2025, 65(1): 211-224 G =<i
CSTR: 32112.14.j.AMS.20240369 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20240369 http://journals.im.ac.cn/actamicrocn

Research Article RiEnE &=

2023 SFiI7 X B ERERIEEIKEBHRS
i 2545 4E

i%* 1,2,3’ Eiﬂ‘%j]ﬁ 1,2,3’ —é:éj%,f: 1,2,3’ %

1 matfOl Ry ShiEaEle, 95 BiAt 210014

2 RN TS A E A LR, VT RAat 210014

3 SRS DA HLUBRBERR RN S B 0T %E, 195 MAt 210014

4 JTRA I SRR L T SR %, )RR B RCE EMTERE, )R )T 511400

5 1,2,3,4%
fea

At

Vi, EEt, S, ROSR. 2023 AEVLIR M X 52 5 fd FRAA TR A R BR B EOW 5 TR 2GR AE )], R AE A, 2025, 65(1):
211-224.

XU Yang, WANG Ruiguang, PENG Zeren, WU Zongfu. The pathogenic and antimicrobial resistance characteristics of
Sreptococcus suis isolates from healthy pigs at slaughterhouses in Jiangsu Province, 2023[J]. Acta Microbiologica Sinica, 2025,
65(1): 211-224.

B E: [849] %4E3K A (Sreptococeus suis, SS)ZH#IF LK mE, -2 —FAZTEERR., ITH
BT 1998 FRLHHIRA R, REARKA TR, 5K 14 ABRERT. Ak, SIHBEK
B ot Bk AT AR A B R RS, BANETAZSL, [F%] T 2023 SR ETHAREEY
MR MR, BATHMIRA S B LA Ao F oA, B BERAMTHE &f ) RFANE . 5
HOXIe A A 2 KB AR, IWRHHEIRE 5 B A B onfat shad e, [4%]12023 57 A REZH R
L K mAARAE AR, FAMEZE A 50.85% (30/59), »B% A 62 ke, HF o BERHH 31 A
(12.90%, 8/62), H KA 19 A (11.29%, 7/62). NCL2 £ (8.06%, 5/62)%; 2023 F7 A. 11 ARK%EiL
FITFEH R AR A, PR A 60.71% (34/56), a B % E 77 EHIRE, ET 985854
16 & (11.69%, 9/77), KA 9 A(10.39%, 8/77). 21 %(10.39%, 8/77). 31 #(10.39%, 8/77)%. A
Ho o B ARATAR T BRAE £ (98.56%, 137/139). KR A B %(95.68%, 133/139). w93 & £(96.40%, 134/139)
AT BRI Z; 97.84% (136/13NHAME T % T B AN, IR AT ki, 7 FF4K
B, ARIES BIRRR B A E R R 42 RO T 18 &, ST 24 AR R FHAITHD & & H T,
KEFEH 3x10° CFU/RE, H 7THE LD &5k /5%, HLFE>80.00%. E£FHKILFE>80.00%E
RTAH5IREATRBIEE Z 769 3MREFARGS M A F 1 A, 38, 23 2347 fkEE, it
F3>80.00%. [£#4£] ix7 sb XL R B AR 09 7 48 3R 8 45 W F 403 (55.65%, 64/115), 97.84%
(136/139)89 0 BEAr A % Tt Ak, fF 1A, 34, 23 M5 BMBA N &, (AFRIE.

WIH . B KB RR R 4(32172859)

This work was supported by the National Natural Science Foundation of China (32172859).
*Corresponding author. E-mail: wuzongfu@njau.edu.cn

ORCID: WU Zongfu (0000-0002-6048-6829)

Received: 2024-06-17; Accepted: 2024-10-08; Published online: 2024-10-12



212 XU Yang et al. | Acta Microbiologica Snica, 2025, 65(1)

K AR E: BFY I WHKE BRI

The pathogenic and antimicrobial resistance characteristics of
Streptococcus suisisolates from healthy pigs at slaughterhouses in
Jiangsu Province, 2023

XU Yang"??, WANG Ruiguang"*?, PENG Zeren"*?, WU Zongfu'***"

