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A B S T R A C T  

Objective: To determine the frequency of meningitis and its associated risk 
factors among neonates with late-onset sepsis (LOS), defined as sepsis occurring 
after the first 72 hours of life. 
Methodology: This cross-sectional study was conducted in the Department of 
Paediatrics, NESCOM Hospital, Islamabad, from March 2025 to September 2025. 
A total of 105 neonates aged >72 hours to 28 days who were admitted with a 
diagnosis of late-onset sepsis (LOS) were consecutively enrolled in the study. All 
neonates underwent lumbar puncture for cerebrospinal fluid (CSF) analysis. 
Meningitis was diagnosed using pre-defined CSF criteria. Demographic, 
perinatal, and socioeconomic data were recorded on a structured proforma. 
Effect modifiers were controlled by stratification, and chi-square / Fisher's exact 
tests were applied; p ≤ 0.05 was considered statistically significant. 
Results: The median age was 18 days (IQR 11) with female predominance 
(54.3%). Meningitis was diagnosed in 26 of 105 neonates (24.8%; 95% CI 16.9–
32.7%). Demographic and socioeconomic factors age group, gender, residence, 
parental education, parental occupation, and socioeconomic status showed no 
significant association with meningitis (all p ≥ 0.076). Low birth weight (50.0% 
vs. 17.4%, p = 0.005) and preterm birth (40.0% vs. 15.4%, p = 0.005) were 
identified as significant risk factors. 
Conclusion: Nearly one in four neonates with LOS in our cohort had meningitis, 
with a strong, statistically robust association with low birth weight and preterm 
birth. Lumbar puncture should be performed with a low threshold in suspected 
LOS particularly in preterm or LBW neonates and obstetric care plus hospital 
infection control must be strengthened to prevent this serious complication. 
Key words: Neonatal meningitis, late-onset sepsis, low birth weight, preterm 
birth, cerebrospinal fluid. 
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Introduction 

Neonatal sepsis remains a leading cause of newborn 

morbidity and mortality worldwide. An estimated 3 

million neonates are affected annually, with case-fatality 

rates of 11–19% in low- and middle-income countries 

(LMICs).¹,² Neonates are particularly susceptible to 

infection because of an immature immune system, 

including reduced neutrophil chemotaxis and 

phagocytosis, deficient complement activity, low 

transplacentally acquired immunoglobulin G (particularly 

in preterm infants), and compromised skin and mucosal 

barriers.³ Sepsis in this age group is conventionally 

classified as early-onset (within the first 72 hours of life) 

or late-onset (occurring after 72 hours up to 28 days). 

Although intrapartum antibiotic prophylaxis and culture-

based screening have reduced the early-onset burden in 

developed countries, late-onset sepsis (LOS) — 

frequently nosocomial — remains a major cause of 

neonatal morbidity and mortality globally.³,⁴ 

Neonatal meningitis, defined as inflammation of the 

membranes of the brain and spinal cord within the first 28 

days of life, is among the most feared complications of 

LOS.⁵ The reported frequency of culture-proven neonatal 

meningitis is 0.3 per 1,000 live births in developed 

nations, but rises to 0.8–1.6 per 1,000 in developing 

countries, with case-fatality reaching 58% in the latter 

and severe long-term complications affecting 20–60% of 

survivors.²,⁵ Among clinically suspected sepsis cases, the 

prevalence of concurrent meningitis varies widely: 16.8% 

Original Article 

mailto:sanazahra2014@gmail.com
mailto:sanazahra2014@gmail.com


doi. 10.48036/apims.v22i3.1689 

 Ann Pak Inst Med Sci  July-Aug 2026 Vol. 22 No. 3  261 

in late-onset sepsis at Gondar, Ethiopia (Wondimu et al., 

2023),⁵ 22.4% from Rawalpindi (Naveed et al., 2024),⁶ 

28.2% from the Aga Khan University Hospital, Karachi 

(Ahmed et al., 2024),⁷ and 32.6% in a tertiary Indian 

cohort (Singh & Seep, 2024).⁸ This variability reflects 

differences in case definitions, the threshold for 

performing lumbar puncture, the proportion of 

preterm/LBW admissions, and local infection-control 

practice. 

