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Identification and MLST analysis of three novel genotypes of
Streptococcus equi subsp. zooepidemicus Xinjiang strains
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Abstract: [Background] Streptococcus equi subsp. zooepidemicus (SeZ) not only causes swine
Streptococcus disease, but also is an important pathogen that causes strangles. Strangle poses a serious
threat to the development of horse and donkey industry in China and it is of great significance to
strengthen the molecular epidemiological monitoring of the local SeZ isolates for effective prevention and
control of strangle. [Objective] To identify the bacteria and detect drug susceptibility, samples were
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collected from horse farms in Xinjiang. Molecular epidemic and genetic evolution characteristics of the
three endemic isolates were also analyzed. [Methods] Isolation and identification, physiological and
biochemical test, drug sensitivity test of 3 isolates (ZHZ113, ZHZ211 and ZHZ523), genetic evolution
analysis of 16S rRNA and SeM genes were performed. Seven housekeeping genes (arcC, nrdE, proS, spi,
tdk, tpi, yqil) of 3 isolates were amplified and analyzed through multilocus sequence typing (MLST).
[Results] Drug sensitivity results showed that all the three isolates were sensitive to 11 drugs like
cefuroxime, cefoxitin, gentamicin, streptomycin, erythromycin, doxycycline, levofloxacin, ciprofloxacin,
rifampicin, clindamycin and oxytetracycline. The 16S rRNA gene sequence analysis showed that these
three isolates belonged to group II (Streptococcus zooepidemicus). The MLST results showed that
3 sequence types ST39, ST419 and ST421 were found and ST419 and ST421 were identified as novel ST
genotypes, which have not been reported. From the analysis of SeM gene sequence and the phylogenetic
tree we found that there are variations and dynamic changes in the strangles epidemic distribution from the
point of view of different countries, different animals and different time. [Conclusion] This study showed
that the 3 isolates were closely related to American canine and horse strains and the results provide
valuable information to understand the genotype distribution and molecular epidemic characteristics of
SeZ in Xinjiang.

Keywords: Streptococcus equi subsp. zooepidemicus, 16S rRNA gene, SeM gene, multilocus sequence

typing (MLST), microbial susceptibility
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Table 1 Primers used in this study
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37 °C K% A o P A LA, AR I PR R S 56
BRI ZE B2 J R o R 2 st P
1.7 16S rRNA ERFEF1 SeM EF B PCRI 15
514534

PRHL SeZ 43 BS AR I AT PR H2 R0 2 A B R 2
37 °C. 200 r/min 3% 18 h 5, 4 000 r/min &.0>
2 min YA, R S FREAN B LN 4] DNA,
PCR SI¥F4) W3 1, 16S rRNA KK 5 SeM A
() PCR S WA Z (25 uL): Tag Mix 12.5 uL, ddH,O
9.5 uL, b FiF5141(50 pmol/L)4% 1 pL, R4k 1 plL.
16S rRNA FE[H ) PCR i £&4: 95 °C 5 min;
95°C305s,56°C30s,72°C90s,35 MEH; 72 °C
10 min, SeM F:H Y PCR S 214F: 95 °C 5 min;
94°C30s, 45°C45s, 72°C 105 s, 35 MEH;
72 °C 10 min, PCR 4" 32 kAl f5 , Rl
H i R By .

FEP AR 5195751 1B S B T
Gene name Primers sequence (5'—3") Annealing temperature (°C) Product length (bp)
16S rRNA F: AGAGTTTGATCCTGGCTCA 56 1 000
R: ACCTGTCACCCGATGTACC
SeM F: TCTTTGCGTTTAGGAGACA 45 1 600
R: AGCATCAGAAAACTAAGT
arcC F: AGCCATCTACCGACTAACAC 54 437
R: TCTGAAAGGGTTTGGCTAGC
nrdE F: TTCTCCTTCAGGTGACAGATG 54 448
R: AGACTAGGCGTTTGAACCTG
proS F: TTGGTTGGAAATGACCAGATC 53 435
R: CCTGATCCTTGACATTAACGG
spi F: CTTAGAGCATTGCGCTAAGC 54 459
R: TTGCCTGCTATCTAGGGAAG
tdk F: GAATTCAGGAAAGACCATTG 50 370
R: TAATGCTTGCGACAAACTGG
tpi F: GGCAGTAGTAAGCAAATTACC 53 424
R: AGCAAGGCAAGGAAGCTATC
yqiL F: CCACATGGGAATTACAGCAG 55 396

R: TCAATACAGACGTCCCTTGA
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Figure 1 Colony morphology and Gram staining

morphology of the isolate (1 000x)
H: A WKIELS; B:

RO

Note: A: Colony morphology; B: Gram staining morphology

x2 HHUEEER

Table 2 Biochemical test results
i H Items itk Strains

ZHZ113 ZHZ211  ZHZ523

LS LEfH PYRA + n +
Hi# 2 ADH = + +
T IEIPE DPP — - _
LN IS PMG + + =
LM ESC = - _
BEBEIRIE M MAG  + + +
i At % TMZ + - -
P TRE 4 4 +
HEE SUC + + +
1AL SOR + + +
Wk VP-MR — - _
%Il Hemolysis + + +

e o+ FHPE; - BAME

Note: +: Positive; —: Negative
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Table 3 Microbial susceptibility test results

254 Drugs UM Sensitivity

ZHZ113 ZHZ211 ZHZ523

BT PG AR Amoxicilin
T Ampicillin
L AfIESE Cefuroxime
Sk fETk Ceftiofur
SAEPG T Cefoxitin
75 2% Penicillin
JKK% &K Gentamicin
HEFE & Streptomycin
4172 Erythromycin
LETE: &

Clarithromycin
Z W3 % Doxycycline
AR A S S S
Levofloxacin
W87 £ Norfloxacin R S S
Bikib B R R S
Enrofloxacin
AV Ciprofloxacin - S S S
i i S A A R R S
Sulfafurazole
i i 15 i I R R
Sulfadiazine sodium
F45F Rifampin S S N
TEMEE R S S S
Clindymycin
TR S S S
Oxytetracycline
PUFRE Tetracycline I S S
(33 S: ﬁi@g, R: ﬁﬁﬂ‘é”i, I: ':F'jl\
Note: S: Susceptible; R: Resistant; I: Intermediate
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Figure 3 Phylogenetic tree based on 16S rRNA genes sequence
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1 Strain type

A S. equi (n=6)

W S. zooepidemicus (n=29)
2 Country

WUSA (n=19)
BUK (n=3)
WKOR (n=1)
B CHN (n=5)
BDEU (n=4)
IPN (n=1)
SWE (n=1)
HIRL (=1)
3 Collection time
W2019 (#=5)
MW2015-2018 (#=8)
M2013-2014 (n=13)
2010-2012 (#=6)
2005-2009 (r=1)
W 1995-2004 (n=2)
4 Host
KOR-CP021972-horse-2017 WDog (n=9)
Horse (n=19)
S Human (n=4)
M Pporcine (n=3)

B4 IRYE SeM REBRFIIMAREMX . BIE]. EERKRLRER

Figure 4 Comparison results of different regions, time and host strains according to SeM amino acid sequence
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ail P > ” MW MIEA . AR 16S RNA JEH )T
e 10 3 3 SIHEAT4Y2E, Sy H R R AT i — o 25309
wrdE 17 3 3 AR IR 24 03 20k S8 S5 WA R R, 3 kO
RS 17 29 17 B ZHZ113 . ZHZ211 1 ZHZ523 N S5 mEyissg
spi 2 75 6 R, HAor, zHZ211 Sk H 155, ZHZ113 F
tdk 1 1 53 ZHZ523 kA 35—, i, ARA B
ipi 10 5 2 — I N AEAE BT % E ST BN A ZHZ211
STs 39 419 421 (ST421), HA—I I NAFAE 2 Fh ST LKA ZHZ113
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Figure 5 The minimum spanning tree based on the ST types of S. zooepidemicus

(ST39) . ZHZ523 (ST419), ZHZ523 (ST419)Fl
ZHZ211 (ST421)k 2 i A By ST AY,

THEEERTA Y 16S rRNA JER B4 Z g A4
Bz el (b P st AL AR A 2T ARSI ST ARSI 16S rRNA
FER V1, V2 XABRRE R S R G0k T LR
o3 BT 5 EAMr BRI LT 5 AR RE, 45
BRI DR A DA I8 T TR, 1 3 B
HWEIHE T TR SRR S WA 3 R TR
£ V1 Al V2 KR 7S ARCRHE S H TR K
1 DA Ay ) B 3R AT 2 ) e R R I

PR SR B 45 —ECY, B VI A V2 X
17915 E R KT AN AR . Ah, 76 TR
MRHIE R BT NI 5 BRI R, iX 5 Preziuso
MBS N R R R R I 1S AR IR R R AN
54— IIRFA VBB RRIF S VI KA,
V2 XESEK, HiE T AR, VEFREE
WEREBRE MR, AU VIR V2 AT AR X HE &
PAZHE TR PR 5 IV R ) B A B R R P 91 B A
AEARLH: , T LTV B S R TRT A A 1) TRTAR SR R R
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b E A —ERRE KR

SeM B FI1E by T BR TR 502 R 1) TR 2L )
K, N s P A 20, AR s
MR B ER ) AT SeM LN Z
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