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ABSTRACT

Purpose: Rapid detection of etiologic organisms is crucial for initiating appropriate therapy
in patients with central nervous system (CNS) infection. This study aimed to evaluate the
diagnostic value of the BioFire® Meningitis/Encephalitis (ME) panel in detecting etiologic
organisms in cerebrospinal fluid (CSF) samples from febrile infants.

Methods: CSF samples from infants aged <90 days who were evaluated for fever were
collected between January 2016 and July 2019 at the Seoul National University Children's
Hospital. We performed BioFire® ME panel testing of CSF samples that had been used for
CSF analysis and conventional tests (bacterial culture, Xpert® enterovirus assay, and herpes
simplex virus-1 and -2 polymerase chain reaction) and stored at -70°C until further use.
Results: In total, 72 (24 pathogen-identified and 48 pathogen-unidentified) CSF samples
were included. Using BioFire® ME panel testing, 41 (85.4%) of the 48 pathogen-unidentified
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CSF samples yielded negative results and 22 (91.7%) of the 24 pathogen-identified CSF
samples yielded the same results (enterovirus in 19, Streptococcus agalactiae in 2, and
Streptococcus pneumoniae in 1) as those obtained using the conventional tests, thereby resulting
in an overall agreement of 87.5% (63/72). Six of the 7 pathogen-unidentified samples were
positive for human parechovirus (HPeV) via BioFire® ME panel testing.

Conclusions: Compared with the currently available etiologic tests for CNS infection, BioFire®
ME panel testing demonstrated a high agreement score for pathogen-identified samples and
enabled HPeV detection in young infants. The clinical utility and cost-effectiveness of BioFire®
ME panel testing in children must be evaluated for its wider application.

Keywords: Enterovirus; Parechovirus; Meningitis; Multiplex polymerase chain reaction
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2. BioFire® ME panel ZHA}

BioFire® ME panel A= A RAFS] AL AR 2ol Foto] AlddsiTh 222 @510
HFold of 29| HH 4l A& A-2olA sl 58 £ 200 uLE A F 5k F5-8 Al<fo]
e FE FHo| Y 42 F AFax%o] & & o] = BioFire® ME pouch®ll 5}
o] & 7|7]oll ARAIA £2ZEQ 05 o]-&5to] HAME st TH HARAQAIRE2 oF 1A]7F o]
WSt} BioFire® ME panel & 14712] Q1 YA A7} 7FH535HH E. coli K1, H. influenzae,

L. monocytogenes, N. meningitidis, Streptococcus agalactiae, S. pneumoniae, cytomegalovirus (CMV), EV,

Boan b

¢}

human herpesvirus 6 (HHV-6), HPeV, HSV-1, HSV-2, varicella zoster virus, Cryptococcus neoformans/
gatti7} ST}

3. I=Ilel 7-'|jl_|. 7-Ix.“9_| §|-O| 7-IA|.

714 A3}e} BioFire® ME panel HAF A7} =L 25 Aol tisiA A<l BAAof o
5Fo] PCRE Al Y5HRA T}, QIAamp Viral RNA Mini Kit (Qiagen, Valencia, CA, USA)E- ©]-8-5}9]
HFo] 2| A RNAE FE5}10] cDNAE 331t HPevoll thdt 291 Z Al+= 5 untranslated re-
gion (UTR)O| th$t ZAFA] 5'-AGC CAT CCT CTA GTA AGT TTG-3', 5'-GGT ACC TTC TGG GCA
TCC TTC-3"3E 0]-8-5}%4 2 L cDNA template, 2 uL 10x PCR buffer (Takara, Shiga, Japan), 2 uL
25 mM MgCl,, 1.6 pL 2.5 mM dNTP, 0.4 pL 10 pM each primer, 11.4 pL water, 0.2 pL TaKaRa Taq
polymeraseZ- 4301 & 20 uLE 95°C 52, 35 amplification cycles (95°C 303, 53.5°C 40, 72°C 40
,L) 72°C 722 = PCRE A5ttt Evell ot &1 H A= VP1 regions S5t A7

HZ AHESHITHY 2| 5 PCRAYAHE -2 1.5% agarose gelol| A &Q15}H3 T

4. A=A

712 AAR Q1 YA 7F &9l H F(pathogen-identified group)2t Q1 Z] k-2 (patho-
gen-unidentified group)©l| T 0]'01 ZHAA AP T =5 T E 1 4GS A5t o &
240 24 Ap v 3= 7ho] Al HHS A WS 71 £ A AT 7120 2 510] Bio-
Fire® ME panel FAF] Y| =& AAFSHATE A4 2492 SPSS 24.0 (IBM Corp., Armonk,
NY, USA) S AR&-sHITE PRt 0.05 1]THE SA14 2.2 -9 3 4= A o5ttt
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1. CHAF g}xl.o| CIAIM EXI

2016 19 7€ 20199 7 7HA] 90 1| RHe] For= R E| 3 H W A 2 1677H AT o] &
Zrdo] obd th-2 Rlo] 11 819, WHg Agho] =7, A% 713 o] =51, Lt
o] gl= 282 Al Qsto] F 7278 9] & ol HA|7F 2A o] e Tt o] F 242 7 E
ARl A ARl A 7F 2RI =] UL L 2] 4872 A1 W AA7F =1 =] 2] A Th(Fig. 1).
Al HAA7} 1 H 24T 0] Q12 EV 21, S. agalactiae 28, S. pneumoniae1g 0] T Q1 &
A7} 2l E 3} Q1E] 7] e - 7ko] AW B3 (p=0.868)2t A5 B (P=0.853)= 92
0|3k 2po] 7} AT, = A -H A Aol A Wi o Ft, gl Tl gl ) 5-0] ¢
Zholl M = 5= - 7+e] Xpo] = H o] 2] %3t TH(Table 1).

