Microbes and Infectious Diseases 2024; Article-In-Press, DOI: 10.21608/mid.2024.269589.1797

| ey
Microbes and
Infectious Diseases

Original article

Microbes and Infectious Diseases

Journal homepage: https://mid.journals.ekb.eg/

Bacterial profile and resistance trends of pathogens implicated in
bacterial meningitis: A four years retrospective study

Lamiaa M. EI-Moussely ?,
Manal M. Darwish 1.4

B wN e

Nashwa Naguib Omar*?, Nahla Gamaleldin AbdelHakim Hanafy 3,

- Department of Medical Microbiology and Immunology, Faculty of Medicine, Ain Shams University, Cairo, Egypt

- Department of Clinical Pathology, Faculty of Medicine, Ain Shams University, Cairo, Egypt.

- Department of Pediatrics, Faculty of Medicine, Modern University for Technology, and Information, Cairo, Egypt.

- Department of Microbiology and Immunology, Faculty of Pharmacy, October university for modern science and Arts, Egypt

ARTICLEINFO

Article history:

Received 12 February 2024

Received in revised form 6 March 2024
Accepted 14 March 2024

Keywords:

Bacterial meningitis
Antimicrobial resistance
Seasonal variation

Age groups

Neonatal meningitis

ABSTRACT

Background: Study aims to determine the bacterial profile associated with bacterial
meningitis, their antimicrobial resistance pattern providing antimicrobial stewardship
guidance and improving the efficacy of empirical treatment. Methods: Four years case-
series retrospective study (December 2019- December 2023), of positive CSF cultures in
432 patients of various age groups and departments in Ain Shams University Hospital,
Cairo, Egypt were analyzed. Results: Predominance of Gram-negative bacteria
constituting 79.1%, while 19.6% were attributed to gram-positive in bacterial meningitis.
Notably, Klebsiella pneumoniae (K. pneumoniae) had the highest prevalence at 34%,
followed by Acinetobacter species (spp) at 19.6%. Whereas, Streptococcus pneumoniae
(S. pneumonia) exhibited a lower prevalence of 1.8%. The age group >16-50 years
demonstrated the highest prevalence at 26.6%, followed by infants aged 2 months to <1
year, with a prevalence of 23.3%. Antimicrobial resistance was predominantly against
ceftriaxone 89%, and ampicillin 87.9%. Conversely, pathogens exhibited greater
sensitivity to tobramycin (46.2%) and gentamicin (43.1%) than other antimicrobials.
Multidrug resistance was identified in 53.5% of Gram-negative bacteria. These results
highlight Gram-negative bacteria role in meningitis. Conclusion: This study revealed
significant changes in meningitis bacterial profiles, highlighting the importance of
reinforcing antimicrobial stewardship efforts to effectively combat the evolving landscape
of bacterial meningitis.

Introduction
Bacterial

meningitis (BM)

countries [3]. Bacterial meningitis is endemic in
various regions globally with incidence and
mortality rates depending on areas, causative micro-

is a life-

threatening global medical challenge [1]. It is
responsible for more than 300,000 deaths worldwide
[2] with incidence 0.7-0.9 per 100,000 in developed
countries and 40 per 100,000 in developing
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organism, and patient's age [4]. According to a
global systematic review in 2019, most meningitis-
related deaths, spanning all age groups and children
under 5 years old, were primarily caused by

© 2020 The author (s). Published by Zagazig University. This is an open access article under the CC BY 4.0 license https://creativecommons.org/licenses/by/4.0/.


https://mid.journals.ekb.eg/
https://creativecommons.org/licenses/by/4.0/

EL Moussely LM et al./ Microbes and Infectious Diseases 2024; Article-In-Press, DOI: 10.21608/mid.2024.269589.1797

Streptococcus pneumoniae, followed by Neisseria
meningitidis (N. meningitidis) and K. pneumoniae.
Group B Streptococcus accounted for the highest
mortality in neonates. Effective vaccines like Hib,
pneumococcal, and meningococcal conjugate
vaccines reduced children mortality rate over the
past 30 years. WHO's global targets, aim to reduce
cases of vaccine-preventable BM by 50% and
associated deaths by 70% by 2030 [5]. Recently,
Gram-negative bacteria including Acinetobacter
baumannii, Klebsiella pneumoniae and Escherichia
coli causing meningitis has increased significantly
[6].

Antimicrobial susceptibility test-results
appear 2-3 days after CSF (cerebrospinal fluid)
specimen collection; accordingly, BM is often
treated empirically [7]. Prompt empirical
antimicrobials are paramount, as any treatment-
delay significantly increases patient morbidity and
mortality. However, if not correctly given the risk of
antimicrobial resistance (AMR) increases. WHO
estimated that annually multidrug-resistant (MDR)
bacterial infection results in 700,000 deaths across
all ages globally, with nearly 200,000 newborns [8].