The neonatal predisposition to meningitis arises from a 

combination of an immature blood-brain barrier, deficient 

opsonic activity, low transplacental IgG levels (which 

crosses primarily in the third trimester), and immature 

cellular immunity. These factors allow circulating 

organisms during LOS bacteraemia to readily seed the 

meninges. The highest susceptibility is therefore 

documented in preterm and low-birth-weight neonates.³,⁹ 

Established risk factors for invasive neonatal infection 

and subsequent meningitis include prematurity 

(gestational age < 37 weeks), low birth weight (LBW, < 

2500 g), prolonged rupture of membranes, mechanical 

ventilation, and prolonged NICU stay.⁵,¹⁰ 

Despite an apparently high burden, comprehensive local 

data on the frequency of meningitis in LOS and its 

associated risk factors from tertiary care hospitals in the 

Islamabad/Rawalpindi region of Pakistan remain limited. 

Most available Pakistani studies have examined overall 

sepsis or focused on Karachi and Lahore cohorts, leaving 

an evidence gap for the federal capital region.⁶,⁷,¹¹ The 

present study was therefore designed to determine the 

frequency of meningitis among neonates admitted with 

LOS at NESCOM Hospital, Islamabad, and to identify 

the demographic, socioeconomic, and clinical risk factors 

associated with its occurrence — generating local 

evidence to inform diagnostic thresholds and infection-

control protocols. 

Methodology 

This cross-sectional study was conducted at the 

Department of Paediatrics, NESCOM Hospital, 

Islamabad, over a six-month period (1st March 2025 to 

30th September 2025), following Institutional Ethical 

Review Committee approval Ref No NESCOM-

44(33)/2023-IMC. Written informed consent was 

obtained from the parents or guardians of every 

participant prior to enrolment. 

Operational Definitions 

Neonatal sepsis was assessed positive when a neonate (≤ 

28 days of age) had at least two of the following: (a) 

clinical signs — any of temperature < 36.5°C or > 

37.5°C, respiratory rate > 60/min or apnoea, lethargy, 

poor feeding, hypotonia, irritability, or bradycardia 

(<100/min); (b) total leucocyte count < 5,000/mm³ or > 

20,000/mm³, or immature-to-total neutrophil ratio > 0.2; 

(c) C-reactive protein ≥ 10 mg/L; (d) positive blood 

culture. The neonate was assessed negative if these 

criteria were not met. 

Late-onset sepsis (LOS) was assessed positive when the 

above sepsis criteria were met after 72 hours of age and 

up to 28 days of life. 

Meningitis was assessed positive when CSF analysis 

showed any one of: (a) CSF white-cell count > 20 

cells/mm³ (or > 30 cells/mm³ if a traumatic tap, after 

correction); (b) CSF protein > 150 mg/dL; (c) CSF 

glucose < 30 mg/dL or CSF: blood glucose ratio < 0.5; 

(d) positive CSF Gram stain or culture; otherwise it was 

assessed negative. 

Low birth weight (LBW) — birth weight < 2500 g 

(positive) versus ≥ 2500 g (negative). Subcategories were 

recorded as very LBW (< 1500 g) and extremely LBW (< 

1000 g) but, owing to small subgroup numbers, were not 

analyzed as separate strata. 

Preterm birth — delivery before 37 completed weeks of 

gestation (positive) versus ≥ 37 weeks (negative), per 

WHO criteria. 

Socioeconomic status — classified according to World 

Bank criteria for lower-middle-income countries, adapted 

to Pakistan: low (< 28,000 PKR/month household 

income), middle (28,000–55,000 PKR/month), and high 

(> 55,000 PKR/month).¹² 

The sample size of 105 neonates was calculated using the 

WHO sample size calculator with a 95% confidence 

interval, 8% absolute precision, and an anticipated 

frequency of meningitis of 22.4% among LOS cases 

(based on Naveed et al., 2024).⁶ Participants were 

enrolled by non-probability consecutive sampling. 

Inclusion and Exclusion Criteria 

Inclusion criteria: neonates aged > 72 hours to 28 days, of 

either gender, admitted with a clinical diagnosis of LOS 

at our institution during the study period. 

