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ABSTRACT

Background: Meningitis causes significant mortality in sub-Saharan Africa and limited diagnostics exist. We
evaluated the utility of the BioFire® FilmArray® Meningitis/Encephalitis multiplex PCR panel (BioFire ME) in
HIV-infected adults and HIV-infected and uninfected children presenting with suspected meningitis in
Uganda.
Methods: We tested cerebrospinal fluid (CSF) using a stepwise meningitis diagnostic algorithm including Bio-
Fire ME. We determined the diagnostic performance of BioFire ME for cryptococcal meningitis, using crypto-
coccal antigen (CrAg) and CSF culture as reference standards, and assessed other central nervous system
(CNS) pathogens identified by the panel.
Results: We evaluated 328 adult and 42 pediatric CSF specimens using BioFire ME. Of the adult CSF samples
tested, 258 were obtained at baseline, and 70 were obtained from repeat lumbar punctures in cryptococcal
meningitis. For Cryptococcus, sensitivity was 82%, specificity was 98%, PPV was 98%, and NPV was 79% in base-
line specimens using CSF CrAg as the reference standard. Among follow-up specimens, a negative BioFire ME
for Cryptococcus predicted CSF culture sterility with 84% NPV. Overall sensitivity was decreased at low fungal
burdens: 29% for 0—99 Cryptococcus CFU/mL compared to 94% for >100 CFU/mL in baseline specimens. Other
pathogens detected included E. Coli, H. influenzae, S. pneumoniae, CMV, enterovirus, HSV, HHV-6, and VZV.
Two specimens tested positive for S. pneumoniae and one for Cryptococcus in the pediatric population.
Conclusions: Multiplex PCR is a promising rapid diagnostic test for meningitis in adults and children in
resource-limited settings. Cryptococcus at low fungal burdens in CSF may be missed by BioFire ME.

© 2021 SFMM. Published by Elsevier Masson SAS. All rights reserved.

Introduction

infections in people worldwide [3]. Bacterial meningitis is associated
with high mortality and the risk of long-term, major sequelae is high-

Meningitis causes significant morbidity and mortality in sub-
Saharan Africa [1]. Meningitis caused by Cryptococcus neoformans is
the leading cause of adult meningitis in this region and is a major
contributor to HIV-related mortality, responsible for approximately
15% of AIDS-related deaths [2]. Viral, bacterial and parasitic infections
also cause deadly and debilitating central nervous system (CNS)
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est in low-income countries and in Africa [4]. In children living in
malaria-endemic regions, cerebral malaria can further obscure a
meningoencephalitis clinical picture. Distinguishing cerebral malaria
from other CNS infections is essential for rapid and effective treat-
ment initiation [1].

The diagnosis of cryptococcal meningitis is straightforward and
inexpensive where the cryptococcal antigen (CrAg) lateral flow assay
(LFA) is available [5]. Diagnosis of other causes of meningitis relies
upon correlation of clinical presentation with routine and specialized
CSF testing. Specialized testing, including serology or PCR-based
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testing for individual pathogens is not frequently available in African
settings. One exception is the GeneXpert MTB/RIF, a cartridge-based
assay for Mycobacterium tuberculosis, available throughout much of
Africa through a concessional pricing scheme [6].

Despite the introduction of the CrAg-LFA and Xpert MTB/RIF,
rapid and affordable diagnosis of meningitis remains challenging,
especially in resource-limited settings. In 2017, the WHO officially
called out to biotechnology companies to develop rapid diagnos-
tic tests (RDTs) for meningitis [7]. Multiplex PCR-based testing for
infectious diseases has become commonplace in high-income
countries and is emerging in low-income countries [8]. The effec-
tiveness of Xpert MTB/RIF and its utility in developing countries
demonstrates the potential of PCR-based testing in resource-lim-
ited settings. We evaluated the clinical utility of the FDA-
approved, multiplex PCR-based commercial assay (the BioFire®
FilmArray® Meningitis/Encephalitis (ME) panel; BioFire Diagnos-
tics, Salt Lake City, Utah, USA) which tested cerebrospinal fluid
(CSF) on-site in Uganda for two cohorts of adults and children
presenting with suspected meningitis.

