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ABSTRACT

Introduction: Early identification of etiology is very important for initiating appropriate therapy promptly in patients with meningoencephalitis
(ME). BioFire FilmArray® meningitis/encephalitis (FA-ME) panel is a fully automated multiplex polymerase chain reaction (PCR) that detects 14
pathogens simultaneously in an hour. There is a dearth of studies highlighting its usefulness in ME syndrome in Indian patients.

Materials and methods: We performed a retrospective analysis of patients, admitted to the Kerala Institute of Medical Sciences Hospital,
Thiruvananthapuram, Kerala, South India, with meningitis/encephalitis syndrome who underwent the multiplex PCR test on cerebrospinal
fluid (CSF) over a period of 2 years from 2016 to 2018. Patients presenting with clinical diagnosis of acute meningitis, encephalitis, or ME who
underwent CSF FA-ME panel were studied. The performance of the FA-ME panel was compared to CSF bacterial culture.

Results: Two-hundred and fifty-nine patients between December 2016 and December 2018 underwent the FA-ME test in CSF. FA-ME test
detected pathogens in 61 (23.6%) out of 259 patients with ME syndrome. Among the pathogens detected by FA-ME panel, enterovirus was
the commonest accounting for 29 cases (47.5%), followed by varicellain 11 patients (18%) and pneumococciin 9 (14.8%). CSF bacterial culture
yield was low, positive only in 8 (3%) out of 259 cases, and matched with FA-ME panel in only one sample that grew Streptococcus pneumoniae.
Bacterial culture yielded seven pathogens in those whose FA-ME panels were negative.

Conclusion: FA-ME panel improves diagnostic yield as compared to bacterial culture (26.3 vs 3%). FA-ME test helps in the early initiation of

targeted antibiotic therapy and greater antibiotic de-escalation.
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INTRODUCTION

Acute central nervous system (CNS) infections are among the
most serious clinical conditions in medicine. Bacterial meningitis
is associated with morbidity due to neurological complications
and also mortality in both children and adults. It has an annual
incidence of 4-6 cases per 100,000 population. In meningitis
and encephalitis, rapid and accurate detection of etiology
is extremely important in providing appropriate therapy to
patients and also in avoiding unnecessary use of broad-spectrum
antibiotics, thus preventing the development of drug resistance.
Etiological surveillance is also crucial to identify targets for
immunization, chart preventive strategies and to help formulate
rational empirical therapy. Streptococcus pneumoniae and Neisseria
meningitidis are responsible for 80% of the cases of bacterial
meningitis globally." Enteroviruses are currently the leading
recognizable cause of aseptic meningitis syndrome accounting
for 85-95% of all pathogens identified.?

Novel and rapid molecular techniques are critical in identifying
etiology and initiating appropriate therapy quickly in patients
with meningoencephalitis (ME). Polymerase chain reaction (PCR)
assays to diagnose CNS infection still remain underutilized. A
fully automated multiplex PCR, the BioFire FilmArray® meningitis/
encephalitis (FA-ME) panel, detects 14 pathogens simultaneously
in an hour.? There are studies highlighting its usefulness in ME
syndrome. As there is not much data from India, we undertook this
study to understand its performance.
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MATERIALS AND METHODS

To understand the performance of the FA-ME panel (BioFire
Diagnostics, USA), we performed a retrospective analysis of
patients, both adult and pediatric population, admitted with
meningitis/encephalitis syndrome and who underwent the
multiplex PCR test on CSF. Patients presenting with clinical diagnosis
of acute meningitis, encephalitis, or ME with any of the following
symptoms and signs of fever, headache, vomiting, photophobia,
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neck stiffness, focal neurological deficit, and who underwent
CSF FA-ME panel were studied. This study was done in the Kerala
Institute of Medical Sciences Hospital, Trivandrum, Kerala, South
India, from December 2016 to December 2018. The performance
of the FA-ME panel was compared to that of routine tests done on
CSF, namely cell count, biochemistry, Gram'’s stain, bacterial culture,
and other relevant tests.

Patient details including age, sex, address, month of admission,
history, and clinical examination findings were noted. Basic blood
parameters and other relevant investigations like blood culture,
serologies for relevant infections including tropical fever like
leptospirosis, scrub typhus, dengue virus, infectious virology,
and brain imaging results were also noted. CSF parameters like
total count, differential count, protein, sugar, Gram’s stain, other
special stains (acid-fast bacteria (AFB) stain, India ink, KOH stain),
CSF culture, and sensitivity for bacterial, fungal, and mycobacterial
were looked into. The CSF FA-ME panel (BioFire Diagnostics) results
were noted and compared with standard microbiological methods
for the diagnostic yield of the FA-ME panel as compared to routine
tests and its utility in a tropical country like India.

