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ABSTRACT

Background: Neonatal meningitis remains a major cause of morbidity and mortality, particularly in resource limited
settings where culture-based diagnosis is often limited. Cerebrospinal fluid (CSF) biochemical parameters may aid in
early diagnosis, especially in culture negative cases.

Objective: To evaluate the association of CSF biochemical parameters with blood and CSF culture results in neonates
with suspected meningitis.

Methodology: This cross-sectional study was conducted at Pediatric Department KTH Peshawar, from December
2025 to May 2026, including 141 neonates (0—28 days) with suspected meningitis. CSF protein, glucose, and WBC
count were analyzed and categorized as normal or abnormal using standard cutoffs. Blood and CSF cultures were
performed. Associations were assessed using Chi square/Fisher’s exact test, and diagnostic performance was evaluated
using sensitivity, specificity, predictive values, and accuracy.

Results: Abnormal CSF findings included elevated WBC (71.6%), protein (63.8%), and low glucose (56.0%). CSF
and blood culture positivity were 12.1% and 18.4%, respectively. Significant associations were observed between
CSF and blood culture positivity with elevated protein (p=0.018, 0.045), low glucose (p=0.021, 0.024), and elevated
WBC (p=0.009, 0.031) respectively. Diagnostic performance showed high sensitivity for WBC (94.1%), protein
(88.2%), and glucose (82.4%), with corresponding NPVs of 97.5%, 96.1%, and 95.2%, but low specificity.
Conclusion: CSF biochemical parameters, particularly WBC count, are useful screening markers due to their high
sensitivity and negative predictive value, but their low specificity and positive predictive value limit their role in
confirming neonatal meningitis. Therefore, they should be interpreted alongside clinical and microbiological findings.
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INTRODUCTION

Neonatal meningitis is infection of meninges in neonates, diagnosed through positive cerebrospinal fluid cultures or
suggestive cerebrospinal fluid analysis, particularly in context of septicemia. Mortality is high i.e. 28 - 48% in
developing countries compared to ~10% in developed nations [1]. Cerebral palsy, hydrocephalus, deafness, blindness
and cognitive defects are some common complications associated with neonatal meningitis. Gram-negative bacteria,
such as Escherichia coli, Klebsiella spp., Proteus spp., Citrobacter spp., Pseudomonas spp., Serratia spp., Salmonella
spp., and Enterobacter spp., are common causes in developing regions [2,3], while Streptococcus agalactiae (Group
B Streptococcus) dominates in developed regions. A study conducted in Karachi found that 28.2% of neonates with
sepsis were diagnosed with meningitis in which 10.2% cases were CSF culture positive, underscoring the significant
burden of this disease in Pakistan [4].

Recent Pakistani studies have highlighted the diagnostic role of cerebrospinal fluid biochemical markers in meningitis.
A 2023 study at Children’s Hospital Lahore (140 children, 1 month 14 years) found that CSF/blood glucose ratio
<0.31 had 90.3% sensitivity, 90.4% specificity, and 90.3% accuracy vs culture supporting the use in low resource
setting for early diagnosis [5]. Another study on 113 neonates with sepsis showed mostly negative cultures but
abnormal cerebrospinal fluid, mean protein of 112.5 £ 62.3 mg/dl, glucose of 36.2 + 19.4 mg/dl and pleocytosis.
cerebrospinal fluid analysis remained valuable despite negative cultures [6].

Genetics and Molecular Research 25 (11s): 2026 1


mailto:drkalim@yahoo.com

The correlation between CSF biochemical parameters and blood and CSF culture outcomes is thus essential in
enhancing the accuracy of the diagnosis and clinical treatment. High CSF protein and low glucose are established
markers of bacterial meningitis and they have been largely linked to poor clinical outcomes [7].

Although emerging biomarkers such as procalcitonin and lactate, as well as molecular diagnostic methods, have shown
potential utility in meningitis diagnosis, their availability remains limited in many resource-constrained settings [8—
10]. Thus, dependence on readily available CSF biochemical parameters is important in these settings.

This research is aimed at addressing the challenges associated with diagnosing neonatal meningitis, particularly in
cases where conventional culture methods fail to identify causative pathogens despite clinical and biochemical
evidence of infection. Although the biochemical parameters of CSF have been investigated in past, there are few local
data exploring the relationship between the parameters and culture positivity. Given the limited local evidence
regarding the diagnostic utility of CSF biochemical parameters in neonatal meningitis, this study aimed to evaluate
the association between CSF protein, glucose, and WBC count abnormalities and culture positivity among neonates
with suspected meningitis. In addition, the study assessed the frequency of positive blood and CSF cultures and the
diagnostic performance of CSF biochemical parameters in predicting culture-confirmed infection.