Materials and methods

This study was conducted in part as a diagnostic sub-study for the
Adjunctive Sertraline for the Treatment of HIV-Associated Cryptococ-
cal Meningitis (ASTRO-CM) trial [9]. ASTRO-CM was a phase III ran-
domized, double-blind, placebo-controlled trial to evaluate whether
adjunctive sertraline would improve survival in cryptococcosis. This
study included HIV-infected adults with suspected meningitis
screened with a diagnostic lumbar puncture. Diagnosis of cryptococ-
cal meningitis was made by CrAg-LFA and later confirmed by CSF fun-
gal culture. Those with confirmed cryptococcal meningitis
underwent therapeutic lumbar punctures (LPs) on days 3, 7, and 10
—14 of amphotericin therapy and additionally as clinically required
for intracranial pressure control.

We tested baseline CSF samples collected at recruitment to deter-
mine the performance of the BioFire ME for diagnosing cryptococcal
meningitis compared to CSF CrAg. To further investigate BioFire ME’s
ability to detect Cryptococcus at lower fungal burdens and to deter-
mine correlation of a negative result with reversion to culture steril-
ity, we tested CSF from a subset of follow-up therapeutic lumbar
punctures among adults receiving treatment for cryptococcal menin-
gitis; for these repeat CSF samples we used CSF culture as the refer-
ence standard. Additionally, both HIV-infected and uninfected
children presenting with signs and symptoms suggestive of CNS
infection, such as cerebral malaria and/or meningitis, were included
as a separate analysis.

Setting and individuals

From September 2016 to April 2019, we recruited HIV-infected
adults presenting with suspected meningitis to Mulago National
Referral Hospital and Mbarara Regional Referral Hospital (MRRH)
in Uganda. Participants were investigated for infective meningitis
using a stepwise diagnostic algorithm (Supplemental Figure 1).
For the pediatric cohort, we recruited children aged 0—17 years
admitted to the MRRH pediatric ward from July 2017 to October
2018. We collected clinical data in real-time from existing patient
charts using an intake form. If the child received a procedure or
laboratory testing as part of their routine care, these data were
recorded.

All participants (or surrogates) provided written informed con-
sent for lumbar puncture (LP), CSF testing and storage, and data col-
lection. Institutional review boards in Uganda and at the University
of Minnesota approved the study. BioFire ME cartridges were
donated by BioFire Diagnostics at no cost as part of investigator-
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initiated research. BioFire Diagnostics played no role in the collection,
analysis, or interpretation of study data.

CSF samples and examination

CrAg testing was performed on all CSF specimens, and Xpert MTB/
RIF was performed on CrAg-negative CSF specimens. Cryptococcal
meningitis was diagnosed immediately at the bedside using CrAg-
LFA (Immy, Norman, Oklahoma). All routine CSF and blood testing
was performed locally, and included CSF white cell count, protein,
glucose, staining and bacterial cultures [10]. Quantitative CSF fungal
cultures were performed using Sabouraud Dextrose Agar (SDA) on
fresh CSF with five 1:10 serial dilutions of 100 uL of CSF[11]. A posi-
tive culture was defined as any growth of Cryptococcus after 10 days.
Mycobacterial culture using solid and liquid media and tuberculosis
testing using Xpert MTB/RIF Ultra were performed on CrAg-negative
CSF specimens. CSF analyzed by BioFire ME was on site, prospec-
tively, and in real time per manufacturer’s instructions.

In the pediatric cohort, BioFire ME was performed on all CSF sam-
ples collected from the MRRH pediatric ward, obtained per clinician
judgment as part of the diagnostic workup for children presenting
with symptoms of meningitis. Additional laboratory testing including
complete blood count, blood chemistries, malaria rapid direct test,
and rapid HIV testing were performed on individuals per clinician
discretion.

Statistical analyses

We used CSF from baseline LPs to calculate the sensitivity and
specificity of BioFire ME for identification of Cryptococcus in adult
patients. We used CrAg-LFA as the reference standard in patients pre-
senting with their first episode of cryptococcal meningitis, and fungal
culture in patients with a previous history of cryptococcosis. We
assessed BioFire ME’s ability to detect Cryptococcus over the treat-
ment course by analyzing additional adult specimens obtained by
therapeutic LPs 2—28 days after cryptococcal diagnosis. We calcu-
lated positive and negative predictive values compared to CSF fungal
culture (reference standard). Additional outcomes included detection
of other CNS pathogens by BioFire ME. Except for Cryptococcus, no
reference standards were used to confirm the presence of other
pathogens.

