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The isolation and identification of Streptococcus equi ssp.
zooepidemicus from donkey and its multilocus sequence typing

PU Xiaofeng, CHEN Xiaomeng, WANG Li, ZHANG Zehua, LV Fenfen, WANG Hao,

ZHANG Baojiang, SU Yan"
College of Veterinary Medicine, Xinjiang Agricultural University, Urumqi 830052, Xinjiang Uygur Autonomous

Region, China

Abstract: [Objective] In this study donkey strangles samples were collected from Xinjiang donkey
farm, suspicious pathogenic bacteria were isolated and identified. Then we performed genotyping and
evolution analysis of these isolates. [Methods] First, bacteria isolation and culture were conducted
using the samples collected from the abscess of submandibular lymph node in donkey farm in Xinjiang
and two isolates (HT111, HT321) were identified. Then the morphological observation, physiological
and biochemical analysis, drug sensitivity test, 16S rRNA sequencing and phylogenetic tree construction
were performed. Besides, the seven housekeeping genes were amplified by PCR and the sequences of
genes were analyzed through multiple locus sequence typing (MLST). [Results] Two isolates (HT111,
HT321) were identified as S. equi ssp. zooepidemicus (S. zooepidemicus) from the samples. The HT111
isolate was resistant to penicillin, charithromycin, and tetracycline and HT321 was resistant to eight
drugs, amoxicillin, cefuroxime, ceftiofuroxime, penicillin, clarithromycin, clindamycin, oxytetracycline
and tetracycline. MLST result showed that ST179 (HT111), ST420 (HT321) were found and ST420
(HT321) was the first identified type. [Conclusion] Two donkey S. zooepidemicus strains were isolated
and one novel genotype ST420 was identified, which could provide some data for the epidemic
investigation and the prevention and control of donkey strangle in the future.

Keywords: donkey derived; S. equi ssp. zooepidemicus; 16S rRNA genes; SeM gene; MLST; evolution
characteristics
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Growth and Gram staining microscopic morphology of isolates (x1 000). A: growth characteristics
of isolates; B: microscopic morphology result of isolates.

x1 SBERENKEER
Table 1 Biochemical test results of isolates
Results Results

Items Items

HTI111 HT321 HTI111 HT321
Pyrrolidone + + Trimetazidine + +
Arginine + + Mushroom sugar + +
Diphenylphosphine - Saccharose + +
Methacryloyl group + Sorbitol + +
Esculoside + Glufos - -
Mpyelin linked sugar + - Lactose + +

+: positive, producing acid and not producing gas; —: negative, not producing acid and gas.
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Table 2 Drug sensitivity test results of isolates

Sensitivity Sensitivity

Drugs Drugs

HTI111 HT321 HTI111 HT321
Amoxicilin S R Sulfafurazole S S
Ampicillin S 1 Sulfadiazine Sodium S S
Cefuroxime S R Rifampin S S
Ceftiofur S R Clindymycin S R
Cefoxitin S S Oxytetracycline S R
Penicillin R R Tetracycline R R
Clarithromycin R R
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Figure 2 Sequence alignment of 16S rRNA gene variable region of isolates.
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Figure 3 Phylogenetic tree based on 16S rRNA sequences.
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Figure 4 Phylogenetic tree of SeM gene of isolates ( A Isolates).
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Figure 5 Clustering tree of ST based on Streptococcus equi subsp. zooepidemicus database.

