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2. W EKFERLED SR B B A BRI RT, RO 3B K SR F B A S S, TSR AT RS
YR E SR E, LR F5 266071

FE: Mk v R B R (Procambarus  clarkia)R 5% 95 I B T 850% 09 O bR i vE AR AR AL A8 BR, DIRE K S SR M e
(Aeromonas hydrophila) WIEFFRE, SR AIEEFEH i S E YL v B JRELHF, 4307 TGS (12 h) | At (24~72 hyfijgk
PR II(90 hy Mk b AR S oie . MR AR . BRISACI . 2R AR B H R AR B A A AR ARk 23 T, 4%
BN, FERMW, 8 BUARRE T st brh, B Al AL Z R (CAT)IE ) AL P AL BE ) (T-AOC) E B IR A T it i
3 (P<0.01), AR AXHIRAR 3.29 501 2.56 £, BG4 &9 18R A AR BR F 8 F1(ALB)FI /R %2 (UREA)
R BE AR G 2 B 5 (P<0.01), LWk BERME Lo as O BRAL 730485 T 1,75 5 5.58 A5 SR UL & 903 ST AL B 4 B v vE A
i (AMY){ J1 46 & i B v i 1 0 3 T RE(P<0.01), oS FIXTIRAL TR T 74.18%; I iE "H WLIR B AF(CK) . A N FE &L
FiF(ALT) | 75 5056 R I (AST) A G H B AL W (G SH-Px) 4 Bl 7778 % s 191 1 35 41 185 (P<0.01), 5728 0 A4
Fear 4 1T 16,72, 219.21, 7443, 2.66 fif. fEfTkillfednth, #AEM(GLU). Hil =ER(TG). S8 1 (TP)M
7 T (LPS) 4 J5UH8 A 7 5 [C A MR & 9 1ok B2 rh 028 AU AS B 35 (P>0.05) . S5 3R B, i [RJFZC AR I3 T CAT . T-AOC.,
ALB. UREA. AMY. CK. ALT. AST K& GSH-Px 9 MF5H578 fh 4 B & o i S, m A S 140 G 2 200 B s
JRYL KR HIRR A PERE AR o ASBIFSE A5 ATy i [ U AR JRURS: A0k 158 o T S (4L 1 B AR AR

KA SOICJFEEAR, B AMITE; BB, R EERR, e dRAR; A AR TR bR
REDES: $945 MERAREAD: A XEHS: 1005-8737—(2023)06-0786—13

T8 R JREMF (Procambarus clarkia) 3% [E B
(IR K SR AR, 2021 4F 77 ik 263 J7 1, TR
Jir 2 R % 2 i R 3R L v Ml 28 B 1 2
a3 TR, B SR R TR R S, v GRS AR
a3 ) LI B B, A PR RN . R R R4S
FEFEAL S R T B ORI B gk B SRR 1 K
AR EIERG . EDGA B IR A BN
J1v 55 55 2 M = A G, AR R B EAE A,
SR MRS AR P A BRAR A AN [ A 52 ), 38 5 e
B AR B B A A bR AR AR LR EE T
GEO 8 5 N A AR A DG AR AR R R AR, A BT
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g IR YL 5, HOR A B CERMFE ) . A
Z W L TR 2R R I8 L PR 1) S oy 4 6 PR P 3Rk K
-t S A AR S A A M L A B AT L S R AR

KT IR A W)L AR R I AR R B F TSI, 3R
B Sl 0 IRV A 5 XU 4 P B 2 A W R
() H BT N A, (A 3 T SRR e 5 5 4B
M AH DA 5T, sl ] DLk R fe b . AR
FEN T FESL ] TR s ke 5 O 2R
FE TR bR AEME MG 248 bw, LA oe IR ARy i Al
s, KRR K S IR (Aderomonas  hydrophila)
R VR RR, XGRS B IR IS #E4T T AR Ry
St . MERACHE . MRS R B Ak
FA B AR R bR, DU 28 AT H TP
95 L R U L R R B A AR MR AR AR, W IR R SR A
Hh s RS TPEAT S (T B H R ik, SO IR SR
B ) R I o

1 #R5EFEZE

1.1 ZWANREFESE

77 [ R ERSE 244 K (7.87+0.40) cm, SEH{4
H(25.43+3.47) g, KA AT B VY IEEF BT DR
B IE T, SRR | B S R IO R, &SR
SR, AN HEHT XTI BEZE A IE 9K B (white spot
syndrome virus, WSSV) M W& /K S B g 5 It . 5K
WHrRE IR 7 d, FRAEK OB 3 d I ESRK,
) H g 54K 1R, K& 30%, FIMAE 3.0%
{18 45 FEF S 15 RO SR PR il Jgl B A A PR A vl ) 2 Ik
(9:00 F118:00), #HLL7ES, DO 4E457F 6.0~6.3 mg/L,
KRR 20.0~22.0 °'C, pH7.3~7.5,
1.2 BELUAEEEESRAE
1.2.1 HEEENHEE PGSR
FATHVR AR T LB WA R B R A R 1.0 g ¥
HE 0.5 g, FMLHN 1.0 g, 7&K 100 mL)H, 7E
28 CIHIRFER(150 r/min)F1555% 24 h )5, 3500 g
B0 10 min, 3 L7, A PBS ZZilEBIIIE,
W5 T A OD B, FIHIME /K <MY OD fH-
Wk R OC R M2k, THRTEE WO . ] PBS 22
IRCAT A5 ) BT B TR B R 1¢10™° CFU/mL
(R RER, ARt 0 v B A B A

