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Comparative study on Salmonella serotyping based on multiplex qPCR

and whole—genome sequencing
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Abstract: Objective To analyze and compare the Salmonella serotyping methods based on multiplex quantitative polymerase
chain reaction (multiplex qPCR) and whole —genome sequencing (WGS), and to evaluate the serotyping capability and
application scenarios of each method. Methods A total of 242 Salmonella strains isolated in our province, covering 96
serotypes, were subjected to whole—genome sequencing. The serotypes of these strains were predicted using SeqSero2 and
SISTR, followed by a concordance analysis of the results. Meanwhile, multiplex qPCR was employed for the identification of
each serotype, so as to assess the accuracy and applicability of this method. Results Three methods were used to detect 96
Salmonella serovars. The overall concordance rates of SeqSero2 and SISTR were both 87.50% (84/96), which were
significantly higher than that of multiplex qPCR  (52.08%, 50/96). For the 242 Salmonella strains, the discordance rates of
SeqSero2 and SISTR were 2.48% (6/242) and 7.85% (19/242), respectively. The multiplex qPCR method could only
accurately distinguish common serotypes. The main reasons for the discordance of the SeqSero2 method included the deletion
or error of O antigen genes. The main reasons for partial concordance were the interference from the similarity of H antigen
alleles and the inability to distinguish some serovars in the C2 serogroup that differ only in the 06 antigen. The main reasons
for the discordance of the SISTR method were cgMLST cluster misclassification, O antigen gene deletion, and the inability to
distinguish monophasic variant strains. Conclusion The WGS -based serotyping method exhibits high accuracy and can
replace the traditional serum agglutination test for Salmonella serotyping in numerous application scenarios. Although the
multiplex qPCR method has limitations with a lower concordance rate than WGS-based methods, it features a short detection
time and can accurately identify common serotypes, thus being suitable for emergency rapid detection.
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A I BRI A PREE — 25 R 2 BT R (White
—Kauffmann—Le Minor scheme, WKL) B/ 55 3% | e
ME 253 8, AR RIS Nz B L ABZ 7 A7
TEREMIC FRAE SEBT A i B X S s A A B 4
RGBSR TF, STk, V29200 = M ATE
AR LGP IR LI AL, A0 A R ) B R il
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PCRS®1 JE RS VR 4 3 PR 21 0 21 (whole—genome
sequencing, WGS), ZHYEE PCR LG/ AINERE T
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JIE IR T X 5 PRI 2 2 20 1 T B 1 . SISTRIMEEE
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W i35 (PR ETEARE ) A DNA $RBGAF £ (B stk
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FJGEE53HT

1.3.2 WGS KIMERITM 242 BRVD 1T 0 B0
SR, ] DNA $EEGRGR G173 R 4 HR B, 2%
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RO B R 0L 5
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2 # R

2.1 SeqSero2 .SISTR VA% % % % & PCR # i) fo ik
AR SRR, SRR TR AR A R
EAEM B E S22 5 (4=47.21,P <0.001),
SeqSero2 5 SISTR 11 58 4 £§ & X ¥ Jy 87.50%
(84/96) , i 3 = T 2 H 4 PCR 11 52.08%(50/96 ) ;
M2\ PCR IIAFT 3N 28.13%(27/96), it #
7 T SeqSero M 5.21% (5/96) F1 SISTR fY 12.50%
(12/96). SeqSero2 H5Z HE %) PCR SISTR 5 X H %K
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F 1 SeqSero2 SISTR LA K Z 8% PCR T i 5 I 25 1
45 [ n=96,n(%) |
Table 1 Comparison of serotyping results from SeqSero2, SISTR,

and multiplex qPCR [n=96, n(%) |

STk FEFTE Ei ANFE
SeqSero2 84(87.50) 7(7.29) 5(5.21)
SISTR 84(87.50) 0(0) 12(12.50)
Z WG PCR 50(52.08) 19(19.79) 27(28.13)

2.2 SeqSero2 TRM|FR 4 FF & Fn RAF S iF AL 25 R 5
Ao S AIMIERL (6 DNEPE)SeqSero2 FNALF A, 1A
PRATFE 55350 2.48%(6/242) , JRHYN 0 Hili
LR B s AR . H 5 AL E RER A TNAT A /
PO AF 5 B AR, 43004 < Indiana (4/2) | Infantis

