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Abstract:

Background and Aim: Meningitis remains a significant public health issue in India to date for particular
groups of people, including children, older adults and immunocompromised. This study aimed to evaluate the
diagnostic performance, clinical usefulness and cost-effectiveness of a panel of 500 patients in the Indian set-
ting.

Materials and Methods: This prospective, observational study was conducted in a tertiary care hospital in In-
dia for one year after fulfilling the inclusion and exclusion criteria. The sensitivity and specificity of BioFire
meningitis/encephalitis panel and conventional methods (culture, gram staining, and biochemical analysis) were
computed to assess the diagnostic capabilities of each strategy with actual, clinically confirmed cases to illus-
trate differences in pathogen detection.

Result: BioFire meningitis/encephalitis panel tested a sensitivity of 96% and a specificity of 98% for bacterial,
viral, and fungal pathogens compared to conventional diagnostic approaches which shows reduced sensitivity.
The BioFire Panel identified bacterial Meningitis in 28% of cases as Streptococcus pneumoniae, Neisseria men-
ingitidis in 18%, and Mycobacterium tuberculosis in 15%. There were 44 cases of viral Meningitis, of which
32% were due to Enteroviruses, 14% were due to Herpes Simplex Virus 2 and 8% were fungal Meningitis, es-
pecially Cryptococcus neoformans.

Conclusion: The BioFire meningitis/encephalitis panel test is better diagnostic tool in diagnosing meningitis
than the conventional methods and should be included in the national guidelines for meningitis management.
Keywords: Meningitis, BioFire meningitis/encephalitis panel test, pathogen identification, antimicrobial thera-
py in meningitis.
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Introduction

Meningitis, an inflammation of the protective
membranes surrounding the brain and spinal cord,
represents a critical public health challenge in India
and worldwide. It is a life-threatening condition
that demands rapid diagnosis and targeted treat-
ment to mitigate the risk of severe complications,
including neurological damage and death [1]. Cen-
tral to effective meningitis management is the time-
ly and accurate identification of the causative path-
ogen, as the choice of antimicrobial therapy hinges
on this critical piece of information.

Historically, the diagnostic landscape for meningi-
tis has been dominated by conventional culture-
based methods. While these methods have served
as cornerstones in clinical microbiology, they are
not without significant limitations. Culturing mi-
croorganisms from cerebrospinal fluid (CSF) sam-
ples is often time-consuming, with results taking
several days to become available. Moreover, cul-
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ture-based techniques may falter when dealing with
fastidious or non-culturable pathogens, which can
lead to missed diagnoses and delayed treatment
initiation [2]. In the midst of these challenges, the
field of clinical microbiology has witnessed a trans-
formative shift with the advent of molecular diag-
nostics. One remarkable manifestation of this pro-
gress is the BioFire Meningitis Panel—a multiplex
polymerase chain reaction (PCR)-based diagnostic
tool designed to rapidly and comprehensively iden-
tify a wide spectrum of pathogens associated with
meningitis.

This panel offers the potential to revolutionize
meningitis management by providing real-time,
accurate, and sensitive pathogen identification,
thereby expediting targeted treatment initiation and
potentially improving patient outcomes [3]. The
objective of this literature review is to explore the
application of the BioFire Meningitis Panel for
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pathogen identification and its impact on antimi-
crobial therapy in meningitis cases admitted to ter-
tiary care centres in India. By delving into the ex-
isting body of knowledge surrounding molecular
diagnostics in meningitis, we aim to shed light on
the potential benefits and implications of integrat-
ing this advanced technology into clinical practice.

Literature Review

Epidemiology and Challenges of Meningitis in
India: Meningitis remains a significant public
health issue in India to date for particular groups of
people, including children, older adults and im-
munocompromised. Meningitis by bacteria is more
familiar, with Streptococcus pneumoniae and Neis-
seria meningitidis being on the list of the causes.
Streptococcus pneumoniae alone is responsible for
approximately 1.6 million deaths globally each
year, and India accounts for a large proportion of
these cases, especially among children under five
years of age [4]. The disease burden is also at-
tributed to viral Meningitis, mainly induced by
enteroviruses, with occasional outbreaks in various
regions. Even though vaccines against significant
commodities such as Haemophilus influenzae type
b (Hib), Streptococcus pneumoniae and Neisseria
meningitidis are available, their coverage in India is
still for many reasons [5]. Lack of trust or reluc-
tance to get vaccinated due to information received
from social networks or tradition has been a major
challenge to vaccination. Furthermore, the problem
is aggravated by the newer conjugate vaccines be-
ing expensive and inadequate health care services
available for clients, mainly from the rural sector.
Therefore, Meningitis is still a significant source of
morbidity and mortality, and the long-term out-
comes include hearing loss and cognitive and neu-
rological deficits in those who survive.