REesuLTs

There were 259 patients between December 2016 and December
2018 who underwent this test. Turnaround time for the FA-ME panel
was 2 hours. The age group ranged from 3 months to 86 years. The
FA-ME panel detected pathogens in 61 (23.6%) out of 259 patients
with ME syndrome. Among these 61 patients, 18 belonged to the
pediatric age group. Among patients who had a positive result in
FA-ME panel, 53 had >5 white cell counts, while 8 had <5 cells in
the CSF. Viruses were commoner accounting for one-third (70.4%)
of the pathogens, bacteria were found in 24.5%, and two patients
had two organismsin a single sample (enterovirus and Haemophilus
influenzae on both occasions). Among the pathogens detected
by FA-ME panel, enterovirus was the commonest accounting
for 29 cases (47.5%), followed by varicella in 11 patients (18%)
and pneumococci in 9 (14.8%). Human herpesvirus 6 (HHV 6) was
detected in three cases, H. influenzae, Streptococcus agalactiae and
Listeria were detected in two cases each (Fig. 1). Meningococci,
E. coli, Cryptococcus, and other viruses were not noted in this study.

CSF bacterial culture yield was low, positive only in 8 (3%)
out of 259 cases, and matched with FA-ME panel in only one

sample which grew S. pneumoniae. Bacterial culture of CSF
yielded seven other pathogens in those whose FA-ME panels
were negative. The organism that grew in blood culture and
the clinical diagnosis noted are as follows—Aerococcus viridans
(aseptic meningitis), Streptococcal species (pyogenic meningitis),
Micrococcus luteus (meningitis with epidural abscess), Aeromonas
salmonicida (autoimmune encephalitis), Pseudomonas species
(septic cavernous sinus thrombophlebitis with meningitis), and
Klebsiella pneumoniae in two samples (both post-traumatic and
post-op meningitis) (Table 1). FA-ME panel tests for six bacteria
commonly causing community-acquired and neonatal meningitis
and the above organisms are not included in the panel.

One hundred and ninety-one patients (73.7%) were treated
as CNS infection although FA-ME panel results were negative.
CNS tuberculosis (TB) was diagnosed in 6 of these 259 patients,
in one case the cartridge-based nucleic acid amplification test
(CB-NAAT by Xpert MTB RIF) was positive, and in the rest, it was
clinical TB based on clinical, CSF, and image findings. Seven
patients had aseptic meningitis due to tropical infections,
diagnosed based on serology of which five were dengue fever
and two were scrub typhus. The rest of the patients (26.3%) had
alternative diagnosis like autoimmune, malignancy, metabolic,
and vascular etiology.

Enterovirus meningitis occurred almost equally in pediatricand
adult age groups. It showed seasonal prevalence and was found
commonly during the period October until December. Among
the 29 cases, 24 enteroviral meningitis cases occurred during this
period (Fig. 2).

Table 1: Pathogens identified in CSF culture whose FA-ME panel was
negative

Clinical diagnosis CSF bacterial culture
Aseptic meningitis Aerococcus viridans
Pyogenic meningitis Streptococcus species

Meningitis/epidural abscess Micrococcus luteus
Auto-immune encephalitis

Septic cerebral venous
thrombosis, meningitis

Traumatic brain injury

Aeromonas salmonicida
Pseudomonas species

Klebsiella pneumoniae
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Fig. 1: Distributions of pathogens (in numbers) identified by FA-ME panel

Fig. 2: Month-wise distribution of enteroviral meningitis occurrence
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Among the FA-ME panel positive group, antibiotic de-escalation
was noted in 49%, whereas in the negative group, de-escalation
happened in only 32% and the difference was statistically significant
(p = 0.042).

Discussion

In the majority of the cases, diagnosis of ME is challenging as
diagnostic yield with the tests commonly done is low. Moreover,
CNS infections are associated with morbidity and mortality and
a test with a quick turnaround time is important to clear the
diagnostic dilemma. PCR-based assays are becoming popular for
syndromic diagnosis like respiratory, gastrointestinal, and sepsis.*-
Multiplex PCR panel to diagnose ME is more often used and
becoming the standard of care in many countries. BioFire FA-ME
panelis a Food and Drug Administration (FDA)-approved multiplex
PCRtest for CNS infections, simultaneously detecting 14 pathogens
with minimal CSF volume and rapid turnaround time.

