018 compared to 2011. The 

verall annual rates of early-onset and late-onset GBS meningitis 

cross the studied period were 0.009 and 0.019 cases per 1,000 

ive birth per year, respectively. Since the introduction of universal 

BS screening in HK in 2012, the median of the rate of early-onset 

BS meningitis (adjusted by the live birth rate of the three hospi- 

als) decreased from 0.17 (95% IPR: 0.08-0.306) between 2005 and 

011 to 0 (95% IPR: 0-0.173) between 2012 and 2018 per 1,0 0 0 live

irths per year ( P = 0.02) ( Figure 2 ). In contrast, the median rate

f late-onset GBS meningitis showed no statistically significant dif- 

erence before and after 2012, from 0.28 (95% IPR: 0.081-0.407) 

o 0.26 (95% IPR 0-0.547) per 1,0 0 0 live births per year ( P = 0.8).

eanwhile, the median rate of non-GBS meningitis was of no sta- 

istical difference before and after 2012 (non-GBS meningitis: 0.478 

95% IPR: 0.153- 0.638) vs 0.193 (95% IPR: 0.173-0.605); P = 0.307). 

he annual rate of viral cases steadily increased over the years, 

hich was mostly contributed by enteroviral meningitis ( Figure 1 ). 

Antimicrobial susceptibility test results were available for 31 of 

5 isolates of E. coli meningitis (the rest were diagnosed by la- 

ex agglutination with no culture available for antibiotic sensitivity 

ests). Resistance to ampicillin and gentamicin was 74% and 32%, 

espectively, in all tested isolates ( Table 4 ). There was gentamicin 

esistance in 60% and 33% of isolates from preterm infants (n = 6) 

nd term infants (n = 4), respectively. Five of the 31 E. coli iso- 

ates (16%) showed resistance to a third-generation cephalosporin 

cefotaxime or ceftriaxone or both), including four of them (three 

reterm and one term infant) that were extended-spectrum beta- 

actamase (ESBL)-producing strains. Of those E. coli isolates tested 

ith susceptibility to meropenem (n = 6) and amikacin (n = 5), no 

esistance was found. 

iscussion 

GBS and E. coli were the most common bacterial pathogens and 

ccounted for 48.2% and 18.1% of all bacterial meningitis cases, re- 
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pectively. This finding was consistent with other large-scale pop- 

lation studies in developed countries ( Gaschignard et al, 2011 ; 

kike et al, 2014b ; Ouchenir et al, 2017 ; Shen et al, 2019 ;

higpen et al, 2011 ). Based on the current study, two patients 

ad meningococcal and one had pneumococcal meningitis. There 

ere no cases involving Haemophilus influenzae . These statistics are 

ostly in parallel with the studies performed in this region 30 

ears ago and in the latest study in Shenzhen ( Shen et al, 2019 ;

ung et al, 1997 ). 

The rate of bacterial meningitis was steadily high from 2005 

o 2011 and has declined since 2012. It is postulated that the de- 

reasing trend in the annual rate of bacterial meningitis after 2012 

as at least partially attributed to the effectiveness of the uni- 

ersal GBS screening program and IAP in preventing early-onset 

BS meningitis, as the annual rates of late-onset GBS meningi- 

is and non-GBS meningitis had no statistically significant differ- 

nce over time. Taken together, these findings further support the 

otion that IAP can effectively prevent early-onset invasive GBS 

nfections, but not late-onset GBS infection, including meningitis 

 Gaschignard et al, 2011 ; Seale et al, 2017 ; Tephanie et al, 20 0 0 ). 

Ampicillin and gentamicin are two commonly used empiri- 

al antibiotics for presumptive neonatal bacterial infections. In 

his study, 74% and 32% of the 31 E. coli isolates were resis- 

ant to these two antibiotics, respectively. These antimicrobial 

esistance frequencies were similar to data reported in the re- 

ent study in Shenzhen (75% for ampicillin and 33% for gentam- 

cin, n = 12) but more prevalent than that in the Canadian study 

onducted in 2017 (56% for ampicillin and 13% for gentamicin) 

 Ouchenir et al, 2017 ; Shen et al, 2019 ). Based on these find-

ngs, empirical use of third-generation cephalosporin is recom- 

ended for presumptive invasive infectious diseases in neonates or 

oung infants (with the addition of ampicillin in neonates within 

he first month of life to cover Listeria monocytogenes ), particu- 

arly those with clinical suspicion of meningitis, known mater- 

al or perinatal E. coli infection. Third-generation cephalosporins 

ave better penetration through the blood-brain barrier than gen- 

amicin ( Bornstein, 1987 ). Additionally, four isolates from the cur- 

ent study were ESBL-producing E. coli and one isolate was resis- 
 Kong from ClinicalKey.com by Elsevier on December 16, 
n. Copyright ©2021. Elsevier Inc. All rights reserved.
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Figure 2. Box plots of the rates of early-onset (blue box) and late-onset (red box) GBS meningitis (per 1,0 0 0 live birth in each calendar year) comparing those before 

(between 2005 and 2011) and after (between 2012 and 2018) the commencement of universal GBS screening and intrapartum antibiotic prophylaxis in 2012. There were 65 

cases of GBS meningitis in total, including 21 early-onset GBS meningitis and 44 late-onset GBS meningitis. There was a significant reduction in the rate of early-onset GBS 

meningitis (0.17 vs. 0, P = 0.02), while no statistical difference was found in late-onset GBS meningitis (0.28 vs. 0.26, P = 0.8). 
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ant to a third-generation cephalosporin (the ESBL status was not 

tated in the report). Therefore, in neonates or young infants who 

resent with ill-appearance, severe complications, rapid deteriora- 

ion or with known maternal colonization with ESBL-producing or- 

anisms, carbapenems may be an appropriate empirical antimicro- 

ial choice. 