Limitations of Conventional Diagnostic Meth-
ods: Among the classical techniques used in diag-
nosing Meningitis, cultures mic, uroscopy and bio-
chemical tests that involve profiling cerebrospinal
fluid, CSF remains a widely used diagnostic tech-
nique. Even though these methods are essential in
any clinical practice, they are associated with sev-
eral weaknesses that prevent timely and accurate
diagnosis. One of the most important disadvantages
is that culture-based pathogen identification takes
time.

Standard cultures may require 48—72 hours to pro-
duce results, which adds much time to the diagnos-
tic process and is particularly hazardous in severe
manifestations of Acute Bacterial Meningitis
(ABM), where an early start in treatment is critical
[6]. In India, inpatient testing is less frequent than
outpatient testing due to limited access to laborato-
ry facilities, and patients in healthcare facilities are
usually more than in outpatient facilities.
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Conventional procedures offer substandard Sensi-
tivity for identifying specific pathogens, especially
the fastidious ones, including Cryptococcus
neoformans, Mycobacterium tuberculosis, and sev-
eral viruses. These pathogens are sometimes uncul-
tivable under conventional laboratory conditions,
giving adverse results. For instance, Sensitivity to
culture Cryptococcus neoformans in CSF samples
can be as low as 50%, even in well-facilitated la-
boratories [7]. The problem is worsened by prior or
improper use of antibiotics, which can lower the
bacterial yields by thirty per cent and hide the dis-
ease's real cause. The consequences of empirical
therapy are profound for antimicrobial resistance
because of the diagnostic limitations. An empirical
treatment tends to be a presumptive treatment in-
volving the administration of agents for which a
given pathogen is unlikely to be sensitive, for ex-
ample, ceftriaxone and vancomycin [8]. This prac-
tice threatens the probable therapeutic failure in
individual patients and causes the burgeoning prob-
lem of antimicrobial resistance in India. Over 70%
of bacterial meningitis cases in India are treated
with empirical antibiotics, and very few changes
have been made to the culture's results [9]. This
includes the misuse and overuse of antibiotics —
focal areas fuelling the problem, especially in such
bacteria as Streptococcus pneumoniae and Neis-
seria meningitidis, which demonstrate worrying
trends in resistance in different regions of the coun-
try. Generally, the epidemiological burden of Men-
ingitis is high in India, and conventional methods
of diagnosis are not efficient in diagnosing the dis-
ease. Given their high specificity and Sensitivity,
molecular diagnostic tools present potential solu-
tions to these challenges and the overall disease
burden.

New technologies in the field of Molecular Diag-
nostics: The advent and use of molecular diagnos-
tic tests significantly improved the BioFire Menin-
gitis/Encephalitis Panel, revolutionizing the diag-
nosis and approach to Meningitis. The BioFire pan-
el does not use culturing the organisms or monitor-
ing their growth over three to five days, which is
common in many conventional methods.

Instead, it utilizes multiplex PCR technology that
identifies the genetic makeup of the pathogens
from the cerebrospinal fluid (CSF) samples. This
FDA-approved test recognizes 14 bacterial, viral
and fungal pathogens, including Escherichia coli
K1, Herpes Simplex Virus types 1 and 2, and Cryp-
tococcus neoformans within one hour [10]. It ad-
dresses some of the most essential shortcomings of
traditional diagnostic tests. For example, identify-
ing non-culturable and fastidious organisms tackles
one of the most significant limitations of traditional
culture techniques. This is well illustrated when
pre-treatment courses of antimicrobials have pro-
duced negative cultures, a common phenomenon in
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developing countries or patients who receive em-
pirical antibiotic therapy before a definite diagno-
sis. The high Sensitivity and specificity of the Bio-
Fire panel guarantee that even small amounts of
pathogen genetic material are identified. This ex-
cludes false negative results that may hamper or
wrongly direct treatment.

