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Study on quality evaluation methods of pathogenic bacteria rapid test strips
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(Shenzhen Academy of Metrology & Quality Inspection, Shenzhen 518131, China)

ABSTRACT: Objective To establish a relatively simple and practical method for evaluating the quality of
pathogenic bacteria rapid test strips, aiming to assess their reliability and applicability, and to explore the current
status and shortcomings of pathogenic bacteria rapid test strips. Methods The purified non-target strains and
artificial pollution samples were used to evaluate the specificity, the minimum detection level, reproducibility of
test strips on market. Results In the specific test, the false positive results of non-target bacteria accounted for
10.3% of the test tablets, and the cross-reaction of non-target bacteria between Vibrio parahaemolyticus test
tablets and Bacillus cereus test tablets was serious. In the test of the lowest detection level, no positive results were
detected in all the test levels of 3 products, and the minimum limit of detection of some products could reach 1
CFU/mL. In the reproducibility test, the reproducibility of some products was less than 53%, and the reproducibility
of other products was good. Conclusion The quality evaluation method in this study can evaluate the quality of
pathogenic bacteria rapid test strips scientifically and objectively. The index setting is scientific and reasonable, the
experimental verification operation is simple and targeted, and the stable and reliable products can be selected
quickly and easily, which provides a scientific and reasonable evaluation method for the test film.
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SR R ENEY R, BREALEGD, HEBE
Wb OBIES T, 2023 FEBX A B ENE
R, ER A TR O T SR AT AR R 2 B BB
72.2%) . 3 A i B A K B R A R W B R,
UEAF R B RO IR A St R St T 30O Ui 3L
T O S8 bR R EE N U N,
FER S TP ECR R AR N EE, EMRE ST
TRAPS A B A F A

TR B BEAS T R SR AR SR IRk, Sk
TR, FERTG, 2 —FhRs . P IR R
VAR, A SR SO T PR AR AR 32 A G
At B AT 2 R R (polymerase chain reaction,
PCR)" | DNA #REME . At Rkl @ st
PAEUOT MR R A R IR R Rk, AR R,
Kt e, Hare m sz A0S e EoE
W A AR Z 08, dnT ZMEATTRRAR . I3 A o o
S EARFFEND,

T EE N MEDRT kAR E A SNT
3266—2012 { £ al i A= Praa Uy SE B A BOR BT ). RB/T
033—2020 {30 2E WAl Jy ik i IN 5 eS8 R ) & GB
4789.45—2023 AWk 10 5 PR B AEE ) )y LA B FRdE S
EME TN RS SHE LR, s kst
FIGUE, HA IR C HIGFERT . AR Ry R, T
TR R I 117 B 7= b A TR PP B, AR SRS %
& N M 3& E 4> B 1k 2% % P £ (Association of Official
Analytical Chemists, AOAC)" 1 [# Br 45 #E 1k 41 4
(International Standardization Organization, ISO)FHICHAEPIE
ARG, 4569 EZ M (United States Pharmacopoeia, USP)
PR R, DU SO IR R AN ik, X
FR AR R R | B AT | I A, T
S AT S M AGE R, R TILIE R R, I
BRI 1A £ v S0 T TR Ay AR S

1 MR5RE

1.1 #R5ERF

A RAER(KFR . U, A8, DFT . 183k,
MEAE . ALY T EE, W BRI AR T .

4 75 {0,785 % BR 14 (S'aphyl ococcus aureus, ATCC6538) .
WERE ZE M AT 7 (Bacillus cereus, ATCC14579)(3 & LAY 5
P 5ol ) BB Al B Y AR 2R B 4F IR (Listeria
monocytogenes, CICC21635) . K 3% 75 K B O157:H7