This study identified that viral meningitis became more preva- 

ent than bacterial meningitis in this locality, as reported since 

015 in the UK ( Kadambari et al, 2019 ). Enteroviruses accounted 

or 96% of viral meningitis. In the past, a conclusive diagnosis of 

iral meningitis in young infants was limited by the low yield 

rom viral culture ( Shukla et al, 2017 ; Vareil et al, 2018 ). With

he use of PCR technology that recently became standard in all 

icrobiology laboratories, more viral pathogens can be identified 

 Lyons, Mcadam, Cohn, Monuteaux, & Nigrovic, 2012 ; O’Brien et al., 

018 ). Of note, severe viral meningoencephalitis can be caused by 

he herpes simplex virus (HSV) ( Pinninti & Kimberlin, 2018 ). One 

eonate in the current study suffered from HSV meningoencephali- 

is, who initially presented with a vesicular rash over the trun- 

al area. The PICNIC study by the Canadian group found that all 

SV (seven cases out of 174 episodes of CNS infection in 2 years) 

resented before 21 days of life, among which four of them had 
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 seizure, and five of them had extra-CNS manifestation, includ- 

ng vesicular lesions, transaminitis, pneumonitis, and coagulopathy 

 Petel et al, 2020 ). Empirical coverage with acyclovir may not be 

arranted unless in the presence of clinical features suggestive of 

SV meningoencephalitis, such as vaginal birth in the setting of 

ctive herpes labialis, the presence of vesicles on initial skin ex- 

mination, extra-CNS manifestation such as hepatic transaminitis, 

neumonitis and coagulopathy, and seizure. 

This study had a few limitations. First, cases were filtered ac- 

ording to ICD-9 coding for diseases and procedures. Therefore, 

ases may have been missed if they were not accurately coded. 

econd, the reported rates were adjusted by the live birth data 

ithin the three studied hospitals; however, these studied hospi- 

als also accepted cases referred from private hospitals, and there 

ould have been cases born in other public hospitals that later at- 

ended the studied hospitals. Nevertheless, most of the patients 

orn in one hospital tend to return to the same hospital when a 

ew illness occurs, as the public health service is regionally organ- 

sed. Furthermore, because of the retrospective nature of the study 

here was no standardised documentation of the clinical details 

nd microbiological investigations, leading to some missing infor- 

ation. The three studied hospitals provided about 30% of neona- 
 Kong from ClinicalKey.com by Elsevier on December 16, 
n. Copyright ©2021. Elsevier Inc. All rights reserved.
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Table 3 

Categorisation of viral pathogens in viral meningitis. 

Viral detection number %of total 

Enterovirus Coxsackievirus A 5 8% 

Coxsackievirus B 19 31% 

Echovirus 8 13% 

Enterovirus 71 3 5% 

Enterovirus- unspecified 24 39% 

Other Paroechovirus 1 2% 

HSV 1 2% 

Total number of virus 61 100% 

Table 4 

Antibiotic resistance of Escherichia coli isolates. 

Term: Early-onset Escherichia coli meningitis 

N Sensitive % Resistant % 

Ampicillin 5 1 20% 4 80% 

Gentamicin 3 1 33% 2 67% 

3GCP 5 5 100% 0 0% 

ESBL 0 

Term: Late-onset Escherichia coli meningitis 

Ampicillin 9 3 33% 6 67% 

Gentamicin 9 7 78% 2 22% 

3GCP 8 7 88% 1 13% 

ESBL 1 

Preterm: Escherichia coli 

meningitis 

Ampicillin 14 2 14% 12 86% 

Gentamicin 10 4 40% 6 60% 

3GCP 15 11 73% 4 27% 

ESBL 3 

Abbreviations; 3GCP, third-generation cephalosporin; ESBL, extended-spectrum 

beta-lactamase 
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al, general paediatric and intensive care services in the public sec- 

or in HK, with respect to bed numbers. Therefore, it is possible 

hat the data from this study did not fully represent the situa- 

ion for the entire territory. Finally, variations in the routine prac- 

ice in clinical care and microbiology laboratories among the three 

tudied hospitals may have lead to some heterogeneity in the final 

ataset. 

Table 3 

In conclusion, GBS and E. coli were still the most common 

athogens in neonates and infants aged < 3 months. The current 

ractice of universal GBS screening and use of IAP appears to have 

uccessfully reduced the rates of early-onset but not late-onset GBS 

eningitis. Frequencies of ampicillin and gentamicin resistance for 

. coli meningitis are high, with implications for the choice of 

mpirical antibiotics before the culture results are available. This 

s a major public health concern that needs to be addressed by 

rospective research with a prospective approach and involving all 

ospitals in various regions. 
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