Up-to-date Surveillance on BM and
antimicrobial resistance patterns are notably scarce.
Such researches are crucial to pinpoint vaccination
targets, formulate and update preventive strategies,
and antimicrobial stewardship program. This
comprehensive study aims to determine the bacterial
profile of the implicated BM pathogens, their AMR
pattern and seasonal variation to update
antimicrobial stewardship related to this infection.

Materials and methods

This study was conducted at Microbiology
Laboratories, Ain Shams University Hospital,
Cairo, Egypt. Ethical committee Approval (with
Federal Wide Assurance number:
R361a/2023/2024) were taken from Ethics
Committee Center at Ain Shams University.
Measures were taken to ensure confidentiality and
privacy of data.

This four-year retrospective investigation
(December 2019- December 2023) involved
patients from neonates to elderly. Data records of
4,018 CSF samples were collected and analysed.
Information gathered were results of bacterial
cultures,  antimicrobial  susceptibility  and
demographic details as age, sex, and denoted
departments. Eventually, 432 positive CSF cultures
were included after removing duplicated samples.

Samples were collected from different wards
including neurosurgery units, neonatal intensive
care units (NICU), ICU, outpatient, and emergency
departments under complete aseptic conditions and
delivered immediately to the laboratory. Samples
were processed according to the laboratory's
standard microbiological operative procedures.
Samples that were culture positive were subjected to
further analysis, and the isolates obtained were
identified using standard microbiological methods
[9] including colony morphology on agar, Gram’s
stain reaction, and other standardized biochemical
tests including; lactose fermentation, urea
hydrolysis, citrate utilization, lysine
decarboxylation, oxidase test, motility test, mannitol
fermentation, catalase, slide and tube coagulase tests
and DNase production testing .In addition Vitek
automated system  for identification and
Susceptibility was used for confirmation of isolated
organisms.

Antibiotic susceptibility testing:
Susceptibility testing of isolates was performed on
pure culture isolates using the disc diffusion method
[10] with strict adherence to the Clinical Laboratory
Standards Institute  (CLSI) guidelines [11]
antimicrobials commonly used in cases of bacterial
meningitis and can cross the blood brain barrier
were tested: Penicillin (P 10 ug), ampicillin (AMP 2
ug), cefoxitin (FOX 30 ug), ceftazidime (CAZ 30
ug), cefipime (FEP 30 ug), meropenem (MEM 10
ug), tobramycin (TOB 10 ug), cefotaxime (CTX 30
ug), linezolid (LZD 30 ug), vancomycin (VAN 30
ug), cefuroxime (CXM 30 ug), ceftriaxone (CRO 30
ug), trimethoprime/sulphamethoxazole (STX 25ug),
ampicillin/sulbactam (SAM 20 ug),
amoxicillin/clavulanic (AMC 30 ug), amikacin
(AK30 ug), gentamicin (GN 10 ug), tazocin (TZP
110 ug).

Reference strains: Escherichia coli (E.
coli) ATCC 25922, N. meningitides ATCC
CDC327, S. pneumonia ATCC 49619, Haemophilus
influenza (H. influenza) ATCC 49766 and
Staphylococcus aureus (S. aureus) ATCC 25923
were tested as quality controls.

Definitions

MDR: non-susceptibility to at least one
agent in three or more antimicrobial categories.
Statistical analysis

Analysis of data was done using SPSS
program version 24.
Qualitative data were presented using count and
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percentage, bar and pie charts. Chi square test was
used to compare qualitative data between different
groups. Fisher exact test was used instead of chi
square test when expected value in > 25% of cells is
less than 5 or one of the cells has expected value of
zero. P value less than or equal to 0.05 was
considered statistically significant.

Results

Between year 2019-2023, 432/4018
positive CSF cultures were collected from various
hospital departments, with isolation rate 10.7%.

Table 1 presented patients’ demographic
data, 56% were males (242/432), while 43.9% were
females (190/432), with male-to-female ratio 1.2:1.
Patient age ranged from neonates to > 50 years,
segmented into seven age-groups, median age was
>5-16 years. Over half of the cases (n=218)
occurred in children <5 years old.

Neurosurgery (40.2%) and ICU (30%)
departments showed the highest BM rates.
Significant association was identified between
isolated bacteria and sex (p value = 0.01). However,
no statistically significant relationship was found
between isolated bacteria and various age groups.
Lastly, a statistically significant difference was
observed between isolated bacteria and departments
(p value = 0.05).

