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Figure 1. Schematic diagram of two common point-of-care techniques: lateral flow immunoassay (A) and microfluidics (B). PCR, Polymerase
chain reaction. These figures are adapted from the homepages of (A) ABINGDON HEALTH (https://www.abingdonhealth.com/articles/com-
petitive-inhibition-sandwich-immunoassay-formats-lateral-flow/) and (B) Research in Bio-Optofluidic System Lab (http://homepage.ntu.edu.

tw/~nthuang/research.html).
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Table 1. WHO “ASSURED?” criteria for the ideal point of care test

A: Affordable

S: Sensitive - avoid false negative results

S: Specific - avoid false positive results

F: User-friendly - simple to perform and requiring minimal
training

: Rapid/Robust - to enable treatment at first visit

: Equipment - free

: Deliverable - accessible to end users
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Table 2. Common pathogens and specimens for a commercial
point-of-care system based on lateral flow immunoassay

Pathogen

Group A Streptococcus (GAS)
Influenza viruses

Respiratory syncytial virus (RSV)

Specimen
Pharyngeal swab
Nasal swab/aspirate
Nasal swab/aspirate

Legionella pneumophila Urine
Streptococcus pneumoniae Urine
Rotavirus Stool
Norovirus Stool
Clostridium difficile Stool
Giardia lamblia Stool

Blood, Oral fluid
Chlamydia trachomatis Vaginal swab, Urine
Malaria Blood

Human immunodeficiency virus
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Table 3. Commercial point-of-care system based on a microfluidic chip

Item Representative tests
Alere I (Alere) Influenza A/B, RSV, Strep A

Cobas Liat (Roche) Influenza A/B, Influenza A/B and RSV, Strep A

GeneXpert (Cepheid) C. difficile, MRSA, CRE, Strep A, MTB/RIF, Influenza/RSV,

BD MAX (Becton Dickinson) MRSA X7, C. difficile, Staph SR Nasal, GBS,

Verigene (Luminex)

FilmArray
(BioFire Diagnostics)

Enteric bacterial panel (Sa/monella spp., Shigella spp., Campylobacter spp., Shiga toxin 1&2),

Extended Enteric bacterial panel (Y. enterocolitica, Aeromonas spp. / P. shigelloides, Vibrio vulnificus,
parahaemolyticus and cholerae, ETEC)

Extended Enteric Viral Panel (Norovirus GI/GII, Rotavirus, Adenovirus, Sapovirus, Astrovirus)

Enteric parasite panel (G. lamblia, E. histolytica, C. parvum & hominis)

Vaginal panel (Lactobacillus spp. G. vaginalis, A. vaginae, BVAB-2 & Megasphaera-1, Candida spp., C.
glabrata, C. krusei, T. vaginalis)

Respiratory Pathogens Flex test (Influenza A/B, Parainfluenza 1/2/3/4, Rhinovirus, RSV, Adenovirus,
Human Metapneumovirus, Bordetella pertussis, B. parapertussis/bronchiseptica, B. holmesii)

Enteric Pathogens Test (Campylobacter group, Salmonella spp., Shigella Spp., Vibrio group, Y. enter-
ocolitica, Shiga toxin 1/2, Rotavirus, Norovirus)

Clostridium difficile Test (Toxin A/B, PCR Ribotype 027 hypervirulent strain)

Gram-positive Blood culture test (S.aureus, S. epidermidis, S. lugdunensis, S. anginosus Group, S. aga-
lactiae, S. pneumoniae, S. pyogenes, E. faecalis, E. faecium, Staphylococcus spp., Strepcoccus spp.,
Micrococcus spp., Listeria spp., mecA, vanA, vanB)

Gram-negative Blood culture test (E. coli, K. pneumoniae, K. oxytoca, P. aeruginosa, S. marcescens,
Acinetobacter spp., Citrobacter spp., Enterobacter spp., Proteus spp., CTX-M, IMP, KPC, NDM, OXA,
VIM)