1 College of Veterinary Medicine, Nanjing Agricultural University, Nanjing 210014, Jiangsu, China

2 Key Laboratory of Animal Bacteriology, Ministry of Agriculture and Rural Affairs, Nanjing 210014, Jiangsu,
China

3 WOAH Reference Laboratory for Swine Streptococcosis, Nanjing 210014, Jiangsu, China

4 Guangdong Haid Institute of Animal Husbandry & Veterinary, Guangdong Provincial Key Laboratory of
Research on the Technology of Pig-breeding and Pig-disease Prevention, Guangzhou 511400, Guangdong,
China

Abstract: [Objective] Streptococcus suis is a prevalent pathogen attacking pigs and a zoonotic
agent. In 1998, an outbreak of S. suis infection in Jiangsu caused numerous pig deaths and 14
human deaths. Therefore, investigating S. suiS infections in healthy pigs from slaughterhouses
in Jiangsu is crucial for public health. [Methods] Tonsils were collected from healthy pigs in
slaughterhouses of Jiangsu in 2023, and S suis was isolated, identified, and serotyped. The
pathogenicity of S suisisolates to zebrafish and mouse models was examined. Furthermore, the
antibiotic resistance characteristics and genes and the antimicrobial susceptibility of the
isolates were identified and evaluated. [Results] The positive rate of S. suis in the samples
collected from Kunshan in July 2023 was 50.85% (30/59). A total of 62 strains were isolated
from the samples collected from Kunshan, and serotype 31 (12.90%, 8/62) had the highest
isolation rate, followed by serotype 19 (11.29%, 7/62) and serotype NCL2 (8.06%, 5/62). In the
samples collected from Danyang in July and November 2023, the positive rate of S suis was
60.71% (34/56), and 77 strains were isolated. Serotype 16 had the highest isolation rate of
11.69% (9/77), followed by serotype 9 (10.39%, 8/77), serotype 21 (10.39%, 8/77), and
serotype 31 (10.39%, 8/77). The isolates from both regions exhibited high resistance to
lincosamides (98.56%, 137/139), macrolides (95.68%, 133/139), and tetracyclines (96.40%,
134/139). Furthermore, 97.84% (136/139) of strains were multi-drug resistant. All the strains
were sensitive to cefotaxime and vancomycin. According to the sources and serotypes, we
selected 42 representative strains (18 from Kunshan and 24 from Danyang) to perform
zebrafish infection experiments. At a dose of 3x10° CFU/fish, seven strains exhibited high
pathogenicity to zebrafish, causing the mortality rates >80.00%. Three strains (serotypes 1, 3,
and 23) causing mortality rates >80.00% in zebrafish and comparable to the virulent strain
SC070731 were selected for mouse infection experiments. All the three strains led to the
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mortality rates >80.00% in mice. [Conclusion] The healthy pigs in Jiangsu have a high
carrying rate of S suis (55.65%, 64/115), and 97.84% (136/139) of the isolates are multi-drug
resistant. Strains of serotypes 1, 3, and 23 exhibited strong pathogenicity.

Keywords: Sreptococcus suis, slaughterhouse; Jiangsu; antimicrobial resistance; pathogenic
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Table | The resistance rates of Sreptococcus suis strains to different antimicrobials

Antimicrobials

Resistance rate in Kunshan (%) Resistance rate in Danyang (%)

Overall resistance rate (%)

p-lactam antibiotics

Penicillin
Amoxicillin
Cefotaxime
Rifamycins
Rifampicin
Glycopeptides
Vancomycin
Qxazolidinones
Linezolid
Quinolones
enrofloxacin
Marbofloxacin
Amphenicols
Chloramphenicol
Florfenicol
Lincosamides
Licomycin
Clindamycin
Pleuromutilin
Tiamulin
Valnemulin
Aminoglycosides
Gentamicin
Kanamycin
Streptomycin
Spectinomycin
Macrolides
Tilmicosin
Erythromycin
Azithromycin
Tetracyclines
Doxycycline

Tetracycline

45.16 (28/62)
45.16 (28/62)
27.42 (17/62)
0.00 (0/62)
4.84 (3/62)
4.84 (3/62)
0.00 (0/62)
0.00 (0/62)
27.42 (17/62)
27.42 (17/62)
67.74 (42/62)
64.52 (40/62)
67.74 (42/62)
53.23 (33/62)
30.65 (19/62)
53.23 (33/62)
96.77 (60/62)
96.77 (60/62)
95.16 (59/62)
54.84 (34/62)
54.84 (34/62)
33.87 (21/62)
79.03 (49/62)
53.23 (33/62)
61.29 (38/62)
45.16 (28/62)
46.77 (29/62)
91.94 (57/62)
88.71 (55/62)
90.32 (56/62)
90.32 (56/62)
93.55 (58/62)
93.55 (58/62)
91.94 (57/62)