METHODOLOGY

This cross-sectional study was conducted at Pediatric Department of Khyber Teaching Hospital Peshawar, from
December 2025 to May 2026, after obtaining approval from hospital under Ref No: 484/DME/KMC, dated:
16/05/2025. Participant recruitment and data collection were completed during this period, followed by data analysis
and manuscript preparation. Sample size was 141, calculated through OpenEpi calculator, keeping the anticipated
proportion of 10.2% of patients diagnosed with meningitis having a positive cerebrospinal fluid culture [4], confidence
level of 95%, and 5% margin of error. The formula used for sample size calculation is:

n = [DEFF*Np(1-p))/ [(d*/Z*1.02*(N-1)+p*(1-p)]

Non probability consecutive sampling technique was used to include patients in the study. the inclusion criteria was
neonates of either gender, aged 0-28 days, having clinical suspicion of meningitis (e.g., fever, lethargy, seizures, poor
feeding and undergoing cerebrospinal fluid and blood sampling for meningitis workup. Neonates with major
congenital anomalies, traumatic lumbar puncture, any contraindication to perform lumbar puncture, or prior antibiotics
use were excluded.

Neonates were considered eligible for inclusion if they had clinical suspicion of meningitis, defined by the presence
of one or more clinical features such as fever, seizures, lethargy, or poor feeding requiring CSF and blood culture
evaluation. Abnormal CSF parameters were defined as protein >150 mg/dL in preterm neonates or >100 mg/dL in
term neonates [11], glucose <40 mg/dL or <50% of corresponding blood glucose levels, and WBC count >30 cells/p
[12] (applied to corrected values in cases of traumatic lumbar puncture).

CSF biochemical analysis was performed in the hospital's central clinical laboratory according to standard operating
procedures. CSF protein and glucose concentrations were measured using validated automated biochemical analyzers
with manufacturer-recommended reagents after routine internal quality control and calibration procedures. CSF white
blood cell counts were determined by standard microscopic examination according to established laboratory protocols.
The interpretation of CSF biochemical parameters was based on published neonatal reference standards and current
laboratory guidelines [11].

In cases of traumatic lumbar puncture, CSF WBC counts were corrected for peripheral blood contamination using the
standard correction formula:

Corrected WBC = CSF WBC — (CSF RBC x blood WBC / blood RBC).

This adjustment was applied to minimize overestimation of pleocytosis due to blood contamination.

CSF and blood samples were collected under strict aseptic conditions prior to antibiotic administration. CSF protein
concentration was measured using the Roche Total Protein Urine/CSF Gen.3 reagent (Catalogue No. 03333825190)
on a Roche/Hitachi cobas ¢311/¢501/c502 automated chemistry analyzer (Roche Diagnostics GmbH, Mannheim,
Germany) using the benzethonium chloride turbidimetric method according to the manufacturer's instructions. CSF
glucose concentration was measured using the Roche Glucose HK Gen.3 reagent (Catalogue No. 08057800190) on
the same analyzer using the enzymatic hexokinase method according to the manufacturer's instructions. Total
leukocyte count was determined using standard microscopic methods.

For microbiological analysis, CSF specimens were inoculated onto 5% sheep blood agar, chocolate agar, and
MacConkey agar (Oxoid Ltd., Basingstoke, Hampshire, UK) and incubated at 35-37°C in a 5% CO- atmosphere for
48-72 hours. Blood cultures were processed using standard automated blood culture systems, with positive bottles
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subcultured onto blood agar and MacConkey agar for bacterial isolation. Bacterial identification was performed using
Gram staining, colony morphology, and standard biochemical tests, including catalase, coagulase, and oxidase tests
[13].