(3/1) . Typhimurium (3/1) ,Weltevreden (3/1) .IV 43:z4,
223:-(2/1),

7N MIER (14 ASTEFR )SeqSero2 T /3 ANAF
&, FEIFEHA : C2 MIEFEH L 06 AN [F R M i
RN BETRERA 533 , SeqSero2 2% S 15 A W5 FH T A4 L3R
;L4 Albany ,Goldcoast .Molade , Chincol 5 Mgy R =
ARABLEL AR AR RP AR AS — 14 1L T8 AN BE M 43 B, T
Choleraesuis; — 28 IfiL 7 75U (14358 43 TR M i 2K e 5 1 3
, UL AT BEAS 2 WS AR A9 IS AL, 40 Enteritidis f#
Kl 20T BB P s~ FE S Oy
Gallinarum, Poona FY 022 AH &4 Ji & Pl ke 2 F01 00 Ay
Farmsen, W3 2.

2 SeqSero2 FUMER I T & M AFT & M35 A
Table 2 Partially concordant and discordant serotypes predicted by SeqSero2

NGRS Pilaiat B TFERIRE IR EmIE AT Rk F T BT A
Indiana [114,12:2:1.7 6 4 0 2 0 BUSCHEDA Bk FZS Ny 1 —z:1.7
Albany 8.[20]:z4,z24:— 4 0 4 0 Albany or Duesseldorf( 6,8:24,224:~)
Enteritidis [11,9,12:g,m:— 4 3 1 0 Enteritidis or Gallinarum([1],9,12:—:—)
Infantis 6.7,[14]:r:1,5 4 3 0 1 O PUFEIEFER TGN [ 21,5
Poona [1],13,22:2:1,6 4 3 1 0 Poona or Farmsen(13,23:2:1,6)
Typhimurium [11.4,[5],12::1,2 4 3 0 1 O PUFFEF BRI : BOMZE Ry T —i:1,2
Weltevreden 3,10[15]:r:z6 4 3 0 1 O HUJF R AR : Sokode(9,46:r:26 )
Goldcoast 6,8:r:lw 3 0 3 0 Goldcoast or Brikama(8,[20]:r,[i]:1,w0)
1V 43:24,223:— 43:24.,223:~ 3 2 0 1 O PURFE B - BUNZE RN 1V —:24,223:-
Molade 8.[20]:210:z6 3 0 3 0 Molade or Wippra(6,8:210:26 )
Chincol 6,8:g,m.[s]:[e,n.x] 1 0 1 0 Chincol or Emek(8,20;g,m,s;— )

Choleraesuis or Paratyphi C(6,7,[Vi]:c:1,5) or Typhisuis
Choleraesuis 6,7:c:1,5 1 0 1 0

(6,7:¢:1,5)

it 41 21 14 6

2.3 SISTR Ml RAFA b FRER,H £33 B
7, SISTR TRIMATF5 ST 8 12 A Mg ALY 19 #%
WL APFE N 7.85%(19/242) , SISTR A4S+
BRI R cgMLST FEARHA], T LIS R - (1) B 1Y)
SERERRMEAR R, B2y — /D UL v AL, i A
— W AR E 7 A UL 75 A Chicago Goettingen |

Kingston ,Kintambo  Lagos . Mississippi .Regent; (2) i
FERFAE AR T L5 7Y cgMLST AL 23T , 40 Havana
(3 #) \Fanti(3 #k) ,Orion (2 # ) , LAz BAH S S5 14 IfiL
AT 4[51,12:0:-(3 #8) o 73— DI RS
B e Fo Ak, 4 Bk Senftenberg HA 1 ARBIEE 1 T
A Westhampton ,

R 3 SISTR TRIMASF & 1L i 1Y

Table 3 Discordant serotypes predicted by SISTR

NGRS Pk WAL ORI AT ERRE TSR O (D
Senftenberg 1,3,19:g[s].t:— 4 3 1 Westhampton 3,10[15][15,34]:g;s,t:—(1)
Havana [1],13,23:/,2.[s]:- 3 0 3 Cubana [1],13,23:229:-(2),Agoueve 13,22:229:-(1)
I4]5),12:0:— I4,5],12:3:— 3 0 3 Typhimurium[1],4,[5],12:2:1,2(3)
Fanti 13,23:238:— 3 0 3 Havana [1],13,23:/.2,[s]:—=(3)
Orion 3,10[15][15,34]:y:1.5 2 0 2 Uganda 3,10[15]:/,z13:1,5(2)
Chicago 28:r,)i]:1,5 1 0 1 Nima 28:y:1,5(1)
Goettingen 9,12:Lv:e,n,z15 1 0 1 Sandiego 4.[5],12:¢,h:e,n,z15(1)
Kingston [1],4,12,]27|:gs,t:[ 1,2] 1 0 1 Senftenberg 1,3,19:g,[s],t:=(1)
Kintambo [1],13,23:m,t:— 1 0 1 Larochelle 6,7:e,h:1,2(1)