(Escherichia coli O157:H7, CICC10907). &l ¥ i1 I i
(Vibrio parahaemolyticus, CICC21617) . 3 7 i % Bk i
(Staphylococcus epidermidis, CICC10436) ., 5 H 1] %5 25 2K 75
(Saphylococcus pseudintermedius, CICC10499), Hrk2=Hy
5 G 1 (Listeria seeligeri, CICC21671). H FG 25 4 [C 1
(Listeriaivanovii, CICC21663) . KJla#%4: [ H(Escherichia coli,
CICC10305) . #% i 7o 2= #7 #F K 14 (Listeria innocua,
CICC10417). BAA 5 #T 7 (Enterobacter cloacae, CICC21539),
21 S IE AT i (Proteus mirabilis, CICC21516). 3 RATIEmRHF
T (Citrobacter, CICC10404) . fiti & 7¢ 75 11 #T i (Klebsidla
pneumoniae, CICC21519) . % # 9 [4 (Mbrio alginolyticus,
CICC10889). #IAINFE (Mbrio mimicus, CICC21613). ZEfiL
IR (Mibrio cholerae, CICC23794) ., 7 = 4x 2 fiAT 14 (Bacil lus
thuringiensis, CICC21519) . IR 2F I #F & (Bacillus
mycoides, CICC21473) . E X Zf Jfi #F % (Gemmobacter
megaterium, CICC23035)., A% 2E T e (Bacillus subtilis,
CICC10275)(H [ Tl fs A= Wy A R CR S B Pty R 2E
DI TR (Salmonella, GIM1.345)(J" 4345 18 Ak By T o 5 e
Hut); BIGIRE (Vibrio vulnificus, CGMCC1.1758)(H [ i
A ) AR ORI PR 22 DY 4 AR W oy ), A A A
3R % (Saphylococcus haemolyticus, 2020014). A #%5 5k
(Saphylococcus  hominis, 2020016) . 1L ¢ 7 4§ Bk &
(Saphylococcus caprae, 2020027), S22 M /3 85 1)
Wtk 2 4y s alifh, JF4 VITEK MS 4 H sl s
T RGN 2R G (D% [ A i FELIR) S

YD ER TR S 0 PR L BPUAZ 20 38 A 2 BT B €SP
Kp¥y & KW 0157 B A VM. I8 6V hGsE
CHROMagar 72 Fl); L 35 A (BB 4 2 [ AR ) T 72 );
Baird-Parker By -4 . BEFEZEMOFF A B (07 A JCTABERR
R M AL BTEEBF A FD); 6 FEUR R A 18 AN A 7= &,
FOR TR A BN G AR A R AT | R IR IR
KGR IR 0157, VIR . & W AR ERET . BEFEZE
AR 2 S A &AL B, C. D. E).
1.2 UE5E&

DNP-9272 H BVIE RS SRR ( FIPRE 2 S ise s A TR
]); HFsafe-1200LC A=4)4% 4xH5(_1ifg J18i By 7 #blka PR
r]); MS 3 basic JitiiikZar( MRS A R ),
VITEK MS(FHF)b T E A P B4%2); Dilumat START
HL R A (06 2 A EL R JB 43 A5 R wl); BAGMIXER
400W FAd I Fi#s (B2 [E Nterscience 22 w]); SQL1010C 37
I RTRK A A (B DOHE SRR A BRA R
L3 WA
13.1 AREE B4

W B v TR PR S2OHE A0 I, 608 P 32 o PR R BT 9% 4
B M4y DX R 2 55 3% . 8 — YR TG T A 2k
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BURAKIEBIX BT IE, FEMEE TSP LT
TRV o ot R ek B 4SO o 5 R 22 P g R A% T Tk B, i
25 10° CFU/mL AR AERE T, B4 10 5B 2l BB
1.3.2 Hama s

FREL 25 ¢ BAMEAR S8 TR 225 mL TR RER S vf
WMz s pAeh, A BERA4T 1~2 min, I
BUBTHREEE 1:10 BOAERL ST, IR EBAVEXTRRAT . A TS 044,
A Xt BB A B O SIS S PR M A R, A 5 %
2N AL TR IR | mL AS[) e B AR B R, A 1:10
FIBAPERE B ST Bi4S T, Y aRakE44T 1~2 min.

SERAE AT R AT VR A 5 B PR B AT R A
SRER—E
1.3.3 ArbF kit 2

WEL 1 mL ABRLF TS EL 1:10 AR SIR(1.3.2)R)
0.3. 0.3 1 0.4 mL BeFh BN A 3 Bt FArh, WRAm
Jei s BRSO R TR AT (36+1) °CHEFR 1 h, FEN ST
o BIEE AR, BB SR 24~48 hE, T8 3 B (S AR Y
TATE B
1.3.4 w3 R 7 it don 2

F R B PSS T, BT B2 S,
Fe UL AR, I RS AR TR B 1 mL G233 - IR B
2 mL)AbPRAF I BT L 1:10 BE S (1.3.2), Y5
FNYCH b, SRR SE S BRI R, 1848 N T T
JEE, e R B CE R FR AR (36+1) °CHidR 24~48 h G, it
B A B
1.3.5 Bk = s e R4 47

