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AR . XGHTIREE S XA Y P AT R 4 Fh K
BT B AR YR 5 — I R AT R R,
M AR RS HE T R B A B2 IR 5 . RIBR
BB BT IWUBE NS B SOR A R TR A B R
JF TR A B 25116 TR A2 W R T 38 1 1 R
R A 22 S ek . BOER . &R Al ik
DL R 5% 9 I T JER L ) B0 MLEE X T iy i 9
PR A R B A EEE Y, BHAr, WRIRA
BUL O TR & S OA B 2 HEIR Y, dh
o S AR I B AR SO B S EE Ay . R S A
PR A T 5 A T R 1 o AL B
GEEO X LY E 8 e I SR L B I TR T
SR AL TS LA

bR T & & YFheess AL A0 B 8 A ok
W, KSR M A a2 . DIERIR S5 )2
NATTBRICER 19 B2 A R AR o SRR 7 S5 58 i
TR T A A KRR S A 2, R R W P
W H A Z R TR &Y . fEFRFH R
PR BIG R R, &R AR b al A
B 5 40 T ) SRR | A TR e B A R |
YT 5 A A R SR | B B Y AR
Pl T AR R, MR RIR S
Y RTINS AT L L B S YA Bk AR, A
U, A0 200 SR A TR A B I A R A A7 BB R
ZWRBENCE, HET, A 9w
g mp ALY | A A LR | AR AR R e AL
YL | AR AR HURT B R A R R
Yy N LT A TR R A ST AR AT, sk St
5 R KA B IR A IR G BOR HLER A TR AR 5T #2
HET BRI AR

1 B4 (Epinephelus spp.) A 5t 20 i faf 3¢ |
HOESE, JMRIESEN, SR R4 5t
M KRR S, HAWME LT IME. SR,
PR SEIR AR AL, Tk AL AR T AL FR bk
TR T 3 Bt SR P A AR,
7 2K B (50 2 H 7)™ 5 0 A B SR TR 2 K .
2 P TR I TR A B G AN 25 A B A4 1) 2 W X B
TR RAR KR, i H AR A A B R 05 %6 A
T8 P EB RN Z —, B T A 5
SR R R . mARHATE N ANE A M
KK = SRR IR A R 5T, (B4 Tl
BB R T A B SR SRR A IR I
SIS DA N T35 A B0 A0 25 PR 5 0 B 20 T PR R
o RS BR, M P8 A B IR TR SR A

fdi ] PCR J5 % A BEAUT R 3 (SGIV), fi4
WILHRRE (NNV), BB YE RN (Vibrio harveyi) .
BIIREE (V. vulnificus) . % EEI# (V. alginolyti-
cus). BRI IMINE (V. parahemolyticus) . W& K<,
M (Aderomonas hydrophila) 5 3& N\ 4 K& JGFTF
W (Photobacterium damselae) & VL3575 B 1 I
HEATARG I 34T, I 0 5 30 A0 Jerl 2R 4 7 24 Uk
gesrny, KERIAE TR LR IR B IR T AS E
RARGAEOL, hf B R & R Bom L
PRI T S LS80 1 By 25 B A E AR i

I MRS ITA

1.1 {EIB7=HR

A FEARAT TV el B RRER B 45 5 AL
ft B 258 P2 b B AR TAREWF ST o0 S 560 3 4 4 B
FAE A P2 51 2 AIEME (No20210101-F001), 5E
B A R DL RS ST TV el EE R R
B 9 5 v ki B 7R A P L B R T AR AT 018
PEHEVE, IR R PG el 5 R Bl 4 5 AL
fat B R A8 P2 b B AR T AR S B2 D12
FEMRLED I B RAT, ¥ R AR P R (3l
YIRS . ARSI TE R ) T,