Concerning isolated bacteria, 342 / 432
(79.1%) were Gram-negative, while 85 / 432
(19.6%)  were  Gram-positive. Klebsiella
pneumoniae was the predominant species (spp)
(34%), as shown in table (2), followed by
Acinetobacter (19.6%) then Pseudomonas spp
(16.2%). Conversely, Streptococcus pneumoniae
showed lower prevalence (1.8%). The least isolated
bacterial pathogens were Citrobacter, Burkholderia,
and Serratia marcescens with prevalence (0.2%)
each. Noteworthy mixed infections occurred in
7.1% of the total samples.

TOB: tobramycin, MEM: meropenem,
FEP: cefepime, TZP: piperacillin/tazobactam, AK:
amikacin, CAZ: ceftazidime, SAM:
ampicillin/sulbactam, AMC:
amoxicillin/clavulanic, CTX: cefotaxime, SXT:
trimethoprim/sulfamethoxazole, P: penicillin, AMP:
ampicillin, CXM: cefuroxime, CRO: ceftriaxone,
LZD: linezolid, N/A: Not Assessed.

Table 3 Illustrates the bacterial AMR
patterns. All isolates of Klebsiella (100%) exhibited
resistance to ampicillin/sulbactam, with (97%) and
(95%) resistance to ceftriaxone and ceftazidime. In

contrast, sensitivity was observed in 29% and 26.6%
of cases for gentamicin and amikacin. Acinetobacter
spp demonstrated high resistance to cefotaxime
(96.8%) and piperacillin/tazobactam (96%), while
exhibiting relative sensitivity to tobramycin (45.8%)
and  trimethoprim/sulfamethoxazole  (27.5%).
Pseudomonas spp displayed resistance to
cefotaxime and ceftriaxone (82.4%), and to
cefepime (80%), however, all isolates (100%) were
sensitive to piperacillin/tazobactam, and (45.5%)
showed sensitivity to gentamicin. Among Gram-
positive bacteria 85/432 patients, high resistance
rates were noted for penicillin (88.2%) and
ampicillin (86.5%). Hopefully, linezolid (98.8%)
and vancomycin (97.9%) showed high sensitivity.
Collectively, Pathogens displayed good sensitivity
to tobramycin (46.2%), gentamicin (43.1%), and
amikacin (41.6%) whereas; resistance across all
pathogens was prominent against ceftriaxone
(89%), ampicillin (87.9%), penicillin (87.5%), and
cefotaxime (86.6%).

183/342 Gram-negative bacteria (53.5%)
were MDR as shown in figure (1A). Klebsiella
pneumoniae represented 92/183 cases (50.2%),
Acinetobacter comprised 48/183 (26.2%), and 9/183
(4.9%) were Pseudomonas (Figure 1B).
Furthermore, 9/15 Staphylococcus aureus cases
(60%) were MRSA as detected by resistance to
cefoxitin disc.

A statistically significant difference was
observed in Methicillin-resistant Staphylococcus
aureus (MRSA) and various departments. NICU had
the highest MRSA cases (25%) of all NICU cases,
followed by neurosurgery (1.72%) then ICU
(1.54%). No MRSA cases were detected in either
outpatient or emergency departments. Concerning
MDR pathogens, no statistical significance was
identified, with the highest percentage detected in
ICU department (48.4%), and the lowest in
outpatient unit (29.4%) (Table 4).

Regarding bacterial pathogens prevalence
in different age groups, Acinetobacter was
predominant in <2 months age-group (37.5%),
followed by K. Pneumonia (18.8%), whereas
Streptococci, Staphylococci and Pseudomonas
incidence were all the same (12.5%).

Acinetobacter was the dominant pathogen
(41.9%) in patients aged >3-5 years. Klebsiella
pneumoniae meningitis had its highest incidence
(39%) in >5-16 of age, with relatively similar rates
across other age groups, except for the lowest
incidence observed in >2 months-1year age group



EL Moussely LM et al./ Microbes and Infectious Diseases 2024; Article-In-Press, DOI: 10.21608/mid.2024.269589.1797

(29.7%). Pseudomonas meningitis peaked age
group >3-5 years (19.4%) and its lowest incidence
in >5-16 years (9.4%). Staphylococcus BM was
most prevalent in >2 months-lyear age group
(26.7%) and least prevalent in patients aged >3-5
years (9.7%) (Figure 2).