Infectious Diseases Society of America (IDSA) guidelines on the
management of encephalitis released in 2008 include molecular
diagnostics in the evaluation of encephalitis syndrome.” There are
quite a few studies looking at the performance of PCR-based studies
and have shown better yield as compared to routine microbiological
testing. An earlier study by Tzanakaki et al., wherein multiplex PCR
was used to detect the top three pathogens causing meningitis,
namely S. pneumoniae, H. influenzae type b, and N. meningitidis,
was done. It was a single-tube assay where specific targets for
the above pathogens were detected with good positive and
negative predictive values.® In a large prospective observational
study, Nesher et al., compare non-PCR era (1999-2008) with a later
period (2008-2013) when PCR was commonly used. Among the
323 patients enrolled, PCR provided the highest diagnostic yield
(24-2%) but was ordered only for 39.6% of the patients. The yield of
blood cultures was (10.3%) and that of CSF cultures was 4%. Even
with PCR-based testing, in a good number of patients, diagnosis
remained unknown, but with PCR, the diagnostic yield was better
(38-47%); this change was attributed to diagnosing more viral
pathogens, 8.3 and 26.3%, respectively.’

Only a limited number of studies are available in India on
multiplex PCR for CNS infection. An Indian study conducted in 2017
demonstrated that multiplex PCR Syndrome Evaluation System (SES,
Xcyton Diagnostics Limited) had a detection rate of 42.18% and
clinical specificity of 100% which are higher than the results of our
study.' SES results elicited changes in therapy and superior patient
outcome was observed. S. pneumoniae and mycobacterium TB
were the most common bacterial pathogens. Varicella-zoster virus
(VZV) was the most often detected viral pathogens by multiplex
PCR. Another retrospective study conducted by Ramalingam et al.
showed that SES (SES, Xcyton Diagnostics Limited) had a clinical
sensitivity of 57.4% and specificity of 95.6%."" S. pneumoniae and
Pseudomonas aeruginosa were the top two bacterial pathogens
isolated, and herpes simplex was the most common viral pathogen
isolated. SES result helped in changing empiric to targeted therapy
in 30% of the cases.

In our study the yield of FA-ME panel was 23.6% as compared
to 3% by the standard microbiological methods. Majority were
viruses contributing to better diagnostic yield by FA-ME panel.
In previous studies as well, viruses accounted for the majority.’
Bacterial pathogens were also picked up better by FA-ME panel
(1.6% by culture vs 24.5% by FA-ME panel). The overall low yield of
the FA-ME panel was probably due to prior antibiotic therapy as

the majority come after initial empiric antibiotic exposure. Itis to be
noted that similar results were found in CSF FA-ME when studied in
negative Gram’s stain cases by Wootton et al.> Also itis to be noted
that 26.3% had a noninfectious cause for their symptoms which
would have contributed to low yield.

The commonest organism was enteroviruses, closely followed
by varicella and pneumococci. Meningococcus and cryptococcus
were not noted and none in the study had HIV. A seasonal
prevalence of enterovirus infection was also noted in the study
with clustering of cases in the period from October to December.
Previous data reveal that though enteroviral meningitis can occur
round the year, it usually peaks during the summer.'? Only further
study will help to understand seasonality in this part of the world
and avoid unnecessary antimicrobials.

FA-ME panel has some inadequacies as it can fail to detect
nosocomial pathogens in a setting of post-trauma or post-op
meningitis as these are usually caused by gram-negative bacteria
like K. pneumoniae, Acinetobacter, Pseudomonas, and methicillin-
resistant Staphylococcus aureus (MRSA). This may explain the
pathogens that were detected by conventional culture but were
missed in the FA-ME panel (Table 1). Certain community onset
pathogens that can present as acute meningitis syndrome like
leptospirosis, scrub typhus, dengue fever,and common subacute
to chronic meningitis like TB can be missed by using this panel
as a stand alone test. This is similar to a study by Wootton et al.,
where West Nile virus and histoplasmosis which are the important
causes of ME in their geographic area were not detected by the
panel.? Hence in appropriate clinical situations, serology for the
above tropical infections as well as CB-NAAT for TB should be
additionally done.

FA-ME panel can help in antimicrobial stewardship if prompt
revision in treatment is made based on the PCRreports. Among the
FA-ME panel positive group, antibiotic de-escalation was noted in
49%, whereas in the negative group, de-escalation happened in
only 32%, the difference being statistically significant. In his study
by MacVane looking at the FilmArray blood culture identification
(FA-BCID) panel, when it was linked to antimicrobial stewardship
program (ASP) intervention, antibiotic de-escalation happened
more effectively than without.”

CONCLUSION

FA-ME panel improves diagnostic yield as compared to bacterial
culture (26.3 vs 3%). Viruses were the comonest and the majority
were enteroviruses which is the likely reason for improved
yield. Enteroviruses showed seasonal prevalence and occurred
commonly between October and December. Those bacteria that
grew in CSF culture but not identified by FA-ME panel were not in
the panel, were nosocomial pathogens or unusual pathogens and
the gap in diagnosis need to be understood. Also, if ME syndrome
is considered secondary to TB, tropical infections, or zoonotic
neurotropic viruses, additional tests are needed for diagnosis. The
group that had positive results by this panel resulted in greater
antibiotic de-escalation.
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