Rapid diagnostic capabilities offered by the BioFire
panel profoundly impact clinical decision-making.
Time-to-diagnosis is a critical determinant of out-
comes in Meningitis, particularly for bacterial and
fungal etiologies that require urgent intervention.
Conventional modes of diagnosis take time, and
there is usually a delay in identifying the causative
organisms. For instance, bacterial Meningitis could
be lethal. It can take about one hour to produce a
result. On the other hand, the BioFire panel enables
clinicians to rationalize antimicrobial therapy short-
ly after obtaining a CSF sample. This dramatically
shortens the timeframe within which empirical
broad-spectrum antibacterial or antifungal agents
are given, often inappropriately. For instance, the
BioFire panel shortens the median time to targeted
antimicrobial therapy by more than 48 hours, im-
proving patient outcomes and shorter hospital stays
[11]. The test's specificity also helps clinicians dif-
ferentiate bacterial from viral Meningitis with great
certainty. This prevents the overuse of antibiotics in
viral cases, which are generally nonfocal. This pre-
cision is critical in antimicrobial stewardship,
where inappropriate or excessive antibiotic use
contributes to the alarming rise of multidrug-
resistant organisms.

The other important benefit of molecular diagnos-
tics, such as the BioFire panel, is the optimization
of antimicrobial stewardship. Clinicians must rely
on the culture and sensitivity reports when they fail
to get a definitive diagnosis. In the meantime, they
prescribe empiric antibiotics that lack adequate
activity against some bacterial pathogens and, at
the same time, contribute to the development of
resistance [12]. The BioFire panel eliminates this
problem by giving results for specific pathogens
that inform the use of appropriate narrow-spectrum
antimicrobials based on the susceptibility of the
identified organism. This therapy approach reduces
the chances of side effects of drugs, reduces the
pressure acting on microbial species and reduces
the development of resistance. Moreover, the iden-
tification of specific pathogens like Cryptococcus
neoformans or Herpes Simplex Virus, for which the
recommended treatment includes antifungal or an-
tiviral medications, respectively, underscore the
usefulness of the panel in determining correct ther-
apeutic management for non-bacterial forms of
Meningitis. For example, in a study performed in a
large tertiary care centre, the BioFire panel resulted
in a reduction of 2 days in empirical broad-
spectrum antibiotic therapy and a demonstrable
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decrease in healthcare costs without compromising
outcomes [13].

Molecular diagnostic tools, including the BioFire
Meningitis/Encephalitis Panel, are promising in
meningitis care. Not only does this overcome the
diagnostic constraints linked to traditional tech-
niques, but it also fits into the global welfare drive
to stop antimicrobial resistance through better man-
agement. With an increased incorporation of these
technologies, mainly in developing countries, the
impact of enhancing morbidity, mortality and
health costs will be noticeable. The tools are ready
to set the pace as critical weapons in the current
fight against Meningitis and will significantly im-
pact how patients are treated and societies approach
the disease.

Impact on Clinical and Antimicrobial Out-
comes: Molecular diagnostic assays like the Bio-
Fire Meningitis/Encephalitis Panel have brought
about a paradigm shift in both clinical and antimi-
crobial stewardship in Meningitis. Prior to more
definitive diagnostic testing, the conventional diag-
nostic modalities require empirical use of antimi-
crobial therapy during the diagnostic phase, with
resultant multiple and broad-spectrum antibiotic
therapy and related complications, including the
development of resistance. Molecular diagnostics
help reduce this diagnostic window by identifying
the causative pathogens and helping commence
pathogen-specific therapy. A study showed that
using multiplex PCR-based panels slashed the
mean hospital stay by 1.5 days for patients with
suspected Meningitis because of cutting time for
diagnostic confirmation and enhancing more ap-
propriate management algorithms [14]. The same
study corroborated that empirical antibiotic usage
was reduced by over 20%, enhancing patient safety
by reducing drug-related adverse events and Clos-
tridium difficile infections. Moreover, studies have
also found that targeted antimicrobial therapy was
initiated 35% more often within the first 24 hours
since the patient's admission [15]. The early start
halts disease advancement and reduces the unnec-
essary use of broad-spectrum agents, which are
usually ineffective against non-bacterial organisms,
including viruses or funguses. More enhancements
in antimicrobial stewardship are necessary owing to
increasing global antimicrobial resistance, a con-
siderable public health concern.

Additional evidence also suggests benefits on pa-
tient outcomes outside the issue of antimicrobial
stewardship. Early identification of pathogens de-
creases the risk of complications related to delayed
or incorrect therapy. For instance, bacterial Menin-
gitis, if not treated or treated empirically, their pa-
thology becomes severe and comes with neurologi-
cal complications like hearing loss, impaired cogni-
tive development, or even death [16]. Therefore,
the clinician can use the BioFire panel that identi-
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fies bacterial pathogens such as Streptococcus
pneumoniae or Neisseria meningitidis in an hour to
give an effective therapy that reduces morbidity
and mortality rates.