Exclusion criteria: (i) neonates whose parents or 

guardians declined consent for lumbar puncture; (ii) 
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neonates already started on systemic antibiotics prior to 

enrolment (to avoid CSF sterilization bias). 

Demographic and clinical data (age, gender, birth weight, 

gestational age, residence, parental occupation, maternal 

education, and socioeconomic status) were collected on a 

structured proforma. Each neonate underwent lumbar 

puncture under aseptic technique after a clinical history 

and physical examination. CSF samples were sent for cell 

count, biochemistry (protein, glucose), Gram stain, and 

culture. Concurrent blood culture, CRP, and complete 

blood count were performed. All neonates were managed 

in accordance with institutional protocols. 

Data were analyzed using SPSS v22.0. Normality of 

continuous variables was assessed using the Shapiro–

Wilk test. Quantitative variables are presented as mean ± 

SD or median (IQR) according to distribution. 

Categorical variables are presented as frequencies and 

percentages. Effect modifiers (age, gender, residence, 

parental occupation, parental education, and 

socioeconomic status) were controlled by stratification. 

Post-stratification chi-square or Fisher's exact tests were 

used to assess associations between risk factors and 

meningitis. A p-value of < 0.05 was considered 

statistically significant. 

Results  

A total of 105 neonates admitted with LOS were enrolled. 

The data for age, gestational age, and birth weight were 

not normally distributed (Shapiro–Wilk p = 0.003, 0.000, 

and 0.004 respectively). The median age was 18 days 

(IQR 11), median gestational age 37 weeks (IQR 2), and 

median birth weight 2,853 g (IQR 747). Female neonates 

predominated (57/105, 54.3%; Figure I).  

 
Figure I. Gender distribution among neonates, (n = 105). 

Urban residents comprised 48 (45.7%) of the cohort. 

Maternal education was illiterate in 33 (31.4%) and 

matriculation or above in 24 (22.9%) (Figure II). Parental 

occupation was unemployed in 35.2%, salaried in 27.6%, 

and business in 37.1%. Socioeconomic status was low in 

54.3%, middle in 39.0%, and high in 6.7%. Preterm birth 

was recorded in 40 (38.1%) and LBW in 30 (28.6%) of 

the cohort. Of the 30 LBW neonates, 24 were LBW 

(1500–2499 g), 5 very LBW (1000–1499 g), and 1 

extremely LBW (< 1000 g). 

 
Figure II. Parental educational status. (n = 105) 

Meningitis was diagnosed in 26 of the 105 neonates with 

LOS, giving an overall frequency of 24.8% (95% CI 

16.9–32.7%) Figure III. 

 
Figure III. Frequency of meningitis in neonates with LOS 

(n = 105). 

After post-stratification analysis, none of the 

demographic or socioeconomic variables showed a 

statistically significant association with meningitis (Table 

I; all p ≥ 0.076). However, the two principal biological 

risk factors examined were highly significant: meningitis 

occurred in 50.0% of LBW neonates versus 17.4% of 

normal-weight neonates (p = 0.005), and in 40.0% of 

preterm versus 15.4% of term neonates (p = 0.005) 

(Table II). 

Discussion 

This single-centre prospective cross-sectional study 

identified meningitis in nearly one in four neonates 

admitted with LOS at NESCOM Hospital, Islamabad.  
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The strong, statistically robust association with low birth 

weight and prematurity and the conspicuous absence of 

an association with demographic and socioeconomic 

variables — has direct implications for the threshold for 

performing diagnostic lumbar puncture in this setting and 

for the targeting of obstetric preventive strategies. In the 

paragraphs that follow, we compare these findings with 

recent national and international data, examine the 

pathophysiological underpinnings, and discuss the policy 

implications and limitations of our work. 