1.2 RFE5514)

Viral DNA/RNA Kit, DEPC 7K }2 PCR fit
TR M 3 0 B R R 20 A= BB iy
HIRAT ; LB TSB ;3R 3l A RIEFE AW
PHEARRA R T 84k ORI A & T AY
T () e A BRA R 514 DR B,
AR A RAR AR (G 1),

1.3 (ALRMm. BRERFS

RIS S R T T Pa AL L AR L Bk
WA BEFRA Y, SRAE AR AL B A1 BEfE T
JUE . TNE IR A 2 2L AR I 3 52 £

1 BE A4 N9 40 M (grouper spleen, GS) M 4%
A A1 BE i (Epinephlus fuscogouttatus @ * E.
lanceolatus 3) NEH A o388, HEH 10%
FBS 1Y L15 Hi FRHETE 28 °C A3 A bR 5%
SGIV 5 NNV R ARG % 43 85 1) Py g g,
AT T80 °C UKH#i
1.4 #£5 RNA ¢ DNA $2E

BTICHR 73 2 SVRE il B T T SO h I o 4
LSS e, ARSI B ORRL 3 R T 4 °C
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1 NFAEN PCRI1E5(49
Tab.1 Primers for PCR detection

FrB
ElEvEA S Bkl K/ bp
primers primer sequences fragment
size
SGIV-F1 5'-ATGACTTGTACAACGGGTGCTGG 1395
CG
SGIV-R1 5-TTACAAGATAGGGAACCCCATG
GA-3'
SGIV-F2 5'-CGAAACAAATAGGCTCGGCG-3' 952
SGIV-R2 “AGCGTTGGTCAATCTTCCGT-3’

NNV-FI1

NNV-R1
NNV-F2
NNV-R2

5
5'-ATGGTACGCAAAGGTGAGAAG-3" 1017
5-TTAGTTTTCCGAGTCAACCCTG-3'
5-AGCCGGGACAGGAACAGAC-3’ 777
5'-CCAACAGGCAGCAGGATTT-3'

16S rRNA-27F 5-GAGTTTGATCCTGGCTCAG-3' 1 466

16S rRNA-1 492R 5'-CGGTTACCTTGTTACGACTT-3'

SGIV-MCP-qF 5-GCACGCTTCTCTCACCTTCA-3'
5
5
C
5
5
5

SGIV-MCP-qR ~AACGGCAACGGGAGCACTA-3' 213

NNV-CP-qF “CAACTGACAACGATCACACCTT 230
-3

NNV-CP-qF -CAATCGAACACTCCAGCGACA -3'

B-actin-qF “TACGAGCTGCCTGACGGACA-3' 244

B-actin-qR “GGCTGTGATCTCCTTCTGCA-3'

B AL 12 000 t/min .0 10 min, W SIIER
W, T80 °C UK RAEE -

DNA/RNA ) $ B2 B 50 & Ui B 5 14 7
WF#EAE:. OS5 mL 808, A 20 uL &
FIEE K, [ B0 A 200 pL 414U 51 383
T & 200 pL Buffer GL, I®EIR 15s; QFESh
CE 56 °C KB IEE 15 min, A O
A 250 uL JooK B, iwJEdR 15 s, iRk
B 5min; QRS E R B O 555 £ RNase-Free
Columns M ffH4EH, 12 000 r/min 250> 1 min, {3
ol SO A TP R B, R TR O A BT R I i £
By @i W R AR H A 500 uL Buffer GW1,
12 000 r/min &5.0> 1 min, FEPEUEE IR,
V8 IO A S e i R v s 1) W B A o
A 500 puL Buffer GW2, 12 000 r/min &.(> 1 min,
Frd SR T A, O R A R Il A
By © 1 W B A I A 500 pL K £ B,
12 000 r/min &5.0> 1 min, FPEUCEE S 0B
V8 I A BT PR E 45 s (D12 000 t/min 2§
> 3 min, FERUICER R b VRS K R B A == R
CE BN, MR, KR SR,
@KW ET— N80 1.5 mL CEEELOA, 17
W2 56 A3 B g b (R4 B =5 A 20~150 pL Buffer