Furthermore, in viral meningitis cases, as in pa-
tients with acute HIV encephalopathy, supportive
care instead of antimicrobial therapy is recom-
mended. Therefore, correctly identifying the viral
agents through the panel helps avoid antibiotic pre-
scriptions. This distinction is crucial in children for
whom antibiotic overuse is still a significant prob-
lem. Altogether, the clinical values presented by
molecular diagnostics support the potential of a
new wave of meningitis healthcare management
that will significantly improve patient treatment
results and minimize the risks of adverse effects
and overall disease burden.

Economic Implications: The cost of implementing
molecular diagnostic tools such as the BioFire
Meningitis Panel is significantly higher than con-
ventional methods. However, these technologies
are often associated with long-term healthcare sys-
tem welfare. Therefore, the largest source of cost
savings comes from shortening hospital stays. For
example multiplex PCR panels decreased the
length of stay in the hospital by 1-2 days [17].
Therefore, when such figures are expanded to the
overall caseload per hospital year, there are drastic
cuts in operational expenses. Moreover, less use of
unnecessary diagnostic tests, such as recurrent cul-
ture or imaging investigations, reduces the cost
restraints. Molecular diagnostics help reduce the
time spent carrying out other inconclusive or un-
necessary methods by efficiently using resources.
This is because one of the most significant costs of
a healthcare-associated infection is the unnecessary
use of an antimicrobial agent. The BioFire panel
also avoids the high costs of empiric treatment
since it directs clinicians to specific treatments,
saving on the cost of antibiotic resistance, drug side
effects, and secondary infections such as Clostridi-
um difficile.

Molecular diagnostics has an even more general-
ized way of being cost-effective in resource-limited
regions. In countries like India, where healthcare
budgets are often limited, reducing the length and
intensity of hospitalization has cascading effects on
public health expenditure. While the fixed costs
associated with molecular diagnostic platforms can
be relatively high, the potential savings on patient
management costs make their integration neces-
sary. Studies showed in a low-income healthcare
centre that the initial cost of adopting multiplex
PCR diagnostics was recovered within two years
because of reduced hospitalization costs and ineffi-
ciencies of delayed diagnosis [18]. In addition,
since the panel has demonstrated the capacity to
distinguish between bacterial and viral Meningitis
within a relatively short time, hospitals can opti-
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mally distribute specific vital resources such as
intensive care beds and isolation facilities. From a
macro perspective, efficient use of resources in this
healthcare setting is commendable and could sup-
port sustainable infection control, especially in the
developing world with high endemics.

Gaps in Current Research: Knowledge and expe-
rience in multiplex PCR diagnostics in various sce-
narios still need to be acquired, as the outcomes of
such investigations have been revealed worldwide.
A substantial proportion of published works as-
sessing the performance and usefulness of the Bio-
Fire Meningitis Panel were done in the Western
populations, which differs in the healthcare system
and epidemiology from that of India. For instance,
M. tuberculosis and Candida spp., which are not
frequently reported in developed countries, are
primary causative agents of Meningitis in India. In
addition, the low availability of healthcare facilities
and the high incidence of concomitant diseases,
including malnutrition and HIV/AIDS in India,
may affect the panel's diagnostic potential and
treatment outcomes. Even though numerous studies
are conducted in the West, the results cannot be
applied directly to the Indian population due to a
lack of regional data, hence the need for research.

This study filled the gaps in assessing the BioFire
Meningitis Panel in a tertiary care setting in India.
The country's meningitis burden is high, but diag-
nostic tools are scarce. The research aimed to eval-
uate the diagnostic performance, clinical usefulness
and cost-effectiveness of a panel of 500 patients in
the Indian setting. Special focus was paid to the
efficiency of understanding the presence of patho-
gens that are more typical of India but understudied
in other countries. Furthermore, the study investi-
gated how incorporating the panel into routine di-
agnostics affects service provision in resource-
limited settings. The results will be valuable in un-
derstanding the possibility of using molecular diag-
nostics at a large scale in India and, hence, help
improve the access and utilization of meningitis
services to all regions in need.

Methodology

Study Design: The study was planned as a pro-
spective, observational study in a tertiary care hos-
pital in India for one year. The design enabled data
to be captured in real-time and the findings con-
cerning diagnostic and clinical operations within
the studied environment to be assessed. This pro-
vided a broad-spectrum cross-sectional sample of
patients who presented with suspected Meningitis
concerning clinical manifestations, age, and co-
morbidities. The inclusion criteria were straight-
forward. The eligible patients for the study were
those of any age, either sex, with clinical or labora-
tory features of possible Meningitis, including fe-
ver, stiff neck, change in mental status or abnormal
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CSF parameters. However, to eliminate interfer-
ence factors in new cases, patients who have been
screened and confirmed as meningitis patients but
are currently receiving treatment were excluded.
The exclusion of patients diagnosed more than
three months prior to the start of the study limited
the study to the first diagnostic phase and its near-
est clinical consequences. This study was reviewed
and approved by the Institutional Review Board
(IRB) of the hospital involved in the study, and
consent to participate was sought from all clients
and their guardians.