1.2.2 FHHFLE(LDso) BB KSR E B
FIJEH PBS 43l B AL 8.29x10° . 8.29x10°,
8.29x107,8.29x10°, 8.29x10° }% 8.29x10* CFU/mL
6 MR . A 1 mL Jow S as TURFAIE IS —
AT B, R EH W 0.1 mL, Xf
WEZH 43 B 15 PBS 0.1 mL, fM ik BERAJE 8 BAF,
YR, R IER B oK, BERHC SRR ES
HRBET IO, R 5 1k 505, Seit oo [ R L AR
EIHET R, 18 A SPSS16.0 A 2 BOE I &
(LDso)o
123 REEBRLRE. EREREKEEINS
TE N RATR g K AR TR R e T O e A S
B R, JHIFEFE N 1.0 LDs, (WK< B i
PR AT RE B LIA 45, AR 0.25 LDso W RAE
SHM, WREHNEKIAMEAREK 0.1 mL,
TIPSE g, o LR a i nT SE e A Egl
Gy 3 AEAT, BASTAT 6 RBIF IERYL ), R
IEFPEME . Wy, ok, 055 FCR A IRET i A,
i& 1l Excel 2l kRS kKmntoe Rk, R
i i 2R 0 5 S5 2 A BUORE RS ]
1.24 REBEFRIWIFAHOBRLEFZE LB RR
JB&YL2H (bacterial infection, BI), PBS ZH %5 |1 X} R
4 (control, C), F:4 3 V47, FAFAT 45 RBEF,
2 HANATATA L, ARG 1.2.3 TLER 2
WiEH 1.0 LDso AU D173, AR ARG A
U 0.1 mL, R 48R Y R 5 HE R R E
4.53x10° CFU/mL.
1.3 HmEX&EFE

MR &5 R 5 R I ) OC R4k, 3 HURE
] B BT I (12 h) L K 3 (24~72 h) S g
JE MR (90 h) o SR A T 45 4 A P47 rp AL
B 15 JBAF, e 0 S e Ja ik 52 100 SR A 5 AR 4l
LA 1) 20 80BN BT o, — IRt
S (1 mL) DA [ Ji 285 0 g L Co O il BB v 2
0.5 mL, FEATLEME.CEY, & 5 BEFRY Mk
EL AR IR A R — (R E AT IR, SEPR B~
ATRE 9 B, B3 RAFAY Ik D SRR A —
AFE), BRI 9 ASPATRE S o K R S 1 X iR
SER T R ATEhIR R, B ARREIRE, Xl
A R, BAORFFIPICIRAS . SRAE A ik LT



788 Hh [ K R

530 %

4 CEMTFEE IR, 4000 g 4 “CESL> 30 min, HL
T80 CUkAR T R ARAE A I
1.4 IEHRNEFZE
141 HEIER B AE Y B AL (superoxide
dismutase, SOD). i %A kWi (peroxidase, POD).
— % 1k A & Wl (total nitric oxide synthetase,
T-NOS). il A /b % i (catalase, CAT) . B4 fbik
Ji(total antioxidant capacity, T-AOC)fii FH i3] &
W E (F At A TR ), By %A 1k i
(polyphenol oxidase, PO) . ¥ W [ (Iysozyme,
LZM). $iE 1% I (antibacterial activity, U,)fR¥E £
B A 5 I E
142 HEERNRGIER WA (glucose, GLU)K
¥ % H] CHEMRAY-800 4 [ 8l tE AL 43 HrAX (I
LA ARk ey A R DI E .
1.43 BEERBIIEFR  Hh =P (triacylglycerol,
TG) . &L JH [& B (total cholesterol, T-CHO)>k H
CHEMRAY-800 4 H 3l 4 fb 43 Hr A 7
144 ZEARKEIEHR S5 (total protein,
TP). H# H(albumin, ALB). JRZ (urea, UREA),
JRPR (uric acid, UA)R | CHEMRAY-800 4= H sl
A& 53 A 2 o
1.4.5 JHALEE P F M (trypsin, TRP)HIG 7S
(lipase, LPS)fift Fi 50 & (B9 o @ 2B T/
Wt 5X B ); € Kr B (serum amylase, AMY) K H
CHEMRAY-800 4 H 3l 4 fb 43 Hr A 7
146 HMAEIESR N [ (malondialdehyde,
MDA)FIZ e H kit %8 b 1 (glutathione peroxidase,
GSH-Px)/ il 1170 000 7 (g 50 AR ) TR
AIT); WLER B4 Wi (creatine kinase, CK). 2F N %% & il
(alanine aminotransferase, ALT) , 7+ 4% & i (aspartate
aminotransferase, AST)¥ | CHEMRAY-800 4= H
AL TN E
1.5 REEBRELXFEXNESRERRER
EIRIRHTATE

FeH sl . PBS 415725 F% AL 7R AR A
(i) B3 5 i o A T3 PRl A% R /N e 50 DX 1) ) o 5
1500, [T Lb 5 S 6 20 5 25 1 6T IR 2 A 0 4 7~
VIE o PR S 0 20 A6 0 8 A (31 TR 58 a2 N FE 25 1
X FRAIAG I R, 191 22 SR g il b 3 (P<0.01),

T 4 7% 9 D TR Je e 5 850 ) G T s 73 Ak A
JRGRICN ES); SC A RIS R s Fl 5 a5 o R
LRGN S PR 0 B, S A R A DN Y
Bl AE2S (0T B AR ARya R N, HI(E & 25 5 o 3%
PR 50 R 2 (P<0.05), W) 22 7% 975 5L 1 SR L K 05
SRR PR AR A U (PR IE R S); LA K
DA ASIE S Bl 58 A 7R 28 PO BRI R S, 3%
1 22 SR I N .25 (P>0.05), W) 2718 7 5t T4 J8 Yy
R T BRI A AR AR A SO (BR 2 A ED;
I 35 2L S DN A (L FBL 5 2 10 % R LA DU S L5
S EE, HYEL %S BEMRGE A 5% P>0.05),
W) 2 7 g i J e 2 s 3 850 ) R T 1 s A Ak AN B
JRARIE N D)o ARPEAS IS b5 (1) U, 44 A%
(R FEFRAE A T GRS IR A J A S A s
1.6 HIEZHITHH