RE SUKH/K, ZEIGCE 2~5 min, 12 000 r/min &
O 1 min, WCEERRR, $REUARZRRFHT PCR #:300,

1.5 HREENSESEN

FH-F-# (LB 1 TCBS) XiJ 28 73 15 2 M £ 11
FERE . JBLAE . B RE AR L S0 B AN, 37 °C
ST REFR 24 h R PRBUE B TE, IR TR
LB i TCBS }igrH i alifb i 5% 2~3 Ik, LAksk
PRAisE IR . RN, KR OL 3B R A v K S
FEMAREE FEHE B % (B 1000 mL f, BERRRE
1.0g, 4WH 3.0g, HHMS5.0g, NaC130.0g,
J& pH & 7.6~7.8), BEW S E IR =50% H
MIRE, 15FF T-80 °C MvK4ah 4.

IR 4 37 CC IR I3 20 h 5, VAR
MAEH, FFH 16S rRNA £ 3 15| 9 ¥ IR Tag
il 0 FH 7 ik S e A BR Y18 16S rRNA FEA
PCR =145 1% 1135 N5 W B e R Uk WL %% )5 A7
e e, B U PR T AR I Rk
DHSa B2 23 40 M, 0 2 BH 1 v B 2 i
R dh kb Y BL A BRS w) SE AT AR 51 )
FE o FIH ClustalX K5 5 25 R 5 GenBank H 3k
S0 [R5 3 5 O M 16S rRNA BEA T2 X
J&, it MEGA4 A4 EE R G AR 73T

1.6 FRERE GS i

GS 4i il (3x10°/4L) #4224 £L 40 i Al vh
T 28 °C 40 i 1 % 4 i B FF . SGIV(MOI=
0.5) B, NNV(MOI=1) 43 51 il A 41 i o Jg& e &=
48 h, | 2 i U 0 5% s B Bk L 40 i 1 s
RN (cytopathic effect, CPE), 3 i 52 B € 5
%€ & PCR(quantitative Real-time PCR, gqRT-PCR)
Ao I B R R ) 2k

1.7 ZHERRZE GS 4150

GS 21 il (3x10°/FL) H2Fh 2= 24 FL 20 B A
T 28 °C MM FR A IE IR, e 4 TR
BN . AR . RA MR . R /KRR
TR S 55 N A0 R GHT TR 430 4% 1+ 100 1 L il 4%
A LBEi R, F 37 °CHEIR T 3% 2 OD=
0.5, SRJ5 4% 40 4% T8 MOI=5 fit) Jik Yt & B Y
GS 4iififs, s BRI CPE,

N Lk ER

<~ AN

21 H@RELER

KA BN 4 By e R L PRSRR At
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37 (K 1), BELRER, ARV MAREE | IRERZEH
JEAE . BRI . BRERR R . B AR, &
H G A& BURE A R, A K, AR RS A
TEARAIEH

2.2 SGIV &5 R

il FH 55 [C PCR 19 77 12 %60 >R 4 31 W 1 ot F
1T SGIV MCP JEH i Be Wi e 43, PCR 7=y
HLUKES R o (B 2), Riiae st 2 ey i 5
T AR/ N—30 B 952 bp B9 A BE,  FTAS I A4 s
Wi, SGIV BHYERE S 44 6y, BHYER N 84.6%.
2.3 NNV #&45

fif FH 55 EC PCR 11 77 32 %6 2R 4 31 19 4 o 1F
1T NNV CP 3K | Be i wide 4%, PCR =4 H
VKA BoR, RRE LS 2 f 3 SR
/N—FHy 777 bp W9 A B (&1 3), A I A o
Hr, NNV FHPERES: 32 ), FHIER 61.5%.

