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Abstract

Streptococcus suis (S. suis) is a zoonotic disease transmitted from animals to humans. The pathogen enters the body
through consumption and contact with skin lesions. In severe cases, disability or death may occur. This study aims to
investigate the prevalence and antibiotic resistance patterns of S. suis through systematic review and meta-analysis of research
publications between 2012-2022 from 11 electronic databases and data from the Institute of Public Health Research. The
PRISMA Statement guidelines were followed using PICOS criteria to define search terms, select articles based on
inclusion/exclusion criteria, and assess article quality using the Joanna Briggs Institute's Checklist for Prevalence Studies .
Data analysis was performed using R software. The study found 79 research re ports meeting the inclusion criteria, with 28
abstracts remaining after screening. Bias assessment revealed 77.77% high bias in sample selection. The study's findings on
the prevalence of infection in patients and swine showed that most were infected with serotype 2, with proportions of 0.87
(95% CI: 0.72 - 1.00) and 0.33 (95% CI: 0.18 - 0.48), respectively, followed by serotype 14 with proportions of 0.19 (95% CI:
0.01 - 0.36) and 0.02 (95% CI: 0.00 - 0.03), respectively. Antibiotic resistance to penicillin and gentamycin in patients was
0.04 (95% CI: 0.00 - 0.11) and 0.15 (95% CI: 0.00 - 0.31) respectively, while resistance to ceftriaxone was 31.25%. In swine,
the proportions of resistance to penicillin and gentamycin were 0.21 (95% CI: 0.10 - 0.31) and 0.49 (95% CI: 0.25 - 0.74)
respectively, and to ceftriaxone was 0.50 (95% CI: 0.40 - 0.60). In summary, most humans and swine were infected with
serotype 2, followed by serotype 14, with similar proportions of resistance to penicillin, gentamycin, and ceftriaxone.
Therefore, monitoring the use of antimicrobial drugs in swine, especially those used for treating patients infected with S. suis,

should be a priority.
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9
U ' @ = J o (
na111@71 qn3 100 i1 nued 15 Indl 2 S1uau 33 @2

a g 9 A a d [ ] I
Aty Fesaz 33 (MM 5) IATHNgUEDE LoDl U
4
qn31lae WUs1891U398 6 RV WULFO 300 911 600
A9819 dAdIU = 0.47 (95% CI: 0.26 - 0.69), I = 98%
1 Y 1% dy v a g 9 A

na1 1831 100 @1 Wik 47 A1 AmdluSeoaz 47 (1A 6)
v k4

YUNGNIFUNING WUTIWIUNTITY 6 ATV WULFO

84 910 674 A998 dATIU = 0.15 (95% CI: 0.06 - 0.24),
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Y
I’ = 88% na12 1871 gnsgunIm@ 100 42 WuLke 15 A7
Aafludesaz 15 (i 7) dwmsud1sInd 14 lugns

FUAINA WU31UITY 3 A1 dadIu = 0.02 (95% CIL:

117-122

0.00 - 0.03), I’= 60% na11 1831 gnsgunIn@ 100 @7

X o a & v d.
nu¥e 2 a1 Anluievas 2 (mnn 8)

Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Lietal., 2012 105 159 ; — 0.66 [0.58; 0.73] 0.7% 9.2%
Kongkaew et al., 2012 10 43 o 0.23 [0.12; 0.39] 0.2% 8.8%
Nutravong 2013 5 52 —— £ 0.10 [0.03; 0.21] 0.6% 9.1%
Chen et al., 2013 95 106 : - 0.90 [0.82; 0.95] 1.1% 9.2%
Thongkamkoon et al., 2017 21 196 - ; 0.11 [0.07; 0.16] 2.1% 9.3%
Sang-lk Oh et al., 2017 52 240 —— 0.22 [0.17; 0.27] 1.4% 9.3%
Mark A. O'Dea et al., 2018 50 148 —— 0.34 [0.26; 0.42] 0.7% 9.1%
Bingzhou Zhang et al., 2019 6610 19673 ‘ 0.34 [0.33; 0.34] 88.6% 9.4%
Jitsatthra (2019) 10 29 —_— 0.34 [0.18; 0.54] 0.1% 8.3%
Chaoyang Zhang et al., 2020 13 223 —~ v 0.06 [0.03; 0.10] 4.1% 9.3%
Lucilla Cucco et al., 2022 27 78 g 0.35 [0.24; 0.46] 0.3% 9.0%
Common effect model 20947 h 0.33 [0.32; 0.33] 100.0% -
Random effects model —_— 0.33 [0.18; 0.48] - 100.0%
Heterogeneity: /¥ = 99%, v = 0.0630, p < 0.01 v J T '
0.2 0.4 0.6 0.8
d‘ d” [ a 2 ml o
M 5 anugnveutedinsl lnneadd god a5 Inil 2 Tugns
Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Li et al., 2012 105 159 | —=— 0.66 [0.58; 0.73] 20.1% 17.4%
Nutravong (2013) 4 11 - -~ ; 0.36 [0.11; 0.69] 1.3% 13.5%
Chen et al., 2013 95 106 | —E=r 0.90 [0.82; 0.95] 32.3% 17.5%
Sang-lk Oh et al., 2017 19 98 L : 0.19 [0.12; 0.29] 17.8% 17.3%
Mark A. O'Dea et al., 2018 50 148 —-.— : 0.34 [0.26; 0.42] 18.7% 17.3%
Lucilla Cucco et al., 2022 27 78 —- ‘ 0.35 [0.24; 0.46] 9.8% 17.0%
Common effect model 600 <I> 0.56 [0.53; 0.59] 100.0% --
Random effects model —_— 0.47 [0.26; 0.69] - 100.0%
Heterogeneity: 1? = 98%, 2 = 0.0685, p < 0.01 f T T L
0.2 0.4 0.6 0.8
i k4
= A [ a ~ o U
,i 6 Anugnvesvomasllaneand goa 15 Inil 2 Tugnsile
Weight WWeight
Study Events Total Proportion 95%-Cl {common) (random)
Mutravong 2013 1 a1 -=—— 0.02 [0.00; 0.13] 12.1% 18.7%
Jitsatthra 2019 10 29 : 0.24 [0.18; 0.54] 1.4% 11.4%
Kongkaew et al., 2012 10 43 0.23 [0.12; 0.39] 2.7% 14.2%
Sang-lk Oh et al., 2017 33 14z - 0.23 [0.17; 0.31] 8.8% 17 6%
Thongkamkoon et al.. 2017 21 196 r—— 0.11 [0.07:0.16) 22.8% 18.8%
Chaoyang Zhang et al., 2020 13 223 == 0.06 [0.03;0.10) 45.1% 19.2%
Common effect model 674 < 0.09 [0.07; 0.11] 100.0% -
Random effects model —_— 0.15 [0.06; 0.24] - 100.0%
Heterogeneity: /¥ = 88%., t° = 0.0109, p < 0.01 T T T !
0.1 0.2 03 04 OS5
4‘ dy [ a A lfl J =
M 7 anugnvesremaslaneadd god als Ini 2 lugnsgunna
Weight Weight
Study Events Total Proportion 95%-Cl (commeon) (random)
Thongkamkoon (2017) 3 196 . 0.02 [0.00; 0.04] 64.8% 64.6%
Jitsatthra (2019) 5 29 0.17 [0.06; 0.36] 1.0% 1.0%
Sang-lk Oh et al., 2017 3 142 —— 0.02 [0.00; 0.086] 34.2% 34.4%
]
i
Common effect model 367 < 0.02 [0.01; 0.03] 100.0% -
Random effects model < 0.02 [0.00; 0.03] -~ 100.0%
Heterogeneity: 1% = 60%, t° < 0.0001, p =0.08 ‘ ' ‘ ' ' J |
0.05 0.1 0.15 0.2 0.25 0.3 0.35

a X o a o < =
M 8 anugnveusemasl Tanoand god 315 1nil 14 Tugnsgquana

Y
UDNIING HaMIANEIWRIANTUITEINMAAS
VA A A o
AIBIIUYY 52NN WAL 2556 - 2564 NATIVHUIY

k4
1¥0 S. suis Gluﬁ'mﬂgmmiﬁ”;m% Polymerase Chain

¥ v
Reaction (PCR) 316081013501 31)52me woi s Inil 2
FIUIU 147 910 148 d19813 Aauiudosas 99.32 az

#1511l 14 S22 1 910 148 fred1 Aadludosas 0.68
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& k4 = & (% a
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Ny we mlanuviinen

=2 = o 99 9o ya & .
ﬁﬂHHﬂ‘WWSﬁEJWT]LLH%HWSlWGl‘]ﬁﬂHWﬂ@]ﬂL"]m S. suis

1dun penicillin, gentamycin L01& ceftriaxone WUT184TU

118 - 122

aw o = = ) A o X
398 3 R1U AnBUNEINUNI5ABE penicillin Tugile
9 k2
AALAD S, suis WU ABE 9 910 133 AU dAaAIU = 0.04
9
(95% CI: 0.00 - 0.11), I = 77% na12 131 ilre@aie

100 AY A1 penicillin 4 AU AaAsluAINGD 9

Study Events Total
Nutravong (2013) 0 33 E——
Singpoltan (2019) 9 73 I
Yongkiettrakul et al., 2019 0 27T ————
Common effect model 133 =—=
Random effects model ——
Heterogeneity: /% = 77%, ©> = 0.0035, p = 0.01 T T