(D5

Pk B AR B B IR e R Ak S A UL A 0w AR
oAk HARMA R, #4738 SUR NI, PR AR R,
S BEPEAN P TE M B S AR T 2 b 40 2 TR 1 R )& T
Mo AHFSE e T [ a8 TRk 3 43 el RN T b g 2t op
srEaifeinick, 5 EAREURRIES KA KInar ARl JF&
VITEK MS 4: A gh s AL Y i i R G 4656 » A
mn Pkt 2D 8 Fhdk HAR AT, SR 2 P A
Ao AT, HEBR A DOV Y e 22 R . RIRS, AAD
PRESIN 2 AR BRI, RVR (2 100 CFU/mL) ALk
BE(#9 10 CFU/mL). P, B B ™ b 28 SO AR
B ARBE AR A FE L 2 Filr

Q) FARA H KA

YRR, B, AR RAK 4 D EEFKF
BN 75 G B AR B B A X BECE RE AT e I A H KT )
o mREEACE . P EEKE | AR BEAKCE | R AR B
K- B e 9 L 43 51 50~500 CFU/mL., 5~50 CFU/mL .
/NF 5 CFU/mL. /NTF 0.5 CFU/mL. 34, 356 O a5
Bxfpp etk 3L i, th 2 PR A4 B T,
BARMACFEE RN 4 &, FERAROTFARE NS

WSO R EE R 2 . PR, 2 S0 B f
ARCAG: HH KT 2 75 0 AL U B A5 46 R PR B B ARG R

G)E M

TR R IE T, IR R AT B S . AN
FRAE R 2 RREHES o AR SR, SEAL . S E K
RN TG G B A I BT BB AR EA T . AR 48 SR AIK
Ky KSR 25 5, 1A VR B KO B R S Y L 43Ry
5~50 CFU/mL. 50~500 CFU/mL. Sz 2 {57 ¥ M A [Ea
Ay B Rl — A S AT S AR, AR RN 60 5K
o (S B 3R A S 2 L O

PEAeb, B 1 B 238 A BF 1 A i 1 B 2 2 S L A9
15 B 28 (p )/ Vo= B 1k 25 SR B/ [T kA i A, IR 6
hy BHEAE S 00 B 5 SR E 8, (R M 3R (p o)/ %=1 BA 1 25
SR PAPERE S BB ST Rl RO 2 2R R, Rl
/%= TR YA/ S H RSO T 8 TR,
FRAE R I/INF 15%, RN/ 5%, SRR T 50%
FS, R KT 25%H/NT 50% 8 B

1.4 FIEAIE

% WPS Office Excel 2007 #17 SL 5K 411 #r
B DL S5 (8 45 e 22 008 R /o, BRIEHEH
Origin 2018 % E #4745

AN, 744 DBS 44/006—2016 { HE it % B &
A A R ) B I i SR Y BR (N
10> MPN/g(mL), GB 4789.7—2013 { £ {24 H &K br
A ARG R IR S ) B B, R
N 10° MPN/g(mL) () 95% 7] {5 BR #E4T B i e . [
I, MERRF RIS —, ARG, SIS SR
AR A O B B (— B S AR ) P R
kI RS [N T 10° CFU/g(mL)].
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2.1 EFRERNBBMHRERS T

