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ABSTRACT

Background: Rapid differentiation between bacterial and viral meningitis is critical for timely treatment and improved clinical
outcomes. Traditional diagnostic methods such as cerebrospinal fluid (CSF) culture are time-consuming and often yield limited
sensitivity, especially post-antibiotic initiation. Multiplex polymerase chain reaction (PCR) has emerged as a promising diagnostic
tool, offering rapid, sensitive pathogen detection in acute care settings.

Objective: To assess the sensitivity and specificity of multiplex PCR in identifying bacterial and viral meningitis etiologies in acute
clinical settings.

Methods: A diagnostic accuracy study was conducted over seven months in a tertiary hospital, enrolling 323 patients presenting
with clinical signs of meningitis. Inclusion required lumbar puncture within 24 hours of presentation. CSF samples were analyzed
using both conventional methods and a multiplex PCR panel targeting common bacterial and viral pathogens. Diagnostic
performance metrics including sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were
calculated.

Results: Multiplex PCR detected bacterial pathogens in 38.1% and viral pathogens in 33.7% of cases. Compared to culture, PCR
showed higher yield and faster turnaround time (mean 1.8 hours vs. 48 hours). The test demonstrated a sensitivity of 92.4%,
specificity of 95.1%, PPV of 90.2%, and NPV of 96.3%. The strongest agreement with reference standards was observed in
Streptococcus pneumoniae and enterovirus detections.

Conclusion: Multiplex PCR is a reliable, rapid diagnostic tool for distinguishing bacterial from viral meningitis. Its integration into
routine practice may enhance early management decisions, minimize unnecessary antibiotic use, and improve patient outcomes.

Keywords: Acute Disease, Bacterial Meningitis, Cerebrospinal Fluid, Diagnostic Accuracy, Multiplex Polymerase Chain Reaction,
Sensitivity and Specificity, Viral Meningitis.
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INTRODUCTION

Meningitis remains a critical global health concern, particularly due to the urgency required in its diagnosis and treatment. The rapid
progression of both bacterial and viral meningitis, along with their overlapping clinical presentations, poses a significant diagnostic
challenge in emergency and acute care settings. Delays in identifying the causative pathogen not only complicate treatment strategies
but also increase the risk of severe complications, including neurological damage and mortality (1). Early and accurate differentiation
between bacterial and viral etiologies is essential for appropriate management—bacterial meningitis requires immediate antibiotic
therapy, while viral meningitis, often self-limiting, does not benefit from such intervention. In this diagnostic landscape, the need for
swift, reliable, and accessible diagnostic tools is more pressing than ever (2). Traditionally, the diagnosis of meningitis has relied on
clinical assessment, cerebrospinal fluid (CSF) analysis, and microbiological culture methods. While CSF analysis provides some
guidance—such as elevated white cell counts and protein concentrations in bacterial infections—the overlap of findings between
bacterial and viral forms limits its specificity (3). Cultures, though considered the gold standard, are time-consuming and may take
several days to yield results. Additionally, prior antibiotic use can reduce culture sensitivity, further complicating diagnosis. In recent
years, advances in molecular diagnostics have introduced new possibilities for more rapid and accurate pathogen detection. Among
these, multiplex polymerase chain reaction (PCR) has emerged as a promising tool that can simultaneously detect multiple pathogens
within hours (4,5).

Multiplex PCR techniques allow for the amplification of multiple DNA or RNA targets in a single reaction, offering a more
comprehensive and time-efficient approach to pathogen identification. This method has the potential to transform the diagnostic process
for meningitis by providing rapid, sensitive, and specific identification of common bacterial and viral agents directly from CSF samples.
Unlike conventional culture methods, multiplex PCR is less affected by prior antimicrobial therapy, making it especially valuable in
patients who have already started empirical treatment (6,7). Its utility in differentiating between bacterial and viral causes is particularly
important given the increasing emphasis on antimicrobial stewardship and the global concern over antibiotic resistance. The growing
body of literature supports the utility of multiplex PCR in the diagnosis of central nervous system infections. Studies have shown high
sensitivity and specificity for several multiplex panels, particularly those that include both bacterial and viral targets commonly
associated with meningitis. For example, the FilmArray® Meningitis/Encephalitis panel has demonstrated diagnostic advantages in both
adult and pediatric populations, significantly reducing time to diagnosis compared to standard methods. However, despite these
advancements, the clinical application of multiplex PCR is not yet universal, and questions remain regarding its accuracy across different
patient populations, settings, and pathogen profiles. Variations in diagnostic performance and cost-effectiveness across healthcare
systems also warrant further investigation (8,9).

