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Introduction: Paediatric bacterial meningitis (PBM) represents a major contributor to childhood morbidity and mortality globam
with heightened susceptibility in low- and middle-income nations where antimicrobial resistance (AMR) is highly prevalent. Pakistan
exemplifies this setting, with widespread antibiotic overuse driving AMR expansion. Thus, expediting PBM diagnosis and targeted
antibiotic therapy is imperative yet challenged by the dynamic local epidemiology. This study aimed to delineate the recent bacterial
etiologies and AMR profiles of PBM from a major Pakistani diagnostics laboratory to inform empirical treatment.

Materials and methods: This prospective observational investigation evaluated PBM epidemiology in patients under 18 years old
admitted to the study hospital. Standard cerebrospinal fluid analysis identified bacterial pathogens and antibiotic susceptibility
patterns.

Results: Among 171 PBM cases, 152 (88.9%) had bacterial isolates confirmed via culture. The cohort was 42.7% male with a mean
age of 3 months. The most prevalent pathogens among infants younger than 3 months were Escherichia coli, Enterococcus faecium,
and Staphylococcus epidermidis, contrasting with S. epidermidis, Streptococcus pneumoniae, and Staphylococcus hominis
predominating in older children. Staphylococcal isolates exhibited considerable penicillin and erythromycin resistance but maintained
vancomycin and linezolid susceptibility. Other resistance patterns varied.

Conclusion: These findings highlight the pressing threat of paediatric AMR in Pakistan, underscoring the need for vigilant AMR
surveillance and judicious antimicrobial use. This study provides a reference to current PBM epidemiology to guide context-specific

empirical therapy.
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Introduction

Paediatric bacterial meningitis (PBM) represents a major con-
tributor to childhood morbidity and mortality globallyt". The
indiscriminate use of antimicrobial agents has propagated extensive
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HIGHLIGHTS

e Paediatric bacterial meningitis (PBM) represents a major
contributor to childhood morbidity and mortality globally,
with heightened susceptibility in low-income and middle-
income nations where antimicrobial resistance (AMR) is
highly prevalent.

e This study aimed to delineate the recent bacterial etiologies
and AMR profiles of PBM from a major Pakistani
diagnostics laboratory to inform empirical treatment.

e These findings highlight the pressing threat of paediatric
AMR in Pakistan, underscoring the need for vigilant AMR
surveillance and judicious antimicrobial use. This study
provides a reference of current PBM epidemiology to guide
context-specific empirical therapy.

antimicrobial resistance (AMR) in developing nations, including
Pakistan, exerting selective pressure on bacterial populations!!.
Conservative estimates indicate over 5 million annual deaths
globally result from AMR infections, disproportionately affecting
low-income and middle-income regions such as Pakistan®!,

Given the extreme virulence of PBM and its propensity to elicit
devastating neurological consequences, expeditious diagnosis
and prompt initiation of evidence-based antimicrobial therapy is
imperative to mitigate the substantial morbidity and mortality
conferred by this condition and alleviate its burden on afflicted
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communities'*). The selection of appropriate empirical antibiotics
relies heavily on contemporaneous insights into the causal
pathogens underlying PBM and their corresponding anti-
microbial resistance profiles in a given region'. However, the
aetiologic agents implicated in PBM have been shown to
demonstrate extensive variability across different geographies,
time periods, and patient age groups>®!. For example, surveil-
lance data accumulated in England and Wales from 2004 to 2011
indicated that the predominant pathogens responsible for PBM
were Neisseria meningitidis, Streptococcus pneumoniae, and
Staphylococcus aureus™. In contrast, meningitis surveillance
performed in African nations between 2011 and 2016 found
S. pneumoniae and Hemophilus influenzae to be the leading
aetiologic agents underlying paediatric cases!®”). Moreover, an
investigation of PBM epidemiology conducted in the south-
western Chinese province between 2012 and 2015 reported that
~46.0% of cases were attributable to Escherichia coli and S.
preumoniae'®!. This heterogeneity underscores the importance of
continually re-evaluating region-specific PBM epidemiology to
formulate appropriate empirical antibiotic recommendations.
The aetiologic agents underlying PBM have been documented to
vary substantially based on geographic region, temporality, and
patient age, underscoring the importance of periodic reevaluation
of local epidemiology!™*'%. Additionally, the antimicrobial
resistance profiles of PBM pathogens demonstrate significant
variability and rapid evolution, further emphasizing the need for
frequent surveillance'!!. Therefore, timely analysis and dis-
semination of data regarding contemporary causative organisms
and antimicrobial resistance patterns is imperative to promote
evidence-based selection of empirical therapeutic agents by clin-
icians. Despite a paucity of existing surveillance data, preliminary
evidence suggests that a sizable proportion of bacterial isolates in
Pakistan exhibit resistance to commonly utilized antimicrobial
drugs, highlighting the escalating public health threat posed by
antimicrobial resistance in this nation and the urgency of com-
prehensive assessment'!. To contribute data to this crucial
endeavour, the present study aims to elucidate the antimicrobial
resistance trends among prominent pathogenic isolates from a
major diagnostic laboratory in Pakistan. These findings will
provide clinically valuable insights into the evolving landscape of
PBM aetiology and antimicrobial resistance in Pakistan to pro-
mote informed decision-making. However, larger multicenter
studies are warranted to confirm generalizability due to the
sample size limitations of a single-centre analysis. This study aims
to underscore the pressing need for coordinated surveillance,
stewardship, and public health efforts to mitigate the threat of
escalating antimicrobial resistance in Pakistan and globally.