SEEEE R Excel BAFHEAT AT, Bl
OB +hR#E 2 (X £SD), i SPSS 3 Hr# 4
XU AT LR R 25 0 B I 2% S i E R
25 A HE A 6 1 S 06 2R e 3 L R U R S g
Ja MR EZ R SEWRE S, A IEAT ORI 5y, A
WEFRES 27 AFATRE, AE I — R 2T

2 HRESH

2.1 FHHIFLELDs)MHE

FHAS R e B 1) 8 7K A B R A1 3 o Jak e e G i
BAR, St E 6 dJE, AUIMUE IR, Gt
TOREGEFLILF 1 R A & ) 8.29x10° CFU/mL
i 8.29x10° CFU/mL 4U&YL5 1 d MATIET;
8.29x10" CFU/mL 4H/E&Y )5 1 d NAET- 2 B, 56 2
KFI 4> 6 BUFAFRIET; 8.29x10° CFU/mL 2H 43
RS 1 d NBET: 2 BB, LR EE 5 RIET: 3
B, ZJ5ka5E; 8.29x10° CFU/mL 4RI 5465 2 K
FET 1 REF, ZJERE; 8.29x10" CFU/mL 417
PBS AT G . K 5o FC B MR 43 1 o (L 8
W, 1T8hiR%E, BRI IR TR R KR
JEY 7 G LR LDso o 4.5%10° CFU/RE, #0124
T 1.78x10* CFU/g 1A,
22 FEERBERKE. EFREREZFERENHE

A3 I 1.0 LDso M2 0.25 LDso Fo 7)1 5 58 [G
JESHE, SGeit AR AT IHRISE R WA 1 R,
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Tab.1 Mortalities of Procambarus clarkii challenged by Aeromonas hydrophila
7S B R /(CFU/mL) B IR 4/ ind R FET$/ind FET-H/% P REACR/(CFU/g)
strain bacteria concentration number of experimental crayfish ~ number of deaths mortality LDsy
g K ST 8.29x10° 8 8 100
A- hydrophila 8.29x10° 8 8 100
8.29x10’ 8 8 100
8.29x10° 8 5 62.5 1.78x10*
8.29x10° 8 1 12.5
8.29x10* 8 0 0
PBS 0 8 0 0
100 ............. "J
: ——1.0 LDs,
90 F J ---------------- 0.25 LDy,
N |
Q ! :
Eof | :
% 50 F i |
< | |
W40 R !
hrend 30l initial stage of | | WA H recovery
& infection ! !
.......................................... J
20« ! K JR 3 period of onset E >
101 " g
1
0 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1
0 5 10 15 20 25'30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110115 12
i} 8] /h time
P o [t M e g K B T I AR [) I ) 8 37 3

Fig. 1

AJHT 1.0 LDso ML ASET I a] HBAE RS E 17 he
Bifi 5 B[] R B, e PG T B M ) 730 et 22 LR
i, JETom R M7EE S 60 h Aifs,
HEATE 88 hFET 45 1k, 738 MR ARG J5 Pk &2 1,
R AAETEHN 44.4% . FFRIE N 0.25 LDso B FE 7K
PR T R A o FR R, K I AR ) 3 SR
38 h ZJa R AET:, #HH5 71 h BHE1ESE
T2, RN 83%. MM MR ELLY Lkt J
RIRETE], B RS IEER N 1.0 LDso, i
SRR R 0] SRR IS 12 h, R HIRAERT
[0 M ICEE IS 24~72 h, JRYL SRR W 55 90 he
23 REREEIMBLBKSEMERE 8 iR
REIEIRMETW

e, [ SR AR R e K SRR T R . e
PRI 3 AP B, 8 Fh AR RS G BeFE bR (E AR sh i
2 Fiw, vl UL R R, ok B

Survival rate of Procambarus clarkii challenged by Aeromonas hydrophila at different time

WORERT, &Y PO, U, Al T-AOC 3 PEHRENH
A8 4k(P<0.05), PO 5 T-AOC % 1 T I%,
1M U, W 14 m R WS4 CAT F1 T-AOC 45
bt BM i 2 A A (P<0.01), S41E 43 91 b 25 1 %
MRZH T 3.29. 2.56 1, HfH X [A]0 2 25 0 R4
X[, SOD. T-NOS. PO Fil U, % 4 Jfi4&45 %]
JER AL BOR AU, & SOD K U, 1 1tz
6] BB 20 1 35 52 25 (P<0.05), 1if T-NOS. PO i
3 N B (P<0.05), R iE i Fl 5 25 oo B2
FEIEB /B4 . POD 1 LZM 3548 bk %o i Ji s Gy
FOW AU, B RS A T8 BB 2 L IR 4L
Ny ES, WESZS AR ZER AR
(P>0.05); KE W], EYLLA PO K T-AOC P
FEPRR T 25 IR IR, LA A5 HR AR 2 2 25 LX)
FRZH K- DU LSRRI CAT F1 T-AOC 1] LAfE R
PEH 7 PGB M B i b 500 AR s M8 b o
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Tab.2  The change of 8 nonspecific immune index values of Procambarus clarkii infected by Aeromonas hydrophila

n=9; X+SE
%ﬁ*lﬁ% w5 % 2% 35 BBl /4 (B (U2 ) reference range/mean (sensitiveity)
immune A B B
parameter initial period of infection period of onset recovery period

BI 1766.95-2598.30/2308.56+304.74" (EI) ~ 2783.55-3328.15/3061.76+220.19° (S) 1638.05-2654.78/2220.20+386.27° (EI)

(S[?/?HL) PBS  1052.91-2965.08/2201.92+692.33°(I)  1415.98-2812.94/2047.69+527.47°(1)  1779.05-2790.34/2359.94406.70° (EI)

C 1258.65-3044.95/2341.91£618.85

BI 59.82-174.42/103.91+39.55° (I) 73.23-124.07/93.73+20.10° (EI) 75.35-149.26/110.49+25.42* (1)
fS/ZL) PBS  68.04-174.91/113.99+34.55"(I) 73.75-132.45/102.36+20.46" (EI) 83.34-167.65/114.39£32.60° (I)