Strict contamination control measures were followed, including skin disinfection with 70% alcohol and povidone-
iodine before lumbar puncture and venipuncture. Isolates consistent with common skin flora (e.g., coagulase-negative
Staphylococcus spp.) were interpreted cautiously and considered contaminants unless supported by clinical findings.
Quality assurance procedures were implemented for both biochemical and microbiological analyses to ensure
accuracy and reliability of results. For CSF biochemical testing, internal quality control was maintained using
manufacturer-recommended quality control materials and routine calibration of automated analyzers according to the
laboratory's standard operating procedures and ISO-based quality management system [14]. Instrument calibration
followed manufacturer guidelines, and reagent integrity was regularly monitored. For microbiological testing, quality
control strains such as Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 25923 were used periodically
to validate culture media performance and biochemical identification procedures, while sterility and performance of
culture media were confirmed before use. All laboratory procedures were conducted by trained personnel in
accordance with standard operating procedures (SOPs), and external quality assurance was ensured through routine
supervisory review and adherence to institutional laboratory quality standards.

All eligible neonates were included irrespective of culture results. For analytical purposes, CSF culture positivity was
used as the primary reference standard to evaluate associations and diagnostic performance of CSF biochemical
parameters. Neonates with negative CSF cultures were retained in the study as the comparison group for statistical
analysis.

Data was analyzed using SPSS version 27. Normality of continuous variables was assessed using the Shapiro—Wilk
test. Variables demonstrating approximately normal distributions were summarized as mean =+ standard deviation.
Categorical variables were presented as frequencies and percentages. cerebrospinal fluid parameters were categorized
as normal or abnormal using predefined cutoffs. Association between abnormal cerebrospinal fluid biochemical
parameters and culture positivity (blood and/or CSF) was tested using Chi-square or Fisher’s exact tests, as
appropriate. Diagnostic performance of CSF protein, glucose, and WBC count was evaluated using CSF culture
positivity as the primary reference standard, recognizing the known limitations of culture-based diagnosis in neonatal
meningitis. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and overall
accuracy were calculated from 2x2 contingency tables using standard diagnostic test evaluation methods. A p value <
0.05 was considered statistically significant.

RESULTS

This study includes a total of 141 neonates with suspected meningitis. The mean age at admission was 13.1 £ 5.8 days,
predominantly male, accounting for 88 (62.4%) cases, while females constituted 53 (37.6%). Most neonates were born
at term, comprising 92 (65.2%), whereas 49 (34.8%) were preterm. The average birth weight was 2.8 £ 0.5 kg.
Regarding parental education, 46 (32.6%) parents were illiterate, 51 (36.2%) had primary education, and 44 (31.2%)
had secondary or higher education.

Cerebrospinal fluid analysis revealed a predominance of abnormal biochemical findings among neonates with
suspected meningitis, indicating a substantial inflammatory burden. Among the parameters, elevated WBC count
emerged as the most prominent alteration, suggesting it may serve as a sensitive indicator of meningeal inflammation.
Increased protein levels further reflect disruption of the blood—brain barrier, while reduced glucose levels are
consistent with infectious metabolic activity within the CSF (table 1).

Table 1: CSF Biochemical Parameters in Neonates with Suspected Meningitis (N=141)

Normal Abnormal
Parameter Reference Value Mean + SD n (%) n (%)
. <100 (term), <150 o o
Protein (mg/dL) (preterm) 118.4+£54.2 51 (36.2%) 90 (63.8%)
0
Glucose (mg/dL) Zﬁig;fsw’ of blood 38.6+ 183 62 (44.0%) | 79 (56.0%)
WBC (cells/uL) <30 (corrected value) 68.5+42.7 40 (28.4%) 101 (71.6%)

Culture results indicate a relatively low prevalence of confirmed infection, with CSF culture positivity observed in
12.1% of neonates. Blood cultures were positive in 18.4% of cases, suggesting that bacteremia may accompany but
does not reliably predict meningitis (table 2).
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Table 2: Culture Positivity in CSF and Blood Samples

Variable Frequency (%)
CSF Culture Positive 17 (12.1%)
CSF Culture Negative 124 (87.9%)
Blood Culture Positive 26 (18.4%)
Blood Culture Negative 115 (81.6%)

Abnormal CSF protein, glucose, and WBC levels were all significantly associated with positive CSF cultures, with p
values 0of 0.018, 0.021, and 0.009, respectively. Among these, elevated WBC count showed the strongest association,
suggesting it may be the most sensitive indicator of culture confirmed meningitis (table 3).