Table 5 shows Klebsiella pneumoniae as
the commonest pathogen in ICU, 36 isolates
(27.7%) of all organisms detected in ICU, followed
by Acinetobacter, 31 isolates (23.8%). Predominant
organisms in neurosurgery department were K.
pneumoniae (29.3%), followed by Staphylococci
(24.1%). Within NICU, Acinetobacter took the lead
with 6 isolates (37.5%), followed by Klebsiella
pneumoniae (18.8%). In outpatient setting, K.
pneumoniae was the most isolated organism 27

isolates (34.6%). The table showed statistically
significant difference between the isolated organism
and various departments

BM cases varied each year from December
2019-December 2023; with 110, 99, 140, 86 cases
respectively. Out of the 432 cases, highest cases
were isolated in the year 2022 (32.4%) and the least
(19.9%) isolated in 2023. Seasonal variation was
detected in K. pneumonia meningitis, Acinetobacter
meningitis and Staphylococcus spp meningitis with
most cases of K. pneumonia and Acinetobacter
isolated in winter more than other seasons of the
year showing (42 %) and (48%) respectively. On the
other hand, Staphylococcus spp showed prevalence
more in summer more than all other seasons (Figure
3).

Table 1. Demographic data of studied CSF samples regarding gender, age group and departments of patients.

N= 432 %
Sex Male 242 56.0%
Female 190 43.9%
Age (years) 0-<2 months 16 3.7%
2 months-< 1yr 101 23.3%
>1yr -3yrs 70 16.2%
>3yrs-5yrs 31 7.17%
>5yrs-16yrs 53 12.2%
>16yrs-50yrs 115 26.6%
>50yrs 46 10.6%
Adult ICU 130 30%
Neurosurgery 174 40.2%
Department NICU 16 3.7%
Outpatient 80 18.5%
Emergency department 32 7.4%

Table 2. Pathogen Prevalence in CSF from December 2019 to December 2023.

N %
E coli 22 5%
Klebsiella pneumoniae 147 34%
Acinetobacter spp 85 19.6%
Streptococcus pneumoniae 8 1.8%
Staphylococcus Coagulase Negative 46 10.6%
S. aureus 15 3.4%
Pseudomonas 70 16.2%
Organism name Enterococcus spp 16 3.7%
Enterobacter 8 1.8%
Proteus 7 1.6%
Cryptococcus neofomans 2 0.4%
Candida 3 0.6%
Citrobacter 1 0.2%
Burkhulderia 1 0.2%
Secratia marcescens 1 0.2%
Total 432 100.0%
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Table 3. AMR and susceptibility patterns in all isolated pathogens.