Respiratory panel (Adenovirus, Coronavirus HKU1, NL63, 229E, OC43, Human Metapneumovirus,
Rhinovirus/Enterovirus, Influenza A/B, Influenza A/H1, H3, H1-2009, Parainfluenza 1/2/3/4, RSV, B.
pertussis, C. pneumoniae, M. pneumoniae)

Meningitis Panel (E. coli K1, H. influenza, L. monocytogenes, N. meningitides, S. agalactiae, S. pneumo-
niae, CMV, Enterovirus, HSV, Human parechovirus, VZV, C. neoformans/gattit)

Gastrointestinal panel (C. jejuni/coli/upsaliensis, C. difficile, P. shigelloides, Salmonella, Y. enter-
ocolitica, V. parahaemolyticus/vulnificus/cholerae, EAEC, EPEC, ETEC, STEC, E. coli 0157, EIEC,
Crytosporidium, C. cayetanensis, E. histolytica, G. lamblia, Adenovirus, Astrovirus, Norovirus GI/GII,
Rotavirus, Sapovirus)

¢

718r Aol AL 9ol T vlo|gA Q] astrovirus®} ad-

enovirusE A HEY F

g
A AL AAFES & AR

Diagnostics)'= Ujol 4] el AEO 2 QI BRA A, BE
AET = oy, A Eet Eolr= ZH7) 61.9%, 54.5%9}
96.8%, 100%= = 37%|%ITH31]. BinaxNow (Binax)2] Q&%

Alz}F A, B 9 RSV W= ZF7)F 53-80%, 16-47%, 46.4%=
B3] 91 11[4,15,32-34], QuickVue (Quidel)= ¢1ZZallzt A
o} BO| H&& 7hsshAIt e sk I nigteet

= A 1=y Clostridium
] q&-A 7|8 AAT B gt

HIV, A% 74 Hfole]s, BY 714 vpoj2|a gl AR 7185 Holme 47-71%2} 95%96%= HILE| ITH31,35]. &g 7|6}
o A&= I AAR 7Hs3lch olg~ & AEdhe ICT F% Aks Aol ksl
) _ _ H]-g-o] ARSAITE 2 vpo]2l A ufeko] W) W=}
2871 48 TR0 ofsE 2T 2 w7] ahizo] nsEzol Lt elilo] 7k o] Sl A5l
T57] vpelgla HE SA 9 @ JALR ICT7} 71 L gAolgte AAZF A= RT-PCRES S35t jeele A
de] ARgE 9ty Al AESE 7]EEE SD 3l ek AF ARseAo] FAF ZAR= SD bioline Sterp A

BIOLINE (Standard Diagnostics, Yongin, Korea), BinaxNOW
(Binax, Portland, ME, USA), QuickVue (Quidel, San Diego,
CA, USA), BD Directigen (Becton, Dickinson and Company,
Franklin Lakes, NJ, USA), QuickNavi (Denka-Seiken, Tokyo,
Japan), 5¢] $Jt}. SD BIOLINE rapid influenza (Standard

(Standard Diagnostics), BinaxNOW Strep A (Binax), QuickVue
In-Line™ Strep A (Quidel), BD LINK2 Strep A (Becton, Dickinson
and Company) 5o| ¢low WAL= 77-95%, Eo|k=
90-100%= H 1% AT} 1,36-38]. ICT= 2 U7} 5HA|
ol o] sfjdstr] sl 712 ICTol| Fd= A7kt &

- 184 -



- HAE 9 19l HE E

R AHo| ZfHE]QIc39]. BD Veritor System (Becton,

Dickinson and Company), SD Biosensor STANDARD F Analyzer

(SD Biosensor, Suwon, Korea) 2 Sofia analyzer (Quidel)7} T3

Ao QlEFAAIo]2] 2, RSV, AF Abed+t 59 A=
of Z-&%aL Ir}{39.40].