16.88 (13/77)
16.88 (13/77)
3.90 (3/77)
0.00 (0/77)
2.60 (2/77)
2.60 (2/77)
0.00 (0/77)
0.00 (0/77)
15.58 (12/77)
15.58 (12/77)
29.87 (23/77)
29.87 (23/77)
29.87 (23/77)
53.25 (41/77)
22.08 (17/77)
50.65 (39/77)
100.00 (77/77)
53.25 (41/77)
100.00 (77/77)
53.25 (41/77)
45.45 (35/77)
40.26 (31/77)
75.32 (58/77)
58.44 (45/77)
61.04 (47/77)
36.36 (28/77)
33.77 (26/77)
98.70 (76/77)
98.70 (76/77)
98.70 (76/77)
97.40 (75/77)
98.70 (76/77)
98.70 (76/77)
98.70 (76/77)

29.50 (41/139)
29.50 (41/139)
14.39 (20/139)
0.00 (0/139)
3.60 (5/139)
3.60 (5/139)
0.00 (0/139)
0.00 (0/139)
20.86 (29/139)
20.86 (29/139)
46.76 (65/139)
45.32 (63/139)
46.76 (65/139)
53.24 (74/139)
25.90 (36/139)
51.80 (72/139)
98.56 (137/139)
72.66 (101/139)
97.84 (136/139)
53.96 (75/139)
49.64 (69/139)
37.41 (52/139)
76.98 (107/139)
56.12 (78/139)
61.15 (85/139)
40.29 (56/139)
39.57 (55/139)
95.68 (133/139)
95.68 (133/139)
94.96 (132/139)
94.24 (131/139)
96.40 (134/139)
96.40 (134/139)
95.68 (133/139)

The bold is the class of antimicrobials.

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



218 XU Yang et al. | Acta Microbiologica Snica, 2025, 65(1)

*®2 BHEKESBERMAERERGER

Table 2 Detection rates of Streptococcus suis drug resistance genes

Resistance genes Detection rate of resistance Detection rate of resistance Overall detection rate (%)

rate in Kunshan (%)

rate in Danyang (%)

Macrolides 90.32 (56/62) 93.51 (72/77) 92.09 (128/139)
ermA 0.00 (0/62) 2.60 (2/77) 1.44 (2/139)
ermB 88.71 (55/62) 93.51 (72/77) 91.37 (127/139)
ermC 0.00 (0/62) 0.00 (0/77) 0.00 (0/139)
mefA 3.23 (2/62) 2.60 (2/77) 2.88 (4/139)
msr (D) 3.23 (2/62) 1.30 (1/77) 2.16 (3/139)
Lincosamides 9.68 (6/62) 20.78 (16/77) 15.83 (22/139)
Isa(E) 9.68 (6/62) 20.78 (16/77) 15.83 (22/139)
Tetracyclines 74.19 (46/62) 75.32 (58/77) 74.82 (104/139)
tetO 50.00 (31/62) 57.14 (44/77) 53.96 (75/139)
tetM 12.90 (8/62) 9.09 (7/77) 10.79 (15/139)
tet(O/W/32/0) 16.13 (10/62) 10.39 (8/77) 12.95 (18/139)
tetl 6.45 (4/62) 6.49 (5/77) 6.47 (9/139)
Ampbhenicols 9.68 (6/62) 7.79 (6/77) 8.63 (12/139)
fexA 6.45 (4/62) 7.79 (6/77) 7.19 (10/139)
fexB 3.23 (2/62) 0.00 (0/77) 1.44 (2/139)
Qxazolidinones 1.61 (1/62) 2.60 (2/77) 2.16 (3/139)
optrA 1.61 (1/62) 2.60 (2/77) 2.16 (3/139)
Aminoglycosides  53.23 (33/62) 49.35 (38/77) 51.08 (71/139)
aph(2')-1b 0.00 (0/62) 1.30 (1/77) 0.72 (1/139)
aph(2)-Ic 0.00 (0/62) 0.00 (0/77) 0.00 (0/139)
aph(2)-1d 0.00 (0/62) 0.00 (0/77) 0.00 (0/139)
aph(3)-Illa 19.35 (12/62) 11.69 (9/77) 15.11 (21/139)
ant(6')-la 9.68 (6/62) 7.79 (6/77) 8.63 (12/139)

aac(6')-aph(2")