Moreover, much of the existing research focuses on performance metrics in well-resourced environments, raising concerns about
generalizability to diverse clinical settings, including resource-limited regions where the burden of meningitis may be highest. There is
also a need to establish clearer clinical guidelines on how multiplex PCR results should influence treatment decisions, especially in
scenarios with mixed infections or atypical presentations (10,11). Addressing these uncertainties requires robust evidence from
diagnostic accuracy studies conducted in real-world acute care settings. This study seeks to contribute to this evolving field by assessing
the diagnostic value of multiplex PCR in differentiating bacterial from viral meningitis. By evaluating its sensitivity and specificity in
acute clinical settings, the research aims to provide clarity on the role of this technology in routine diagnostics. The objective is to
generate practical, clinically relevant data that can support the integration of multiplex PCR into frontline decision-making processes
for meningitis management, ultimately enhancing patient outcomes and optimizing resource use.

METHODS

This diagnostic accuracy study was conducted over a seven-month period in the emergency department and neurology wards of a tertiary
care teaching hospital equipped with facilities for advanced molecular diagnostics. The aim was to evaluate the sensitivity and specificity
of multiplex polymerase chain reaction (PCR) in identifying the etiology of meningitis in acute clinical settings. Participants presenting
with clinical suspicion of meningitis were consecutively recruited, with efforts made to ensure representation across age groups and
varying clinical severities. Patients eligible for inclusion were those aged six months and older who presented with signs and symptoms
consistent with meningitis, such as fever, neck stiffness, altered mental status, photophobia, or new-onset seizures. Only those who
underwent lumbar puncture within 24 hours of presentation and had adequate cerebrospinal fluid (CSF) samples available for both
conventional testing and multiplex PCR were considered for enrollment. Patients were excluded if they had received antibiotic therapy
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for more than 48 hours prior to presentation, had a known immunosuppressive disorder, or had traumatic lumbar puncture samples with
blood contamination that could compromise PCR accuracy.

The sample size was determined using the Buderer formula for diagnostic test studies, assuming an expected sensitivity and specificity
0f'90%, a confidence interval of 95%, and a precision of 5%. Based on an anticipated prevalence of bacterial meningitis among suspected
cases of approximately 30%, the calculated sample size was 323 patients (5,6). This sample size allowed for adequate power to detect
meaningful differences in diagnostic performance between the PCR and reference standard. After informed consent was obtained from
all participants or their legal guardians, each patient underwent standard clinical evaluation, lumbar puncture, and initial laboratory
analysis including CSF cell counts, glucose, protein levels, and Gram staining. All CSF specimens were subjected to conventional culture
and viral serology where applicable, serving as the reference standard. Simultaneously, an aliquot of each CSF sample was processed
using a commercially available multiplex PCR panel designed to detect a broad spectrum of bacterial and viral pathogens commonly
associated with meningitis. The PCR testing was performed in a blinded fashion by laboratory personnel who were unaware of the
clinical findings and culture results, ensuring minimization of observer bias.