2|2 7k Alere i Influenza A & B (Alere)= AHS

Ire

_ﬁ
N )
ofl o olN

=

2 (nicking endonuclease amplification reaction)2 ©|-&-3t
Acko]th(Table 3) [27,41]. o] A|AEL oF [SE o]ujo]
AR} QIR vo] B AS U Fh5ahn glEE
A A, B, AR Aredate] W Eel Bole= 22t 97.8%,
91.8%, 98.7%%2} 85.6%, 96.3%, 98.5%% X i1%|%iTH41,42].
Cobas Liat system (Roche) H|A|G-A| 58k} AA7F 58
4 A4ks2 7Rk = o HApH o = HA|o] A g
A2 B B2 oA JPsT AR BAolt 158
ol Ax} gelo] 7kt QIEFAA} A, B, RSVE] YIfHE
L 217} 99.6%, 99.3%, 96.8%F KI1E|TH43].

(2t 2 ZEolM ol2&l= sE AAt
AP A5 Ak 9%t o A g 859
= 7 =659 At 259 Hiol#y)
VERIGENE” (Luminex Corporation, Austin, TX, USA) Enteric
Pathogens Test (EP)1} & 2352] WYX 9 HE0| 75313
2o Al 589 vlo|2|aet 5% 7|43 FilmAmay”
(BioFire Diagnostics, Salt Lake City, UT, USA) Gastrointestinal
(GD) Panelo] tis2jo|tidd]. 54 HAf vlol2is Ha 7|E
% SD BIOLINE Rota/Adeno Rapid (Standard Diagnostics)+ ro-
tavrius@} adenovirus®] FA| HEo] 7hsdhH WL}l ol
= ZZF 94.9%%2} 100%, 94.8%2} 71.4%=2 H 1= 1TH45].
C. difficile =4 &2 BD MAX™ Cdiff assay (Becton
Dickinson)?} Xpert C. difficile assay (Cepheid, Sunnyvale, CA,
USA)= T AALR o]8 71-53}3l, Nanosphere verigene en-
teric pathogen (Luminex)Z} FilmArray GI panel (BioFire
Diagnostics)2- tH5-3ld AL 5 stz AP 78tk 2t
AAMR S WA == ZHZF 90%, 96.9%, 98.7%, 97.1%%2 R I1E]
21 tH46-49]. ICT HAFZ+= C. DIFF QUIK CHEK (TECHLAB,
Blacksburg, VA, USA) 5©°] il C difficile =4 A9} B9
Al HE0] 7Fs3HS0).

4o
N

e g
T

}od
™

o

&

Y

3

gll
02
>
©
2
>
==
o
=]
2

ol Al ICT 7]4F &% AP} tisto]n, v]ima

Yt 7120 w2

P!
chek Ak AH|7E Be glo] el o9 FolA

A
shan Qlek shAINE W vigEL A4Hom el 9

s

How AAEL Yt o2 Fualy| Slste] @ okt A
al

L7} o] Roj R AL QIaL AA| RIFI=S] o] K

B, A ) Ao Sfat g FEe oS- ol ek B4

ek Aape] dEw) A mAlA 71zl

& AAREel EEAL o 7S EAk

Aol AR SN WY ALY FoAe e
ofc. |AF AAte] WEre 3%} o=l A 0]
B WIBkE 7bAE Aotk ke A el o A
S AAO] e AARE] AXZE A U I

o

4]

of {83k yrjoltt. shAJRt

C
tein) TE+= procalcitonin®} Zro] =

F-E ru
o X
s &
o
ox oSOF
lo & =

o
z
N
N
N
1B
2

Eut

ot

X
T N
r oW 2 N uomo et

ol
2

e Agke] Age] Eag S vholentr|e] i g I

asit}.

my
T

3
e bl

=)
=
Jo
24
N
T
1o
&
e

N
A
i3
2
o

)