Primary objective

To delineate the most prevalent organisms isolated from cere-
brospinal fluid cultures.

Secondary objective

To characterize the antimicrobial resistance profiles of these
major pathogens and to elucidate patterns of resistance among
isolates.

Annals of Medicine & Surgery

Material and methods

This prospective observational study aimed to characterize the
demographic attributes, bacterial etiologies, and antimicrobial
resistance patterns among paediatric cases of bacterial meningitis
presenting to the study hospital between August 2022 and
January 2023. Of the 171 children screened with suspected
meningitis, 152 satisfied the inclusion criteria and were confirmed
to have bacterial meningitis via cerebrospinal fluid analysis and
culture. The study methodology entailed collecting demographic,
clinical, and microbiological data at admission and throughout
hospitalization using standardized diagnostic approaches,
including bacterial culture of cerebrospinal fluid specimens and
antibiotic susceptibility testing. The aim was to delineate the
distribution of bacterial pathogens underlying paediatric menin-
gitis in this setting and evaluate their antimicrobial resistance
profiles to guide context-specific empirical therapy selection.
Detailed descriptive statistical analyses were performed to char-
acterize demographics, including age, sex, and clinical depart-
ment. The distribution of bacterial isolates was analyzed by age
group. Antimicrobial resistance patterns of Gram-positive and
Gram-negative organisms were assessed by determining anti-
biotic-specific susceptibility and resistance rates. Appropriate
statistical tests such as chi-squared tests were applied to deter-
mine significant differences, with P less than 0.05 denoting sta-
tistical significance. While the single-centre design limits
generalizability, this study provides valuable insights into current
local epidemiology to inform clinical decision-making. Further
multicenter studies are warranted to corroborate these findings
and continue AMR surveillance as microbial distributions and
resistance profiles evolve. Overall, the study highlights the need
for evidence-based measures to combat paediatric AMR and
preserve antimicrobial efficacy.

Results

Demographic characteristics

This prospective study screened 171 children under 18 years of
age with suspected meningitis presenting to the study hospital
between August 2022 and January 2023. Following application
of exclusion criteria, 152 were confirmed to have bacterial
meningitis via cerebrospinal fluid analysis. Of the analyzed
cohort, 65 patients (42.7%) were male and a majority of 87
(57.2%) were female. The mean age was 3 months, with 70
patients (45.9%) under 3 months old and 99 patients (64.9%)
within the first year of life, after which the proportion declined
steeply with age.