2.4 SGIV 5 NNV B GS 4058

TP HLIX A3 ES 14 SGIV 5 NNV #JRE A %50k
Ut GS 41 . SGIV WYY 515 GS 41 fifd i BL

_am
=,
=

ANFIFREE BT . A5 S AR RN (18] 4-a), T
NNV (UYL T 55 GS 40 H PE2s 1 16 728 5%
N (4 -a), [AIET, JERULAY GS dRiEssii i SGIV
MCP JE R 5 NNV CP 3 [H # 5% /K 1) 155 e ik
(& 4-b, ¢).

25 WHESERNER

W43 5 195 J5 18 54T 16S rRNA PCR 14
Ja BB, ARSI A i v AR S v 1 s R PR
ARG . WA LEECHNE . S . R I
I . WK M B S S0 R AT R . Herh
BT FAME R 9.7%, FE40ES H 4 MR IR
BN 5 W5 4E FCIN B BH M 54.83%, 4>
B 4 RS T B e e EC IR 5 9 i oI B BH 7 R
H19.3%, B 2 BRRT A IE EEINE ; &
S LA BE Al 29%, FE3 B 4 MRAR[R (Y
RV MR 5 P K S P B RN 6.5%, &
A 5T B BIRR g K R E s S8 ROk
FFRET B RN 22.6%, 4B H 6 MR AS ] Y 36
N R H . Hohal A 2 ko JoE i R 1R
i Jm AR AN (7 5).

E1 RXFEHBHLEANE (RRAREx EFAMEd)
Fig. 1 Diseased grouper (E. fuscoguttatus Qx E. lanceolatus )

SGIVEE 148

SGIVZE 24t

Marker 4C-S 4T-S 4C-B 4T-B 9C-S 9T-S 9C-B 9T-B 4C-S 4T-S 4C-B 4T-B 9C-S 9T-S 9C-B 9T-B

bp
2000

1000
750 |
500

250

100

2 SGIV MCP %X PCR #1845 R

C. %8 T.S28e; B. Kff; S./hf, FE.

Fig.2 SGIV MCP gene amplification

C. control; T. test; B. big fish; S. small fish, the same below.
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NNV 14 NNVEF24%

Marker 4C-S 4T-S 4C-B 4T-B 9C-S 9T-S 9C-B 9T-B 4C-S 4T-S 4C-B 4T-B 9C-S 9T-S 9C-B 9T-B

bp

2000

1000
750

500
250

100

3 NNV CPE[MEPCRYIBLER
Fig.3 NNV CP gene amplification
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i "’lft

q“ % 1»4;;
S

4%

S

‘ ,}r
/)
i ﬂ‘ﬂ'}%’r

@
Q ~_~
2 1.5x10" = g 4x10”
= =
=3 L £
®E g 30 | “'
= & 1x10t - T a
= = = O
= > > > 7 =
5 % 2x10
ﬁé‘l E’_’ m G
& T 5x10° QS
Q = 3 g
S .8 2 1x10" |
> 2 z 4
52 ZE
wn x ®
o 0 1 L o 0 1 1
o o
% 1 2 % 1 2
E ENPE: e A B
different treatment groups different treatment groups
(b) (c)

4 SGIV 5 NNV B3 GS 40pa sy #h
(2) SGIV 5 NNV 4 Hlli& 4t GS 45 e % BB g, B 1~3 2 5IRR 5B, SGIV EYL4l K NNV & 4L4l; (b) SGIV 5/ 4L GS 41
M/, qPCR &l SGIV MCP JEH R IE, EH 1 F1 2 4 Bl R R 5 BRAH & SGIV Y4l (c) NNV &Y GS 4l /5, qPCR &l NNV CP %
B as, Bl 12 43 5 R 0 HR2H 2 NNV L4 .