C 66.82-139.22/105.79+20.26"

BI 2.01-13.42/8.66+4.49" (1) 0.46-18.28/6.53+6.52° (S) 8.72-17.49/13.39+2.95" (EI)
(TUI/\IH?LS)/ PBS  3.38-14.46/9.80+4.07* (EI) 4.47-11.94/8.80+2.65 (EI) 7.22-13.31/9.69+2.29" (EI)

C 2.57-18.87/12.98+3.72°

BI 6.67-15.70/10.42+3.52°(S) 2.20-13.43/7.56+4.60° (S) 9.10-20.10/13.56+3.94" (S)
PO/V  PBS  11.73-16.93/14.932.13°(S) 15.57-17.97/17.09:£0.87* (EI) 18.03-21.33/19.96+1.19° (EI)

C 12.37-29.27/20.74+5 26"

BI 0.01-0.31/0.14+0.14" (I) 0.01-0.28/0.10£0.10™ (1) 0.01-0.09/0.05::0.03* (EI)
(Lg/lf)/ PBS  0.01-0.08/0.05:0.03 * (EI) 0.01-0.28/0.08=0.10™ () 0.01-0.07/0.03£0.02° (EI)

C 0.00-0.12/0.04+0.03"®

BI 0.57-0.73/0.64+0.05 (S) 0.54-0.67/0.60+0.05" (S) 0.49-0.60/0.56::0.04* (EI)
HjﬁmL) PBS  0.40-0.58/0.50:£0.06°(I) 0.45-0.59/0.50+0.05° (EI) 0.47-0.58/0.530.04° (EI)

C 0.46-0.61/0.52:£0.07¢

BI 23.05-89.10/57.44+22.88° (I) 67.39—194.10/142.55+44.05" (ES) 31.35-79.71/56.0720.79° (1)
&?/II/L) PBS  34.24-55.82/45.71+8.37"(EI) 15.98-75.07/49.21£20.85° (I) 27.81-68.07/51.14+15.62° (1)

C 11.38-57.56/43.32+14.85"

BI 0.03-1.16/0.28+0.43°(S) 1.63-2.28/1.92+0.28" (ES) 0.09-0.40/0.28+0.20° (S)
(Trﬁn(gl(/{) PBS  0.07-0.48/0.26+0.19°(S) 0.05-0.71/0.32+£0.27°(S) 0.24-0.74/0.46::0.21" (EI)

C 0.15-1.16/0.75+0.39"

IE: “BI”, “PBS”HI“C™/p | F/n AU L . PBS AFN%S X IEZH; ES TS 4353 275 1% 16 A X 24 T SR e = B g i BBURR (P<0.0 1) Rl 4K
TR (P<0.05); ELAN 120 30 3278 %48 b %0 4 1 K e S BOR AR A U AN AN U (P>0.05); [R) — 4 b P 25 3 2 0 B AR AN TR 2R 41 ) A7 78
2.3 22 5 (P<0.05).

Note: BI, “PBS and C mean bacterial infection group, PBS group and blank control group respectively; ES and S mean the index is extremely
sensitive (P<0.01) and sensitive (P<0.05) to the onset of bacteriosis respectively; EI and I mean the index is extremely insensitive and

insensitive to the onset of bacteriosis (P>0.05) respectively. Values in each index with different superscripts at different period are
significantly different (£<0.05).

24 EREEMERERSEMBEGEERE BN, W50 RIEEIR MR BUE.

EfRETH 2.5 RREENRBRLEKSBHER?2MEXRK
TR N K R R ) L Aol SRR E TN
FIRE W 3 4B B, QS bR GLU {HAE s insk o PR SR M R v K SRR I A L A

3 FR, X AT Al YA S es AxF Il 2R 3 ANBYEL T 2 AhEZACIHEAR G
GLU TERY W . KR R E W 52 Axt g ISR ngR 4 R, vl TG 7E G i 454 B Bt
2 F AW (P>0.05), I WFERA I & HB3E S 2 pO IR 22 508 B 2 (P>0.05), £
WIS, B AR IE Y B2 A B ALY JE AR T B R I S, R
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Tab.3 The change of carbohydrate metabolism index value of Procambarus clarkii infected by Aeromonas hydrophila

n=9; Xx+SE
L il 27 5 B/ (UM ) reference range/mean (sensitiveity)
ESTIETT 2415 — -
carbohydrate metabolism index group TSI F It R
initial period of infection onset period recovery period
BI 0.10-2.50/0.89+0.87 (1) 0.20-0.59/0.36+0.16 (EI) 0.15-2.70/1.14+0.97 (ED)
GLU/(mmol/L) PBS 0.21-4.50/1.76+1.60 (EI) 0.13-2.20/0.99+0.74 (1) 0.19-3.60/1.67+1.42 (ED)
C 0.14-11.20/3.09+3.64
TE: “BI”, “PBS”HI“C”/3 | /R 4R YL 2H . PBS ZH A% FIX HRAH; “EIRI“1 43 5 22 7R 248 o 240 1 JR% e 3 U o A AN SURR A iUk
(P>0.05).
Note: “BI”, “PBS” and “C” mean bacterial infection group, PBS group and blank control group respectively; “EI” and “I” mean the index is

extremely insensitive and insensitive to the onset of bacteriosis (P>0.05) respectively.