Microbiological testing identified 193 bacterial isolates from
the 152 confirmed paediatric meningitis cases. Gram-positive
organisms constituted ~66.3% (1n=128) of total isolates. The
most prevalent Gram-positive pathogen was Staphylococcus
epidermidis at 16.6% (n=32), followed by Streptococcus pneu-
moniae, Enterococcus faecium, Staphylococcus hominis, Group
B streptococcus, and Staphylococcus aureus. Gram-negative
isolates comprised 33.6% (n=65) of total isolates, with
Escherichia coli representing the most common at 12.4%
(n=24), followed by Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa, and other Gram-negative
species. These findings provide key insights into the distribution
of bacterial etiologies underlying paediatric meningitis in this
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Distribution of pathogens causing bacterial meningitis

Pathogen

Gram-positive organisms
Staphylococcus epidermidis 32 (16
Streptococcus pneumoniae 21 (10
Enterococcus faecium 18 (9.3
Staphylococcus hominis 14 (7.2
Group B streptococcus 10 (6.2
Staphylococcus aureus 5(2.6
Other Gram-positive organisms 28 (14

Gram-negative organisms
Escherichia coli 24
Klebsiella pneumoniae 6
Acinetobacter baumannii 5
Pseudomonas aeruginosa 4
Other Gram-negative organisms 26
Total 193

setting during the study period. Ongoing surveillance is war-
ranted to track epidemiological trends as meningitis epidemiol-
ogy continues to evolve (Table 1).

Distribution of pathogens causing bacterial meningitis
(Fig. 1)

This study analyzed 193 bacterial pathogens isolated from
paediatric meningitis cases, categorizing isolates as Gram-posi-
tive or Gram-negative.

Among infants under 3 months of age, the most prevalent
pathogens were Escherichia coli (22.2%), Enterococcus faecium
(14.5%), and Staphylococcus epidermidis (10.9%). However, for

patients over 3 months of age, the primary isolates were S. epi-
dermidis (20.7%), Streptococcus pneumoniae (17.6%), and
Staphylococcus hominis (8.2%). Overall, the leading causes of
bacterial meningitis across all ages were S. epidermidis (20.9%),
S. pnewmoniae (17.5%), and S. hominis (8.5%). Infants har-
boured the greatest number of isolates, with E. coli the most
common (17.3%), followed by S. epidermidis (13.5%) and E.
faecium (11.3%).

The incidence of S. epidermidis was significantly higher in
surgical wards (30.1%) compared to paediatric intensive care
(11.8%) and other wards (13.7%) (P <0.01). In contrast, S.
pneumoniae, E. coli, and E. faecium were more prevalent in
paediatric ICUs and non-surgical wards versus surgical depart-
ments (P <0.05). These findings provide insights into age-specific
and location-specific distributions of bacterial meningitis etiolo-
gies. Continued surveillance is critical as epidemiological trends
evolve over time and space.

AMR patterns of Gram-positive pathogens

Staphylococcus  epidermidis, Staphylococcus hominis and
Staphylococcus haemolyticus were the 3 major coagulase-nega-
tive staphylococcus pathogens identified from CSF cultures. In
this study, a staggering 71% of the isolated bacterial species
exhibited resistance to both penicillin and erythromycin. This
alarming finding underscores the urgent need for targeted inter-
ventions and vigilant antimicrobial stewardship. The efficacy of
these once-potent antibiotics is waning, posing a significant threat
to patient outcomes. These pathogens showed 100% sensitivity
to linezolid and vancomycin. Except for Staphylococcus hae-
molyticus, ~65% of the pathogens were sensitive to fluor-
oquinolones, aminoglycoside, rifampicin, cotrimoxazole and
tetracycline. The isolates also showed susceptibility of 74.8%,
59% and 50% toward amoxicillin, cefotaxime and ceftriaxone,

Chart Title
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Figure 1. Percentage of organisms causing PBM. *Percentage Organisms causing bacterial meningitis in children. Eco, E-coli; Efa, Enterococcus faecium; GBS,
Group B Streptococcus; Kpn, Klebsiella pneumonia; PBM, paediatric bacterial meningitis; SA, Staphylococcus aureus; Sha-, Staphylococcus haemolyticus; Sho,

Staphylococcus hominis; Spn, Streptococus.
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respectively. Around 95% of E. faecium species demonstrated
sensitivity towards vancomycin, linezolid and tigecycline with
resistance of ~63% to other antibiotics. However, ~84% of
Streptococcus pneumoniae species showed resistance towards
erythromycin, clindamycin, trimethoprim sulfamethoxazole and
tetracycline. Table 2 showing AMR patterns of Gram-negative
pathogens.