Fig. 4 The analysis of SGIV and NNV infection in GS cells
(a) observation of GS cells infected with SGIV and NNV under microscopy, where 1-3 is the control group, SGIV infected group, and NNV infected
group, respectively; (b) after SGIV infection with GS cells, qPCR was used to detect the expression of SGIV MCP gene. 1 and 2 is the control group and

SGIV infection group, respectively; (c) after infecting GS cells with NNV, qPCR was used to detect the expression of NNV CP gene. 1 and 2 is the con-
trol group and NNV infected group, respectively.
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2.6 ZHERRZ GS 4150
e Al

R T I UE M R A BRE 43 T S Y AN TR
R A BRI, KB K SRR . PR 4ELR
OGS . BNIER . VR ONEE L I IS S
N TEHF TR o il B e GS 40, &5 &8,
XA EARREIR Y, GS 400, JFTIE GS 47
A AN [R) ) A L A R0 (TR
27 AMEEHLRELER

I 7 B — SRR N 24 1, (5 46.1%; 2
Jerbf il 26 1, i 50% (% 2). A B — Y
2240, 4 70.97%; —HERYE T4y, 5 22.58%:;

Jak

N

—
—l_

34

48

88

68

52

33

96

—_

26

29

96

—l

22

—1

20

S
|

7

L

58

45

52

52

&L

L

0.05
&5
B RUARVE ) 2 23 1 B B 40 T T A
Fig. 5 Systematic branch diagram of Vibrio

The ones marked with black spot are the isolated bacterial strains.

ZEIEGL 2 1y, 156.46% (3% 3).
2.8 ARIZEHAEFIKNLE

AN TR 25 T 9 A BT 0 A ) 4% SR
Ay B T M R R TE AN [) 2R A A
25, HZ (G3—5H, £22°C) NNV &%
H13%, =T SGIV; B (6—8 H, 25°C~
30 °C) SGIV MK H %k 19%, =5+ NNV; Bk
Z= (9—11 H, £422°C) SGIV HI NNV Ay# 2%
F AR, 0 58% K 40%., &% (12 A
B2 H, #520°C) 2 FREE M4 H A XS
EEBAL, 20N 4% K 6% (K 6-a). [FIE,
A1 B AT TR P R JRLPE 4 S 2T RS H Rl

| PYNY S|

CEINV - a|

[ FIN V-SR]

TEINV-3dn |

[ EINV &l

TEINV-3d:n|

EGLINE V. cholerae (OP019729.1)

KWakF 1  Escherichia coli (MT263026.1)

fifl S ABNFFIE  Acinetobacter baumanni (LN611372.1)

Wit 2k Bacillus subtilis (MT372489.1)

@ "IN V. anguillarum (NR_042509.1)

@ CIEINE V. vulnificus (HQ380019.1)

@ GG V. vulnificus (CP051118.1)

@ GIGIE V. vulnificus (KU245729.1)

@ FIAISKE V. parahaemolyticus (M59161.1)

@ FIAINSKE V. parahaemolyticus (CP006008.1)

@ FIAIMINE V. parahaemolyticus (MG438534.1)
BN V. parahaemolyticus (CP011407.1)

@ GI5EINE V. vulnificus (MN860081.1)

@ WHBYEIRINE V. harveyi (MN938228.1)

WYERIRE V. harveyi (CP009467.2)

@ MGYERINE V. harveyi (MT856362.1)

WINE 2 JE WK V. neocaledonicus (KJ841877.1)

@ WHYEICINEE V. harveyi (MT860487.1)

@ WBYEIRINE V. harveyi (KY003115.1)

@ WEINE V. alginolyticus (MH613239.1)

@ NI Vibrio sp. (MK696456.1)

WHICIKE V. panulirius (AP019654.1)

@ INIE  Vibrio sp. (MG867482.1)

@ EEINE V. alginolyticus (KX860115.1)

@ B5INE ¥ vulnificus (CPO51117.1)

