G EE: 20224511 A% 34 55 11 Prev Med, Nov. 2022, Vol. 34 No.11 -+ 1139 -

i
R ddPCR A6 2L HINT pdm09 ek 75
H275Y S5 5%

BAEER, W%, W&, TRE, BE, THR

WA P TR P ) v o A ARG SR B, W7V BTN 310051

BWE. B9 WEMAGERECE PCR (AAPCR) A& H R HINT pdm09 Fi /80 75 41 22 E R EE (NA) H275Y SR7AFAY )7 1%
Fik RIEFRHIND pdm09 /B 5 NA B Bl 275 ZSE IR 01 55 W P 55 B P o | 9 AOSUE S, ik ddPCR R k
WL, H ST A HINT pdm09 Fi /8 8 H275 il 24 UL B RN H275Y it 24 298 248 B BRI 777 o SR ARG H BR L 4% ddPCR
FHeEEH PCR (qPCR) BYRBUE, 3l A H T HINT pdm09., Z=EI5PE HINT . ) H3N2 3 J8U 25 45 14 Fh g
B9 BEFEAS UL ddPCR Rl qPCR AR5 Pk o A6 64 403 Wik PRAR AS R S Ak i 86 bk, AR79-95 DU, 3103 H275Y 2878
FRE, MG SHRERMRBFEES MRNPERIAIT K., ER e 622 CHERMIBIIRE ., R ddPCR
qPCR Kl FH A HINT pdm09 H275 it 25 U Bk A H275Y i 25 9848 BokE, ddPCR A6 H FR 435004 5.28  (95%CI: 4.28 ~
7.45) F16.51 (95%CI: 5.25~9.37) #5 D/ ; qPCR AL H R 4x 510 5.70 (95%CI: 4.83 ~7.45) F17.06 (95%CI:
5.92~9.40) PEU/ZN . ddPCR Fl gPCR HIAER H H B HINT pdmO9 AEAS A4 H275 T 25 8808 Bk Al H275Y 1 25 98 28 [
W, HA 11RO GE BRI RS Y, PR O IE RIS R — 3. 64 Dy I IRARAS H, ddPCR A 1 JER e F A HINT
pdm09 (14 T il 28 £ 19 3 Oy AR R A AE 7 H275Y 28748, FH BRI 8L W) b= 1R 97 5 4 JORBE MR AR F I Fm
H53.37%, ddPCR K& 7385 A IZW G ITEE 2. 4. 5 RARA Y J 8o 8 H275Y 28728 4 73510 0.63% . 88.93% Fi1
1.27%; AR R IRYT 58 4 RARAS () H275Y 28748 £ % 4 89.46% , AR EIVAYTHE 2. 5 RERAAEAE H2T5Y 2875
512 ddPCR (1) R AU AR 518 qPCR &, XA 2 248 (9 R R S8 4 — AR5 7, ol A AR B HINT pdm09
WU T NA B BEH275Y 275,

KHER: WARIHIND pdm09; W ; H275Y 2878 ; fuf=C4+ PCR

FESES: R511.7 CERFRIZED: A XEHE: 2096-5087 (2022) 11-1139-06

Detection of H275Y mutation in influenza A HIN1 pdm09 virus
by droplet digital PCR assay

LOU Xiuyu, YAN Hao, SUN Yi, WANG Xinying, CHEN Yin, MAO Haiyan
Department of Microbiology, Zhejiang Provincial Center for Disease Conirol and Prevention, Hangzhou, Zhejiang 310051, China

Abstract: Objective To evaluate the effectiveness of droplet digital PCR (ddPCR) assay for detection of neuraminidase
(NA) H275Y mutations in influenza A HIN1 pdm09 virus. Methods The primers and dual probes were designed based
on the sequence of the HIN1 pdm09 NA gene fragment which contained 275 amino acid sites, and the annealing tem-
perature of ddPCR assay was optimized to establish a method for detection of H275 drug—sensitive genes and H275Y
drug-resistant genes in HIN1 pdm09 virus. The sensitivity of ddPCR assay and fluorescent quantitative PCR (qPCR) as-
say was compared using the detection limit, and the specificity of ddPCR and qPCR assays was compared for detection