Around 93% of E. coli species showed susceptibility towards
cefoxitin, cefoperazone/sulbactam, piperacillin/tazobactam, car-
bapenems and amikacin with more than 82% resistance for
piperacillin and ampicillin. E. coli demonstrated sensitivity of
65.3%, 47.6-73.6% and 44.3-46.4% to aztreonam, third-gen-
eration cephalosporin and fluoroquinolones, respectively, and
resistance of 5% towards carbapenem. The sensitivity rate of
Klebsiella pneumoniae for fluoroquinolones, aminoglycosides,
cotrimoxazole, imipenem and ertapenem was greater than 51%,
but showed resistance of ~50% towards other antibiotics.
Acinetobacter baumannii had a sensitivity rate of over 55% for
fluoroquinolones and aminoglycosides. For cephalosporin and
carbapenems the rates varied from 37.5-66.7% and
45.5-68.4%, respectively. Pseudomonas aeruginosa showed
resistance of ~92% for antimicrobial peptides and ampicillin/
sulbactam and over 60% susceptibility rate towards third-gen-
eration cephalosporin, PIP, fluoroquinolones and carbapenems.
Table 3 showing AMR patterns of Gram-positive pathogens.

Discussion

Despite significant advancements in the diagnosis and manage-
ment, paediatric bacterial meningitis still remains a grave menace
worldwide. In our study, Staphylococcus epidermidis was the
main causative bacteria at 16.6%, followed by Escherichia coli

AMR patterns of Gram-negative pathogens

Antimicrobial SAA/ GBSA/ EfaA/ SpnA/ ShaA/ Sho A/ SepA/
agent B%" B%® B%® B%® B%® B%" B%’
Oxacillin 290 — - " 81 761 80.0
Penicillin G 96.6 1.7 978 828 848 879 899
Amoxicillin - > b 952 > b 0D
Ampicillin — 3.7 95.5 — — — —
Cefotaxime — — — 41.0 — — —
Ceftriaxone — — — 50.0 — — —
Erythromycin 71.0 903 982 966 972 714 838
Clindamycin 360 918 — 92.3 — — —
Gentamicin 6.5 — — — 639 203 270
Ciprofloxacin 3.2 — 92.7 — 833 217 279
Moxifloxacin 0 — — 0 588 236 309
Levofloxacin 6.5 475  89.2 0 52.6 13.8 306
Rifampin 3.2 — — — 344 121 16.6
Nitrofurantoin 0 — 62.9 — — — —
Cotrimoxazole 25.8 — — 849 833 254 348
Tetracycline 219 688 748 915 378 279 273
Vancomycin 0 0 0.9 0 0 0 0
Linezolid 0 0 4.4 0 0 0 0
Tigecycline — — 0 — — — —

AMR, antimicrobial resistance; Efa, Enterococcus faecium; GBS, group B Streptococcus; SA,
Staphylococcus aureus; Sep, Staphylococcus epidermidis; Sha, Staphylococcus haemolyticus, Sho,
Staphylococcus hominis; Spn, Streptococcus pneumoniae.

2A/B%, number resistant/number tested (percentage resistant).

®A dash (—) shows that antibiotics were not tested against the isolated pathogens.
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AMR patterns of Gram-positive pathogens

Antimicrobial agent Eco A/B%® AbaA/B% KpnA/B% Pae A/B%
Ampicillin 84.0 77.8 96.2 92.3
Piperacillin 82.4 60.0° 78.6 38.5
Cefazolin 50.0 — 78.3 —
Cefuroxime 52.4 — 50.0 —
Cefoxitin 0 — 62.5 —
Ceftriaxone 494 53.3 66.7 —
Cefotaxime 49.2 62.5 70.0 —
Ceftazidime 26.4 38.1 62.5 31.2
Cefepime 32.1 333 53.1 17.6
Amoxicillin/clavulanic acid — 61.5 — —
Ampicillin/sulbactam 56.9 333 76.9 100
Piperacillin/tazobactam 25 4.7 66.7 40.0
Cefoperazone/sulbactam 59 — — —
Tobramycin 411 10.0 0 25.0
Gentamicin 38.6 4.7 43.3 15.4
Amikacin 0 12.5 35.5 6.2
Ciprofloxacin 55.7 25.0 1.4 7.7
Levofloxacin 53.6 23.8 37.5 18.8
Aztreonam 34.7 — 65.4 50.0
Tetracycline 789 55.6 30.0 —
Cotrimoxazole 68.8 59.1 147 —
Meropenem 6.8 54.5 64.0 15.4
Ertapenem 0 — 8.3 —
Imipenem 29 31.6 22.7 37.5