Results
Adult cohort

We prospectively collected and tested 328 adult CSF specimens
using BioFire ME. Of all CSF samples collected, 258 specimens (79%)
were collected at hospital presentation (baseline tests). Of these base-
line tests, 106 (41%) were collected from CrAg-negative individuals,
and 152 (59%) CSF specimens were collected from CrAg-positive indi-
viduals, 11 of whom were presenting with a second symptomatic epi-
sode with a differential diagnosis of culture-positive relapse versus
paradoxical immune reconstitution inflammatory syndrome. Table 1
describes the demographics, clinical characteristics and baseline CSF
analysis results, stratified by CSF CrAg status.

Of baseline specimens tested by BioFire ME, 41% (105/258) had no
pathogen detected; 41% (106/258) detected Cryptococcus only; 8%
(21/258) detected Cryptococcus and another pathogen, and 10% (26/
258) detected another pathogen only (Table 2). Cryptococcus was
detected by BioFire ME in 82% (125/152) of CSF CrAg-positive CSF,
and in 2% (2/106) of CSF CrAg-negative specimens. This yielded an
overall BioFire ME Cryptococcus diagnostic sensitivity of 82%, a speci-
ficity of 98%, a positive predictive value of 98%, and a negative predic-
tive value of 79%, when using CSF CrAg as the reference standard.
One of the two false positives occurred in an individual with a
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Table 1
Baseline demographics of adult HIV+ cohort by CSF CrAg status.
CSF CrAg+ CSF CrAg-
N=152 N=106
Demographics
Age, years 34[30; 40] 34(29; 42]
Women 55 (36%) 52 (49%)
Weight, kg 51[49; 59] 53.5[50; 60]
Clinical Characteristics
Glasgow coma scale < 15 70 (46%) 76 (71%)
Duration of HIV, months 14.1[0.5,49.4] 3.7[0.2,32.1]
CD4 cell count, cells/mm? 15 [6; 47] 58[19;170]
Receiving ART 79 (52%) 56 (54%)
Baseline CSF Analysis Results
Opening Pressure, cm H,0 ~ 27[19; 40] 1419.5; 23]
Cryptococcus CFU/mL 100,500 [1100; 520,000] O
CSF white cells >5/uL 56 (39%) 35(35%)
CSF protein, mg/dL 40 [23; 88] 37[22;100]

Data are N (%) or medians with [P25, P75].
Abbreviations: CSF, cerebrospinal fluid; CrAg, cryptococcal antigen; CFU, col-
ony-forming units.

positive serum CrAg but negative CSF CrAg; thus, disseminated cryp-
tococcosis with early meningitis was possible. Serum CrAg testing
was not performed on the other false positive CSF sample.

The sensitivity of BioFire ME in baseline CSF samples was depen-
dent on fungal burden, with lower assay sensitivity at low fungal bur-
dens. Of the 27 BioFire ME false negatives in baseline specimens: 52%
(14/27) were from specimens with sterile CSF cultures (no growth in
CSF cultures despite having a positive CSF CrAg) and the BioFire ME
sensitivity among samples with sterile CSF cultures was only 13% (2/
16). While the overall sensitivity was improved using CSF cultures
rather than CSF CrAg as reference standard, the sensitivity among
baseline CSF samples with positive growth of Cryptococcus was nota-
bly dependent on fungal burden. The overall sensitivity among those

Table 2
Results and diagnostic performance of BioFire ME in baseline and diagnostic CSF
samples.

Baseline specimens Follow-up specimens
Cryptococcal Meningitis®  Cryptococcal Meningitis'

Yes No Overall  Yes No Overall

Summary of BioFire ME

results

No pathogen detected 23 82 105 5 21 26

Cryptococcus only by 104 2 106 22 10 32

BioFire ME

Cryptococcus and 21 0 21 3 4 7

another pathogen

Another pathogen 4 22 26 0 5 5

only

Overall 152 106 258 30 40 70
Summary of Cryptococcus

results

Cryptococcus detected 125 2 127 25 14 39

by BioFire ME

Cryptococcus not 27 104 131 5 26 31

detected by BioFire

ME

Overall 152 106 258 30 40 70
Diagnostic performance

for Cryptococcus

Sensitivity P (T+ | D+) 0.82 0.83

Specificity P (T- | D-) 0.98 0.65

Positive Predictive 0.98 0.64

Value P (D+| T+)

Negative Predictive 0.79 0.84

Value P (D- | T-)

* CSF CrAg at time of diagnosis used as gold standard in baseline specimens.