Table 3: Association of CSF Biochemical Parameters with CSF Culture Positivity

CSF Parameter ililiu;r?(yf:)ositive EE}?ZG(O/N;gaﬁVG p value
0 0

Protein I:Eﬁ:l;al Ts( 1(;88;2) 32 2(9)22 0.018

R e

wBe Aboomal {16415 DL

Note: Fisher Exact test was used. Value<0.05 is significant

Significant associations were also observed between blood culture positivity and abnormal CSF biochemical
parameters. Elevated CSF protein was present in 80.8% of blood culture-positive neonates compared with 60.0% of
blood culture-negative neonates (p=0.045). Similarly, low CSF glucose was more frequent among blood culture-
positive cases (76.9% vs 51.3%, p=0.024). Elevated CSF WBC count showed the strongest association with blood
culture positivity, occurring in 88.5% of blood culture-positive neonates compared with 67.8% of blood culture-
negative neonates (p=0.031) table 4.

Table 4: Association of CSF Parameters with Blood Culture Positivity

CSF Parameter Blood Culture Positive Blood Culture Negative p-value

n=26 (%) n=115 (%)
POt [ Aol 51 08 © 600) 0.045
Olucose | Aol 50 (769 561 0.0
WaC Abmorma 6 GE o0

Note: ! Chi-square test, 2Fisher Exact test was used. Value<0.05 is significant

The diagnostic evaluation of CSF biochemical parameters using culture as the gold standard demonstrates that all
three markers, protein, glucose, and WBC, exhibit high sensitivity and negative predictive values, indicating their
usefulness in ruling out meningitis when normal. Among them, elevated WBC count was the most sensitive (94.1%)
with the highest NPV (97.5%), suggesting it is the most reliable early indicator of infection. However, specificity and
positive predictive values were low for all parameters, reflecting their limited ability to confirm culture positive cases
alone, and highlighting the need to interpret these results in conjunction with clinical assessment and culture findings

Table 5: Diagnostic Performance of CSF Biochemical Parameters Using CSF Culture as the Primary
Reference Standard

Parameter Sensitivity % (95% | Specificity % (95% | PPV % (95% | NPV % (95% | Accuracy % (95%
CDh CD 8)) CI) CI)

CSF Protein 88.2 39.5 16.7 96.1 45.4
(63.6-98.5) (30.7-48.9) (9.8-26.4) (86.5-99.5) (36.8-54.3)

CSF Glucose 82.4 47.6 17.7 95.2 51.8
(56.6-96.2) (38.5-56.9) (10.6-27.3) (85.6-99.0) (42.9-60.7)

CSF WBC 94.1 31.5 15.8 97.5 39.0
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| | (71.3-99.9) | (23.3-40.7) | 92-252) | (87.1-99.9) | (30.7-48.0) |
Note: Positive predictive value (PPV), Negative predictive value (NPV). Confidence intervals were calculated using
the Wilson method

The concordance between blood and CSF cultures was moderate, with just over half of CSF positive neonates also
showing positive blood cultures. A significant proportion of meningitis cases occurred without detectable bacteremia,
while most CSF negative neonates had negative blood cultures (table 5).

Table 6: Blood vs CSF Culture Concordance

Blood CSF Positive CSF Negative Cohen’s kappa

Culture n=17 (%) n=124 (%) Total Overall agreement (x)

Positive 10 (58.8%) 16 (12.9%) 26 0

Negative 7 (41.2%) 108 (87.1%) 115 83.7% 042
DISCUSSION

This study found that CSF positivity and blood culture positivity were important factors associated with abnormal
CSF biochemical parameters in neonates with suspected meningitis. WBC count in CSF was most associated with
culture proven infection and best had the highest sensitivity (94.1%) and negative predictive value (97.5%). CSF
protein levels and CSF to blood glucose ratio were also significantly associated with positive CSF and blood cultures.
Thus, in neonates with microbiological evidence of infection these abnormalities of routine CSF biochemical
parameters are often seen and may be useful supportive data in the early assessment of suspected meningitis.

This study revealed an unexpectedly high level of abnormality of CSF biochemical parameters, despite the low
percentage of CSF culture positivity rate (12.1%). 71.6% of neonates had elevated WBC count, 63.8% had elevated
protein and 56.0% had low glucose. Biologically, these results are plausible as inflammatory cell infiltration, changes
in BBB permeability and changes in the metabolic rate of glucose have been identified in the CSF following bacterial
invasion of the CNS [16]. This difference between biochemical abnormality and culture positivity could be due to the
poor sensitivity of conventional culture methods and the likelihood that some cases in which there were clinical
indications of infection were not cultured.