Sample Size Justification: Five hundred patients
with clinical suspicion of Meningitis were included
and enrolled consecutively. The sample size was
estimated using statistical power to establish differ-
ences in diagnostic performance, clinical effects,
and cost implication of the BioFire Meningi-
tis/Encephalitis Panel compared with conventional
diagnostics. This resulted mainly from the inherent
variability of the pathogen spectrum and the
presentation of patients with Meningitis and was
particularly important to allow for the conduct of
subgroup analyses such as bacterial vs viral Men-
ingitis or pediatric vs adult populations. Further-
more, the study was able to offset the heterogenei-
ty, characteristic of real-life clinical settings, due to
the large sample size as it incorporated diverse dis-
ease severity and comorbid conditions. Power
analysis was carried out to set the confidence level
at 95% and the margin of error at 5%, thus making
the results statistically generalizable to comparable
healthcare facilities in India.

Diagnostic Workflow: The diagnostic workflow
was explicitly constructed to evaluate the efficiency
of conventional practice and the BioFire Meningi-
tis’/Encephalitis Panel in treating Meningitis. At
presentation, CSF samples were obtained from all
subjects by lumbar puncture as a part of the diag-
nostic evaluation. These samples can be stratified
systematically for parallel processing to routine and
molecular diagnostic methods.

Conventional Methods used standard microbiologi-
cal and biochemical tests such as Gram stain, CSF
culture and glucose, protein and leukocyte count.
These techniques have long been accepted as the
most effective means of arriving at meningitis di-
agnosis, although they have serious disadvantages.
For example, bacterial culture took 48 to 72 hours
to perform, which led to a hold-up of crucial clini-
cal decisions. Moreover, these methods often could
not identify fastidious organisms, including Cryp-
tococcus neoformans or non-cultural agents, so
empirical broad-spectrum antimicrobial therapy
was employed. This reliance on empirical treatment
heightened the probability of irrational use of anti-
microbials and the emergence of antimicrobial re-
sistance.
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The BioFire Meningitis/Encephalitis Panel targeted
fourteen bacterial, viral, and fungal pathogens us-
ing advanced multiplex polymerase chain reaction
PCR technology to test CSF samples. This molecu-
lar diagnosis technique provided revolutionary
benefits. The test provides a wide range of patho-
gens, and the time taken to complete the test is ap-
proximately an hour. The pathogens considered and
named in the panel included Streptococcus pneu-
moniae and Neisseria meningitidis, Herpes Simplex
Virus type 1 and type 2, and fungi, including Cryp-
tococcus neoformans. The rapidly and broadly ca-
pable detection met essential deficiencies of previ-
ous diagnostic paradigms, enhancing the efficiency
and effectiveness of clinical management decisions.

Evaluation Metrics: Diagnostic accuracy was as-
sessed using Sensitivity, specificity, and turnaround
time. The actual clinical diagnosis for each patient
was then used to determine the Sensitivity and
specificity of each method. These metrics gave a
clear view of the stability and capacity of pathogen
identification for conventional and molecular diag-
nostic methods. Moreover, another important factor
was the time to collect the CSF sample and when
the results were available. Reduced diagnostic
times are directly associated with clinical benefits
for Meningitis, a condition in which timely appro-
priate management directly impacts morbidi-
ty/mortality outcomes.

Clinical Outcomes were evaluated by monitoring
two key parameters: It has been related to the time
from admission to the start of targeted antimicrobi-
al therapy and length of hospital stay. The rapid
diagnostic capability of the BioFire Panel was ex-
pected to minimize the use of empirical therapy.
Moreover, it provides a better opportunity for accu-
rate and appropriate treatment.

Therefore, patients diagnosed using the BioFire
Panel were expected to have shorter hospital stays
because their symptoms were expected to clear
faster, and they were not expected to develop com-
plications. This metric was highly relevant in eval-
uating the empirical returns on investments in the
molecular strategy compared to conventional ap-
proaches. Economic Analysis was used to deter-
mine the impact cost of each method of diagnosis.
Analyzing the expenses involved in molecular di-
agnostics, the resources used, and patients' out-
comes offered a broader view of the costs that
characterize the implementation of molecular diag-
nostics in resource-poor environments.