2. 7|=Zi A2} BioFire® ME panel ZiAtZ3to| 2x|=

7127 Atol| A o1 B A 7} 85 71 247] 74 A 9] BioFire® ME panel 7 AL 2 TH= 91.7% (22/24)
O A =5 HY o, AN H A7 A| 2] 22 4871 A A| 2] BioFire® ME panel ZAHE 2t
= 85.4% (41/48)2] YR =& H o], 2 A U] == 87.5% (63/72) A tH(Table 2).

167 CSF samples tested using
conventional methods

Exclusion criteria:

1. Proven etiology other than infection (n=81)
2. Chronic disease (n=7)

3. Congenital anomaly (n=5)

4. Afebrile (n=2)

72 CSF samples included and
tested using BioFire® ME panel

l
v '

Pathogen was identified in 24 Pathogen was not identified in 48
samples using conventional tests. samples using conventional tests.
- Enterovirus (n=21)

- Streptococcus agalactiae (n=2)

- Streptococcus pneumoniae (n=1)

Fig. 1. Flow chart of patients whose CSF samples were tested using BioFire® ME panel.
Abbreviations: CSF, cerebrospinal fluid; ME, Meningitis/Encephalitis.

Table 1. Demographic and clinical characteristics of patients (n=72)

Characteristics Pathogen-identified (n=24) Pathogen-unidentified (n=48)  P-value
Male 12 (50) 95 (52) 0.868
Age (days) 30 (13-79) 30 (9-82) 0.853
CSF analysis
WBCs (cells/mm?) 10 (0-5,800) 6 (0-709) 0.145
Neutrophils (x10°/L) 0 (0-3,384) 0 (0-47) 0.264
Lymphocytes (x10¢/L) 0 (0-26) 0 (0-81) 0.667
Protein (mg/dL) 75 (42-466) 72 (34-508) 0177
Ratio of CSF/serum glucose 0.56 (0.04-0.74) 0.57 (0.43-1.03) 0.348

Values are presented as number (%) or mean (range).
Abbreviations: CSF, cerebrospinal fluid; WBCs, white blood cells.
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Table 2. Comparison of results between BioFire® ME panel testing and conventional tests

Conventional test results BioFire® ME panel test results Total
Detected Not detected

Identified 29* of 24

Unidentified 7+ 41 48

Total 29 43 72

Abbreviations: ME, Meningitis/Encephalitis.
*Enterovirus (n=19), Streptococcus agalactiae (n=2), Streptococcus pneumoniae (n=1); 'Enterovirus (n=2);
*Enterovirus (n=1), human parechovirus (n=6).

Table 3. Comparison of pathogens detected via the BioFire® ME panel testing with those detected via conventional tests

Method No. of samples
Pathogen-identified by conventional tests (n=24) Pathogen-unidentified by conventional tests (n=48)
Streptococcus agalactiae  Streptococcus pneumoniae Enterovirus Human parechovirus Enterovirus
Conventional tests 2 1 21 0 0
BioFire® ME panel testing 2 1 19 6 1

Abbreviations: ME, Meningitis/Encephalitis.

ol HAA 78] X 247) A A 2] BioFire® ME panel 230l A S. agalactiae 27N, S. pneumoniael

7N, EV197H7F D %] 51 ot 71 E 7 At A EvZE A EH 2702] HA7F-SAd o] it ol Y

A7} B A 2] -2 487 HA = 67l Aol A 7| ZZH Al A= AL 0] ofU 1 E HPev
7Y HE = A, 170 Aol A Ev7t HE 5] Sl THTable 3).

w

. SUX| 21t HH|e| =l ZHAL

=2 ‘il AAELE BRI 97]e] HA| F 67l 71 &AL &0l ZHE A] @52 HpeV7H HE 5]
AL 37l BV 227 EL X6kl Aol 53370 HA S Al efstal Y A 67] A
ol A pPCRE &1 HAAFE A Y5t} BioFire® ME panel Z ol A HPevZ| HEH 47= &<l
AAFPCRONA 5 HEEH Tt 7]|E 7 Aol A V7t 7 &% AL BioFire® ME panelol| A &
)R] ek2 AA| 17112} 71 & Ao A EVZF A EE] A &EFTL BioFire® ME panelol| A A&H 7
A 170= Ev &1 AL PCROIA 25 HEE I ThHTable 4).

2 AFolM = k= G el A4 HARR] BioFire® ME panel AL HR 9] 2IHH4] {8
w7keh7] Slal Lol 31 002 vjnke] ofol A 243 sko] 7orcol HHEIE 14

Table 4. Summary of discrepant results between BioFire® ME panel testing and conventional tests

Conventional tests BioFire® ME panel testing Discrepancy follow-up tests via PCR
1 Enterovirus Negative Enterovirus
2 Enterovirus Negative NA*
3 Negative Enterovirus Enterovirus
4 HPeV not tested HPeV HPeV
5 HPeV not tested HPeV NA™
6 HPeV not tested HPeV HPeV
7 HPeV not tested HPeV NA™
8 HPeV not tested HPeV HPeV
9 HPeV not tested HPeV HPeV
Abbreviations: ME, Meningitis/Encephalitis; PCR, polymerase chain reaction; HPeV, human parechovirus; NA, not
applicable.

*Insufficient cerebrospinal fluid volume for testing.
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