 CSF quantitative culture > 0 CFU/mL used as gold standard for follow-up (days
2-28) specimens; with the clinical question being whether a negative PCR predicts
a negative culture (84% negative predictive value).
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Fig. 1. Sensitivity of BioFire ME among baseline CSF samples, by initial Cryptococcus bur-
den. The sensitivity of BioFire ME for Cryptococcus was low in initial diagnostic CSF
samples with low quantitative culture growth (<100 CFU/mL). Most CSF samples in
this population generally presented with very high initial fungal burdens (>100,000
CFU/mL). Of persons with CSF CrAg positive only with sterile cultures, Biofire ME was
positive in 12.5% (2/16), excluding two persons with paradoxical IRIS.

with positive baseline CSF cultures was 91% (122/134); sensitivity for
fungal burden < 100 CFU/mL and >100 CFU/mL was 29% (2/7) and
94% (119/127), respectively (Fig. 1).

In the 11 individuals presenting with symptoms of meningitis and
a previous history of Cryptococcus (symptomatic relapse), BioFire ME
identified 89% (8/9) of cases of culture-positive fungal relapse and
was negative for Cryptococcus in both cases having sterile cultures.
Thus BioFire ME correctly classified culture status in 10 of 11 persons
with a second episode of cryptococcal meningitis.

Of the 70 CSF specimens that were collected from therapeutic
lumbar punctures performed 2—28 days after cryptococcal diagnosis
(Table 2), 30 had positive CSF cryptococcal cultures and 40 had sterile
CSF cultures. Cryptococcus was detected by multiplex PCR in 83% (25/
30) of specimens with positive CSF cultures and was not detected in
65% (26/40) of specimens with corresponding sterile cultures. BioFire
ME predicted conversion to culture sterility with 84% (26/31) nega-
tive predictive value (when BioFire ME was negative for Cryptococcus,
the culture was sterile).

In total, 328 CSF samples were collected and tested from 315 indi-
viduals. Thirteen individuals had both a baseline and follow-up test.
The sensitivity of BioFire ME in pooled specimens (both baseline
diagnostic samples and follow-up samples from those with crypto-
coccosis) using CSF culture as a reference standard was 81%
(Supplemental Table 1) and was still dependent on fungal burden,
with lower sensitivity of the assay at low fungal burdens
(Supplemental Figure 2).

A total of 47 individuals had a total of 55 other (non-Cryptococcus)
pathogens detected by BioFire ME in baseline CSF. This data is
further described in Table 3, with listing of pathogens detected by
cryptococcal status. The most common pathogens detected were
human herpes virus 6 (N = 12), Streptococcus pneumoniae (N = 11),
cytomegalovirus (N = 11), and varicella-zoster virus (N = 7). Except
for S. pneumoniae, which was more common in patients without
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Table 3
Results and diagnostic performance of BioFire ME in baseline CSF samples.
Concurrent cryptococcal meningitis ~ Non-cryptococcal meningitis ~ Overall
(N=152) (N=106) (N=258)
Number Frequency (%) Number Frequency (%) Number  Frequency (%)
Escherichia coli K1 0 0.0 1 0.9 1 0.4
Haemophilus influenzae 2" 13 1 0.9 3 1.2
Streptococcus pneumoniae 3" 2.0 8 7.5 11 43
Cytomegalovirus 6 4.0 5 4.7 11 43
Enterovirus 1 0.7 0 0.0 1 0.4
Herpes simplex virus 1 0 0.0 4 3.8 4 1.6
Herpes simplex virus-2 3 2.0 2 1.9 5 19
Human herpesvirus 6 7 4.6 5 4.7 12 4.7
Varicella zoster virus 4 2.6 3 2.8 7 2.7
Total number of pathogens 26 29 55

* Probable contamination during collection. Subsequent wearing of surgical masks during collection, eliminated further respiratory

pathogen detection.

cryptococcosis, the frequency that other pathogens were detected in
CSF was similar in patients with and without Cryptococcus.