0 0.05 0.1

T
0.15

Weight Weight

Proportion 95%-Cl (common) (random)

0.00 [0.00; 0.11] 50.8% 36.5%

0.12 [0.06; 0.22] 14.6% 28.8%

0.00 [0.00; 0.13] 34.6% 34.7%

0.02 [0.00; 0.05] 100.0% -

0.04 [0.00; 0.11] - 100.0%

1
0.2

M 9 k4
MW 9 M3Aee penicillin Tudihodaomasy Tanende o

Y
518914398 2 1L ANBIN1TABHT gentamycin
gy o X X o
TudiheAade . suis WU A0 10 910 60 AW TadIU
=0.15 (95% CT: 0.00 - 0.31), I'= 71% na11 1471 dile
4 Y ]
AL 100 AY ABEN gentamycin 15 AU AaLEAIIUANA 10
4 Y
d1M5UN15A0YT ceftriaxone YDIUHO S. suis
wusenumIteRhmsan lunyed 1 210 dadau
4 1]
M15ABYT 31.25% uazi1eaunsisenany1ny 1o
1 EA a dy . d’d d’ Y @
aven Tudiefaiie S. suis Nl IM IO NANOIO NI
a dy A o 1A o
wazAarelunszuaaea 1 a1y wun 15 1nl 2 uas
14 5iau Tdeen ceftriaxone 100%
msaegndugarnveusemasilnnenda yda lugns
namariaen
1] 4
519914399 15 21U ANEUNEINUNITADET
] Y Y
penicillin TugnINATIINUITO S. suis WU ADE 463
910 2,371 @298 dAdIU = 0.21 (95% CI: 0.10 - 0.31),

2 ' PR P X . o
I"'=98% ﬂa’]’Jblﬂ’J”l Qﬂiﬂﬂiﬁﬂwm%a S. suis 100 12
P

@081 penicillin 21 77 AwtaaslunIng 11

51691358 8 A1 ANEUREIRUNITA 6]
gentamycin GL‘LJQ(ﬂS‘ﬁﬁS’J%WU!%@ S. suis WU ﬁ?’am 519
210 1,026 §108619 AATIU = 0.49 (95% CI: 0.24 - 0.74),
I’ = 100% na12 1831 gns 100 @2 461 gentamycin
49 1 Fanaas Tumnd 12

10013350 3 21T AnEIREITUNIAE ]
ceftriaxone Gl,uqﬂsqmmwﬁﬁmnwm%a S. suis WU
A0 44 910 88 1619 Fadan = 0.50 (95% CI: 0.40 -
0.60), I* = 0% na1 1441 gn3guand 100 1 Ao
ceftriaxone 50 ¢ wanaaalunIng 13

M3ATINAOUVBARINMIANYN (publication bias)

) X

v 4
Wo3yan13A081 penicillin TUgNITNATIVNUITD S. suis
14U 15 R1JU WU UA standard error 108 UATAAHUL
nszaedmuy luauuing (asymmetrical funnel plot)

gauaaalunini 14

Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Yongkiettrakul et al., 2019 2 27 —@B—+—+——— 0.07 [0.01; 0.24] 68.7% 55.3%
Nutravong (2013) 8 33 — 0.24 [0.11; 0.42] 31.3% 44.7%
Common effect model 60 _— 0.13 [0.04; 0.21] 100.0% -
Random effects model — 0.15 [0.00; 0.31] - 100.0%