37.10 (23/62)

40.26 (31/77)

38.85 (54/139)

The bold is the class of antimicrobials.
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Table 3  Results of zebrafish infection experiments

Strains Mortality (%) Serotype Significance P

SC070731 100.00 2 - -

SH040917 0.00 9 Ak <0.000 1
2023WUSS142 86.67 1 ns 0.073 3
2023WUSS124 80.00 3 ns 0.098 0
2023WUSS014 46.67 4 oAk 0.000 2
2023WUSS016 73.33 5 ok 0.006 1
2023WUSS048 73.33 5 ns 0.102 9
2023WUSS088 73.33 6 Rkl <0.000 1
2023WUSS017 86.67 7 Ak 0.001 2
2023WUSSI111 6.67 7 ok <0.000 1
2023WUSS085 86.67 8 * 0.014 6
2023WUSS126 13.33 8 Rkl <0.000 1
2023WUSS001 6.67 9 Rk <0.000 1
2023WUSS094 46.67 9 HoAkk <0.000 1
2023WUSS128 73.33 10 *oxk 0.000 5
2023WUSS083 6.67 12 HAkE <0.000 1
2023WUSS019 80.00 15 R 0.000 8
2023WUSS052 46.67 15 xRk 0.002 0
2023WUSS012 26.67 16 ok <0.000 1
2023WUSS047 66.67 16 Ak 0.000 2
2023WUSS025 33.33 19 ok <0.000 1
2023WUSS064 13.33 19 oAk <0.000 1
2023WUSS051 6.67 21 *oxkk <0.000 1
2023WUSS056 93.33 23 ns 0.3152
2023WUSS082 0.00 24 oAk <0.000 1
2023WUSS021 6.67 29 koA Ak <0.000 1
2023WUSS053 33.33 29 o <0.000 1
2023WUSS058 26.67 30 o <0.000 1
2023WUSS007 66.67 31 Hokkok <0.000 1
2023WUSS043 53.33 31 Ak 0.000 7
2023WUSS045 0.00 172 o <0.000 1
2023WUSS087 66.67 1/2 * 0.010 7
2023WUSS029 26.67 NCL1 oAk <0.000 1
2023WUSS131 60.00 NCL1 ok 0.006 1
2023WUSS036 6.67 NCLI11 HAAK <0.000 1
2023WUSS033 13.33 NCL2 HoEEE <0.000 1
2023WUSS063 20.00 NCL20 oAk <0.000 1
2023WUSS035 86.67 NCL3 ns 0.198 3
2023WUSS061 66.67 NCL3 HAAK <0.000 1
2023WUSS132 73.33 NCL4 ns 0.126 5
2023WUSS133 80.00 NCL5 ok 0.009 4
2023WUSS062 0.00 NCL7 HHAk <0.000 1
2023WUSS134 13.33 NCL9 HAAK <0.000 1
2023WUSS073 6.67 Unknown HoEEE <0.000 1
2023WUSS076 40.00 Unknown oAk ok <0.000 1

The virulence of isolates was compared to the highly virulent strain SC070731 and subjected to statistical analysis using the
Log-Rank (Mantel-Cox) test. The symbols *, ** *** and **** correspond to P<0.05, P<0.01, P<0.001, and P<0.000 1,
respectively, while “ns” signifies no significance.
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Table 4 Results of mouse infection experiments

Strains Mortality (%) Serotype Significance P
SH040917 0.00 9 Hk Ak <0.000 1
SC070731 100.00 2 - -
2023WUSS056 90.00 23 ns 0.860 0
2023WUSS124 90.00 3 ns 0.061 7
2023WUSS142 80.00 1 * 0.010 1

The virulence of isolates was compared to the highly virulent strain SC070731 and subjected to statistical analysis using the
Log-Rank (Mantel-Cox) test. The symbols * and **** correspond to P<0.05 and P<0.000 1, respectively, while “ns” signifies

no significance.
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