of 14 respiratory virus samples. In addition, 64 clinical samples and 5 influenza isolates were tested to calculate the
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abundance of H275Y mutations, and the mutation abundance of 5 influenza isolates was compared with next—generation
sequencing results. Results The optimal annealing temperature was 62.2 °C. The detection limits of ddPCR assay were
5.28 (95%CI: 4.28-7.45) copies/reaction for HINI pdm09 H275 drug-sensitive plasmids and 6.51 (95%CI: 5.25-9.37)
copies/reaction for HINI pdm09 H275Y drug-resistant plasmids, and the detection limits of qPCR assay were 5.70
(95%CI: 4.83-7.45) copies/reaction for HINI pdm09 H275Y drug-sensitive plasmids and 7.06 (95%CI: 5.92-9.40) cop-
ies/reaction for HIN1 pdm09 H275Y drug-resistant plasmids. Both ddPCR and qPCR assays detected H275 and H275Y
drug-resistant plasmids in HIN1 pdmQ9 viral samples but did not detect H275 and H275Y drug-resistant plasmids in
other 11 respiratory virus samples, and these two assays showed consistent results. Of the 64 clinical samples, ddPCR
assay detected H275Y mutation in three pharyngeal swab specimens from a severe pneumonia patients infected with
HIN1 pdm09 virus, and the greatest mutation abundance was detected in samples collected on day 4 post—treatment
with oseltamivir phosphate (53.37%). ddPCR assay detected 0.63, 88.93%% and 1.27% H275Y mutation abundance in
samples collected on days 2, 4 and 5 post—treatment with oseltamivir phosphate, and next—generation sequencing detect-
ed 89.46% H275Y mutation abundance in samples collected on day 4 post—treatment with oseltamivir phosphate; howev-
er, no H275Y mutation was detected in samples collected on days 2 or 5 post—treatment with oseltamivir phosphate.
Conclusions ddPCR presents a higher sensitivity and specificity than qPCR assay for detection of H275Y mutations in
HIN1 pdmOQ9 virus, and presents a higher sensitivity than next—generation sequencing for detection of low—frequency mu-

tations, which is effective for quantitative detection of H275Y mutations in the NA fragment of the HIN1 pdm09 virus.
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F1 A HINI pdm09 ) PCR 51 FEREHF 1
Table 1 PCR primer and probe sequences of influenza A HIN1

pdm09

5| YIFHEER Primers/probes J¥515'-3" Sequences 5'-3'

N1RO-H275Y-Forward

GCTTTACCATAATGACCGATGGA
N1RO-H275Y-Reverse CACTAGAATCAGGGTAACAGGAGCAT
NI1RO-H275-VIC-MGB (S) VIC-AAAGCCCCTAATTATCACT-MGB

N1RO-H275Y-FAM-MGB (R) FAM~AAAGCCCCTAATTATTACTA-
MGB

1.4.1 ok SREAZIRIEIC SR BURLAT RNA 1205 &
O3 B BUTOR R A A R, F2e B0 & 1 P 1R
PH=H)T-80 CL-AF -

1.42 ddPCR il #%Z18 DNA il RNA § 34387 &
VeI, L E 20 L SR ZR . DNA KWK 5
M Super mix 10 pL, FIWARET TAERK 1 pL, DNA 1 pL,
ddH,0 8 pL; RNA WK R K Super mix 5 uL, 5l
PHRE TAEW 1 pL, RNA 1 pL, W5 SEEF 2 pl,
300 mmol/L —Hi7MBEEE 1 L, ddH,0 10 pL.

W5 SRR 20 AR AL R A “sample” F1H,
NG IR A, AE “oil” FIIA 70 pL fiL
ARG, H ddPCR & FARE NG RAE , BCATH
Az AR T A RO o AR R SO T 40 wL R =
96 fLAR, i8I PEHSCE R IO & . B RS R
96 fLARJITE T PCR AX L #4T PCR 9734, ¥ 3G 4:4%
J R EE S (RNA) 45 °C, 1 h; Taq BGEILTR 95 °C,
10 min; 94 CZEME 30 s, 61 ~64 CiEK 1 min, 40
AMEIR; BEKGG 98 °C, 10 min; fR1F 4 C.
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PEUIE, Z5 3 LIHE DL/ B vy a8 DL/l 3140 (4 D1/
N =20x$5 D1 /lL)

143 BAGREIE R 142 D7k, &8
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63.8. 64.0 °C, HEE VT 2 VAT, WHMAHESX
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Figure 1 Plasmid S (VIC) and R (FAM) detected by ddPCR at

different annealing temperature

F 2 7EARRLRJGREET ddPCR F: S BUkiAl R RIS DAL
Table 2 The copies of plasmid S and R at different annealing
temperature detected by ddPCR

SJEkL/ ($8D1/pL) Rk, (#5D1/uL)