Pediatric cohort

In the pediatric population, a total of 42 CSF specimens were pro-
spectively collected by baseline LP. The pediatric cohort consisted of
41% (17/42) females with a median age of 46 months (3.8 years). Of
those tested by BioFire ME, 14% (6/42) were HIV-positive, 19% (8/42)
were malaria-positive (either by RDT or smear), and 36% (15/42)
were taking antibiotics upon arrival to the hospital. S. pneumoniae
was detected in two (5%) samples, and Cryptococcus was detected in
one (3%) sample (also serum CrAg positive; no CSF CrAg obtained).
Routine CSF testing and BioFire ME testing were performed on all 42
specimens. Elevated CSF protein and elevated CSF white count sug-
gestive of meningitis were detected in only two (5%) specimens
(Supplemental Table 2).

Of the eight children who tested positive for malaria, all had a
negative BioFire ME result. Two children testing positive for S. pneu-
moniae were malaria negative and not taking antibiotics. Both chil-
dren with elevated CSF protein and white count suggestive of
meningitis were not taking antibiotics and tested negative by BioFire
ME. These data are presented in Supplemental Table 3.

Discussion

This study demonstrates that while BioFire ME offers promise as a
rapid diagnostic test for meningitis in specific clinical scenarios, its
utility in cryptococcal meningitis is limited by its poor sensitivity at
low fungal burdens. Our data also demonstrate that BioFire ME per-
forms better using CSF cryptococcal cultures as a reference standard
than it does using CSF CrAg as a reference standard. This observation
is supported by two additional studies from the United States that
evaluated N =37 and N = 50 CSF CrAg-positive samples [12,13]. Thus,
the poor sensitivity of BioFire ME for Cryptococcus in diagnostic speci-
mens can be partially explained through cases of CSF culture-nega-
tive, CrAg-positive meningitis, which was more common than
expected in this population. In contrast to previous studies which
attributed the high number of false negative results to persistent CSF
CrAg in the setting of previously treated cryptococcal meningitis, we
excluded cases of prior cryptococcal meningitis and assert that cul-
ture-negative CSF in our cohort represents early meningitis [14,15].
Thus, we feel that CSF CrAg was the appropriate reference standard
in this study. Furthermore, we observed poor sensitivity of BioFire
ME for Cryptococcus at low fungal burdens, even when using CSF cul-
tures as a reference standard. Given the diagnostic importance of
detecting Cryptococcus in CSF, we postulate that future PCR-based
assays for cryptococcal meningitis would benefit from optimized

sensitivity, even at the expense of worse specificity. In the meantime,
BioFire ME should not be a replacement for CrAg or cryptococcal cul-
ture in immunocompromised populations.

The high positive predictive value of BioFire ME that we observed
for Cryptococcus suggests utility in detecting infection in patients
with a low suspicion for cryptococcal disease, a finding that has been
substantiated in a recent systematic review [16]. In settings with
lower HIV prevalence, for example, cryptococcal diagnosis may be
fortuitous or delayed, and inclusion of Cryptococcus on a multiplex
PCR platform would allow for rapid recognition. Given the poor sen-
sitivity of BioFire ME for Cryptococcus at low fungal burdens, how-
ever, we would advise caution when interpreting test results,
especially in HIV-uninfected populations where the initial fungal bur-
den is often low [17]. In hospitals that have adopted multiplex PCR, a
negative BioFire ME result does not rule out Cryptococcus. Standard
assessment with CrAg and cultures should be performed whenever
the diagnosis remains elusive. This study provides further insight
into recent cases of missed cryptococcal meningitis due to false-nega-
tive BioFire ME results [17—20]. BioFire does not endorse the BioFire
ME panel as a standalone test to be used in place of CrAG testing, as is
described in the panel’s included technical note.

Despite the limitations in the diagnosis of cryptococcal menin-
gitis, we nonetheless observed clinical utility of CSF PCR for cryp-
tococcal disease and in measuring the response to anti-fungal
treatment. Currently, monitoring relies primarily on CSF cultures
(which take 7—10 days to result and are rarely available outside
research settings), and CrAg cannot be used to monitor response
as it can remain positive in CSF for months to years after initial
cryptococcal infection [21]. In follow-up specimens from patients
receiving treatment for cryptococcal meningitis, BioFire ME pre-
dicted conversion to culture sterility with a negative predictive
value of 84%. This suggests that PCR positivity clears with resolu-
tion of culture-positivity. One possible application of PCR could
therefore be the customized duration of amphotericin treatment
based on conversion to PCR negativity with treatment [22]. A
negative BioFire ME result could rapidly confirm either sterility
or very low fungal burden after which amphotericin therapy
could be discontinued, preventing its further toxic effects, short-
ening treatment length and reducing cost. This is considered off-
label use of the panel and would require further study.