2 v v
o|m7| ol A2l Al Yol
FAAME A4Sk 2] go

o o w2 1o fN
iR
ﬂ:—r‘
o Lo

5
i}
of

o
r
o
_1

Hho] eul] o] it} AntE7]7)oke] %
Ao wds) B Aol
¥

A eof: A% Ak A

5

ot
et
oN
oe,

- 185 -

A&HoR F74g AOR

ol
8
O,
a
H
o
~
>
rr
i
flo r

. rE o]
E]\l
H1
il
ook
ox
>
N
N
Ho
%
-

g:p
224
olN
1
rE
Mo
o
=

Pl 9 A AAE 94 AR @A o] &g 27t

N

T =, A=

YOo2 b5 Fdd



o] e Ay(ulea
gl e ARk ER T EE o] o

— The Korean Journal of Medicine: Vol. 93, No. 2, 2018 —

2RO QYo g (A)Hto] L

TNEARD) ] A e

ol 3% AU THIAIH S 2014M3A6B2060509).
REFERENCES
1. Sheeler RD, Houston MS, Radke S, Dale JC, Adamson SC.

10.

11.

12.

13.

Accuracy of rapid strep testing in patients who have had re-
cent streptococcal pharyngitis. J Am Board Fam Pract
2002;15:261-265.

Chin CD, Linder V, Sia SK. Lab-on-a-chip devices for glob-
al health: past studies and future opportunities. Lab Chip
2007;7:41-57.

Blyth CC, Iredell JR, Dwyer DE. Rapid-test sensitivity for
novel swine-origin influenza A (HIN1) virus in humans. N
Engl J Med 2009;361:2493.

Booth S, Baleriola C, Rawlinson WD. Comparison of two
rapid influenza A/B test kits with reference methods show-
ing high specificity and sensitivity for influenza A infection.
J Med Virol 2006;78:619-622.

. DiDomenico N, Link H, Knobel R, et al. COBAS AMPLICOR:

fully automated RNA and DNA amplification and detection
system for routine diagnostic PCR. Clin Chem 1996;42:
1915-1923.

Bustin SA, Mueller R. Real-time reverse transcription PCR
(qRT-PCR) and its potential use in clinical diagnosis. Clin
Sci (Lond) 2005;109:365-379.

Yager P, Edwards T, Fu E, et al. Microfluidic diagnostic
technologies for global public health. Nature 2006;442:
412-418.

Lee WG, Kim YG, Chung BG, Demirci U, Khademhosseini
A. Nano/Microfluidics for diagnosis of infectious diseases
in developing countries. Adv Drug Deliv Rev 2010;62:
449-457.

Kettler H, White K, Hawkes S. Mapping the landscape of di-
agnostics for sexually transmitted infections: key findings
and recommendation. Geneva: World Health Organization,
2004.

St John A. The evidence to support point-of-care testing.
Clin Biochem Rev 2010;31:111-119.

Sharma S, Zapatero-Rodriguez J, Estrela P, O'Kennedy R.
Point-of-care diagnostics in low resource settings: present
status and future role of microfluidics. Biosensors (Basel)
2015;5:577-601.

Yager P, Domingo GJ, Gerdes J. Point-of-care diagnostics
for global health. Annu Rev Biomed Eng 2008;10:107-144.
Martinez AW, Phillips ST, Whitesides GM, Carrilho E.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

- 186 -

Diagnostics for the developing world: microfluidic pa-
per-based analytical devices. Anal Chem 2010;82:3-10.

Hu J, Wang S, Wang L, et al. Advances in paper-based
point-of-care diagnostics. Biosens Bioelectron 2014;54:
585-597.

Smit M, Beynon KA, Murdoch DR, Jennings LC. Comparison
of the NOW Influenza A & B, NOW Flu A, NOW Flu B, and
Directigen Flu A+B assays, and immunofluorescence with vi-
ral culture for the detection of influenza A and B viruses. Diagn
Microbiol Infect Dis 2007;57:67-70.

Rashid H, Shafi S, Haworth E, et al. Value of rapid testing
for influenza among Hajj pilgrims. Travel Med Infect Dis
2007;5:310-313.