V=453 Plasmid S/(Copies/pL) Plasmid R/(Copies/pL)
Tempe- #fi i
cature/C 1 22 M/]e{an 21 22 l\iijan
Group 1 Group 2 . Group 1 Group 2 _
61.0 17.7 17.9 17.8 38.9 38.9 38.9
61.2 15.5 15.6 15.6 25.5 27.0 26.3
61.6 14.3 16.4 15.4 27.6 22.4 25.0
62.2 13.8 17.1 15.5 28.1 29.5 28.8
62.8 12.0 12.3 12.2 13.9 24.3 19.1
63.4 10.4 9.3 9.9 0.8 1.5 1.1
63.8 8.3 44 6.4 0.6 0.8 0.4
64.0 52 3.0 4.1 0.7 0.8 0.4

4.83~7.45) U/ N; R R RS LOD {4
7.06 (95%CI: 5.92~9.40) ¥ Vl// )i . ddPCR 19
LOD £ T qPCR, Bl ddPCR R#UEMLT ¢PCR.

2.3 ddPCR #= qPCR #9457 b4 ddPCR Al
14 PR AR TR AR R 14 290 ~ 18 013 Mdi% . [
P 1 PH P 50 B8 B 2 IX 43, A/ California/ 12/2012
(H275) 7E VIC @B A ™A BHPEGUR , A/Texas/
23/2012 (H275Y) £ FAM 38 38 46 00 v = A BH A 1
i, F AL HINT pdm09 i 24 sk Fi i 2 58 A8 HR 1R
BAEIRAE VIC FI FAM 38 38 AG I 34 77 A B PR 40

P HEFEA Amplification samples

TE: AOAY A ddH.0, BO4. CO4. D04, EO04, FO4. GO4,
HO4, EO05. FO5. GO5. HOS. EOG. EO07. EO8 " H k2 3 iy F 4y
PEHINT, H3N2, B/Victoria, B/Yamagata, HIN9 . BIFEURTE . A
I ST . WPIRGE & MU RE . HCoV-NL63, SARS-CoV-2, A/
California/12/2012 (H275) . A/Texas/23/2012 (H275Y) . A/California/
12/2012 (H275) 5 A/Texas/23/2012 (H275Y) IRAHiRZ . Note: ampli-
fication samples of A04 is ddH.0; amplification samples of B04, CO4,
D04, E04, F04, F04, GO4, HO4, EO5, FO5, GOS5, HOS, E06, EO07, EO8
are nucleic acid of seasonal HINI, influenza A H3N2, B/Victoria, B/
Yamagata, influenza A H3N2, H7N9, parainfluenza virus, human meta-
pneumovirus, rhinovirus, respiratory syncytial virus, HCoV - NL63,
SARS-CoV -2, A/California/12/2012(H275), A/Texas/23/2012(H275Y),
and the mixture of A/California/12/2012(H275) and A/Texas/23/2012
(H275Y).

2 VIC HIEF FAM JHiE Y ddPCR Fp5PEASINZE SR
Figure 2 Specific detection results in VIC and FAM channels of

ddPCR

At wE Rl 45 SR B o B . ULl 2. qPCR Al BH
PLE RS ddPCR —34.

2.4 & EAFA ddPCR #oml 5% ddPCR #1064 17y
I ARARAS TR B FR A B GLR A 10 000 4,
YA B R HINT pdmO09 i 25 SUg . Hodh 3 )y
It R R AFEAE H275Y 278, SRUET 1 fi kg i Y
HIN1 pdm09 PJEREN 2 B A FIRAE H WA i+
A, ZEHETERRR A AT GAIE) JRIrPRTRER
FRASH AR 2 H275Y 28748, /97 2 KJ5 Kl 3]
H275Y RAE, IGITE 4 RREEERS, N
53.37%. W3 3.

2.5 ddPCR 5 =& 54wl 3K 13 69 = & F B ik
dPCR Kzl &5 5 WoR, 5 MR B8 FIG IRAR A 1 it e
H, WWD-C-4 MRAZFERE, N 88.93%,
WWD-C-3, WWD-C-5 M98 53R 0.63% F
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Table 3 The results of five clinical samples detected by ddPCR

N VLR (F5 0L /l) -
[T SKARERT ] IEAFHE Ko 1 ) 5878 - Mutation abundance/%
At Copy number/(Copies/p.L)
95 Sampling ) Detection
Tamiflu 41 42 43 Zilg| 42 #H3 BiE
No. time channel
use/d Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Mean
1 2018.01.01  AfHHI Not use FAM 0 0 0 0 0 0 0
VIC 1.2 1.1 1.6
2 2018.01.03 1 FAM 0 0 0 0 0 0 0
VIC 8.0 7.5 8.3
3 2018.01.04 2 FAM 1.6 1.2 1.3 2.83 2.03 2.717 2.54
VIC 55.0 57.9 45.6
4 2018.01.06 4 FAM 1.3 1.1 1.1 64.29 57.89 37.93 53.37
VIC 1.0 0.8 1.8
5 2018.01.07 5 FAM 1.2 1.1 0.9 50.00 4231 50.00 47.44
VIC 1.2 1.5 0.9
1.27%, WWD-C-1 #l WWD-C-2 (R4 FEFH N 3 i
woTe

