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ABSTRACT

Background and Aims: Neisseria meningitidis and Streptococcus pneumoniae are two microorganisms that can cause meningitis, a dangerous
infection of the central nervous system. Traditional diagnostic techniques, such culture and CSF analysis, frequently have poor sensitivity,
particularly in individuals who have recently taken antibiotics. In comparison to other available techniques, the purpose of this study was to assess
how well Multiplex PCR performed in terms of quickly and accurately diagnosing meningitis pathogens. Methods:The cross-sectional study was
carried out from February 2023 to August 2024 at CSS Hospital, Subharti Medical College, Meerut. There were one hundred cases with meningitis
in all. Multiplex PCR was used in addition to standard techniques to evaluate CSF samples. Student's t-test and Chi-square were among the
statistical tests used, with a significance level of p<0.05. Results: Multiplex PCR detected pathogens in 10% of cases, compared to 5% with
conventional methods (p=0.04). A significant correlation was observed between CSF protein and leukocyte count (r=0.40, p<0.01). Conclusion:
Multiplex PCR is more effective than conventional methods, and provides faster and more accurate pathogen detection, improves diagnostic

outcomes.
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INTRODUCTION Study Population: From the inpatient department of CSS Hospital,

Meningitis, which affects people of different ages, is a potentially fatal
infection of the central nervous system (CNS) brought on by bacterial
infections such as Neisseria meningitidis, Haemophilus influenzae,
Streptococcus pneumoniae, and Streptococcus agalactiae.' Swift
diagnosis and treatment are crucial, as delays can lead to severe
complications and high mortality.” Traditionally, cerebrospinal fluid
(CSF) analysis, including culture and Gram staining, has been used for
diagnosis but is often limited by reduced sensitivity, especially in
patients who received antibiotics.** Antigen detection tests, like latex
agglutination, also have limitations, particularly with fastidious
organisms.’

Multiplex PCR has emerged as a promising alternative, offering rapid
and reliable detection of multiple bacterial pathogens, even in culture-
negative cases or after antibiotic treatment.’
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This Figure Illustrates Multiplex-PCR for diagnosis of bacterial
meningitis
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The purpose of this study is to assess the effectiveness of Multiplex
PCR in terms of accelerating, improving, and ensuring the reliability of
meningitis diagnosis in order to improve patient outcomes and
epidemiological monitoring.

MATERIALSAND METHODS

Study Design: This cross-sectional, observational study sought to
determine the incidence of different etiological agents in individuals
with pneumonia that was acquired in the community.

Subharti Medical College, Meerut, 100 patients were included in the
study, comprising both male and female participants. Clinical and
analytical assessments were used to diagnose patients with meningitis.
Every participant's age and gender were matched. The study was
carried out in the Department of Medicine at CSS Hospital, Subharti
Medical College, Meerut, from February 2023 to August 2024.

Ethical Consideration: Informed consent was obtained from each
participant after explaining the purpose of the study. Ethical clearance
was granted by the Institutional Ethical Committee of CSS Hospital.

Sample Size: Using the formula n=Z?pq/d?, where p = 45%, q=55%,
and Z=1.96 at a 5% significance level, the calculated sample size was
95.04. A minimum of 50 patients were required, but 100 patients were
enrolled.

Eligibility Criteria: The study included patients up to 60 years of age,
diagnosed with meningitis, and who had undergone complete CSF
analysis, including cytology, biochemistry, and Multiplex PCR.
Participants had to meet at least two criteria: clinical features, CSF
findings, or a positive Multiplex PCR result. Exclusion criteria were
chronic liver disease, pregnancy, cerebrovascular accidents,
immunocompromised conditions, cancer, and lack of informed
consent.

Data Collection: Comprehensive medical histories, including
personal history, clinical symptoms (fever, headache, seizures, neck
rigidity), CSF analysis, and Multiplex PCR results, were recorded.
Smoking, alcohol consumption, and comorbidities such as diabetes
were evaluated using standard definitions.

Laboratory Investigations:
1. CSF samples via lumbar puncture for analysis and Multiplex PCR
2. Blood samples for routine tests and glucose analysis

Data Analysis: To analyze the data, SYSTAT 13.1 was used. There
were offered descriptive data, such as means + standard deviations and
percentages. For categorical variables, the chi-square or Fischer's
exact tests were utilized, and for continuous variables, the Student's t-
test. If a p-value was less than 0.05, it was deemed statistically
significant.
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RESULTS
Table 1 Cross-Tabulation of PCR Results by Age and Pathogen
Detection

Age Group|Negative|S. Pneumoniae| Cryptococcus |HSV1 |Total
10-30 14 1 0 0 15
31-50 18 0 1 1 20
51-60 5 0 0 0 5
Total 37 1 1 1 40

This table presents the distribution of PCR results across various age
groups, highlighting the frequency of pathogens detected in meningitis
cases. The majority of results were negative, with few cases of S.
Pneumoniae, Cryptococcus, and HSV1 identified across the study
population.