F4 RERFEEMBAEKSERERE 2 MERBERENZLER
Tab.4 The change of 2 lipid metabolism index values of Procambarus clarkii infected by Aeromonas hydrophila
n=9; X+SE
ks a5 223l BBl /¥ (U ) reference range/mean (sensitiveity)
g R AR bR 215 —
lipid metabolism index group AT K It PRI
initial period of infection onset period recovery period
BI 0.05-1.14/0.28+0.42% (I) 0.08-1.01/0.32+0.34" (1) 0.12-0.60/0.29+0.16" (EI)
TG a a a
(mmol/L) PBS 0.08-0.46/0.24+0.15% (I) 0.08-0.79/0.36+0.29% (1) 0.13-0.71/0.35+0.22° (EI)
C 0.12-1.37/0.60+0.40°
BI 0.20-0.57/0.34+0.14° (S) 0.34-0.68/0.46+0.16" (I) 0.30-0.59/0.40+0.10°* (I)
T-CHO PBS 0.30-0.50/0.39+0.08 (I) 0.26-0.53/0.38+0.11%* () 0.27-0.46/0.40+0.08* (I)
(mmol/L)
C 0.38-0.70/0.49+0.10°

?3‘3: “BI” .

“PBS”HI“C”43 il e /n 4N i B Y 4l . PBS 2l F1Zs (% BRAL; «S™ 43 5l 36 7R 138 b X 40 1 2% e 5 380 0 B UER (P<0.05); “ED AT

53 0 3 78 AR X A0 BT R T ORI RS (P>0.05); Rl — AN F8 A5 th A S HCE AR A [R) 3R LI AE 2 35 22 57 (P<0.05).

Note: “BI”,

“PBS” and “C” mean bacterial infection group, PBS group and blank control group respectively; “S” mean the index is extremely

sensitive (P<0.05) to the onset of bacteriosis respectively; “EI” and “I” mean the index is extremely insensitive and insensitive to the onset of
bacteriosis (P>0.05) respectively. Values in each index with different superscripts at different period are significantly different (P<0.05).

TE2S T IR YL R N o B4 T-CHO X FE B L)
910 O 2R B (P<0.05), 78 & 81 Sk S I
X IR 25 AN B, AP IAS R AT Sy o [ i 285 M
eI IR B0 AR B R bR
26 REKREERBRLABKSERES
RiHHERETL

e PQ R 2 R R YL g K M TR 0 3 L s 4
FIWREH 3 BB, I AR A R
BNz 5 Pis, Al LAE eI A Rk 2 1, TP,
ALB. UREA Fil UA #8FrIYIME 5 25 FIXT HRA 22
SR 52 (P>0.05), H B TG B e 25 13 % IR 41
WENEES, AWM, B4 n ALB Al
mmAﬁWm@ﬁﬁﬂﬁﬂ%ﬁ@@%,ﬁﬂﬁ
25 50 5 (P<0.01), YL )5 Hk BE o B T

4TMEBRR

1.75 5 5.58 A5, B X 40 P 1455 DA JE e S0 A
JB&, M TP 1 UA 525 PO B2 22 o B 2
(P>0.05). .75 ALB #l UREA A] LIE N IEA 72 K
i M R e 0 i TR O AR AR PEFR A
27 RREEBRBAEKSERERS3MELE
EIRETH

LGB MR B L K SRR BRI L e )
B W& B BE, TRP. LPS 2 AMY 3 Fil{bii
WANEEME 6 Fias, AIAL, FEE )R LA
AMY I 1 B3 R FE(P<0.05), HAETE R 525
XTI A S, WA R, S
1&(P<oxn),tt/\qufﬁﬁﬁaﬂ<&%i’ 74.18%, il
(B BRI 2 ot R ALV TR, R0 AMY XTI
JR U B M RS, LPS 7R R & A B B,
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Tab.S  The change of 4 protein metabolism index values of Procambarus clarkii infected by Aeromonas hydrophila

n=9; X+SE
T - 222 5 1 /Y (fUR% M ) reference range/mean (sensitiveity)
protein metabolism index  group A F sl R
initial period of infection onset period recovery period

BI 26.10-52.10/36.13+8.81% (1) 33.51-56.02/42.30+8.94" (EI) 30.39-39.21/ 35.98+3.05%(EI)
TP/(g/L) PBS 31.37-46.38/37.65+5.27" (EI) 28.44-48.84/37.51+7.16" (1) 27.27-47.77/ 35.53+8.33%(1)

C 29.01-59.49/41.54+9.09°

BI 3.97-9.78/5.89+2.20" (I) 14.24-18.87/16.89+1.76" (ES) 4.90-9.16/ 6.89+1.63°(T)
ALB/(g/L) PBS 4.80-8.41/6.47+1.58" (1) 3.76-10.06/6.64+2.57" (1) 4.32-8.64/ 6.2+1.57°(1)

C 5.75-13.89/9.64+2.80°

BI 1.01-4.19/2.80+1.34" (1) 17.98-33.51/24.02+6.43" (ES) 2.02-6.38/ 3.26x1.62°(1)
UREA/(mmol/L) PBS 1.34-4.41/2.811.23" (1) 2.24-5.07/3.30=1.11° () 1.72-6.27/ 3.37+1.66"(1)

C 2.34-10.25/4.30+2.31°

BI 15.37-51.17/30.80£13.09*° (EI)  15.37-201.79/76.70+68.23" (I) 19.70-70.30/ 38.35+23.00*°(EI)
UA/(pmol/L) PBS 26.63-45.16/30.27+15.40° (EI)  26.18-122.28/59.55+35.93™ (I)  10.01-55.49/ 30.04+15.69°(EI)

C 7.69-102.57/50.16£29.37*

I “BI”, “PBS”HI“C 33l R 20 YL 4 . PBS 2 F1%5 A B “ES” 3R 1% 8 b Xt 40 R IER U 5 BUR I IR BBURR (P<0.01); “EI”FI“T" 43
IR 7R 1A B 20 B R R B A AN U SR (P>0.05); Rl — N8 AR A 12 B AR AR [R) 7R 41 ) 47 7 1 3595 57 (P<0.05).

Note: “BI”, “PBS” and “C” mean bacterial infection group, PBS group and blank control group respectively; “ES” mean the index is
extremely sensitive (P<0.01) to the onset of bacteriosis respectively; “EI” and “I” mean the index is extremely insensitive and insensitive to

the onset of bacteriosis (P>0.05) respectively. Values in each index with different superscripts at different period are significantly different
(P<0.05).