0. W% 4,

AR RS R R WWD-C—4 45 825 ik k
M (C—T), S5 H275Y R78, WWD-C-4 #
B T 7 89.46%, 5 ddPCR #ill4s % (88.93%)
e, {HARK I F WWD-C-3., WWD-C-5 f£1E
H275Y 4%, W3k 4.

x4 ddPCR AR FAASI H R HIN1pdm09 37 /8w 75
RAEFHE (%)
Table 4 Mutation abundance of influenza A HIN1 pdm09
detected by ddPCR and next—generation sequencing (%)

ddPCR AR Y
RS B Next-
1 2 243 .
No. Mean generation
Group 1 Group 2 Group 3 .
value sequencing
WWD-C-1 0 0 0 0 0
WWD-C-2 0 0 0 0 0
WWD-C-3 0.57 0.70 0.61 0.63 0
WWD-C-4 87.50 87.10 92.16 88.93 89.46
WWD-C-5 2.00 0.79 1.03 1.27 0
A/California/12/ 0 0 0 0 0
2012 (H275)
A/Texas/23/2012  100.00  100.00  100.00 100.00 100.00

(H275Y)

H: WWD-C-1., WWD-C-2, WWD-C-3., WWD-C-4, WWD-
C-5 IR0 B B R 3 T F 5 1 ~ SHIFRA . Note: WWD-C-1,
WWD-C-2, WWD-C-3, WWD-C-4, WWD-C-5 were isolated from

the sample 1 to 5 in table 3, respectively.

F#Y HINT pdm09 B 7 51 21 el E ik
AT REINFERTRAT, %W e H AW S, 18
JRIT IR 5 | AN R B R A T, XA T A2 4
AR . P PR B TR 2 A T AE S
PIME—PL BN B Y, AR A . LIRS .
AP T3 55 77 (HLBE A 48 R D o) 550 76 I IR
(R A, SRR AR M 251, IR iR
N7 — R A A i 25 PRI 7 . ddPCR R
XIFEAS R 2 0 2 F AN A2 PR TFARE A 1%, B
i B R AR RS B, R T 2 R
AU, AR IR A AR AR A Y I R AR
K ol & FH ddPCR B A X HINT pdm09
TR EE H275Y AR T4 %t e &, fEIIR L HA
AU N FH AT

A HWF 5% 57 0 AL HIND pdm09 3 5% % 5
H275Y R ddPCR Rzl v, 8 o S R S
XFHI R HINT pdm09 it 8% B i 24 B08% 35 PR AT 24
AL 4 X} RE 1, R 2 3 R A9 AR B AT o
Fo A T LA RAUE RIS S A PME S Y Y
58, DABURCRBR, AR5 IR s Aot R
MM, AT qPCR, ddPCR il S Fkifl R i
RO EE R LOD BA%, REUERm . ML T AT
50, ddPCR BV RUECE - Fr s o, HARI &
FARA WWD-C-3 F1 WWD-C-5 fF£7E H275Y 5748,
AR RN 0.63% 1 1.27%, $27% ddPCR Kl
A AL 1) R = T AR T . 78 e Sk



- 1144 -

T EES: 20224511 %6 34 H55 1180 Prev Med, Nov. 2022, Vol. 34 No.11

I, ddPCR #:M5:5 H3N2, Z B BRTE . Bl
IR TE . SARS-CoV—-2 S5 WL 18 9k 5 AN AFTEAS X
JIE, ] SRR 245 AR PR AR 24 2 A48 L PR RS
325, HARIREERTE. Bt ddPCR #6057
GRARFEIN (L X 8 it LR IR S TR A AT
W52 B A

AR IR 3 Oy A4 B HINT pdm09 Tif 245
ARG IR PR AT 1 FlERYH AL HINT pdm09
TR Y SRR R AR . AR R R AR e )
H275Y 2878, mIRE AR S & A 2%
Ap 2R B R A N B e RE T B
ARG PR TEAE AR AR RERRE A, AR
Fe il TR . 4277 1 ddPCR. R SORS 1 Hb 3 i 46 I
AR H R HINT pdm09 (19228 150, 78 R
BE AR AL A S R PR 245 15 D0 Wil b BoA R AP
NS