Pseudo-
Klebsiella Acineto- monas E coli Entero- Proteus Strept. _ Staph. Enterococci
Spp bacter bacter Peumoniae | spp
TOB Sensitive 13.0% 45.8% 25.0% 40.0% 0.0% 81.8% 0.0% 0.0% 0.0%
Resistant 87.0% 54.2% 75.0% 60.0% 0.0% 18.2% 0.0% 0.0% 100%
MEM Sensitive 9.7% 14.3% 64.3% 50.0% 100% 52.9% 50.0% 21.3% 0.0%
Resistant 90.3% 85.7% 35.7% 50.0% 0.0% 47.1% 50.0% 78.7% 0.0%
FEP Sensitive 5.1% 15.8% 20.0% 60.0% 100% 78.9% 0.0% 23.7% 0.0%
Resistant 94.9% 84.2% 80.0% 40.0% 0.0% 21.1% 0.0% 76.3% 100%
TZP Sensitive 6.5% 4.0% 100% 50.0% 100% 84.2% 100% 22.4% 33.3%
Resistant 93.5% 96.0% 0.0% 50.0% 0.0% 15.8% 0.0% 77.6% 66.7%
AK Sensitive 26.6% 25.6% 37.5% 100% 100% 72.0% 0.0% 80.0% 0.0%
Resistant 73.4% 74.4% 62.5% 0.0% 0.0% 28.0% 0.0% 20.0% 0.0%
CAZ Sensitive 5.0% 16.0% 36.4% 50.0% 100% 66.0% 0.0% 24.6% N/A
Resistant 95.0% 84.0% 63.6% 50.0% 0.0% 34.0% 0.0% 75.4% N/A
CRO Sensitive 3.0% 5.5% 17.6% 33.3% 0.0% 0.0% 66.7% 23.7% N/A
Resistant 97.0% 94.5% 82.4% 66.7% 0.0% 0.0% 33.3% 76.3% N/A
SAM Sensitive 0.0% 11.1% N/A 100% 100% 0.0% 100% 22.4% 30.0%
Resistant 100% 88.9% N/A 0.0% 0.0% 0.0% 0.0% 77.6% 70.0%
GEM Sensitive 29.2% 17.4% 45.5% 66.7% 100% 68.4% 100% 61.4% N/A
Resistant 70.8% 82.6% 54.5% 33.3% 0.0% 31.6% 0.0% 38.6% N/A
AMC Sensitive 4.3% 25.0% N/A 50.0% 100% 0.0% 100% 22.4% 30.0%
Resistant 95.7% 75.0% N/A 50.0% 0.0% 0.0% 0.0% 77.6% 70.0%
CTX Sensitive 7.6% 3.2% 17.6% 100% 100% 0.0% 100% 22.0% N/A
Resistant 92.4% 96.8% 82.4% 0.0% 0.0% 0.0% 0.0% 78.0% N/A
SXT Sen_sitive 12.2% 27.5% 33.3% 50.0% 0.0% 0.0% 100% 74.1% 0%
Resistant 87.8% 72.5% 66.7% 50.0% 100% 100% 0.0% 25.9% 100%
p Sensitive N/A N/A N/A N/A N/A N/A 28.6% 7.9% 30.0%
Resistant N/A N/A N/A N/A N/A N/A 71.4% 92.1% 70.0%
AMP Sensitive N/A N/A N/A N/A N/A N/A 25.0% 11.3% 20.0%
Resistant N/A N/A N/A N/A N/A N/A 75.0% 88.7% 80.0%
CXM Sensitive N/A N/A N/A N/A N/A N/A 0.0% 21.4% 0.0%
Resistant N/A N/A N/A N/A N/A N/A 0.0% 78.6% 100%
L7ZD Sensitive N/A N/A N/A N/A N/A N/A 100% 98.5% 100%
Resistant N/A N/A N/A N/A N/A N/A 0.0% 1.5% 0.0%
VAN Sensitive N/A N/A N/A N/A N/A N/A 90.9% 98.6% 100%
Resistant N/A N/A N/A N/A N/A N/A 9.1% 1.4% 0.0%
Table 4. Relation between frequency of MDR and MRSA isolates in each department.
MDR MRSA
N % N %
Adult ICU 63 48.4% 2 1.54%
Neurosurgery 66 37.9% 3 1.72%
Department NICU 6 37.5% 4 25%
Outpatient 23 29.4% 0 0.0%
Emergency department 14 43.7% 0 0.0%
X% 8.07 8.24 FE
P value 0.09 0.05

*Chi square test (FE:

Fisher Exact)
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Table 5. Relation between various departments and isolated bacterial pathogens.

Department
x* P
ICU Neurosurgery | NICU Outpatient | Other value
N % N % N % N % N %
E coli 7 5.4% 11 6.3% 1 6.3% 3 3.8% 1 3.1%
Klebsiella 36 |277% |51 |293% |3 |188% |27 |346% |16 |50.0%
pneumonia
Acinetobacter 31 23.8% 31 17.8% 6 37.5% 16 | 205% |5 15.6%
Streptococci 4 3.1% 4 2.3% 2 12.5% 1 1.3% 1 3.1%
Staphylococci 24 18.5% 42 24.1% 2 12.5% 11 14.1% | 2 6.3% 62.34 0.05
Pseudomonas 21 16.2% 22 12.6% 2 12.5% 17 21.8% | 2 6.3% FE )
Enterococci 3 2.3% 8 4.6% 0 0.0% 0 0.0% 1 3.1%
Enterobacter 3 2.3% 3 1.7% 0 0.0% 0 0.0% 1 3.1%
Proteus 0 0.0% 1 0.6% 0 0.0% 2 2.6% 2 6.3%
Cryptococeus |1 o000 (1 [06% |0 |00% |0 |00% |0 |00%
neoformans

Figure 1A. Prevalence of MDR gram-negative bacteria isolated from CSF.

B Non MDR Gram Negative
Bacteria

B MDR Gram Negative
Bacteria

Figure 1 B. Percentage of MDR among different Gram-negative bacteria.

H Klebsiella Pneumoniae

M Acinetobacter

= Pseudomonas
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Bacteria
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Figure 2. Distribution of commonest isolated pathogens in different age groups.
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Discussion

Meningitis infections are prevalent in
Egypt, leading to elevated complication and fatality
rates, thereby posing a significant medical
emergency. According to the World Health
Organization (WHO), approximately 1 million
cases occur globally each year, resulting in 135-
200,000 fatalities [12]. Despite strides in diagnosing
and treating infectious diseases, meningitis persists
as a significant contributor to mortality and
morbidity. Critical factors in mitigating the impact
include early diagnosis and prompt empirical
therapy. Given the gravity of these conditions,
continuous assessment of potential predictors of
adverse outcomes is imperative. This study was