W SE A AL e B SR S (R AR PR . W . AR5 R
sk JMEfF. WAL, £ GB 4789.4—2016 £ hh &4
EhiifE BMMAEYFKE PDITKREKR ). GB
4789.7—2013. GB 4789.10—2016 { fr Wt e EEmlE &
mMAEYERE & &6 W AREKE ). GB
4789.14—2014 ( B L& EFIRE B A=K AR
I EEREFMATE ). GB 4789.30—2016 (£ 2i 4 E %R
e B F RIS A A TR R ). GB
4789.36—2016 { i L EZKRHE &AL HUZE Y2k Bk
B KIpies B O157:H7/NM K30 YR, #6025 58 R ok
e EMARKE . WA . KIGRA RE 0157, H
YA A TR R L WIS MR . AR ZE AT R, AT
FEAEBH A X BERE i
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Fig.1 Evaluation method of pathogenic bacteria rapid test
strips in this study
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SRS A A TSR], B 5 PR R S A AR i T, A %
FITE RS> B RAA — 1 22 T 2021 AR TR Al 50 E
WEER, VP2l A OREE ™ SRR e, 76 R By
Bt RO BEAY L A I R THIN IR A 7 b i 2 s )R
A TEN LR S L0 2Rk, 1A TE 34 1 H Y i
50 FiAS[R] L i 7Y () [ AP ECR R R — 2 B RME:, BOR T
(RS HE SRR, Un( 2017 4E ) M TR i b 4 (I A BR
TR S0 ) POeR, 5 25 500 HEUCE IR E A G AL 20 8 755
8 Bl ERTE, A AT 2 MR 78 i 256 o i 252 6 [ il ST 6
TENA AR, G B 76 E & S i B AR PR
PR BT 5t B 7 1 B WU AR, Wi
BRIk, fAAe— e ik AR, 58 SOV AE BARE
IR T] e, RSP, A28 R 3 A 1l X
G 6 S b L BB T ML) S E AR R IX 2 AR B RR
PRIEATHE SN, (EIRE, ot 1 2 Fhse OO AR FAREE
B, DU Bz e B AN TE R i RS A I 0 7 -
WNAHFFE RSN R, MR RN B il Fh A o
B EEE AE R, BRI A 1 P IR E R E AR B bR
FHEA TR AER 17 A =i, B 3 AN KW 9
AR R 7= S B TOR R R AR BH, R AR ES A
FABREDA | RIVE P B B 2E A A DU H o P

221 ST SR 1 R, | R A SR OMEBREIN A B 2
BUE R BRI 2 EA R RIS, R, FFRER T SOUR AR FR BB A 2 B, BB
Fz1 WKRHFFENRER
Table 1 Specific test results of rapid test strips
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B, A S AR Y B AR AR B AR R SRR, PR
DB, BRI 1:10 FEAJRIRAN, I8 23 RRE St R E 4 74 3

TEBOARESE BV . NFRGEIEH, x B R AR
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Fig.2 Results of the lowest detectable levels of different rapid test strips
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Table 2 Specific situation of the lowest detectable levels of different rapid test strips
WiH J"%%  DBS 44/006—2016 BRi&/[CFU/g (mL)] " sbAridseflas thBR/(CFU/mML)  3geffk: Hi/KF-/(CFU/mL )
A 0~9 1.0~5.0
B - 1.0~5.0
G (O R R <10*
C - 0.5~7.0
D 3 3.0~7.0
A - 6.0
B - 0.5~5.0
WITIRE AT
C - 0.5~6.0
D - 0.5~6.0
N A 1 EN o]
PN 7 AN A ki
0157 D 1 0.5~5.0
RRAEREE A e i 20
WP D AR i 20
s L A - 0.5~9.0
il N e N 10°
D 8 15.0
A - AAG
I 2F M T D <10° 1 A
E - 0.5~5.0

T -FOR)T GORPREA R o
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2 E I E, EIM R ARR B IEF R4
T, WMAFEMSPT AL A BGRHE, XT R —FF 5 i
T3 A A5 20 A 25 SR RS AL, AT LURE SO B R &
VIR AR S X (AR 9 9t s W ) N ZE SRS D0 . LT,
BT FZRTERRM/EZ N MEIE, FERA—, Bk

Jr A AR, VFZ2 )7 = B AT IR AR A B IE,

BCE T RIGUE . TER A HEA T T S50 % ) B0 F P SO TR R
K= &k, BIE 7352 AOAC., RB/T 044—2020 & SN/T
3266—2012 FEMETR, M s AR FRBKAE b, @%
SR AR Z A BRI TR I, B
BE 3, HAR AT E G 5 4%, 50 i 56 UE 7 1 ik
s M, AR R, Wi HAER B, HERE K,

R Z PO AN 9 S

ARSI T ZE AL S50 2 0 A B B L R4 % 4 A
C 2L MR E, margr b, LA R B 230 B A
B AR L IR RN S 5 A A A X SR AR
SO A o L4 B 00 4 BRI R T B M o 9] 1
12 FhRIE IR (FLih ), XTTTEE 5 5K B M a KA
IR AT S B S SS, 1) Baird-Parker AR F-HAE A
Z RO GE N BP 4).

TENTIG QAR I, 5 A Zagial 7 ah e
PEAGIN 3 2 B KA o BAPEAE S A 100 T, AUA 1
AT 2 TR B TR B AR, MR R A
FRPEAE: df 549 200 ST REAG H FRE, TCAR IR i3, 0
# 3.