HE N 5w 106-166 (7 2 LRI N 2 s 28
X, FEFER—@ R A A IR B P8 2
FEPERT WS R BT, R TR Sl W U5 ok 2 [0 41
ARSERER, HANR ML) 25 P R R SeM ¥ 51
WAFAEWI R 225 . AN SeM HE A9 AZ L BE
R 3 T R AT P8 ST R 1 AR R A2
Ivens S 1d X o I BEBR I A SeM &N
Sy A A B UE R F1R] Xk 2 R i A T AL 4

P4 actamicro@im.ac.cn, & 010-64807516

A E AR T LSS 2018 A g X )
U8 SeZ FiATHR S BN B MR EAT SeM LR 1 L
BT, R ZMSY15-1 435 kk 5 26 F 5 I bk
NH55426 64k R i, MEEDIES kS
RIFATBEVRA — 2 BRI R P,

ARTFFEXT 2 R4 B TR SeM FE IR 43 #r il 25 2
BN, EHEE 2013 47835 FE 45 10 ik
LRI B T AD KC1460141, fi[E 2019 4F



/NGRS | AR, 2022, 62(2)

587

Ao 1 A 5 Y5 D 4 K T 9% A MH2869711 Mt
L 2015 AFAG A0 T U T BE BR P R A
JTJHO10000011 ZEZ ¢ R BT, 15 HoAhH X
Ir B EARER BT ; Ay B BB L — 432
B M X BTHRAE TR L YR T A BR A
Fifr K T 5 e R TR g AR T AR kot
SeM FEH A HTEISE IR LB, 2 BRY R4 B 4k
SEPNHEmX 2018 £ H A & IR DA ER E
P Fh 4> B Hk MH708871 (ZMSY15-1). A
2015 AFEAS H Y L U 4 BR TR 4y Ak
QX666001 K [P 2014 424 H A S Y5 DEEER A
PR/ BB CP002904 R4 AT, X
— NG ] Rl 5 A [ B 8] 55 DG () 855 DX 38 % 1A
FETE ER A EA AT SR,

16S rRNA LR FH (8L 28 FAE V1-V2
XARfE oA R, o T T AT b T AT AR
X A4, ABFFE IR V3-V5 28 R XA F T T
S0 e AR BTIRAR YR S AL, ThEEER T
WP T AR 2 4 (TTEEFITITEE) . Preziuso
ISR NN, XF SeZ 16S rRNA K& [H 7] 2% [X ()
Sy BT BT A% R A TR Sez 25y
AT, R, £ VL, V2 KAEE 3 feik,
MAE V3-V5 RKERE/N, AB5EH 2 #RI R
SeZ JrEMEJE FILHE, xBFmRS AR R
A ATHEZ PSP AT AR RE AR, T T
MRZE NN 2Z [ 455G, %4585 Preziuso 5%
RS AR AL

MLST 53 B3 ] Jz e 3 2 90 0 sk Ak 26
L, BT T O AR R AR S A U
el % BN A TR R SR ER T T
- R A R R 5 HE EE R
58 SeZ Ik [H 43T At AL E Ak 0 & FAH AP,
Acke XTI [E R [A) FR 58 37 1 MLST 7543 #145
B Sez TERFEH AT R B F 25 ST39,
ST294 Fl ST296', %M 5% A1 BN X AE 2017 4E%F

UK TRATI 257 MR U8 Ko N U8 T Bl R 0 E-92 WIF
P4 T MLST 230475, IAh ST-209 2 F 209
TR, R AR T e A SR R
HAREHAILTAZ X Gruszynski 2 M
KBS 2] ST194 SeZ Hikk, ZWIIEik & FliZ
JE R B 5 VR TR A E NS TR SeZ iy [a]—JE [
T Bisgaard %5 AR RS IAR PUAS T & VR Sk
BRI B R ST173 A1 ST280, JF A HL &I
ST208 i T J5 B kRD) A 5T 46 1 P VR h i
BREF 292 A ST179 F1 ST420, H. ST420 K5
TR SE R A HEAR RGP IR ST179 SkikF LAFE
WATHI LR ST179, 45 R 5AW I Xt SeM
A R — 2

AHI ST B RS T IR 9 U T i TR R
WA, S TIXRHT ST Y, X500 55 Hh i
24~ ST A3k ST179 i1 ST420, Hr ST420
SRR, HA5HAM ST RISELC R
ST179 FEZEAMAAEITFEM . BRUNFNIL 32 Y1 45 H
X #4E MSLT B4 e 7 , B HEBK A ST420
TRUAE N 1 DX R s 1943, 3K — 25 Sk R
AN T 3R AE SCEE 128 1o BT b X P YR T
FEEK S S WA Z RIS IR L, A5 I pR
O] EEREYRS W) |

S0k

[1] Kumar S, Stecher G, Tamura K. MEGA7: molecular
evolutionary genetics analysis version 7.0 for bigger
datasets. Molecular Biology and Evolution, 2016, 33(7):
1870-1874.