Acinetobacter

Season

Ewinter
-Sprlng
W summer
EAutumn

Staphylococci

undertaken to discern the bacterial profile, AMR
patterns and seasonal dynamics of bacterial
meningitis across diverse age cohorts. Results
revealed a statistically significant disparity in the
prevalence of isolated bacteria concerning gender,
while no statistically significant association was
observed in various age groups. Noteworthy, > 50%
of the samples exhibited positive BM samples,
among children <5 years old. This aligns with a
similar study done in Egypt who identified children
as the most susceptible demographic group [12].
Furthermore, this research detected BM in (26.6%)
of patients aged >16-50 years old. Similarly, in a
prior Egyptian research study, 18.6% were found in
the 25-40 age range, and 28.6% were observed in
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those surpassing 40 years. It is noteworthy to
emphasize that both findings closely align within the
specified age group [13].

The goals of the present study involved
identifying predominant bacteria within various
age-groups to enhance the understanding of the
evolving microbial landscape during different
developmental stages; age group 0-2 months, most
common causative organism was Acinetobacter
(37.5%), followed by Kilebsiella Pneumonia
(18.8%) whereas Streptococci, Staphylococci and
Pseudomonas incidence were all the same at
(12.5%). Klebsiella pneumonia took precedence in
age group >2 month - 1 year showing (29.7%) and
(31.4%) in >1-3 years of age, followed by
Staphylococcus spp representing (26.7%) and (20%)
in age groups >2 month — 1 year and >3-5 years
respectively, while Acinetobacter accounted for
(18.8%) and (18.6%) in same age groups. Within the
>3-5 age group, Actinobacteria dominated with an
incidence of (41.9%), followed by Staphylococcus
spp at (19.4%). Klebsiella pneumonia declined to
(16.1%) in this age. Regarding the age group >5-50
years Klebsiella meningitis was the predominant
pathogen. Previous study done in 2021 revealed that
among patients diagnosed with BM, 52% were < 1
year. The primary causative agent was S.
pneumoniae  36.5%, followed by Neisseria
meningitidis 28.8% and Streptococcus agalactiae
15.4%. The incidence rates for H. influenzae,
Listeria monocytogenes, and E. coli were 7.7%,
1.9%, and 9.6%, respectively. Escherichia coli
emerged as the primary pathogen in 1- 10 years
patients as well as above 30 years old [14]. A
prospective Asian study of 8 NICU units, brought
attention the variability in bacterial etiology in
developing countries, emphasizing that gram-
negative bacilli including Klebsiella, and E. coli
may be more prevalent than GBS, particularly in
late-onset meningitis [15]. Differences could be
attributed to enhanced antenatal GBS screening,
licensed conjugate  pneumococcal  vaccines,
geographical shifts, and potential misuse of
antimicrobials. These factors ensure the importance
of continuous surveillance and adapting clinical
approaches based on contextual factors and regional
variations.

Our investigation revealed a significant
correlation between isolated BM and different
department.  Neurosurgery emerged as the
predominant department, accounting for 40.2% of
cases, followed by ICU (30%), and outpatient

clinics (18.5%). This aligns with a narrative review
emphasizing the prevalence of post-neurosurgical
bacterial meningitis (PNBM) as a common
complication in patients undergoing neurosurgical
procedures [16]. Moreover, a Chinese retrospective
study on PNBM highlighted its inevitability despite
global adherence to aseptic practices in
neurosurgical settings, reporting an incidence rate
ranging from 0.3% to 10% across various
neurosurgical diseases [17]. Discrepancies in
percentages underscore the importance of patient
numbers and aseptic techniques employed in
neurosurgical operations.

The notable incidence of BM in the ICU at
30% aligned with a prospective cohort study in
Netherland, who reported a similar trend with 51%
of patients with community-acquired BM being
admitted to ICU [18]. Variance in percentages might
be related to COVID-19 pandemic. During the
pandemic, the demands on ICU capacity have
influenced the proportion of ICU admissions for
BM.

The 18.5% prevalence of BM diagnosed in
outpatient clinics may reflect the potential
proportion of community-associated BM. This
observation coincided with a seminar, who
emphasised the persistent burden of community-
acquired BM despite advances in prevention and
treatment. Despite the global decline in disease
incidence due to conjugate vaccines targeting
pathogens like S. pneumoniae, N. meningitidis, and
H. influenzae, challenges endure [19].