Our observed prevalence of meningitis (24.8%) sits in the 

middle of recently reported Pakistani figures — 22.4% 

from Rawalpindi (Naveed et al., 2024)⁶ and 28.2% from 

the Aga Khan University Hospital, Karachi (Ahmed et 

al., 2024)⁷ — and is consistent with international LMIC 

data such as the 32.6% reported in a 2024 Indian tertiary 

care cohort (Singh & Seep).⁸ It is, however, notably 

higher than the 16.8% reported in late-onset sepsis at the 

University of Gondar Hospital, Ethiopia (Wondimu et al., 

2023).⁵ The variability across these settings reflects 

differences in case definition, the threshold for 

performing lumbar puncture, the proportion of 

preterm/LBW admissions, and local infection-control 

practice. The convergence of three independent Pakistani 

tertiary centers on a 22–28% range strongly suggests a 

real and unacceptably high national pattern that warrants 

coordinated policy attention. 

Given this high background prevalence, an aggressive 

diagnostic approach is justified. Clinical signs of 

meningitis in the neonate are notoriously nonspecific — 

temperature instability, irritability, poor feeding, and 

seizures overlap substantially with sepsis alone — and 

the predictive value of bedside assessment for culture-

proven CNS infection is poor.¹³ Lumbar puncture should 

therefore be performed with a low threshold as part of the 

routine LOS workup, particularly when neurological 

features or laboratory markers of severe sepsis are 

present. 

Our finding that 50.0% of LBW neonates and 40.0% of 

preterm neonates with LOS developed meningitis is 

consistent with Naveed et al. (LBW 35.7%; preterm 

35.9%)⁶ and Atif et al. (2021), who reported adjusted 

odds ratios of 5.13 for LBW and 9.59 for prematurity as 

predictors of mortality in neonatal sepsis.¹¹ 

Mechanistically, the immature blood-brain barrier, 

deficient transplacental IgG (which crosses primarily in 

the third trimester), reduced complement activity, and 

impaired neutrophil chemotaxis in preterm and LBW 

neonates plausibly explain this strong association.³,⁹ A 

Pakistani outbreak investigation of NDM-producing 

Burkholderia cepacia in a NICU likewise found that more 

than half of affected neonates were LBW, underscoring 

the convergence of biological vulnerability and 

nosocomial exposure in this group.¹⁴ 

Unlike Wondimu et al., who identified prolonged labour 

and prolonged rupture of membranes as the dominant 

Table I: Meningitis in stratification subgroups (chi-square test). 

Stratification group Subgroup Meningitis (Yes) Meningitis (No) p-value 

Age < 18 days 17 (65.4%) 43 (54.4%) 0.328 

 ≥ 18 days 9 (34.6%) 36 (45.6%)  

Gender Male 15 (57.7%) 32 (40.5%) 0.126 

 Female 11 (42.3%) 47 (59.5%)  

Area of residence Urban 13 (50.0%) 35 (44.3%) 0.613 

 Rural 13 (50.0%) 44 (55.7%)  

Parental education Illiterate 6 (23.1%) 27 (34.2%) 0.076 

 Primary 3 (11.5%) 23 (29.1%)  

 Secondary 8 (30.8%) 14 (17.7%)  

 Matric & above 9 (34.6%) 15 (19.0%)  

Parental occupation Salaried 9 (34.6%) 20 (25.3%) 0.648 

 Business 9 (34.6%) 30 (38.0%)  

 Unemployed 8 (30.8%) 29 (36.7%)  

Socioeconomic status Low 13 (50.0%) 44 (55.7%) 0.509 

 Middle 10 (38.5%) 31 (39.2%)  

 High 3 (11.5%) 4 (5.1%)  

Table II: Meningitis in potential risk-factor groups (chi-square test). 

Risk factor Status Meningitis (Yes) Meningitis (No) p-value 
Low birth weight Yes 13 (50.0%) 17 (21.5%) 0.005 
 No 13 (50.0%) 62 (78.5%)  

Preterm birth Yes 16 (61.5%) 24 (30.4%) 0.005 
 No 10 (38.5%) 55 (69.6%)  
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maternal risk factors,⁵ the present study did not capture 

these obstetric variables systematically because of 

incomplete antenatal data for many referred neonates. 

This is acknowledged as a limitation. Conversely, our 

finding that none of the demographic and socioeconomic 

variables showed a significant association with 

meningitis is consistent with Naveed et al.⁶ and supports 

the hypothesis that, once the proximate biological risk 

factors (LBW, prematurity) have been established, distal 

socioeconomic factors do not exert an additional direct 

effect on meningitis risk within an admitted LOS cohort. 