Heterogeneity: /% = 71%, ©* = 0.0101, p = 0.08 J
0 0.1

0.4

d‘ cg . Y a dy v a
MW 10 M3A081 gentamycin Tuiedasomasi Tanoadd god
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wWeight wWeight
Study Ewvents Total Proportion B5%-Cl (common) (random)
Kongkeaw et al.. 2012 16 54 H - 0.30 [0.18; 0.44) 0.3% 6. 6%
Lietal, 2012 105 159 H — 0.66 [0.58; 0.73) 0. 9% 7.0%
Callens et al.. 2013 3 329 R 0.01 [0.00; 0.03) 45.5% 7.3%
Mutravong (2013) 1 11 — 0.09 [0.00; 0.41) 0.2% 6.1%
Jinhu Huang et al., 2015 3 46 0.07 [0.01; 0.18)] 0.9% 7.0%
Mamata Gurung (2015) 128 z27 . 0.56 [0.50; 0.63] 1.2% 7. 1%
Juan Hermandez-Garcial et al., 2017 86 651 H - 0.13 [0.717; 0.16]) 7.1% 7. 2%
Devi et al., 2017 1 7 T - 0.14 [0.00; 0.58]) 0.1% 5.1%
Mark A. O'Dea et al., 2018 12 148 ——— 0.08 [0.04; 0.14] 2.5% 7.2%
Yongkiettrakul et al.. 2019 56 23s H - 0.24 [0.19; 0.30) 1.6% 7.1%
Chaoyang Zhang et al., 2020 30 223 H - 0.13 [0.09; 0.19) 2.4% 7. 2%
Takashi lchikawa et al., 2020 o 1140 0.00 [0.00; 0.03) 33.2% 7.3%
H.Huan et al.. 2020 4 - B 0.50 [0.16; 0.84] 0.0% A4.1%
M.-F.Tan et al.. 2020 4 107 —~+— 0.04 [0.01; 0.09)] 3. 7% T.2%
Wang et al., 2021 14 52 H 0.27 [0.16; 0.41) 0.3% B5.6%
Common effect model 2371 e 0.04 [0.03; 0.05] 100.0% -
Random effects model ———— 0.21 [0.10; 0.31] - 100.0%
Heterogenaity: [~ = 88% . «° = 0.0403, o = 0.01 I J T T '
L] 0.2 0.4 0.6 0.8
v Y
a = o eqas 51
MAN 11 NINTIUNITADY penicillin IUFNT
Weight Weight
Study Ewvents Total Proportion 95%-Cl1 (common) (random)
Kongkaew et al., 2012 50 54 [ : — 0.93 [0.82; 0.98] 2.6% 12.8%
Nutravong (2013) 5 11 — 0.45 [0.17: 0.77] 0.1% 11.0%
Mamata Gurung et al.., 2015 125 227 H — .55 [0.48; 0.62] 3.0% 12.8%
Devi et al., 2017 0 7 i 0.00 [0.00; 0.41] 0.5% 12.2%
Bingzhou Zhang et al., 2019 2 217 : 0.01 [0.00; 0.03] TB.7% 12.9%
Yongkiettrakul et al., 2019 99 235 [ — 0.42 [0.36; 0.49] 3.2% 12.8%
Chaoyang Zhang et al., 2020 207 223 . —- 0.93 [0.89; 0.98] 11.1% 12.9%
wWang et al., 2021 31 52 i 0.60 [0.45; 0.73] 0.7% 12.5%
Common effect model 1026 5 0.17 [0.16; 0.18] 100.0% -
Random effects model —_— 0.49 [0.24; 0.74] - 100.0%
Heterogeneity: /1 = 100%, ©° = 0.1246, p = 0 r v L !
o] 0.2 0.4 0.6 0.8
i 9
= A . al
MNN 12 NINTINNITABYT gentamycin LUFNT
Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Kongkaew et al., 2012 28 54 — 0.52 [0.38; 0.66] 61.2% 61.2%
Devi et al., 2017 2 5 0.40 [0.05; 0.85] 5.9% 5.9%
Jitsatthra (2019) 14 29 — 0.48 [0.29; 0.67] 32.9% 32.9%
H
Common effect model 88 =S 0.50 [0.40; 0.60] 100.0% --
Random effects model — 0.50 [0.40; 0.60] - 100.0%
Heterogeneity: 1?=0%,t° =0, p =085 I I T L
0.2 0.4 0.6 0.8
H I
= A . Gl =
NN 13 NTADYT ceftriaxone IUFNTFUNINA
o
S
[=]
Q
w Q
- o
e o
=
(]
g=]
o o
i=] - - :
= :
s ° :
2 :
w :
- :
= :
. o]
I I I I I
-0.2 0.0 0.2 0.4 0.6
Proportion

d‘ a aa o 9
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=2 a -ﬁy v 2
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wypduazgns wun 315 Inil 2 Banwyngege wuld
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& L
981 penicillin Glufjﬂ‘i

= ~ 1A J ~
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gannlugnsguaIn@ (0.47 uaz 0.15) doAndoant
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(2, 13-15)
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g151 1y uauian anlu daulugwudising o uas
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= I 1 @ 1 a o 12
vo33 15 Inilfianuuanaeiuluudazgiinin dwsy
o ) J
F151nil 14 dadrunrugn =0.02 soeaaand s Ini 2
, = X ¥ ] (2, 18-19)
uansanuinuyeyamwizlugnigquaing
a dy Jd (= o o o
msaarelunywddiulnganudunusiuns
Y v
v3 Inautiognsfia)ga hign™ "
£ v = o A '
MIADOIAUYATN WUANYVZMIABEIWINNT

10, 14)

a . . ( 19 o 9
¥UA (multi-drug resistance) HANIVYITUTIVI Y

Y = o q Y o a X .
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U 4 @ 4 1<
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Y 1
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Uszmsuauia ansgomssm uazszma lng Anun
Yy
1¥0 51 @19619 1AU1I@0e1 penicillin 100% 2" 1A
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I 4
38.6% Y YWIAYINUNITADOT ceftriaxone YD IUFD
I
S. suis wumsane luwypdifies 1 a1ty wud deen
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