BioFire ME could also be useful in differentiating culture-positive
relapse from other etiologies including paradoxical immune reconsti-
tution inflammatory syndrome (IRIS) with sterile CSF cultures in
patients presenting with recurrence of CNS symptoms. Currently, we
must rely upon ruling out relapse with labor-intensive and time-con-
suming CSF cryptococcal cultures, which severely limits the clinical
utility of said cultures [22]. Thus, a test capable of rapidly determin-
ing active infection would be an important advance in cases of
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Fig. 2. Universal Power Supply for BioFire ME instrument. Arrows indicate flow of electricity. Wall socket (A) is connected to Biofire ME instrument and a sine wave inverter (C). The
sine wave inverter is connected to the BioFire ME instrument and two 24-volt car batteries (D). When the BioFire ME is not in use, power flows from the wall socket via the sine
wave inverter to charge the batteries. During normal BioFire ME operation, wall socket provides power directly to the instrument. In case of a power interruption, the sine wave
inverter detects power interruption and instantly redirects power from the charged batteries to the BioFire ME instrument. When wall socket re-establishes power supply, the sine
wave inverter instantly redirects power from wall socket to recharge the batteries, and the wall socket returns to powering the BioFire ME instrument directly.

recurrent disease, and use of the CSF PCR for this purpose warrants
further investigation. Although our sample size was small, it is rea-
sonable to conclude the high specificity and high positive predictive
value of BioFire ME in this population.

This study is one of the first to evaluate multiplex PCR-based test-
ing for meningitis in children in a malaria-endemic, resource-limited
setting. Although limited by low enrollment in the pediatric arm, we
found that BioFire ME was helpful for excluding bacterial causes of
meningitis and did note one HIV-positive child testing positive for
Cryptococcus by BioFire ME (confirmed by serum CrAg), which indi-
cates Cryptococcus can affect both adults and children. We also
detected S. pneumoniae in two of the pediatric CSF samples. In both
of these cases, CSF cultures were negative despite the lack of antibiot-
ics, and contamination was suspected. Contamination is always a
consideration with molecular-based diagnostics, and these cases
highlight the need to interpret positive PCR results in the clinical
context.

Advantages to BioFire ME in our setting included ease of set up,
minimal CSF processing, and multiple pathogen targets requiring a
small sample volume, and detection of other viral pathogens not oth-
erwise easily detected in this population. Disadvantages included
cost, difficulty servicing the instrument, and operating the instru-
ment on an inconsistent power grid. For power outages, a universal
power supply (UPS) system solved this issue. This UPS was created
using two 24-volt car batteries and a sine wave inverter, was made
with local supplies and could be serviced by local electricians (Fig. 2).
Including a built-in UPS adaptable to large batteries would ensure
continuous operation with variable power supplies.

Another disadvantage of BioFire ME is the inability to detect
pathogens that might be expected in our immunosuppressed popula-
tion. The addition of opportunistic pathogens such as M. tuberculosis,
Toxoplasma gondii and John Cunningham (JC) virus to the panel
would provide additional diagnostic utility in this population. Adding
M. tuberculosis to the panel would be particularly useful as it is pro-
posed to be the second-most common cause of meningitis in this
population. Finally, the costs of BioFire ME will continue to limit its
availability in sub-Saharan Africa unless efforts at subsidy or cost
reduction are made.

Conclusion

BioFire ME is easy to use and implement, demonstrates potential
utility in monitoring cryptococcal meningitis treatment response,
and may exclude relapse in cases of symptomatic recurrence. While
PCR is useful in detecting Cryptococcus for these reasons, we observed
poor sensitivity of the BioFire ME at low fungal burdens, and the costs
were significantly higher than traditional testing by CrAg or cultures.
Therefore, as described already in BioFire’s technical note on the
panel, it cannot be recommended as a standalone diagnostic test for
cryptococcal meningitis. BioFire ME was also useful for detecting viral
pathogens, though the clinical significance of detectable virus in our
immunocompromised population was often unclear. In immunosup-
pressed populations, the addition of common HIV-associated patho-
gens and M. tuberculosis would be optimal. In the pediatric
population, BioFire ME may be helpful in differentiating febrile illness
in children living in geographical regions with high malaria and men-
ingitis burden. Despite several limitations, BioFire ME offers an effi-
cient and promising means to rapidly and accurately diagnosing
meningitis globally in adults and children.
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