Lagos [1],4,[5],12::1,5 1 0 1 Bovismorbificans 6,8,[20]:r,[i]:1,5(1)
Mississippi [11,13,23:5:1,5 1 0 1 Saintpaul [1],4,[5],12:e,h:1,2(1)
Regent 3,10:,g.[s]:[1,6] 1 0 1 London 3,10[15]:4,v:1,6(1)

it 22 3 19
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24 3 EFREPCR RAHELHRSHELFRER
aH ZEIOE PCR MG 3 BIE RS G/ 27 4
MR A 21 AR & 4% W o 16 4>
RAHHSELR, 5 DMFI AR EE AR, BRI 1 4:b:—
Y5 A Limete B Oranienburg %5 % 4 Montevideo
Chincol % £ N Emek. ¥4 Kintambo % % N
Havana/Agbeni. ¥ Cannstatt % % & Senftenberg/
Dessau. A 6 NTEXE HE W BE RSG5 Hf 5
R % 4R, 2 % 09 :Pomona Regent
Amoutive ,Orion  Liverpool; 1 /™ & & 25 B 45 12 ,
Kingston %& %€ & Derby. Typhimurium ./ 4,[5],12:i:—,
Enteritidis . London , Derby . Rissen &5 F UL Il 7 7Y (Y %
ELERTERITE .

ZH G PCR ML 73 BUAT 19 BRIA 45 R A 045
fro EERIN 0 PLFEML 06 AFIAREX ST, 4N
Albany/Duesseldorf,  Goldcoast/Brikama
Virginia, Newport/Bardo. Litchfield/Pakistan, Hadar/
Istanbul \Molade/Wippra %5 . A # 02 1 D1 #f 09 K
X473, 4N Paratyphi A 5 Sendai Miami. H — i/ H2
1 e,n,z15 Fl e,n,x ANEEX 43, U Mikawasima/Hartford
Hadar/Glostrup .Sandiego/Chester . H —IHg )5 H1 15
AT PURBAREX Sy, W0 Lo A Lw AR EY
Litchfield/Fayed ; Ly 1 1,213 /N [A] ##) Uganda/Sinstorf F1
Goettingen/Napolic H —IRHLIRE H1 W& A “g Pl
ANBEDX A3, 4l gmys FT gt ANIF]AY) Amsterdam/ Westhampton;
gm.[s|[11F f.g[s AN Y Agbeni/Havana 55
3 W #

IR G T BEFE T VL — D T T A ALY o 2
AR b AEZ T R AN EAEAERBI U FRAE 28, i
X T — SRR A AR O IR A T4 - miIbk FBE S
MEHE PURARBFEI, SEOCE R w177
EEETS, AR T I E A SRS |
MIE BT SRR A, LK H B AR5 M RE R | A
AR SR A R R (AR VD1 R LT 1A 2% 52
o T A MERS

BEE WGS DU A AN BB, LK Vb 17T TR LY
I3 BAERR AR A AN BT vy, BOR 22 ) S5 2 A %7
EAE LG M BEAE LS . AWTFE , SeqSero2 T
242 BRYDT TR LAY, Hor 91.74% 156, 5.79% J il
MG, SRZE N BUATT G 3R 97.81% 5K A5
NPPIFFE 2R 97.6% AR —5 . SeqSero2 Tl &R /4%
SR A C2 M R PR L i AL, (S
HATE 06 PUEHKIX ;. (H 06 Bl iis 4 PeE K+
FPo 22 U HERIE AR SE , 330 k—mer DEACEAE
) ZH 2B XfE L AT 5E X 43, SeqSero2 K ix 2 1fiL i Y5 F-Ab