[2] Acke E, Midwinter AC, Lawrence K, Gordon , Moore
S, Rasiah I, Steward K, French N, Waller A. Prevalence
of Streptococcus dysgalactiae subsp. equisilils and
S. equi subsp. zooepidemicus in a sample of healthy
dogs, cats and horses. New Zealand Veterinary Journal,
2015, 63(5): 265-271.

[3] Bisgaard M, Bojesen AM, Petersen MR, Christensen H.
A major outbreak of Streptococcus equi subsp.
zooepidemicus infections in free-range chickens is

http://journals.im.ac.cn/actamicrocn



588

Pu Xiaofeng et al. | Acta Microbiologica Sinica, 2022, 62(2)

[6]

[7]

(10]

[11]

[14]

linked to horses. Avian Diseases Digest, 2012, 7(3):
e49—50.

Gruszzyski K, Young A, Levine SJ, Garvin JP, Brown
S, Turner L, Fritzinger A, Gertz RE Jr, Murphy JM,
Vogt M, Beall
zooepidemicus infections associated with guinea pigs.
Emerging Infectious Diseases, 2015, 21(1): 156-158.
SIO, IWT, FH,
Abdulmawjood A, Lammler C. Persistent occurrence

B. Streptococcus equi  subsp.

Salasias Wibawan Pasaribu
of a single Streptococcus equi subsp. zooepidemicus
clone in the pig and monkey population in Indonisia.
Journal of Veterinary Science, 2004, 5(3): 263.
Pelkonen S, Lindahl SB, Suomala P, Karhukorpi J,
Vuorinen S, Koivula I, Viisdnen T, Pentikdinen J,
Autio T, Tuuminen T. Transmission of Streptococcus
equi subspeicies zooepidemicus infection from horses
to humans. Emerging Infectious Diseases, 2013, 19(7):
1041-1048.

Weisburg WG, Barns SM, Pelletier DA, Lane DJ. 16S
ribosomal DNA amplification for phylogenetic study.
Journal of Bacteriology, 1991, 173(2): 697-703.
Preziuso S, Moriconi M, Cuteri V. Genetic diversity of
Streptococcus equi subsp. zooepidemicus isolated from
horses. Comparative Immunology, Microbiology and
Infectious Diseases, 2019, 6: 7-13.

Waller AS, Robinson C. Streptococcus zooepidemicus
and Streptococcus equi evolution: the role of CRISPRs.
Biochemical 2013, 41(6):
1437-1443.

Timoney JF, DeNegri R, Sheoran A, Forster N. Affects

of N-terminal variation

Society Transactions,

in the SeM protein of
Streptococcus equi on antibody and fibrinogen binding.
Vaccine, 2010, 28(6): 1522-1527.

Harris SR, Robinson C, Steward KF, Webb KS, Paillot
R, Parkhill J, Holden MTG, Waller AS. Genome
specialization and decay of the strangles pathogen,
Streptococcus equi, is driven by persistent infection.
BioRxiv, 2015. DOI: 10.1101/014118.

Libardoni F, Vielmo A, Farias L, Matter LB, Potter L,
Spilki FR, Vargas AC. Diversity of seM gene in
Streptococcus equi subsp. equi isolated from strangles
outbreaks. Veterinary Microbiology, 2013, 162(2/3/4):
663—669.

Walker JA, Timoney JF. Molecular basis of variation in
protective SzP proteins of Streptococcus equi subsp.
zooepidemicus. American Journal of Veterinary Research,
1998, 59(9): 1129-1133.