Socioeconomic determinants nonetheless remain 

important upstream contributors to LBW and prematurity 

themselves, and should not be ignored in policy design. 

Although antimicrobial resistance was not an objective of 

the present study, the implications of our findings cannot 

be divorced from the local resistance landscape. Atif et 

al. reported high resistance among common gram-

negative pathogens (Klebsiella, E. coli) to amikacin–

cefotaxime combinations,¹¹ and Zahoor et al. documented 

a high prevalence of Panton-Valentine leukocidin–

positive MRSA and multidrug-resistant gram-negative 

bacteria in neonatal LOS in Pakistan, indicating 

nosocomial spread.¹⁵ Unusual and inherently resistant 

organisms (Burkholderia cepacia¹⁴ and Elizabethkingia 

spp.¹⁶,¹⁷) have also been described. Empirical 

antimicrobial regimens for suspected neonatal meningitis 

must therefore be guided by current local antibiogram 

data rather than static national guidelines.¹⁸,¹⁹ 

Several limitations must be acknowledged. This was a 

single-center study in a tertiary care hospital, limiting 

generalizability to district-level or community settings. 

The relatively modest sample size may have produced 

Type II error for some demographic variables; 

alternatively, the absence of demographic associations 

may reflect a genuine null effect once biological risk 

factors are accounted for. Microbiological identification 

of causative organisms was not within the scope of this 

study; CSF cultures, where available, were limited by no-

growth and contamination rates and were not analyzed 

inferentially. We did not capture detailed antimicrobial 

management or maternal obstetric variables (prolonged 

labour, PROM, chorioamnionitis), and referral bias is 

inherent to tertiary care studies. These represent priorities 

for subsequent multicentre work. 

Conclusion  

This study confirms a high frequency (24.8%) of 

meningitis among neonates with LOS at a tertiary care 

hospital in Pakistan and identifies preterm birth and low 

birth weight as the only statistically significant risk 

factors. The findings support the necessity of performing 

diagnostic lumbar puncture with a low threshold in 

suspected LOS — particularly in preterm or LBW 

neonates and in those with any neurological features, 

clinical deterioration, or laboratory markers of severe 

sepsis. They further underscore the need for judicious 

antimicrobial use guided by local resistance patterns and 

stringent infection-control measures in the NICU. 

Strengthening antenatal and obstetric care to reduce 

preterm birth and low birth weight — combined with 

vigilant clinical and laboratory surveillance for sepsis in 

admitted neonates — offers the dual benefit of preventing 

meningitis at source and enabling its early detection 

where it does occur, thereby reducing associated 

morbidity, neurodevelopmental sequelae, and mortality. 

References  

1. Wang B, Wang QM, Li DX. An analysis of predictive factors 
for severe neonatal infection and the construction of a 
prediction model. Infect Drug Resist. 2023;16:3561–74. 
https://doi.org/10.2147/IDR.S408126 

2. Molloy EJ, Bearer CF. Paediatric and neonatal sepsis and 
inflammation. Pediatr Res. 2022;91(2):267–9. 
https://doi.org/10.1038/s41390-021-01918-4 

3. Glaser MA, Hughes LM, Jnah A, Newberry D. Neonatal 
sepsis: a review of pathophysiology and current 
management strategies. Adv Neonatal Care. 
2021;21(1):49–60. 
https://doi.org/10.1097/ANC.0000000000000769 

4. Bethou A, Bhat BV. Neonatal sepsis – newer insights. 
Indian J Pediatr. 2022;89(3):267–73. 
https://doi.org/10.1007/s12098-021-03852-z 

5. Wondimu MN, Toni AT, Zamanuel TG. Magnitude of 
neonatal meningitis and associated factors among 
newborns with neonatal sepsis admitted to the University 
of Gondar Comprehensive Specialized Hospital, North 
Gondar, Ethiopia. PLoS One. 2023;18(9):e0290639. 
https://doi.org/10.1371/journal.pone.0290639 