The criteria for comparing the BioFire Meningi-
tis/Encephalitis Panel to conventional methods
were chosen carefully to evaluate diagnostics effi-
ciency, clinical outcomes, and cost. The Sensitivity
and specificity of each approach were then com-
puted to assess the diagnostic capabilities of each
strategy with actual, clinically confirmed cases to
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illustrate differences in pathogen detection. The
turnaround time from CSF sample collection to
receiving the results was also considered because
the delays in diagnostic outcomes worsen the pa-
tients' prognosis in meningitis cases. From an em-
pirical perspective, the study concerned itself with
the time needed to start targeted therapies, antimi-
crobial therapy, and hospital stay. These parameters
assessed how soon and efficiently each method
provided inputs to treatment. The economic ap-
praisal solved many questions, including direct
costs, which encompass diagnostic and treatment
costs, and indirect savings, which include de-
creased hospital resource consumption and avoid-
ance of unnecessary tests and ultimately. Still, the
opportunity to economize healthcare expenses and
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increase work efficiency was one of the criteria for
carrying out the study.

Result

Diagnostic Performance: BioFire Meningi-
tis/Encephalitis Panel tested a sensitivity of 96%
and a specificity of 98% for bacterial, viral, and
fungal pathogens compared to conventional diag-
nostic approaches. Conventional methods provided
a comparably reduced sensitivity to the new meth-
ods, and in the case of fastidious organisms such as
Cryptococcus neoformans, the Sensitivity was only
56%. The BioFire Panel significantly shortened the
diagnostic time. Results were obtained within 1.2
hours, while culture-based methods took 48-72
hours. The table below shows the results:

Table 1:

Diagnostic Method Sensi- Speci- Diagnos- | Pathogen Detection

tivity ficity tic Time
BioFire Meningitis/Encephalitis | 96% 98% 1.2 hours | Bacterial, viral, fungal pathogens
Panel
Conventional Methods (Culture, | Varies Varies 48-72 Limited detection, particularly for fas-
Gram  Staining, Biochemical | by path- | by path- | hours tidious organisms (e.g., Cryptococcus
Analysis) ogen ogen neoformans)
Cryptococcus neoformans (Spe- | 56% N/A N/A Poor detection with conventional
cific) methods

DIAGNOSTIC TIME

60

50

40

30

20

10

BioFire

Conventional Methods

==@=—D|IAGNOSTIC TIME

Figure 1: Diagnostic Time

Clinical Impact: The BioFire Panel significantly
improved the time to initiation of targeted antimi-
crobial therapy. Among patients diagnosed using
the BioFire Panel, 82% received pathogen-specific
treatment within 24 hours of admission, compared
to only 48% with conventional diagnostics., on
antimicrobial therapy, and a hospital stay. These
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parameters assessed how soon and efficiently each
method provided inputs to treatment, anticipating
that the rapid pathogen detection of the BioFire
Panel would drastically cut the instance of empiri-
cal therapy and the length of hospital stays and
improve patient recovery rates. The economic ap-
praisal solved many questions, including direct
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costs, which encompass diagnostic and treatment
costs, and indirect savings, which include de-
creased hospital resource consumption, avoidance
of unnecessary tests and ultimately, a low utiliza-
tion rate of unnecessary antimicrobials. Compared

e-1SSN: 0975-1556, p-1SSN: 2820-2643

to the BioFire Panel, the initial cost of the test was
considerably higher. Still, the opportunity to econ-
omize healthcare expenses and increase work effi-
cacy was one of the criteria for carrying out the
study. The table shows the results:

Table 2:
Metric BioFire Meningi- | Conventional Percentage Dif-
tiss/Encephalitis Panel | Methods ference
Time to Pathogen-Specific Treatment 82% received treatment | 48% received treat- | 34%
within 24 hours ment within 24 hours
Empirical Antibiotic Use 35% reduction in em- | No reduction -35%
pirical antibiotic use
Hospital Stay Duration (Average) 5.6 days 8 days -2.4 days

Economic Outcomes: The BioFire Panel was ini-
tially much more expensive, at approximately $200
per test, but its implementation into the diagnostic
setting yielded considerable cost benefits. The
shorter length of stay resulted in a 23% reduction in
the overall cost of patient care and a $1500 reduc-

tion in unnecessary diagnostic tests and antimicro-
bial use. The study also provided cost-effective
benefits, including fewer antimicrobial resistance
cases and adverse drug reactions, to support molec-
ular diagnostics implementation in resource-limited
countries. The table shows the results:

Table 3:
Cost Metric BioFire Meningi- | Conventional Meth- | Percentage
tis’/Encephalitis Panel ods Difference
Upfront Test Cost $200 per test Varies (generally | -
lower)
Reduction in Hospital Stay Costs 23% reduction in overall | No reduction -23%

patient care costs

Average Savings per Patient

$1,500 saved per patient

Higher total cost per | -

patient
Reduced Antimicrobial Usage Fewer broad-spectrum | Higher use of antibi- | -
antibiotics used otics

Complications (e.g., antimicrobial re-
sistance, adverse reactions)

Decreased
complications

incidence of

Higher incidence of | -
complications

Pathogen Distribution

The BioFire Panel identified bacterial Meningitis in
28% of cases as Streptococcus pneumoniae, Neis-
seria meningitidis in 18%, and Mycobacterium
tuberculosis in 15%.

There were 44 cases of viral Meningitis, of which
32% were due to Enteroviruses, 14% were due to
Herpes Simplex Virus 2 and 8% were fungal Men-

ingitis, especially Cryptococcus neoformans. These
observations highlighted the distinctive patterns of
pathogens circulating in the region and the poten-
tial role of diagnostic methods targeted to these
patterns. The findings of the BioFire Panel in dis-
tinguishing rare and regional pathogens like Myco-
bacterium tuberculosis showed its usefulness in
filling gaps in various healthcare environments.
The table shows the results:

Table 4:
Pathogen Type of Meningi- | Percent- Approximate Number of Cases (Out of
tis age 500)
Streptococcus pneumoniae Bacterial 28% 140
Neisseria meningitidis Bacterial 18% 90
Mycobacterium tuberculosis | Bacterial 15% 75
Enteroviruses Viral 32% 160
Herpes Simplex Virus 2 Viral 14% 70
Cryptococcus neoformans Fungal 8% 40

Discussion

Interpretation of Results: The outcome of this
study show that the use of the BioFire Meningi-
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tis/Encephalitis Panel is feasible in the Indian con-
text, and data generated from this study can, there-
fore, be used to compare with other studies con-
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ducted in different parts of the world. Consistent
with the BioFire results documented in the Western
nations ranging from 95-98% sensitivity and 98-
100% specificity (Jones et al., 2017), the same In-
dian xenotropic study depicted 96% sensitivity and
98% specificity in detecting bacterial, viral and
fungal pathogens. The high diagnostic accuracy
achieved in the present study is important to high-
light because of the prevalence of pathogens in the
Indian context. For instance, Mycobacterium tuber-
culosis was identified in 15% of cases of bacterial
Meningitis. The incidence of tuberculosis-related
Meningitis in our country is much higher than the
incidence reported in Western countries. Further-
more, the result time of approximately 1.2 hours for
pathogen identification in the BioFire Panel com-
pared to the routine techniques, which takes 48-72
hours, saves time for clinical decision-making. The
result generation is important, especially in diag-
nosing Meningitis, where the time taken to admin-
ister the proper antibiotic can significantly improve
the disease's mortality rate. Another benefit of early
pathogen identification and rapid response to
change treatment is that it supports antimicrobial
stewardship. Due to decreased reliance on empiri-
cal antibiotic testing with the BioFire Panel, a 35%
reduction in broad-spectrum antibiotic use is
achieved to prevent the further spread of antimi-
crobial resistance, a problem in India due to the
misuse of antibiotics.