All the CSF parameters were found to have high sensitivity and relatively low specificity in the diagnostic performance
analysis. The CSF WBC count had the greatest sensitivity (94.1%), followed by CSF protein (88.2%) and CSF glucose
(82.4%). This sensitivity is similar to previous reports of CSF pleocytosis in bacterial meningitis of ~89-95% [16,17].
Specificity was found to be less in our study, varying from 31.5% to 47.6%, as compared to some earlier studies [16-
19]. For instance, one study in Pakistan reported CSF/glucose ratio had an approximate sensitivity of 90% and
specificity of 90% in the diagnosis of meningitis [5] while the CSF glucose in our study showed sensitivity 82.4% and
specificity 47.6%. Our cohort exhibited a lower specificity for CSF biochemical abnormalities in culture-negative
meningitis, which may indicate that biochemical abnormalities in CSF can be present in other conditions, and must
be used with caution. These parameters seem to be more helpful during a normal examination to rule out meningitis
than when the examination is abnormal.

Biochemical abnormalities of CSF were also significantly correlated with blood culture positivity, in addition to the
correlation with CSF culture positivity. The CSF protein level was elevated in 80.8% of all blood culture-positive
neonates and 60.0% of all blood culture-negative neonates, whereas the CSF WBC count was elevated in 88.5 and
67.8%, respectively. These results suggest that systemic bacterial infection often also results in inflammatory changes
in CSF and hence its biochemical analysis is a useful adjunct to the evaluation of a neonate with suspected sepsis and
meningitis.

A concordance analysis showed that only 58.8% of neonates with positive CSF cultures also had positive blood
cultures, but 41.2% had negative blood cultures. This is similar to previous reports which have suggested that
bacteremia may not be detectable in meningitis [20-22]. Clinically, this is a reminder that there are limitations to
relying on blood culture results alone and the role of CSF evaluation in the case of suspected meningitis.

The very low false-negative rates for CSF WBC count (97.5%), protein (96.1%), and glucose (95.2%) from a clinical
perspective indicate that normal CSF parameters significantly reduce the risk for culture-proven meningitis. This could
be especially helpful in areas with limited resources where confirmation diagnostic tests are not easily accessible. The
low positive predictive values (15.8%, 16.7%, and 17.7% for WBC count, protein, and glucose, respectively) mean
that abnormal values are poor evidence of infection. Hence, CSF biochemical parameters should be viewed as
supportive tests to help guide decision making and should not be interpreted as a diagnostic test.

The high proportion of term neonates to the total number, in our study, was found to be different to some previous
studies that reported higher proportions of term neonates with meningitis, ranging up to 70% in some populations
[23]. The variation may be attributed to the differences in referral pattern, population characteristics, and healthcare
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settings. However, the clinical signs seen in our study, such as fever, seizures, lethargy and nonfeeding are similar to
those previously reported for neonatal meningitis [7,24,25].

LIMITATIONS AND FUTURE IMPLICATIONS

There are some of limitations to this study. Because of its single-center design, small sample size and consecutive
non-probability sampling, findings may limit the generalizability and may contain selection bias. Moreover, CSF
culture was employed as the reference test when it has been demonstrated that there are limitations in the sensitivity
of this technique. This means that some neonates with true infection may have been misclassified as culture negative
and this may lead to underestimation of the infection rates, affecting diagnostic performance estimates. Furthermore,
molecular diagnostic methods and newer biomarkers were not evaluated in this study. The results of this study support
future multicenter studies with larger numbers of cases and more sophisticated diagnostic methods to confirm the
results and enhance the accuracy of the diagnosis of neonatal meningitis. The CSF biochemical parameters may be
useful supportive diagnosis, but should not be relied on as definitive diagnosis for meningitis. The results of their
investigations should be used in conjunction with clinical assessment and microbiological investigations, especially
when there is no culture result or when it is delayed.

CONCLUSION

Abnormal CSF biochemical parameters, particularly elevated WBC count, were significantly associated with both
CSF and blood culture positivity in neonates with suspected meningitis. Among the evaluated markers, CSF WBC
count demonstrated the highest sensitivity and negative predictive value, indicating its usefulness as an early screening
marker. However, the low specificity and positive predictive values of CSF WBC, protein, and glucose limit their
ability to confirm infection independently. Therefore, CSF biochemical parameters should be interpreted alongside
clinical assessment and microbiological findings to support the diagnosis of neonatal meningitis.
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