6. Naveed S, Fayyaz M, Siddiqa S, Samaa A, Rahman R, Sial Z. 
Meningitis in newborns with late-onset sepsis: a critical 
insight. J Rawalpindi Med Coll. 2024;28(3). 
https://doi.org/10.37939/jrmc.v28i3.2377 

7. Ahmed S, Akhtar S, Sultan A, Rehman A. Frequency, risk 
factors, and outcome of neonatal meningitis in sepsis. Pak 
J Med Sci. 2024;40(9):1964–8. 
https://doi.org/10.12669/pjms.40.9.8890 

8. Singh CP, Seep S. Assessment of the prevalence of 
meningitis in clinically suspected cases of early- and late-
onset neonatal sepsis. Int J Contemp Pediatr. 
2024;11(2):157–61. 
https://doi.org/10.18203/2349-3291.ijcp20240090 

9. Raturi A, Chandran S. Neonatal sepsis: aetiology, 
pathophysiology, diagnostic advances and management 

https://doi.org/10.2147/IDR.S408126
https://doi.org/10.2147/IDR.S408126
https://doi.org/10.1038/s41390-021-01918-4
https://doi.org/10.1038/s41390-021-01918-4
https://doi.org/10.1097/ANC.0000000000000769
https://doi.org/10.1097/ANC.0000000000000769
https://doi.org/10.1007/s12098-021-03852-z
https://doi.org/10.1007/s12098-021-03852-z
https://doi.org/10.1371/journal.pone.0290639
https://doi.org/10.1371/journal.pone.0290639
https://doi.org/10.37939/jrmc.v28i3.2377
https://doi.org/10.37939/jrmc.v28i3.2377
https://doi.org/10.12669/pjms.40.9.8890
https://doi.org/10.12669/pjms.40.9.8890
https://doi.org/10.18203/2349-3291.ijcp20240090
https://doi.org/10.18203/2349-3291.ijcp20240090


doi. 10.48036/apims.v22i3.1689 

 Ann Pak Inst Med Sci  July-Aug 2026 Vol. 22 No. 3  265 

strategies. Clin Med Insights Pediatr. 
2024;18:11795565241281337. 
https://doi.org/10.1177/11795565241281337 

10. Aerts C, Leahy S, Mucasse H, Lala S, Bramugy J, Tann CJ, et 
al. Quantifying the acute care costs of neonatal bacterial 
sepsis and meningitis in Mozambique and South Africa. 
Clin Infect Dis. 2022;74(Suppl 1):S64–9. 
https://doi.org/10.1093/cid/ciab815 

11. Atif M, Zia R, Malik I, Ahmad N, Sarwar S. Treatment 
outcomes, antibiotic use and its resistance pattern among 
neonatal sepsis patients attending Bahawal Victoria 
Hospital, Pakistan. PLoS One. 2021;16(1):e0244866. 
https://doi.org/10.1371/journal.pone.0244866 

12. Ali S. Income, Culture, and Inequality — Who Are 
Pakistan's Middle-Classes? Profit by Pakistan Today. 2022 
[updated 2022/12/04]. Available from: 
https://profit.pakistantoday.com.pk/2022/12/04/income-
culture-and-inequality-who-are-pakistans-middle-classes/ 

13. Coggins SA, Carr LH, Harris MC, Srinivasan L. Sepsis 
huddles in the neonatal intensive care unit: a 
retrospective cohort study of late-onset infection 
recognition and severity assessment. J Pediatr. 
2024;272:114117. 
https://doi.org/10.1016/j.jpeds.2024.114117 

14. Batool A, Yaqoob A, Anwar Z, Joshi LT, Batool R, Lone D, et 
al. Outbreak investigation of NDM-producing Burkholderia 
cepacia causing neonatal sepsis in Pakistan. Future 
Microbiol. 2023;18:1159–69. 
https://doi.org/10.2217/fmb-2023-0063 

15. Zahoor Z, Mumtaz A, Farooqi ZU, Rehman N, Batool N, 
Noreen Z, et al. High prevalence of Panton-Valentine 
Leucocidin (PVL) toxin-carrying MRSA and multidrug-
resistant gram-negative bacteria in late-onset neonatal 

sepsis indicate nosocomial spread in a Pakistani tertiary 
care hospital. J Infect Public Health. 2023;16(2):266–71. 
https://doi.org/10.1016/j.jiph.2022.12.017 