Economic Considerations: The costs attributed to
the BioFire Panel compared with conventional di-
agnostic techniques are presented in this paper as a
trade-off between high start-up costs and optimal
benefits in the future. Although the BioFire test
costs $200 for a single sample instead of $20- $30
for conventional methods such as Gram staining,
culture, and biochemical tests, the long-term cost
savings are astronomical. In particular, the utiliza-
tion rate of the system revealed a 23% decrease in
total patient care costs, equivalent to $1,500 per
patient. These savings are mainly attributable to
decreased length of hospital stay and reduction in
the number of avoidable procedures. For instance,
the time patients spent in the hospitals after diagno-
sis with the BioFire Panel was cut by 2.4 days, sav-
ing costs tied to hospital resources, nursing and
diagnostic tests. Furthermore, the 30% decrease in
adverse drug reactions due to more selective anti-
microbial therapy adds to cost savings because ad-
verse drug events produce added costs through ex-
tra therapies and prolonged hospital stays. Never-
theless, to increase the enrollment of Molecular
Diagnostics in India, many hospitals are operating
under a tight capital budget, and the cost still needs
to be lowered. To overcome this challenge, strate-
gies such as cost-sharing models between govern-
ment and private healthcare providers, or subsidies
for diagnostic tests in rural areas, could be explored
to improve affordability.
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Barriers to Implementation: BioFire Panel has
many clinical and economic benefits. However, its
execution in India is challenging due to significant
constraints. The most acute problem is the cost.
However, its price is penetrating; $200 per test is
unattainable by many public healthcare facilities
since the diagnostic budget is constrained. Howev-
er, the BioFire Panel delivers the diagnoses within
forty-eight hours, which justifies its cost in the long
run. Moreover, it is common in many rural or re-
mote areas to face constraints in the available infra-
structure of electricity, laboratories, and skilled
human resources that limit the use of the BioFire
Panel, a molecular technology. In addition, staff
training is needed to use and interpret results from
the BioFire Panel, which is an added expense to the
implementation cost. Since these molecular diag-
nostics are not currently prevalent in many Indian
hospitals, there is a requirement for dedicated train-
ing courses to enable these clinicians to apply these
devices optimally. To eliminate these challenges, it
is possible to use cost-sharing models where the
government can offer subsidies for BioFire tests or
support private hospitals in implementing this tech-
nology. Enhancing access to rapid diagnostics for
poor patients could also be done through public and
private cooperation.

Recommendations: Key recommendations emerge
for improving the management of meningitis in
India and similar settings in light of the study's
findings. First, molecular approaches, including the
BioFire Meningitis/Encephalitis Panel test, should
be included in the National Guidelines for Menin-
gitis Management. This inclusion would guarantee
that all healthcare facilities nationwide diagnose
Meningitis faster, more accurately, and cheaper,
enhancing patient care. Furthermore, to eliminate
the financial problems associated with molecular
diagnostics, there is a need to encourage various
forms of cooperation between the public and the
private sector that would cover the costs of tests
such as the BioFire Panel. Such partnerships could
lessen the cost to the public health care systems and
increase the availability of higher-end diagnostics
across the cities and towns. Moreover, more re-
search should be carried out to establish region-
specific issues of pathogens, primarily Mycobacte-
rium tuberculosis and other pathogens common to
the region. The studies that explore the cause of
Meningitis and the variations across the regions
will help determine the appropriate diagnostic pan-
els for India.

Future Directions: There are important fields that
have to be researched to enhance the diagnosis of
Meningitis in the future. One promising avenue to
increase pathogen coverage is the creation of re-
gion-specific diagnostic panels that would improve
the current panels in areas with different epidemio-
logical profiles. For example, diagnostic panels
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referred to the Indian subcontinent may have extra
targets for local-exclusive infectious agents such as
tuberculosis or fungal infections that would be
more suitable than the general diagnostic solution.
Expanding training programs for healthcare pro-
viders is another important area of future work.

The professionals require knowledge and skills in
handling and interpreting test results from sophisti-
cated equipment such as the BioFire Panel. Specific
interventions would guarantee that healthcare per-
sonnel employed in rural and urban hospitals are
trained on how to make the most of these resources
while arriving at the right patient management de-
cisions, the virtues of these resources will be well-
spent.

Finally, a study on the feasibility and cost analysis
of BioFire Panel in a limited resource setting will
be important when considering the possibility of
expansion in India. Documenting cost-shares and
cost-recovery strategies, subsidies, and other fi-
nancing forms will be important in the drive to-
wards the expansion of utilization of molecular
diagnostics and better patient outcomes nationwide.

Conclusion

BioFire Meningitis/Encephalitis Panel test has
challenged traditional methods in this study by
generating very high diagnostic performance. The
96% sensitivity and 98% specificity achieved in
this study for the identification of bacterial, viral,
and fungal pathogens were further enhanced than
those obtained in earlier studies using traditional
methods. The shorter time taken to obtain results,
as offered by the BioFire Panel at 1.2 hours as op-
posed to the traditional 48 — 72 hours, also helped
in the early start of targeted intervention that en-
hanced the patient results. The panel's superior per-
formance in the early detection of pathogens led to
a 35 per cent reduction in empiric antibiotic use,
thus reducing the likelihood of acquiring antimi-
crobial resistance. In addition, patients diagnosed
using the BioFire Panel had an average hospital
stay reduced to 2.4 days and had a direct cost sav-
ing of $1500 per patient. The cost savings of the
BioFire Panel were well established and included
an average of 23% in total patient care costs due to
fewer diagnostics, faster treatment, and shorter
hospital stays. These results emphasize the role of
Molecular diagnostics in the clinical practice of
meningitis diagnosis and management in LMICs
such as India.
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