The multiplex PCR platform utilized was the FilmArray® Meningitis/Encephalitis Panel, which automates nucleic acid extraction,
amplification, and detection in a single run with results available in under two hours. The pathogens detected included Neisseria
meningitidis, Streptococcus pneumoniae, Haemophilus influenzae, Listeria monocytogenes, Escherichia coli K1, as well as several viral
pathogens such as enterovirus, herpes simplex virus 1 and 2, varicella-zoster virus, and cytomegalovirus. The use of this panel allowed
for comprehensive pathogen detection in a time-efficient manner, consistent with real-world emergency care workflows. Outcome
measurement focused on determining the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)
of the multiplex PCR assay in comparison to the reference standard. Diagnostic concordance was also evaluated, and discordant results
were reviewed in detail through clinical adjudication by two independent infectious disease specialists who were blinded to PCR
outcomes (12).

For statistical analysis, data were first checked for normality using the Shapiro-Wilk test. Continuous variables were described using
means and standard deviations, while categorical variables were summarized using frequencies and percentages. Sensitivity and
specificity with 95% confidence intervals were calculated using the Wilson score method. Cohen’s kappa coefficient was used to assess
agreement between multiplex PCR and the reference standard. All statistical analyses were performed using SPSS version 26.0, and
significance was set at p < 0.05. Ethical approval for the study was obtained from the Institutional Review Board (IRB) of the host
institution. The research adhered strictly to ethical guidelines for human research as per the Declaration of Helsinki. Informed written
consent was secured from each participant or their authorized proxy prior to inclusion in the study, and all patient data were anonymized
to preserve confidentiality. Through this comprehensive methodological framework, the study aimed to provide clear, reproducible
evidence on the diagnostic utility of multiplex PCR in differentiating bacterial and viral meningitis, thereby addressing a critical gap in
current clinical diagnostics.

RESULTS

The study enrolled a total of 323 participants over the course of seven months, with a mean age of 34.7 years. The cohort included both
pediatric and adult patients, ensuring broad representation across age groups. Of the total participants, 57.6% were male and 42.4% were
female. Children under the age of 18 accounted for 28.5% of the sample, while adults comprised 71.5%. Out of the 323 CSF samples
analyzed, multiplex PCR detected bacterial pathogens in 123 cases (38.1%) and viral pathogens in 109 cases (33.7%). The remaining
samples showed either no detection or less common pathogens not covered by the multiplex panel. Compared to standard CSF culture,
which identified bacterial pathogens in 101 cases (31.3%) and viral agents in 74 cases (22.9%), multiplex PCR showed superior pathogen
yield. Additionally, the mean time to result for PCR was 1.8 hours, significantly shorter than the average 48 hours required for culture-
based methods. Diagnostic performance analysis revealed that multiplex PCR demonstrated a sensitivity of 92.4% and a specificity of
95.1% in detecting bacterial meningitis. The positive predictive value (PPV) and negative predictive value (NPV) were calculated at
90.2% and 96.3%, respectively. Cohen’s kappa coefficient, reflecting agreement between PCR and the reference standard, was 0.87,
indicating strong concordance. A breakdown of the pathogens detected showed that Streptococcus pneumoniae was the most frequently
identified bacterial pathogen, found in 14.2% of cases, followed by Neisseria meningitidis (12.1%) and Haemophilus influenzae (6.8%).
Among viral causes, enterovirus accounted for the largest proportion (18.0%), followed by HSV-1 (7.7%) and VZV (4.3%). The “Others”
category, encompassing less common pathogens, represented 3.1% of total detections. A comparative analysis of multiplex PCR and
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conventional culture methods revealed that PCR not only identified more cases of both bacterial and viral meningitis but also
significantly reduced diagnostic turnaround time. This rapid detection capability is particularly valuable in acute clinical settings where
early intervention can impact patient outcomes.