#3 TR REABBEENAFEINMULER

Table 3 Reproducibility results of different Staphylococcus aureus rapid test strips

BH K R i
% AL A2 AL A2 AL A 2 Ijofj ‘/’é‘ g gm
#itk 1 k2 #tkl dkgk2 Akl itk 2 Hkl #tk2 dtkol k2 #twkol Hbk 2

A 0/4 0/6 0/6 0/4 4/4 6/6 6/6 4/4 4/4 6/6 6/6 4/4 0 o fix

B 0/4 0/6 0/6 0/4 4/4 6/6 6/6 4/4 4/4 6/6 6/6 4/4 0 o fE A

C 0/4 0/6 0/6 0/4 4/4 6/6 6/6 4/4 4/4 6/6 6/6 4/4 0 o fE A

D 0/4 0/6 1/6 1/4 4/4 6/6 6/6 4/4 4/4 6/6 6/6 44 10 0 S5/

E 0/4 0/6 0/6 0/4 4/4 6/6 6/6 4/4 4/4 6/6 6/6 4/4 0 0 P \
TR AR KT B BESE B h 5~50 CFU/mL; o vk B /K SF- 1 e BV R 50~500 CFU/mL.

BT BT A A 4 B € A A BRI il 2 P kA 7 i 1 E J@% A
i, X AT R B, S5 ERANE 3, 4 s o AR ] %B
AKOFIE, RE S I A R AT 85%, R i
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Fig.3 Count results of different Saphylococcus aureus
rapid test strips
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Fig.4 Rates of recovery of different Saphylococcus aureus rapid
test strips

KT 74%; ) 5% D (AW 25 RE S 1SRRI,
351K 75%H1 30%.

BREI K D Wl gk, Hofd) K0 2 E ks
RIS, S BEACE FIRU BEAKCE EIIRTF 53%11
R



48 B il 2 A iR A I A 4

FH15E

23 XPREA

5, BROEFA TS bt AT SR80 40, Xl i Ac
D7 0 H R BOR B IR, R T T SERRAE S G vk
FeXT . 35 DBS 44/006—2016 #3551 B, SHbAs i Ok
i 4 SR PR3 7 R R bR i K DU (GB- 4789.4—2016 . GB
4789.7—2013, GB 4789.10—2016. GB 4789.14—2014.
GB 4789.30—2016 . GB 4789.36—2016), Z5%40% 4 FiR.

FHERY 22 HEAE b, EARIESARKS H 8/NF 10 CFU/g,
B 6 DFER R 4 WA A ER PG B, 2 AR
0 Ay 8 A ZE AT B BE A, &R SRS o R B .
AIE FrAA M )T R AR W B, R A
B ARG 45 R 5 AR TR A IR — 3 (B4 a4
BR 1 5 RE 28 AT 5 76 DBS 44/006—2016 H PR 45 5,
S AHERE R TET 10* CFU/g. WEFE A 3K
FAEF 10° CFU/g MFES A I A A%, K A
FEPE ) BE Y FE GAS Y LN, 8 SRR AR f A U i, AN 25
B RE SR AR R E, R R H W B TP EUR IR
B9 i A ) O SR, U H ST A IR R TR O vk B AT S

B o7 FH 1
2.4 BURENR A EELXRIIK S

ARMFFE I 136 Wk AE B AR B -5 A A9 28 XL
N, HAPAT 14 T BT R BASE SR, 5 I Y 10.3%,
A 32 BRI A B SRR 2 N FRPER R B bR
P&, BT EL B 23.5%. AR, WA T LRSI E
FREURTE, AT LT TSR .

ARG R ACEHh, SERBUIR A 5 FT7R, BIERE &
i, 4t 3 R BT RS R, RN 2.5%, 5
ZHTEMTF R R 97.5% TERWRIE . TR K,
17 A 7= St 215 ALY ERRAIN H BH S5 R, 551
FTEHF RSB R 88.3%. 89.8%. MMk A /KM,
ES 5 B R BAPE R RS T, Jor 108 Aty B,
RN 90.0%; T4y 12 HLUOMFEYE, HobAr 2 #EkitHk
(B0  H AR LGV B V5 YR AR B BRVE NI ER, HANBE S
o ARV B AT AT B e e ), e SRR, i
10 iLvk, AR A 2 B ok 3 R A

R4 FEEINER LRI R

Table 4 Actual sample detection results of 2 kinds of detection methods
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Fig.5 Conformity rates between different concentration levels and
reference methods
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