A predominance of Gram-negative bacteria
(79.1%) of the isolated spp, whereas Gram-positive
bacteria accounted for (19.6%) in this study.
Klebsiella was the most isolated spp with prevalence
rate (34%), followed by Acinetobacter (19.6%) and
Pseudomonas (16.2%). Among Gram-positive
bacteria, S. pneumoniae was surprisingly observed
at (1.8%), with Coagulase-negative Staphylococci
(CoNS) (10.6%), S. aureus (3.2%), and
Enterococcus (3.7%). In contrast, Robinson and
Bausl identified S. epidermidis and S. aureus as the
primary Gram-positive cocci causing nosocomial
meningitis. This can be attributed to the fact that our
study was not confined to nosocomial meningitis
[20].

A retrospective study in Portugal reported
an increased proportion of Gram-negative bacteria,
such as Acinetobacter baumannii, K. pneumoniae,
and E. coli coinciding with current study [21]. On
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the other hand, a cross sectional study identified N.
meningitidis as the primary cause of meningitis [13].
This variance concerning N. meningitidis could be
attributed to a more robust vaccination preventing
its isolation in our study. In a study conducted in
Egypt, the predominant Gram-positive BM was
Streptococcus pneumoniae, contributing
significantly to the overall cases [22]. Current study
verifies these trends, revealing CoNS at 10.6%,
Staphylococcus at 3.4%, and S. pneumoniae at 1.8%
among the identified Gram-positive organisms. This
decline S. pneumoniae incidence may be attributed
to the high vaccination coverage against this
pathogen.

In this study, Klebsiella spp showed the
highest sensitivity to gentamicin, amikacin, and
tobramycin with percentages 29.2%, 26.6 and
13.0% to. Acinetobacter showed sensitivity to
tobramycin, SXT, amikacin, cefepime, meropenem
with percentages 45.8%, 27.5%, 25.6%, 15.8%
and14.3% respectively. While Pseudomonas
showed sensitivity to piperacillin/tazobactam,
meropenem, gentamicin and amikacin 100%,
64.3%, 45.5% and 37.5% respectively. This aligns
with a multicenter retrospective study conducted in
China, where K. pneumoniaeand  A.
baumannii isolates exhibited susceptibility rates
greater than 50% to aminoglycosides with
susceptibility rates of P. aeruginosa isolates to TZP,
aminoglycosides, and carbapenems greater than
60.0% [23].

In this study gram-positive bacteria
exhibited high resistance rates 88.2% and 86.5% to
penicillin and ampicillin. however, they displayed
notable sensitivity to linezolid (98.8%) and
vancomycin (97.9%). Streptococcus pneumoniae
and Staphylococcus spp showed 9.1% and 1.4%
resistance to vancomycin. Overall, resistance across
all pathogens was most pronounced for ceftriaxone
(89%), ampicillin (87.9%), penicillin (87.5%), and
cefotaxime (86.6%). In contrast, all pathogens
exhibited higher sensitivity to tobramycin (46.2%),
gentamicin (43.1%), and amikacin (41.6%). These
findings partially align with the results of study
conducted in Egypt from 3 different hospitals ina 2-
year period who identified MDR Gram-positive
isolates from bacterial meningitis. In both studies,
there is a noteworthy resistance to penicillin and
ampicillin - among  Gram-positive  organisms.
However, this study additionally highlights higher
sensitivity to linezolid and vancomycin [24].

In this study, the assessment of S. aureus
using cefoxitin discs revealed that 60% of the strains
were identified as MRSA. Notably, a statistically
significant difference was observed between MRSA
and various hospital departments. Highest MRSA
prevalence was identified in NICU, constituting
25% of total NICU cases. Additionally, 1.72% and
1.54% of MRSA cases were isolated from the
Neurosurgery and ICU. On the other hand, no MRSA
were detected in either outpatient or Emergency
departments. Comparatively, a retrospective study
done in Japan. reported that the incidence rate of BM
caused by MRSA is lower than that caused by other
Gram-positive bacteria [25]. Furthermore, A cohort
study conducted in Spain found a 34% prevalence of
MRSA meningitis, primarily associated with
postoperative infections and nosocomial acquisition
[26]. An Egyptian study revealed that within Gram-
positive bacterial isolates, S. aureus and CONS were
commonly detected, each comprising 6% of the
isolates. Approximately half of these isolates were
identified as MRSA strains. [24].