Hamilton A, Robinson C, Sutcliffe IC, Slater J,

<l actamicro@im.ac.cn, & 010-64807516

[15]

[16]

(17]

[18]

[19]

Maskell DJ, Davis-Poynter N, Smith K, Waller A,
Harrington DJ. Mutation of the maturase lipoprotein
attenuates the virulence of Streptococcus equi to a
greater extent than does loss of general lipoprotein
lipidation. [Infection and Immunity, 2006, 74(12):
6907-6919.

ALAS, BRRFR, K30, BRERE, g, Ve R
135 R 5 1 - R0 0 B TR AT 1) S e 4y AT
WA AT PR B R S 2R A, 2020, 41(17):
2150-2154.

Zheng LJ, Li XL, Zhang W, Chen JG, Tan ZM, Xu JF.
Identification and moleculare epidiemiological
analysis of Streptococcus suis in a case of sudden
deafness. International Journal of Laboratory
Medicine, 2020, 41(17): 2150-2154. (in Chinese)
AIRIK, SR, /NI — Rk ST638 i B Ak BR IR
43 88 M S LR TR, e B W24 BE 24, 2019,
40(6): 28-31.

Zhu LX, Zhang LJ, Jiang XW. Isolation, identification
and virulence assessment of a new sequence type
ST638 strain of Streptococcus suis. Journal of
Nanchang Normal University, 2019, 40(6): 28-31. (in
Chinese)

SRR, BRE, TEWEWE, E3E, AhE, BRAEL, AR
WEERRTE 2 BULRUY B2 AL 7 913 B S 1 04
AERESE. b E T B2, 2019, 41(2): 118-124.
Zhang LY, Chen Z, Wang QF, Wang W, Sun P, Wei JZ,
Li Y. Study on multilocus sequence typing and
virulence characteristics of clinical Strepfococcus suis
type 2 isolated from Anhui Province. Chinese Journal
of Preventive Veterinary Medicine, 2019, 41(2):
118-124. (in Chinese)

Sinclair CG. Bergey’s manual of determinative
bacteriology. The American Journal of Tropical
Medicine and Hygiene, 1939(6): 605-606.

Liang HH, Tang B, Zhao PP, Deng MY, Yan LL, Zhai
P, Wei ZG. Identification and characterization of a
novel protective antigen, Sec 205 of Streptococcus
equi  SSp. Vaccine, 2018, 36(6):
788-793.

Watson JR, Leber A, Velineni S, Timoney JF, Ardura
MI.
zooepidemicus bacteremia in an infant. Journal of
Clinical Microbiology, 2015, 53(9): 3096-3099.
Steward KF, Robinson C, Holden MTG, Harris SR,
Ros AF, Perez GC, Baselga R, Waller AS. Diversity of

subsp.

zooepidemicus.

Recurrent Streptococcus equi subsp.

Streptococcus  equi zooepidemicus strains

isolated from the Spanish sheep and goat population



/NGRS | AR, 2022, 62(2)

589

[22]

[24]

[27]

(28]

and the identification, function and prevalence of a
novel arbutin  utilisation  system.
Microbiology, 2017, 207(7): 231-238.

Zhang SH, Wang YK, Liu PH, Shen SF, Shen LP,
Wang J. Identification of swine Streptococcus isolates

Veterinary

in Shanghai. Chinese Journal of Veterinary Medicine,
2001, 21(1): 42-46.

Sigridur B, Simon RH, Vilhjiédlmur S, Eggert G,
i640lof GS, Kristina G, Karen FS, Richard N, Carl R,
Amelia RC, Julian P, Matthew TH, Andrew SW, Mark
JW, Gary MD. Genomic dissection of an icelandic
epidemic of respiratory disease in horses and
associated zoonotic cases. American Society for
Microbiology, 2017, 8(4): ¢00826-17.