16. Barnawi AI, Kordy FN, Almuwallad OK, Kassarah KA. Early 
neonatal sepsis and meningitis caused by Elizabethkingia 
meningoseptica in Saudi Arabia. Saudi Med J. 
2020;41(7):753–6. 
https://doi.org/10.15537/smj.2020.7.25720 

17. Wang B, Cheng R, Feng Y, Guo Y, Kan Q, Qian A, Zhao L. 
Elizabethkingia anophelis: an important emerging cause of 
neonatal sepsis and meningitis in China. Pediatr Infect Dis 
J. 2022;41(5):e228–32. 
https://doi.org/10.1097/INF.0000000000003464 

18. Korang SK, Safi S, Nava C, Greisen G, Gupta M, Lausten-
Thomsen U, Jakobsen JC. Antibiotic regimens for late-
onset neonatal sepsis. Cochrane Database Syst Rev. 
2021;5(5):CD013836. 
https://doi.org/10.1002/14651858.CD013836.pub2 

19. Shaikh M, Hanif M, Gul R, Hussain W, Hemandas H, 
Memon A. Spectrum and antimicrobial susceptibility 
pattern of microorganisms associated with neonatal 
sepsis in a hospital in Karachi, Pakistan. Cureus. 
2020;12(10):e10924. 
https://doi.org/10.7759/cureus.10924 

20. Black CG, Tavares L, Stachel A, Ratner AJ, Randis TM. 
Distribution of late-onset neonatal sepsis pathogens 
differs in inpatient and outpatient settings. Am J Perinatol. 
2019;36(11):1136–41. 
https://doi.org/10.1055/s-0038-1675643 

21. Durrani NUR, Dutta S, Rochow N, El Helou S, El Gouhary E. 
C-reactive protein as a predictor of meningitis in early-
onset neonatal sepsis: a single-unit experience. J Perinat 
Med. 2020;48(8):845–51. 
https://doi.org/10.1515/jpm-2019-0420

 

https://doi.org/10.1177/11795565241281337
https://doi.org/10.1177/11795565241281337
https://doi.org/10.1093/cid/ciab815
https://doi.org/10.1093/cid/ciab815
https://doi.org/10.1371/journal.pone.0244866
https://doi.org/10.1371/journal.pone.0244866
https://profit.pakistantoday.com.pk/2022/12/04/income-culture-and-inequality-who-are-pakistans-middle-classes/
https://profit.pakistantoday.com.pk/2022/12/04/income-culture-and-inequality-who-are-pakistans-middle-classes/
https://profit.pakistantoday.com.pk/2022/12/04/income-culture-and-inequality-who-are-pakistans-middle-classes/
https://profit.pakistantoday.com.pk/2022/12/04/income-culture-and-inequality-who-are-pakistans-middle-classes/
https://doi.org/10.1016/j.jpeds.2024.114117
https://doi.org/10.1016/j.jpeds.2024.114117
https://doi.org/10.2217/fmb-2023-0063
https://doi.org/10.2217/fmb-2023-0063
https://doi.org/10.1016/j.jiph.2022.12.017
https://doi.org/10.1016/j.jiph.2022.12.017
https://doi.org/10.1016/j.jiph.2022.12.017
https://doi.org/10.15537/smj.2020.7.25720
https://doi.org/10.15537/smj.2020.7.25720
https://doi.org/10.15537/smj.2020.7.25720
https://doi.org/10.1097/INF.0000000000003464
https://doi.org/10.1097/INF.0000000000003464
https://doi.org/10.1097/INF.0000000000003464
https://doi.org/10.1002/14651858.CD013836.pub2
https://doi.org/10.1002/14651858.CD013836.pub2
https://doi.org/10.1002/14651858.CD013836.pub2
https://doi.org/10.7759/cureus.10924
https://doi.org/10.7759/cureus.10924
https://doi.org/10.7759/cureus.10924
https://doi.org/10.1055/s-0038-1675643
https://doi.org/10.1055/s-0038-1675643
https://doi.org/10.1515/jpm-2019-0420
https://doi.org/10.1515/jpm-2019-0420