6 FURFBIFRREKSEMENE 3 FhiE LB 7 R IF R

Tab. 6 The activity change of 3 kinds of digestive enzymes of Procambarus clarkii infected by Aeromonas hydrophila

n=9; X+SE
{ﬁ ﬂ: a5 22305 BB /¥ (U ) reference range/mean (sensitiveity)
digestive group TR 4] Kt R
enzyme initial period of infection onset period recovery period
BI 13.00-72.68/27.05+22.91° (EI) 61.78-328.96/186.27+101.04* (S) 7.68-60.75/39.59+22.77° (ET)
g}g; PBS  1.80-47.27/29.89+18.56" (I) 4.97-47.98/25.71=21.16" (I 1.30-46.51/20.91+17.06" (I)
C 6.25-152.10/60.0746.19°
BI 5.80-46.51/22.69+15.47" (EI) 15.78-43.69/31.84+12.50* (EI) 9.85-32.01/20.38+8.06" (EI)
(%JI;ISJ) PBS 13.94-39.56/24.34+9.15" (ED) 12.04-32.44/19.82+8.72% (EI) 8.27-46.71/23.01£15.19" (EI)
C 3.21-56.73/22.65+17.37*
BI 170.97-1311.78/647.26:418.16°(S)  203.10-946.48/537.052276.59° (ES)  94.59—1292.89/605.80-:444.66" (S)
ﬁ?ﬁg PBS  613.56-3461.48/1544.1621358.79" () 225.69-3698.68/1593.19+1398.33% (I) 475.34-2056.77/1213.85+692.37% (I)
C 1178.73-3798.95/2080.62+1280.08"

e “BI”. “PBS”MI“C/r B~ KU 4H . PBS A4S A X B “ES”HN“S 43l e /n iz 6 bn % 40 1 B e 5 UL s i ABURR (P<0.0 1) A
BAPUR(P<0.05); “EIFII" 43 5 3 75 1246 bR 0T 4l A7 T BOR o BB AS BUR RIS U (P>0.05); [R]— AN B Th 4 T S 80 AR AR Rl e 4
[E] 77 7E 5. 35 25 57 (P<0.05).

Note: “BI”, “PBS” and “C” mean bacterial infection group, PBS group and blank control group respectively; “ES” and “S” mean the index is
extremely sensitive (P<0.01) and sensitive (P<0.05) to the onset of bacteriosis respectively; “EI” and “I” mean the index is extremely

insensitive and insensitive to the onset of bacteriosis (P>0.05) respectively. Values in each index with different superscripts at different
period are significantly different (P<0.05).

HAMH 52 (x4 A 22 7 (P>0.05), Hyu 95 I B T 25 (R IR 4 (P<0.05), {HLRS {1 75 5
WHEas XTIV BN . 845 TRP WMEAUE R SEHX BT ES, 78 BRY EkE 5%
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FI X R 2 22 5 R i 25 (P>0.05)
28 RIKEEMBLEBKSERER MDA,
GSH-Px, CK, ALT K AST 5 IigtrEZK

e [ B MR B YL v K S M B ) . R
FRE IS BB, s CK. ALT. AST MDA
K GSH-Px #8453 Fl AR 7 FoR, it
YR, JYL4H CK. ALT. AST 1 GSH-Px 4 Fif
it 5 07 A G I Sk A2, LB 5 25 LX)

FEZS AT FRALYE R Ah, HOY(EY) B3 @ T as At
M (P<0.01), 5= AXTEL SIS T 16.72,
219.21, 7443, 2.66 fif; MIMEH MDA HETE
TR W) e R e I, LA 0 2 IR T S LR R
4 (P<0.05), tbzs AXTRBA DRI T 1.72 &
2.06 f%, (EAS DG 5 5 % 28 o IR BB &,
TE WK 2 W15 25 AR BR 4L 6 22 57 (P>0.05) . &
CK. ALT. AST il GSH-Px 4 Ti4& 45 v] LIAE g i

A 7 T 52 0 J e g it T 0 B s A A B AR
(Lo =2

R4 22 B35 AN 1 25 (P>0.05), KB v R 5 25 1
Xt AR > BB, (AR, AR (E T [ Y

x71 RREENRBREEKSERFREEM S HEMEEERELER

Tab. 7 The change of other 5 physiological index values of Procambarus clarkii infected by Aeromonas hydrophila

n=9; X+SE
HoAth Az BEAE AR - 223l BBl /¥ (U ) reference range/mean (sensitiveity)
other o o .
physiological ~ group YA Rk VR EL VR

initial period of infection
BI 2.55-34.46/8.51x12.73" (I) 16.27-59.53/36.29+14.28" (ES)
CK/(U/L) PBS 0.88-5.51/2.92+2.36" (I) 1.31-19.66/7.44+8.63" (I)
¢ 0.32-5.47/2.17+1.80°
BI 2.93-25.42/14.05+9.38" (I) 105.53-8905.50/4664.69+3681.19" (ES)
ALT/(U/L) PBS 7.45-38.65/15.90+11.76" (EI) 7.83-24.72/13.61%6.71° (EI)
c 4.86-49.72/21.28+15.06
BI 36.44-351.60/156.81=111.77°(I) 14067.48-23165.40/18613.92+3823.51*(ES) 145.56-491.00/325.73+111.62° (EI)
AST/(U/L) PBS 87.03-202.85/119.6+42.36° (EI) 49.70-262.46/133.02+83.15° (EI) 134.87-729.77/365.47+198.28" (1)
C 43.00-658.45/250.09+197.63°
BI 2.12-10.29/5.48+3.09° (S) 3.03-7.43/4.60£1.99° (S)
MDA/(U/L)  PBS 1.82-10.00/6.14+3.32" () 2.12-9.14/5.98+2 .85 (I)
C 4.24-16.86/9.47+4.18"
Bl  65.75-222.86/144.52+61.08" (I) 220.22-373.15/304.26+61.74* (ES)
GSH-Px/U PBS 36.16-152.97/107.80+40.74° () 62.47-201.76/125.65+51.36" ()
C 90.00—161.10/114.59+21.61°
VE: BI”. “PBS™RINC™4M MR ANE A1 . PBS ALRIAS FGHIRAL; “ES™HI“S™ 4 B 46 4 bt 40 e 5 B U (P<0.0 1)
HAUR(P<0.05); “EDHI“T"73 5 7R %46 bR 40 1 I e S BB A BUBATA U (P>0.05); Rl — B4R & 01 28 EFR AR R =R 41
E] 7 7E 35 28 5
Note: “BI”, “PBS” and “C” mean bacterial infection group, PBS group and blank control group respectively; “ES” and “S” mean the index is
extremely sensitive (P<0.01) and sensitive (P<0.05) to the onset of bacteriosis respectively; “EI” and “I” mean the index is extremely