KREFS, FFMEK, wmifE, FERIE, KM, KME 9
IR IR RERE BRI A 0 B S M . TR E SRR, 2020,

37(1): 83-86.
Zhu ML, Qi PF, Huang DH, Wang CF, Zhang Y,
Zhang W. Isolation and identification of

donkey-derived Streptococcus equinus. China Animal
Health Inspection, 2020, 37(1): 83—-86. (in Chinese)
Timoney JF, Walker J, Zhou M, Ding J. Cloning and
sequence analysis of a protective M-like protein gene
from Streptococcus equi subsp.
Infection and Immunity, 1995, 63(4): 1440-1445.
Lindahl S, Soderlund R, Frosth S, Pringle J Baverud V,
Aspan A. Tracing outbreaks of Streptococcus equi

zooepidemicus.

infection (strangles) in horses using sequence variation
in the seM gene and pulsed-field gel electrophoresis.
Veterinary Microbiology, 2011, 153(1/2): 144—149.

Ivens PAS, Matthews D, Webb K, Newton JR, Steward
K, Waller AS, Robinson C, Slater JD. Molecular
characterisation of ‘strangles’ outbreaks in the UK: the
use of M-protein typing of Streptococcus equi ssp. equi.
Equine Veterinary Journal, 2011, 43(3): 359-364.

El, Ei, s, DA, Bod-moE, s,
S T T B R TR R R BT S K 1) 20 B M M
WAGRFE M. P EE RS EE, 2019, 46(1): 231-238.

[29]

[33]

Feng K, Wang H, Zhou TT, Ma XH, ENKe B, She MJ,
Su Y. Isolation, identification and genetic characterization
analysis of Streptococcus equi subsp. zooepidemicus
from horse in Xinjiang. China Animal Husbandry &
Veterinary Medicine, 2019, 46(1): 231-238. (in Chinese)

Britton AP, Blum SE, Legge C, Sojonky K, Zabek EN.
Multi-locus sequence typing of Streptococcus equi
subspecies zooepidemicus strains isolated from cats.
The Journal of Veterinary Diagnostic Investigation,
2018, 30(1): 126-129.

Holden MTG, Heather Z, Paillot R, Steward KF, Webb
K, Ainslie F, Jourdan T, Bason NC, Holroyd NE,
Mungall K, Quail MA, Sanders M, Simmonds M,
Willey D, Brooks K, Aanensen DM, Spratt BG, Jolley
KA, Maiden MCJ, Kehoe M, Chanter N, Bentley SD,
Robinson C, Maskell DJ, Parkhill J, Waller AS.
Genomic evidence for the evolution of Streptococcus
equi: host restriction, increased virulence, and genetic
exchange with human pathogens. PLoS Pathogens,
2009, 5(3): e1000346.

Webb K, Jolley KA, Mitchell Z, Robinson C, Newton
JR, Maiden MCJ, Waller A. Development of an
unambiguous and discriminatory multilocus sequence
typing scheme for the Streptococcus zooepidemicus
group. Microbiology: Reading England, 2008, 154(Pt
10): 3016-3024.

Bjornsdottir S, Harris SR, Svansson V, Gunnarsson E,
Sigurdardottirr OG, Gammeljord K, Steward KF,
Richard Newton J, Robinson C, Charbonneau ARL,
Parkhill J, Holden MTG, Waller
dissection of an Icelandic

AS. Genomic
epidemic of equine
respiratory disease in horses and associated zoonotic
cases. BioRxiv, 2016. DOI: 10.1101/059949.

Gruszynski K, Young A, Levine SJ, Garvin JP, Brown
S, Turner L, Fritzinger A, Gertz RE Jr, Murphy IM,
Vogt M, Beall
zooepidemicus infections associated with Guinea pigs.

Emerging Infectious Diseases, 2015, 21(1): 156—158.

TKIBETI)

B. Streptococcus equi  subsp.

(A3

http://journals.im.ac.cn/actamicrocn