ZE LR, ARF5EET ddPCR #Ea7 A HINT
pdm09 FLERRE H275Y 28748 K I 7, RERS XS H Al
HIN1 pdm09 /85 # H275Y 2878 S8 4G )
AT TR A SRR 24 %) W LA K 3 T A R e g R
SR H275Y 2AZM B & B, fE R 4FaE TG IR
{ioalll8

Sk

[1] HUANG W J, CHENG Y H, LIX Y, et al.Neuraminidase inhibi-
tor susceptibility profile of human influenza viruses during the
2016 -2017 influenza season in Mainland China [J] .J Infect
Chemother, 2018 , 24 (9): 729-733.

[2] CHAUDHRY A, BASTIEN N, LI Y, et al.Oseltamivir resistance
in an influenza A (H3N2) virus isolated from an immunocompro-
mised patient during the 2014-2015 influenza season in Alberta,
Canada [J] .Influenza Other Respir Viruses, 2016, 10 (6) :
532-535.

(3] fudEBt, EWeR, 4BIiTik, 55 . Do aE 0 ph 22 e A i 7]

THEGPERATTEREE ()] . AR R R AE, 2018, 11 (6):
473-481.
BAO J Q, WANG X C, ZOU Q D, et al.Research progress on
drug-resistance of influenza virus to neuraminidase inhibitors [J] .
Chin J Clin Infect Dis, 2018, 11 (6): 473-481.

[4] NGUYEN H T, ALICIA M F, GUBAREVA L V.Neuraminidase

inhibitor resistance in influenza viruses and laboratory testing meth-
ods [J] . Antivir Ther, 2012, 17: 159-173.

[S] XURERI, ol . B SR T S N7 JSU R A A G 0 v ) 1 T
i ()] . EPRGIR B R, 2020, 41 (21): 2684-2688.
LIU Y L, GAO J.The application of digital polymerase chain reac-
tion in pathogen detection [J] .Int J Lab Med, 2020, 41 (21):
2684-2688.

[6] WHALE A S, BUSHELL C, GRANT P R, et al.Detection of rare
drug resistance mutations by digital PCR in a human influenza a vi-
rus model system and clinical samples [J] .J Clin Microbiol,
2016, 54 (2): 392-400.

[7] MITCHELL S L, CHANG Y C, FEEMSTER K, et al.Implementa-
tion of a rapid influenza A/B and RSV direct molecular assay im-
proves emergency department oseltamivir use in paediatric patients
[J] .J Med Microbiol, 2018, 67 (3): 358-363.

[8] BOSMAN K J, NIJHUIS M, HAM P V, et al.Comparison of digi-
tal PCR platforms and semi-nested qPCR as a tool to determine
the size of the HIV reservoir [J/OL] .Sci Rep, 2015, 5 [2022-
09-16] .http://doi.org/10.1038/srep13811.

(9] #hvk, ZARME, B, % 8T PCR MPOLER PCR 2Ha

PRI R AR LLEIETE (1] . U5 R, 2019,
32 (4): 312-316.
HAN B, WU C P, ZHAO X, et al. A preliminary study on the
sensitivity of digital PCR and fluorescence quantitative PCR in the
diagnosis of acute brucellosis [J] .Infect Dis Inf, 2019, 32 (4):
312-316.

[10] JEANNOT E, BECETTE V, CAMPITELLI M, et al.Circulating
human papillomavirus DNA detected using droplet digital PCR in
the serum of patients diagnosed with early stage human papilloma-
virus-associated invasive carcinoma [J] . J Pathol Clin Res,
2016, 28, (4): 201-209.

(11] Phets, 2607, =7, 5 . NTECE PCR RGPS ot
MRSk ] Bk, 2021, 66 (13): 1653-1662.
SUNT T, JIANG Y F, GONG P, et al.Detection of microamounts
of novel coronavirus residues in environment by digital PCR [J].
Chin Sci Bull, 2021, 66 (13): 1653-1662.

[12] EWg/= HINT pdm09 Jit/s e i 48 F8 & i 24507 5 0 Ar K H275Y
RASE B T2 CHERTTE [D] BN #2020,
WANG X C.Screening of drug-resistant sites in patients with se-
vere HIN1 pdm09 influenza pneumonia and research of the associ-
ation between H275Y mutation ans oseltamivir—resistance [D] .
Hangzhou: Zhejiang University, 2020.

WimEHE: 2022-07-08 fEEIBH: 2022-09-16 AX4w4E: FROCH