Aba, Acinetobacter baumannii, AMR, antimicrobial resistance; Eco, Escherichia coli; Kpn, Klebsiella
pneumoniae; Pae, Pseudomonas aeruginosa.

2A/B%, number resistant/number tested (percentage resistant).

PA dash (=) shows that antibiotics were not tested against the isolated pathogens.

(12.4%) and Streptococcus pneumoniae (10.9%). These results
were similar to those of the study by Jiang et al.!® from China. On
the contrary, Neisseria meningitidis, Streptococcus pneumoniae
and Hemophilus influenzae were the leading causative agents of
paediatric BM in various studies from Britain!®!, Africa!®”! and
USA!'2!, The variation between the results of these studies is most
probably due to environmental conditions and socioeconomic
differences among these regions. Hence, it is urgent that prompt
reporting and summary of the characteristics of the aetiological
agents causing PBM be done. There is a great variability in the
distribution of bacterial meningitis-causing pathogens among
children of different age groups®'%. Escherichia coli,
Enterococcus faecium and Staphylococcus epidermidis were the
top three pathogens in infants under 3 months in our study, at
22.2%,14.5% and 10.9%, respectively. This was consistent with
the studies done by Chinese in Yunnan'®! and Shanghail®3!.
However, studies from the USA'*! UK and Ireland!**! were not
comparable to our study and showed that the main pathogens
causing PBM in infants aged less than 3 months were Group B
Streptococcus, Escherichia coli and Staphylococcus aureus. Our
study demonstrated that Staphylococcus epidermidis (20.7%),
Streptococcus pneumoniae (17.5%) and Staphylococcus hominis
(8.2%) were the chief bacteria causing PBM in children more
than 3 months of age. These findings were different from litera-
ture data from Wales and England™! but consistent with the study
conducted by Jiang et al.8). Furthermore, we observed that the
greatest number of pathogenic organisms in children less than
1 year of age was Escherichia coli, followed by Staphylococcus
epidermidis and Enterococcus faecium. Therefore, age should be
kept in mind while choosing empiric antimicrobial agents for
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patients with paediatric BM. In our study, coagulase-negative
Staphylococcus isolates showed more than 71% resistance rates
towards penicillin and erythromycin. This was comparable to
previous studies done by Pedroso et al.l'® (100% and 86.2%,
respectively) and Cui et al.l'” (94.9% and 92.4%, respectively).
Similar to previous literature®*1, in our study, no isolates were
found resistant towards linezolid and vancomycin. Even though
no vancomycin-resistant isolates were detected in the surveillance
data, it exists in the clinics and the emergence of vancomycin-
resistant CoNS (VRCoNS) can be a momentous concern in pae-
diatric bacterial meningitis. The massive antibiotic resistance of
Klebsiella pneumoniae and Escherichia coli is of significant
concern?*>*, The resistance rates of Escherichia coli towards
ceftriaxone and cefotaxime (49.4% and 49.2%, respectively) in
our study were comparable to those found in previous
literature!®!?.  The proportion of carbapenem-resistant
Escherichia coli was 5%. CHINET surveillance demonstrated
resistance rates of Escherichia coli towards imipenem and mer-
openem to be 1.0% and 2.2%, respectively!?*! and survey reports
in the USA showed increased rates of carbapenem resistance from
2001 till 2010%*, However, in our study, the incidence of ESBL
production and the resistance of Klebsiella pneumoniae toward
cephalosporins, carbapenems and aminoglycosides were more
than those found in Escherichia coli isolates. A study in Greece!®’!
showed 60% resistance rate of Klebsiella pnewmoniae towards
carbapenems, which is similar to our results. Literature shows a
mortality rate of ~26.0-44.0%!%°!, higher economic burden!*”!
and prolonged hospital stay caused by carbapenem-resistant
Enterobacteriaceae. Moreover, resistance towards carbapenems
has emerged as an utmost challenge in the management of car-
bapenem-resistant  Klebsiella pneumoniae. More focused
research is needed on the mechanism behind CRKP production in
the future.