Xu Y, Liu Y, Wu Y, Xia X, Liao Y, Li Q. Fluorescent
probe-based lateral flow assay for multiplex nucleic acid
detection. Anal Chem 2014;86:5611-5614.

Rohrman BA, Leautaud V, Molyneux E, Richards-Kortum
RR. A lateral flow assay for quantitative detection of ampli-
fied HIV-1 RNA. PLoS One 2012;7:¢45611.

Mak WC, Sin KK, Chan CP, Wong LW, Renneberg R.
Biofunctionalized indigo-nanoparticles as biolabels for the
generation of precipitated visible signal in immunodipsticks.
Biosens Bioelectron 2011;26:3148-3153.

Wang S, Lifson MA, Inci F, Liang LG, Sheng YF, Demirci
U. Advances in addressing technical challenges of point-of-
care diagnostics in resource-limited settings. Expert Rev
Mol Diagn 2016;16:449-459.

Drancourt M, Michel-Lepage A, Boyer S, Raoult D. The
Point-of-care laboratory in clinical microbiology. Clin
Microbiol Rev 2016;29:429-447.

Notomi T, Okayama H, Masubuchi H, et al. Loop-mediated
isothermal amplification of DNA. Nucleic Acids Res
2000;28:E63.

Francois P, Tangomo M, Hibbs J, et al. Robustness of a
loop-mediated isothermal amplification reaction for diag-
nostic applications. FEMS Immunol Med Microbiol 2011;
62:41-48.

Henson AM, Carter D, Todd K, Shulman ST, Zheng X.
Detection of Streptococcus pyogenes by use of Illumigene
group A Streptococcus assay. J Clin Microbiol 2013;51:
4207-4209.

Pierce VM, Elkan M, Leet M, McGowan KL, Hodinka RL.
Comparison of the Idaho Technology FilmArray system to
real-time PCR for detection of respiratory pathogens in
children. J Clin Microbiol 2012;50:364-371.

Binnicker MJ, Espy MJ, Irish CL, Vetter EA. Direct de-
tection of influenza A and B viruses in less than 20 minutes
using a commercially available rapid PCR assay. J Clin
Microbiol 2015;53:2353-2354.

Bell JJ, Selvarangan R. Evaluation of the Alere I influenza



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

— Si Hyun Kim, et al. POC of Infectious Diseases —

A&B nucleic acid amplification test by use of respiratory
specimens collected in viral transport medium. J Clin
Microbiol 2014;52:3992-3995.

Ioannidis P, Papaventsis D, Karabela S, et al. Cepheid
GeneXpert MTB/RIF assay for Mycobacterium tuberculosis
detection and rifampin resistance identification in patients
with substantial clinical indications of tuberculosis and
smear-negative microscopy results. J Clin Microbiol 2011;
49:3068-3070.

Buchan BW, Ledeboer NA. Emerging technologies for the
clinical microbiology laboratory. Clin Microbiol Rev
2014;27:783-822.

Song SH, Kim E. Rapid Diagnosis of respiratory virus
infection. J Lab Med Qual Assur 2007;29:207-210.

Yoo Y, Sohn JW, Park DW, et al. Clinical evaluation of the
SD Bioline influenza virus antigen test for rapid detection of
influenza viruses A and B in children and adults during the
influenza season. Clin Vaccine Immunol 2007;14:1050-
1052.

Cruz AT, Cazacu AC, Greer JM, Demmler GJ. Rapid assays
for the diagnosis of influenza A and B viruses in patients
evaluated at a large tertiary care children's hospital during
two consecutive winter seasons. J Clin Virol 2008;41:143-
147.

Song JH, Park JS, Choi YJ, Kim HJ, Nam HS, Kim YB.
Clinical utility of rapid influenza antigen test. J
Soonchunhyang Med Sci 2009;15:125-132.