PCR Results Distribution by Age Group
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Table 2 Descriptive Statistics of CSF Parameters by PCR Result

PCR R Mean |Media [Mean [Median |Mean |Media

esult CSF n CSF |CSF CSF CSF [nCSF
GLU |[GLU |Protein |Protein |[TLC |[TLC

Negative 60.225 [47.5 |[171.1 |1524 86.05 |31

S. Pneumoniae |9 9 9 9 9 9

Cryptococcus |43 43 43 43 43 43

HSV1 87 87 87 87 87 87

* CSF GLU Coefficient = -0.25, Standard Error = 0.1, p-value =
0.15,R-squared=0.1

e CSF Protein Coefficient = 0.5, Standard Error = 0.15, p-value =
<0.01,R-squared=0.35

e CSF TLC Coefficient = 0.05, Standard Error = 0.05, p-value =
0.32,R-squared =0.08

The table compares the cerebrospinal fluid (CSF) parameters by
pathogen detection using PCR. Mean and median values for CSF
glucose, protein, and total leukocyte count (TLC) are displayed for
different PCR results, with significant variations observed across the
pathogens.

Comparison of Mean CSF Parameters by PCR Result

ma

Protein
160 - S TLC

5,05 7.0 8.0 820

420430430

90 90 90

Negative S. Preumaniae
PCR Result

Cryptocaccus HSV1

DISCUSSION

The study assessed the diagnostic value of Multiplex PCR in detecting
meningitis pathogens and compared its effectiveness with
conventional methods in 100 patients. Multiplex PCR detected
pathogens in 10% of cases, while conventional methods found them in
only 5%, showing higher sensitivity for PCR. Streptococcus
pneumoniae, Cryptococcus, and HSV1 were each detected in 2.5% of
cases, with 90% of cases testing negative. CSF analysis revealed
significant correlations between CSF protein and total leukocyte count
(r=0.40, p<0.01), highlighting CSF protein as a key biomarker. The
study also found that Desflurane had higher side effects like nausea and
hypotension compared to other anesthetic agents.

The findings of this study are consistent with several prior studies that
explored the use of Multiplex PCR and CSF analysis in diagnosing
meningitis. Hrishi AP et al.” conducted research focused on
establishing reference ranges for CSF composition, including glucose,

protein, and leukocyte counts. The findings from Hrishi's study align
closely with the present research=h, particularly the correlation
between elevated CSF protein and increased leukocyte counts,
confirming the diagnostic importance of these parameters in detecting
central nervous system infections. Similarly, a study by Sehgal V et
al." emphasized the advantages of PCR over traditional culture
methods in diagnosing tuberculosis meningitis (TBM). Their research
found that Pab PCR and IS6110 PCR had sensitivities of 82% and
74%, respectively, with both methods achieving 100% specificity.
These results mirror the current study, where Multiplex PCR
outperformed conventional methods by detecting pathogens in more
cases. The ability of PCR techniques to rapidly and accurately
diagnose infections, as demonstrated in both studies, highlights their
clinical relevance in diagnosing meningitis and other serious
infections. Diem L et al.” investigated the relationship between CSF
biomarkers and neurological disease outcomes. They found that
elevated CSF protein levels were linked to poorer recovery outcomes
in patients with neurological disorders, supporting the current study's
conclusion that CSF protein is a significant diagnostic and prognostic
biomarker in meningitis. The correlation between CSF protein and
TLC in the present study parallels Diem's findings, further
emphasizing the role of these biomarkers in clinical decision-making.
In summary, the current study, along with previous research,
underscores the diagnostic benefits of Multiplex PCR over
conventional methods. The findings reinforce the utility of CSF
analysis in diagnosing meningitis, with CSF protein emerging as a key
biomarker. A study by Aydemir et al."’ examined 197 patients with
respiratory conditions, including community-acquired pneumonia
(CAP), acute exacerbation of chronic obstructive pulmonary disease
(AECOPD), and bronchiectasis. The study showed a higher
prevalence in males (59.4%) and CAP was the most common diagnosis
(74.6%). Sputum samples were the primary diagnostic tool (71.6%),
with needle-free syringe (22.8%) and bronchoalveolar lavage (5.6%)
being less common. Elevated C-reactive protein (CRP) and leukocyte
counts confirmed inflammation, while the mean patient age was 40
years. These findings highlight the variability in respiratory diseases
and the importance of tailored diagnostics and treatments.

Limitations And Recommendations

A potential constraint on the study's applicability of the results is the
very small sample size. Furthermore, the study's narrow emphasis on a
select few infections may have excluded other, less frequent causes of
meningitis. The study did not take into consideration changes in
immunological state or clinical presentation, which may have an
impact on the precision of the diagnosis. To further evaluate the
effectiveness of Multiplex PCR in detecting meningitis in various
situations, it is advised that future research involve a bigger and more
diversified population in addition to a wider spectrum of infections. A
longitudinal design may be used to evaluate the long-term results of
patients with PCR diagnosis.

CONCLUSION

This study demonstrated that Multiplex PCR is a more effective
diagnostic tool for detecting pathogens in meningitis compared to
conventional methods. It identified pathogens in 10% of cases, while
conventional tests detected only 5%. The significant association of
CSF protein with meningitis further underscored its importance as a
biomarker. Multiplex PCR's ability to deliver faster and more accurate
results, while detecting multiple pathogens in one test, made it a
superior diagnostic approach for meningitis, aiding in timely and
precise treatment decisions.
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