P. damselae (CP046752.1)

P. damselae (GU228793.1)

P. damselae subsp. damselae (MK482017.1)
P. damselae subsp. damselae (KF956381.1)

P. damselae (DQ146992.1)

P. damselae subsp. damselae (MZ520607.1)

ET 16S rRNA FHIHZINESHEN RS S X E

and Bacillus based on 16S rRNA sequence
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B ZHERR GS 4i

14y 7T ARBREMIEFME: 2 00RO 3 ARV Mol P RS AE: 5 a2 IR R 2 6 VA BEal T &R GL (1

ML 8 Mg KT MG B 9 D9SN A ROGAT IR AR A

Plate Bacterial infection in GS cells

1, 4 and 7 are present uninfected normal cells; 2 is cells infected with V. vulnificus; 3 is cells infected with V. parahaemolyticus; 5 is cells infected with V.

harveyi; 6 is cells infected with V. alginolyticus; 8 is cells infected with A. hydrophila; 9 is cells infected with P. damselae.

R2 TEFRSHE—RARRILBLER

Tab.2 Single infection and co-infection of different viruses

P4 BERE S B A PR /%

. number of positive
viral name .
positive samples rate
HLEW#E SGIV 18 34.6
MEMIURHTE NNV 6 11.5
UL PRI EE - SGIVANNY 26 50

FHARKAT] o Bk Z e 200 B 1A 0 DA ) 23 e v 119
ZE, W LR AR LGN . B IE L A RS
B R R . BRSBTS e RO
FT TR TE &0 1) B A0 g A 2], 4G R 43
WM 32%. 6%. 9%. 15%. 6% M 15%, i
Y [N AE 4 DB ARRE AR A B 2 B
HWREE F | BT KR4 FRRRETE K0 1) A1 Bt
i R O o AN R R S
KRk 7B I s A A B i R S o I ISR B 9%
NV S o RS & iy R T R e
(# 6-b),

3 e

FAR Gl A7 TR A LR, I PR A
I 22 A B 22 Al JRUIR A SR e 41T AR
T, R 2K ST AT T B — 5 S A O F5E L%
HOWHLEL, ARZ P07 ik X267 Rt 2
PR R T B —f B, AT S B0 L By i T Be A
18 ) 22 T i TR R G IR IO Bl s B T
SEBr b, R G R LR B4 e T K 4 4 e
JE 5 B IR AR L 22 SO, FE A
WEFE R B, A R A I 22 B A EL AR T e
22 5 SR IR BOR LA A et J R,
A B EUR LI & B OURC A B2,
(AR K ™ AN TR T2 g S ARG T THT i 2 g it
FORPLEETT, LAKB #2590 7 SRS A 2 B
Xof B — g R iR A R A P S AL TR
BB, O AN i X A B TR B
SRR I A B A0 A o 2 P i A0 T
JE BRI 55 0 A, B AR A AR R

K3 2x £ 73 sponsored by China Society of Fisheries
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R3 FEHAE R —RRRILBRER
Tab.3 Single infection and co-infection of

different bacteria

RE O A~ G
éﬂﬁﬁ%ﬂ’\ IEV#FFUH;& EI/ | |Ef¢$/%
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Fig. 6 Results of pathogen detection in

diseased grouper from different seasons

(a) virus detection in diseased grouper from different seasons; (b) bac-
terial detection in diseased grouper from different seasons. 1-4 are

spring, summer, autumn and winter, respectively.
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Study and analysis of pathogen co-infection in grouper culture

HUANG Lin', LIUMingzhu', YUQing", HAN Shuyu’, WEI Dongdong ',
SHI Jingu®, WEI Hongling', LI Pengfei "
1. Guangxi Key Laboratory of Aquatic Biotechnology and Modern Ecological Aquaculture,
Guangxi Engineering Research Center for Fishery Major Diseases Control and
Efficient Healthy Breeding Industrial Technology (GERCFT), Guangxi Academy of Sciences, Nanning 530007, China;
2. Guangxi Fisheries Technology Extension Station, Nanning 530199, China