Son JA, Kim SH, Shin JH, et al. Comparison of the clinical
performance of Binax NOW RSV versus multiplex RT-PCR
for detection of respiratory syncytial virus. Lab Med Online
2015;5:27-32.

Kim JS, Choi HJ, Ahn YM, Hwang YO. Clinical usefulness
of rapid antigen test on the diagnosis of influenza. Korean J
Pediatr 2005;48:1348-1353.

Gerber MA, Randolph MF, Chanatry J, Wright LL, DeMeo
KK, Anderson LR. Antigen detection test for streptococcal
pharyngitis: evaluation of sensitivity with respect to true
infections. J Pediatr 1986;108(5 Pt 1):654-658.

Abdullah N, Hamad MN. Sensitivity and specificity of rapid
antigen test in diagnosis of streptococcal upper respiratory
tract infection. LMJ 2016;2:6-9.

Kim S. The evaluation of SD Bioline Strep A rapid antigen
test in acute pharyngitis in pediatric clinics. Korean J Lab
Med 2009;29:320-323.

Lee CK, Cho CH, Woo MK, Nyeck AE, Lim CS, Kim W]J.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

- 187 -

Evaluation of Sofia fluorescent immunoassay analyzer for
influenza A/B virus. J Clin Virol 2012;55:239-243.

Hassan F, Nguyen A, Formanek A, Bell JJ, Selvarangan R.
Comparison of the BD Veritor System for Flu A+B with the
Alere BinaxXNOW influenza A&B card for detection of in-
fluenza A and B viruses in respiratory specimens from pe-
diatric patients. J Clin Microbiol 2014;52:906-910.

Bell J, Bonner A, Cohen DM, et al. Multicenter clinical
evaluation of the novel Alere™ i Influenza A&B isothermal
nucleic acid amplification test. J Clin Virol 2014;61:81-86.
Cohen DM, Russo ME, Jaggi P, Kline J, Gluckman W,
Parekh A. Multicenter Clinical Evaluation of the Novel
Alere i Strep A Isothermal Nucleic Acid Amplification Test.
J Clin Microbiol 2015;53:2258-2261.

Gibson J, Schechter-Perkins EM, Mitchell P, et al. Multi-
center evaluation of the cobas® Liat® Influenza A/B &
RSV assay for rapid point of care diagnosis. J Clin Virol
2017;95:5-9.

Binnicker MJ. Multiplex Molecular panels for diagnosis of
gastrointestinal infection: performance, result interpretation,
and cost-effectiveness. J Clin Microbiol 2015;53:3723-3728.
Kim J, Kim HS, Kim HS, et al. Evaluation of an im-
munochromatographic assay for the rapid and simultaneous
detection of rotavirus and adenovirus in stool samples. Ann
Lab Med 2014;34:216-222.

Carroll KC, Buchan BW, Tan S, et al. Multicenter evalua-
tion of the Verigene Clostridium difficile nucleic acid assay.
J Clin Microbiol 2013;51:4120-4125.

Buss SN, Leber A, Chapin K, et al. Multicenter evaluation
of the BioFire FilmArray gastrointestinal panel for etiologic
diagnosis of infectious gastroenteritis. J Clin Microbiol
2015;53:915-925.

Shin S, Kim M, Kim M, et al. Evaluation of the Xpert
Clostridium difficile assay for the diagnosis of Clostridium
difficile infection. Ann Lab Med 2012;32:355-358.
Stellrecht KA, Espino AA, Maceira VP, et al. Premarket
evaluations of the IMDx C. difficile for Abbott m2000
Assay and the BD Max Cdiff Assay. J Clin Microbiol
2014;52:1423-1428.

Orellana-Miguel MA, Alcolea-Medina A, Barrado-Blanco
L, Rodriguez-Otero J, Chaves-Sanchez F. Algorithm pro-
posal based on the C. Diff Quik Chek Complete ICT device
for detecting Clostridium difficile infection. Enferm Infecc
Microbiol Clin 2013;31:97-99.