Our study showed that the resistance rate of Streptococcus
preumoniae to penicillin was ~82.8%, which was higher than the
studies done by Jiang et al.'® and Houri et al.!*®!. The resistance
rates of 41.0% and 50.0% were demonstrated by Streprococcus
prneumoniae towards cefotaxime and ceftriaxone, respectively. A
study done in Yunnan!® showed that 16.7% of Streptococcus
pneumoniae were resistant to ceftriaxone, and another study by
Li et al.""! resistance rates of 14.0% to cefotaxime and 11.3% to
ceftriaxone. Assegu et al.'**! showed resistance of S. pneumoniae
towards cefotaxime and ceftriaxone to be 60.0% and 60.0%,
respectively. Although different levels of resistance were
demonstrated in previous literature, higher exposure to antibiotic
treatment can be ascribed as the cause of the greater incidence of
resistance in our study. Hence, serious thoughts on antibiotic use
should be given to control antibiotic resistance. Predictably, in
similarity with previous studies!®1%*3%  no isolate of
Streptococcus pneumoniae showed resistance towards linezolid
or vancomycin.

This study provides valuable insights into contemporary
aetiologic and resistance trends underlying paediatric bacterial
meningitis. Medical professionals can tailor evidence-based
diagnostic and therapeutic strategies to the local landscape of
prevalent meningitis pathogens and their susceptibility profiles.
The urgency of addressing AMR is emphasized, urging swift
efforts in stewardship and infection control. There were several
limitations to our study. First, community and hospital-acquired
paediatric bacterial meningitis, their epidemiological differences,
and the relationship between the distribution of pathogens and

hospital-acquired paediatric bacterial meningitis could not be
distinguished due to the unavailability of detailed patients’ clin-
ical data. Second, even though the antibiotic resistances were
checked according to CLSI guidelines, differences were found in
technical skills, observation platforms and automated systems,
and these discrepancies might have influenced our antimicrobial
sensitivity reports to some extent. Thirdly, the limited sample size
constraints and potential lack of representativeness were a key
limitations. Further multicenter studies are needed for broader
validation. Additionally, the study lacks context on socio-
economic factors and healthcare infrastructure which
impact AMR.

The threat of AMR is far more than a mere buzzword in
Pakistan—it constitutes an escalating public health crisis that
necessitates urgent action. The findings from this study provide
valuable insights into contemporary aetiologic and resistance
trends underlying paediatric bacterial meningitis in this setting.
This data can help guide medical professionals in devising evi-
dence-based diagnostic and therapeutic strategies tailored to the
local landscape of prevalent meningitis pathogens and their sus-
ceptibility profiles. However, some limitations exist regarding
sample size and representativeness that necessitate further mul-
ticenter studies to corroborate generalizability. Nevertheless,
these findings highlight AMR patterns that cannot be ignored in
the hopes that resistance will resolve on its own. Without swift
and coordinated efforts in stewardship, infection control, and
research, we risk losing the precious antimicrobial tools that
made once deadly infections treatable. The time for united action
against AMR is now before resistance renders our current anti-
biotics obsolete and reshapes the practice of modern medicine.
Ongoing surveillance paired with public health mitigation stra-
tegies provides our best hope of preserving antimicrobial efficacy,
saving lives, and confronting the very real threat posed by ram-
pant AMR. However, progress will require commitment from
every level, from policymakers to health systems to individual
physicians and patients.

Conclusion

The authors found that a significant proportion of bacterial
pathogens in Pakistan exhibit resistance to commonly used
antibiotics, highlighting the growing public health challenge
posed by AMR in Pakistan. The study provides valuable insight
into the epidemiology of bacterial meningitis in children in
Pakistan and the need for a comprehensive assessment of the
country's AMR situation.
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