insensitive and insensitive to the onset of bacteriosis (P>0.05) respectively. Values in each index with different superscripts at different
period are significantly different.

onset period recovery period
1.05-16.55/6.25+5.56" (I)

0.53-12.77/5.85+5.28" (I)

index (unit)

14.46-43.30/27.67+10.94° (EI)
24.56-119.60/45.08+36.88° (I)

3.94-8.00/6.01+1.60° (I)
2.42-6.86/4.87+1.71°(S)

72.33-142.42/117.76+26.04° (1)
75.62-305.93/135.40+92.55" (I)

phcale o5 =1 1R N s R DR S WA ¥ NN 1) b e i

3 i

ok e E N e Y by k)
3 AHBLENEEEENESSRBETE ek £ i ARG, Bk 2
B ORI, A T BT S S AR

SR o AR S SR BE A IR, RS
HIPR GBI e B 2 M S R B, AR TR B

AT A, IBEIE B, Bl B
TR H ARIBEF(Macrobrachium nipponense)i&iy
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A [CAS M T (4. veronii) 5, Hobt B AL M e 5 Bl TS
F138 e AR, T BB (Cherax quadricarinatus)
TR YL B LR (Vibrio parahaemolyticus) i, K
i PO, SOD. T-AOC FLEFR FI/KF i 2 AR,
LZM i Sy A e ) 2 B w7 AR i 5 4 SR e 1,
e, [ J S MR R e g /K S TR R S, PO T T I
F LR, LZM 36 B e, 4R 52
1M SOD i JJ 7RG S WK 2 1 5 25 vt 2 22
WK, TERGIHE T, H2E R R A 1F
Ja S5 . T-AOC A shia Wik Nz HA B it
A W T RN B AR AL I A R Y S B A Ak e
T-AOC =KW T AE W HLAST E AL B KT,
FLARTEEXT R &GS Enterocytozoon hepatopenaei (EHP)
J&, H T-AOC 1 HAEIRGLHT ., e B R R
Ths T A AR g bt e AL A AR 1,
TGRSR T-AOC 1E Y] ] Ko Wk 52 1) b 5 %
%, TEAm IR W 4 &, R T-AOC "] LIE Ny
e, 5 28 W SRR e i i T A ) B 8 s A MR
BRI LIRS o CAT J&E ALY R 1 by 5 1
| IRP20 3 i T mI 7/ O R~ S N 2 R SO v 1 -5 11 )
H g o | AL o, D EURE R A,
AR FHUARIEH AL BE S . FIFLES DL (Chlamys farreri)
TR TE T, MIREL CAT 35 PR &k & 8 i,
e e 22 R g U, AT g e B AR R g
T3 B A M, R I T CAT % 1 5 % HR 22 55K
%, (AR J I R . R Rk
B, 4 e G B 0 A7 B WA 2R ROV R, IR
CAT 3% P th 2 4 755 120 3 I 5 PG SR R A2 0 i
SR K B AL R B o e FE PR S, BB A i
Rl CAT #3201k
32 HEBEMNEREEIESR, BRXEEARK
A1t B9 32 i

IREA K 5SS . Be28 SR P B & U4
X, GLU SRy iR iy (i S BE PRI R, Tiao %52 F 58
KB, FLANTEXTUF (Litopenaeus vannamei) B4 &
VMSRE 5, I GLU WKEZAE 24 h B hn 2 2, 1
FLANEXHEF &Y EHP J5, GLU W RS, AHf
5% 45 3 Wk 7 o UG Dt 285 0 0 000 Ak A A AN B I,
Hz B HLHIA R,