Within the cohort of Gram-negative
bacteria, a substantial portion, accounting for
53.5%, exhibited MDR. Among them, Klebsiella
spp constituted 50.2%, Acinetobacter spp were
26.2%, and Pseudomonas spp accounted for 4.9%.
Focusing on Klebsiella spp, all isolates
demonstrated complete resistance (100%) to
ampicillin/sulbactam, ceftriaxone (97%) and
ceftazidime (95%). Acinetobacter spp showed
heightened resistance, particularly to cefotaxime
(96.8%) and piperacillin/tazobactam (96%), along
with notable resistance rates of (88.9%) and (85.7%)
to ampicillin/sulbactam and meropenem. In
Pseudomonas cases, resistance levels were equally
pronounced for cefotaxime and ceftriaxone (82.4%)
and cefepime (80%). This observed pattern aligned
with a systematic review with > 50% of isolated
Gram-negative bacteria displayed resistance to
amoxicillin/clavulanate. Pseudomonas aeruginosa,
Klebsiella spp, and Citrobacter spp universally
demonstrated complete resistance (100%) to
cefepime. Furthermore, over 60% of isolated K.
peumoniae, P. aeruginosa, other Acinetobacter spp,
and Citrobacter spp exhibited resistance to
ceftriaxone. Klebsiella spp also displayed notable
resistance rates to ceftazidime (86.67%) and
gentamicin (86.78%) [27]. This comparative
analysis underscores the consistent emergence of
resistance patterns among gram-negative bacteria in
various studies. Emphasizing the urgent need for
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effective antimicrobial stewardship programs and
robust surveillance mechanisms to address the
escalating challenge of MDR.

Finaly, a distinct Seasonal variation was
detected in K. pneumonia, Acinetobacter, and
Staphylococcus spp meningitis with most cases of K.
pneumonia and Acinetobacter isolated in winter
more than other seasons of the year showing (42 %)
and (48%) respectively. On the other hand,
Staphylococcus spp showed prevalence more in
summer more than all other seasons. These
observations emphasize the need for further
investigations into the intricate relationship between
seasonal patterns and the incidence of meningitis-
causing pathogens. This seasonality is confirmed by
a study conducted in India who reported maximum
number of cases (534/950) was seen during
September and December, where commonest
organism was Acinetobacter (35%) followed by S.
aureus (30%) [28]. According to a cross sectional
study (42.9%) of meningitis cases were detected in
February and the defending organism was N.
mennigitidis [13]. In both studies, although the
peak-time of meningitis, occurring in winter,
aligned with this study, there were differences in the
isolated organisms. Thus, highlights the variability
of the causative agents with the region during the
same season.

This study has limitations that need
acknowledgment. Firstly, the research focused on
confirmed BM cases, potentially missing culture-
negative instances with different causative
pathogens. Secondly, the study couldn't confirm the
pathogenicity of potential contaminants in
immunocompetent hosts. Lack of clinical data,
including immune status and shunt presence,
hindered confirming BM diagnoses, especially for
CoNS. Finally, deficiency of clinical data also
restricted analysis of risk factors, age groups,
infection origins, and outcomes of BM.

Conclusion

This study provides a vital analysis of BM,
revealing significant changes in the types of bacteria
causing infections and their antimicrobial
susceptibility,  including the  decline in
pneumococcal, Meningococcal and Haemophilus
meningitis due to implemented immunization
programs. However, challenges persist with
emerging gram-negative organisms like Klebsiella
pneumoniae, Acinetobacter, and Pseudomonas,
emphasizing the need for ongoing surveillance of

bacterial profiles and AMR patterns with reinforced
antimicrobial stewardship efforts to address
evolving threats

This study provides a guide to clinicians at
this hospital in adjusting the empirical antibiotics
given to suspected BM patients according to the
causative organisms in the previous 4-years thus
decreasing rate of BM which is one of the main sub-
goals of sustainable developmental goal

Recommendations

Strict following Infection control standard
precautions with special emphasis on effective hand
hygiene according to Center for Disease Control and
prevention especially in high-risk units at health
care settings: NICU, ICU, and neurosurgery
departments, is highly recommended.

Multidrug resistant (MDR) meningitis
treatment needs continuous hospital antimicrobial
stewardship review at fixed intervals and updating
them when necessary, according to bacterial culture
results, to provide guided empirical antimicrobial
therapy. Empirical antibiotics recommended
according to this current study results are as follows;
in pediatric patients age groups 0-2 months and >3-
5 yrs Acintobacter was the predominant implicated
organism and was sensitive to both tobramycin and
pipercillin/tazobactam. However, as
pipercillin/tazobactam is not approved for infants
less than 2 month only tobramycin is recommended
for this age group. As for age group >2m-1yr, >1-
3yrs and >5-16yrs gentamicin and amikacin to be
used in BM empirical treatment as K. pneumoniae
was the predominant BM causing organism. In
adults BM age groups K. pneumoniae was the
predominant organism and use of gentamicin and
amikacin as empirical treatment is recommended.
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