Abstract: Co-infection is a common phenomenon in nature, and large-scale morbidity in livestock farms is caused by
multiple pathogenic factors, with pathogen co-infection being a major contributor. Co-infection complicates clinical diagnosis
and treatment. However, most studies focus solely on the pathogenic characteristics and mechanisms of single pathogens, and
many prevention and control methods and drug treatment strategies are also limited to a single pathogens. Consequently, these
methods are often ineffective against co-infections involving multiple pathogens. In fact, co-infection can cause more
severe symptoms and damage to the host compared to single-pathogen infections. Moreover, interactions between co-infected
pathogens can be synergistic, antagonistic, or non-interfering, and they may alter the pathogenic mechanisms of the original
single pathogens. Therefore, developing rapid, sensitive, and efficient detection methods for multiple pathogens and exploring
the pathogenesis of co-infection are of great significance for the prevention and treatment of co-infection. Pathogen co-infec-
tion has been extensively studied in livestock and poultry, including the detection technology and pathogenic mechanisms of
virus-virus, virus-bacteria, and bacteria-bacteria co-infections. However, co-infection in aquaculture remains underexplored,
with few studies reported. Grouper is a highly valued marine fish, known for its delicate and nutritious meat and significant
economic importance. With the expansion of aquaculture and increaing industrialization and urbanization, the deterioration of
the offshore grouper aquaculture environment has intensified, leading to more severe disease outbreaks in grouper populations.
To understand the characteristics and patterns of common pathogen infections in cultured grouper, this study used PCR to
investigate viral and bacterial pathogens in diseased grouper collected from farms in Guangxi (Beihai, Qinzhou, Fangcheng-
gang City) for the first time. Pathogens were isolated using cell-specific isolation methods for viral pathogens and plate (LB and
TCBS) streak separation for bacterial pathogens. The infectivity of the isolated pathogens was then confirmed using grouper
cell lines. Results showed that Singapore grouper iridovirus (SGIV), nervous necrosis virus (NNV), Vibrio harveyi, V. vulnifi-
cus, V. alginolyticus, V. parahaemolyticus, A. eromonas hydrophila and Photobacterium damselaesingle were detected grouper
singly or in combination. V. harveyi, V. vulnificus, V. alginolyticus and V. parahaemolyticus were the primary bacterial patho-
gens infecting cultured grouper in Guangxi, and interspecies and intraspecies co-infections observed. The detection frequency
of V. harveyi was the highest, indicating that it is the main causative agent of Vibrio disease in cultured grouper in Guangxi.
Detection rates of viral and bacterial pathogens veried significantly by season. The detection rate of NNV was 13% in spring
(March to May), higher than that of SGIV. In summer (June to August), SGIV had a detection rate of 19%, higher than that of
NNV. The highest detection rates for SGIV and NNV were observed in autumn (September to November) at 58% and 40%,
respectively, while the lowest rates were in winter (December to February) at 4% and 6%, respectively. Autumn also had the
highest detection rate for bacterial pathogens, with V. harveyi, V. vulnificus, V. alginolyticus, V. parahaemolyticus, A. hydro-
phila and P. mermaid detected at rates of 32%, 6%, 9%, 15%, 6%, and 15%, respectively. V. harveyi was detected in diseased
grouper across all seasons, while V. alginolyticus had high detection rate in summer, autumn and winter; V. vulnificus was
mainly detected in spring and autumn; and V. parahaemolyticus and P. mermaid were detected in summer and autumn. In sum-
mary, diseases in cultured grouper in Guangxi are characterized by co-infections involving multiple pathogens, with complex
and diverse co-infection patterns. Our findings provided a direction for exploring the pathogenic mechanisms of grouper patho-
gen co-infection, offering a theoretical basis for epidemic prevention and control, and shedding new light on aquatic pathogen
co-infection research.
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