Muenchen/

AN P MV BIZE R . H R AR i 3 26 s
B, U AMs f BEAE SCIR BN 06 2 R EEAEHI T IE
WFIE o T3 — PR e S5 Jit A i B — 2y 1f
AL, BRI R vk Xy, U REiE s AR A SRk X
4 Paratyphi C ,Choleraesuis Fl Typhisuis. SeqSero2 i
MIARFF A1 E 2R 0 Bt J5 3k PR fife 2% 18350 9 it
O, W —Ff Weltevreden (3,10 [15]:r:26) 7 ] 5 15~
Sokode(9.,46:r:26 ) , i1 5 HAth Weltevreden & FE0EFT
HeXT, K BRIEAR R 03,10 _wzx FEMH 17 HA B R R
5T 0-3,10_wzx B AT 0-9,46_wzy HEM , F:81%
FI 7k Sokode, IZ4S G P BEAE A IR 4 E HAT R
A, S 0 PUFEFEF B JFE |, Laura Uelze 55
PR Ay PR A7 E 7 9 A A1 L 3 0 LY
rfb JEDIFE A BRI , (EAHSCHE R /N BO
FEPRZH S b B, BOPE 2 ke i AR P e 0 3 A
contig H1, INITTZIA U] . PRLHES T WGS B, AT R
DUT $ta o BEPRIE e Befl: 4250 DNA I skt 4
W fire W DR AR D 2H R BESE 8 s EHEAIR GC e 1 SO
2 R &5 DA P S8 il R P 15

ABE ST OSISTR B A 75 & Ky 7.85%
(19/242) T SeqSero2 {9 2.48%(6/242) , 5 RS HESE
NP HERG 2R 96.67% Laura Uelze 55 A PUIK) E i 2K
94% PHALEE RIS A AN, Al B RO A BESE Hh E H
THEZHMER (96 ), 1% T Havana.Cubana %5
IR 5 A DL DL IS BV T TR, BT 3K 2 1L 3
B cgMLST £EHF 5B, SRS 70 M e 5 2 HAWAR T 1l 7
AU Tfij SISTR R 85%1) cgMLST 3 RAHUEE/E Ky
REBEIME R B ALE], ARG B cgMLST
FRABLEE HE3lE 85% I, xR F [R]— 4 f . Hak
SISTR AT FlI 2 56T 2H 2% il e e , X Se 85080
MRS K IEIA P AR B (NS0<50 000
bp) £330 ofb #EWE Ak, SISTR IR BUEH wan/
wzy FFA, TCYERASE O UL ; [ I 2H 25 o i 25 2o 5
B cgMLST A%.CrHE D Wr R8sl fpfe 2k (35 140 A B fiv
BIHIME . P, A 2 o ], JCHR R
PP Y se B HE R 20, W LABR 5 SISTR il v
Yo BEAh, X T — LU AR S A L L, 4 T 4.50,12::
—,SISTR 2T cgMLST 525771, A SeqSero2 HET
PO PR 7 125 ) TR0 B ) 5, S AR BIESE Hf SISTR
FASF & S  m iY EZ A

ARBFFER A 12 APUFEHOL PCR SR, Bl
ARSI 200 Z2 AR, {EXF 96 Fif L T R AS I )
FTERFFEHA 52.08% , A% T # He AL A5 N2 HE 1
85.26%(81/95), AIREIEPIRAHITEIEH] T H 2 1MLTE
B, HALE T S 2R AT D D i B, TS B0
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REIX /> SR TR S o H 32 B2 i PR Ay 3k SEAH 3T 1M ¥
R BT R g FE I AR # AL, PCR AR7E RS RV .
SRZTHEOE PCR M43 355 WGS 1M i Wi 5
RIS, #J 5L BRI R 2R A T L
FZEHHOE PCR Ik Jm B, R Bt I 3 R 4
AR, HICTE DX AR AL e () SE R A 0, S 3O
T LR B A RN AT SRR T AL ik
PRI 2 B9 PCR 8 I S R A A
L7 Y A R

SeqSero2 HI SISTR IfiLi& 4 F0 7 vk AERf B4 1=
P S5 A DR R SRR T 2 98% A2 A7 AE V22 1 Fi )
Sl B . F H T R A A A
B FEAERE K, LA R 0 B L DR 2 A 1 20y
MR T IHE R L R 24 T WGS LT 43 25 78 5 )2 A 107 1
FE I o Z T 5 PCR IMLYE 73 0 AR B £ 2R AR,
I ELARS I s ), (6845 R0k S ATLAG 07 R 5 F32 7 1%
AR PR , HRe i %8 5 UL B, AN R o8 4
BACL G ik . W RGN A a5 A EOR E & R[]
SEO6 A AR [ B SR A ST A M DX i v 7
ORI S U S e I R =W B S U NN (IR i s F
A R 9E | RUI9E o A0 BLAR, S Pl g A
Lk %] 80% LA L, P AT LASE XA HB XA 3 ~ 5 Al
THRRITTZESOE PCR 5P Tk, % PCR
AREX A, AT LASE G 3R BEAEI S0 1 WGS £ G K
B, DI RE R 20 PR A I RA M X VD 1] B A 7
MIE5
RIS ABA AR AEAE T Rl nh
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