Table 1: Demographics

Variable Value

Total Participants (n) 323

Mean Age (years) 34.7

Male (%) 186 (57.6%)
Female (%) 137 (42.4%)
Children (<18 years) 92 (28.5%)
Adults (>18 years) 231 (71.5%)

Table 2: Diagnostic Performance

Parameter Value
Sensitivity 92.40%
Specificity 95.10%
Positive Predictive Value (PPV) 90.20%
Negative Predictive Value (NPV) 96.30%
Cohen’s Kappa 0.87

Table 3: Pathogens Detected by Multiplex PCR

Pathogen Number Detected (n) Percentage (%)
Streptococcus pneumoniae 46 14.2

Neisseria meningitidis 39 12.1
Haemophilus influenzae 22 6.8

Enterovirus 58 18

HSV-1 25 7.7

HSV-2 12 3.7

\VAY% 14 43

Others 10 3.1

Table 4: PCR vs. Culture Comparison

Diagnostic Method Positive for Bacterial Pathogens Positive for Viral Pathogens  Time to Result (hours)
Multiplex PCR 123 109 1.8
CSF Culture 101 74 48
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Pathogen Detection by Multiplex PCR
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The findings of this study reinforced the evolving role of multiplex PCR as a frontline diagnostic tool for the rapid differentiation of
bacterial and viral meningitis in acute care settings. With a sensitivity of 92.4% and specificity of 95.1%, multiplex PCR exhibited strong
diagnostic performance, closely aligning with several recent investigations. For instance, a study reported a sensitivity of 94% and
specificity of 100% in pediatric cases, underscoring its high reliability in clinical practice (13). These results are consistent with those
reported in other multicenter and regional studies, noted improved detection rates of pathogens using multiplex PCR compared to
traditional culture methods in pediatric purulent meningitis (14,15). Similarly, a study demonstrated that multiplex PCR not only
enhanced sensitivity (89.4%) but also significantly reduced diagnostic turnaround times, critical in guiding early therapeutic
interventions (16). This study further highlights the superiority of multiplex PCR in identifying pathogens even in culture-negative cases,
especially where patients received empirical antibiotics prior to lumbar puncture. This feature, also documented by a study, is vital for
real-world applicability where pre-treatment is common (17,18). A notable strength of this study was its use of a comprehensive
multiplex panel capable of detecting a broad spectrum of bacterial and viral pathogens with rapid results, averaging under two hours.

The study's robust methodology, including consecutive patient enrollment and blinded testing, contributes to the internal validity of the
findings. Furthermore, the large sample size and real-world clinical setting enhance the generalizability of the results. Unlike several
earlier studies that were limited to pediatric populations or narrow panels, this research encompassed both adult and pediatric patients
and evaluated a wide range of pathogens, enhancing its relevance to diverse healthcare environments. However, certain limitations
should be acknowledged. The study was conducted in a single tertiary center, potentially limiting its extrapolation to community
hospitals or resource-limited settings. Cost and technical infrastructure requirements for multiplex PCR may pose challenges in
widespread implementation, especially in low- and middle-income countries. Moreover, the reference standard of culture, although
traditionally accepted, has inherent limitations in sensitivity, which may bias the calculated diagnostic accuracy of PCR. As noted in a
study that, the use of imperfect reference standards can underestimate the actual performance of molecular diagnostics (19,20).

Another consideration is the clinical interpretation of positive viral PCR results, which may not always correlate with active infection,
particularly in cases of latent viral reactivation. Future research should aim to refine pathogen panels based on regional prevalence and
investigate the clinical impact of PCR-guided treatment algorithms on patient outcomes. Moreover, multicentric trials comparing
multiplex PCR with emerging metagenomic sequencing approaches could further clarify their respective roles (21). In summary, the
findings affirm that multiplex PCR is a reliable and efficient modality for differentiating bacterial from viral meningitis in acute clinical
settings. It holds the potential to not only expedite diagnosis and appropriate treatment initiation but also reduce unnecessary antibiotic
use and improve patient outcomes. Future efforts should focus on cost-reduction strategies, broader accessibility, and integration into
national diagnostic guidelines.
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CONCLUSION

This study demonstrated that multiplex PCR offers high sensitivity and specificity for rapidly differentiating bacterial from viral
meningitis in acute clinical settings. Its ability to deliver timely, accurate results can significantly enhance early decision-making, reduce
unnecessary antibiotic use, and improve patient outcomes. Incorporating multiplex PCR into routine diagnostic protocols may represent
a pivotal advancement in the management of meningitis.
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