TG A—Fprb R T, v LU o A 7 i

YRR AE R, FEXPIF A A K B b kR
YEHIP) Chen ZEPYBF5E 0], H AXEF(Penaeus
Japonicus)i&He WSSV 12 h J5, MKE TG /KF+f
SLRRE, M2 BEHP YL 5 04 FLAN I % I i bk B2 rp
TG KPR, ZF e 4 | BoR, SRk
UM R O Y S R, TG & T-CHO %
FEXA NS, B 528 X IR 25 5 R .
AR BT 2B K R R A I 5 1 SR A B
ML TP HeBEREAR IS A A K AT PR,
Yoganandhan 25257 7R 52 WSSV RS iy %o R
I 3bk B b ) S B 1 e G . [RIAE ] EHP Jgk
P LAREXTER, Mg aEASAEAFEN R
FIEPO ST R, TR RS I 20 I T R
PBUKIE, TP A mrvEa, (H525 X R 2=
FANE, UREA &&HE BN ELE5A
U9, TTHEMHESIY T UREA SRIE TR AR
IK i B R T B B A PR AR R 42 T, B ST & B,
FIF 281 UREA 2 588 R, wssv &
LR T EOLN X IR & R JH 4 e AR, 78
KERIERB B R AR, TE R RS B IR A 5>
FAME T FEOGIF M L UREA & BEFHEDY,
M 5T &30 v FG i 2 R A7 0 it P SRR g R I, I
Pk UREA A W 3 7, 2R WD Ik T2 9835 A
WRES) R A R U, ERHLAR AL TR AR . W
FLEhh ALB U5 HFIE R 0TS & H, &Rk
PR, ALB HA AWM EY T BE R
e mitE, BT IR pH HARBEE, B
I AATB AL 9535 B HoA A 80 R A b5 1 i A8,
RFe2 | 02 S LW i 1 2 TS5 Al Ak
PR B F B AL P R 1R R 8 (Piaractus
mesopotamicus) B Y g 7K S KM R 5, 1L 3E P
ALB ¥ BERRAR P, 7 PG R 0 5% 55 70 40 i vk ¥
PRSI ER PR, AT Bk b ALB A
JEE AR Y S AT 9 2 WA 7 T J 5 MR A R e g 7K <
B TRT 1) & SO R I S 3, I By T AF
IR 2400, T 30E A ALB K B il
o N R
3.3 YRR 5 KR B AR E 0 B A M R &2 i
AMY & 5L TH A, AT ARAL TE 8 7K A B/ s
SrF RS, A Sathish 25T & B
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EHP /&Y FLANEXTEF S, a-AMY & LPS 7 ) i 3
FEAG o ZWFIE R AMY 35 3 78 40 B 1 SRk
P B P v B TR, B RO AR R
PE, T LPS 1 7 % 48 B Ji e o SO Al AS BURK,
A -5 S50 AR 1 S K IO AL A [R) A5 K
LA KT IR Jak S S5O0t AR JH 9 i I8 B8 40 TR
(necrotizing hepatopancreatitis bacterium, NHPB)
J, FEREULIR Y 18 d P, IfLIHKEL TRP 3% J 4250,
IZMFR AR R, TRP G20 B i B e B0 ¢
U, HIE S 2R
3.4 EBEFEIEREREELR CK, ALT, AST 1
GSH-Px i& 1201

CK HAETE T S 0.0 JIE L LA LA K i 55 4 4
N E A e A NG NI SR S DN s 2
B LG . ATP FA A 4500 R 1 S S0
7N BRUER YL 78 25 BR 18 (Staphylococcus aureus) 48 h 5
72 h JiF, CK AT @ 4R 00 44 bR B B
P22 K ) 48 hif 3K CK i ME#E R, R CK
FIVEANTE 35 2R T U R S ILIA 4 248 2k 1) L0
PP I AST Fl ALT 35 12 S i 3 )T
THRERY BB G bR, IEHEOLT, Mg h A G A
it 7% VAL T AR KT, JHF I 240 1 52 i 5 B8O 40 i
TS B AT, ALT . AST 2k hki5 3 310",
1122 (Sebastes schlegelii) lfiL i H AST Fl ALT 1% /)
TR IR KimP S50 58 R0, FLah i
XU GE EHP J5 Ik B AST FI ALT 16 £ 2 3%
P En, M ER (Homarus americanus)B& Y4k {4,
K ERH (Aderococcus viridans), AST Fl ALT 7K
WETh i, IFIA g T PR &5 4 2H 245405 B
FUO, ARG TARRL S SR, R
JifE, CK. ALT K& AST TG MK .25 5 v, R
PG 28 M A2 20 T JR g 5 ST e Ji B UL PR 2 1 454
13, CK. ALT J¢ AST RIS 40 G S QL B0 i ik
PEFEIR

GSH-Px 1] LATH BR AL N 193 S 1k S0 2 IR ot
AL, e IR R I 1R) 2 50 R R T
PEET I A Bt AR 5O o s R B S ok
TR A H Y, A g 45 SRR, SRS R A T
[CRZHF GSH-Px [ FIXT IR BaE 3, X2l
R g T R TR G a7 A ) DR i S A i 2k

Fro L B R, A A TR PRS2 it A A
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Screening of immunological, physiological and biochemical indices of
Procambarus clarkia indicating disease caused by bacterial infection
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Abstract: Crayfish, Procambarus clarkia, is an important freshwater aquaculture species in China. Nonetheless,
with this rapid development of the aquaculture industry, crayfish diseases have emerged as an increasing problem
in recent years, with outbreaks of various viral and bacterial diseases causing huge economic losses. The
occurrence of diseases in shrimp is related to pathogenic infection, environmental degradation, nutrition disorders,
and a decrease in self-immunity. Different pathogenic factors have different effects on the physiological
metabolism of shrimp, which are reflected by changes in immunity, metabolism, and physiological and
biochemical indicators. Establishing these disease-associated indicators will provide a helpful tool to rapidly
identify shrimp infections and establish the major harmful factors of multi-pathogenic infections. To screen for the
serological markers, physiological markers, and biochemical indices of diseased P. clarkia and provide a basis for
disease risk assessment in shrimp culture, a virulent pathogenic bacterial strain, Aeromonas hydrophila, was
injected into P. clarkia at a dose of 1 LDs. A total of 23 indices, including non-specific immunity, carbohydrate
metabolism, lipid metabolism, protein metabolism, and physiological and biochemical indices, were analyzed in
the serum at the early stage of infection (12 h), onset (24—72 h), and post-infection recovery (90 h) periods. The
results showed that among the eight non-specific immune indices in the onset period, catalase (CAT) activity and
total antioxidant capacity (T-AOC) were significantly higher in the infection group (P<0.01), with mean values
3.29 and 2.56 times higher than those of the control group, respectively. The concentrations of albumin (ALB) and
urea (UREA) were significantly higher in the infected group during the diseased period (P<0.01), with average
concentrations 1.75 and 5.58 times higher than those in the control group, respectively. The activity of amylase
(AMY) was significantly lower in the onset period (P<0.01), with a 3.87 times lower activity than that in the
control group. Activities of the enzymes creatine kinase (CK), alanine aminotransferase (ALT), glutamate
aminotransferase (AST), and glutathione peroxidase (GSH-Px) were significantly higher in the onset period
(P<0.01), with activities 16.72, 219.21, 74.43, and 2.66 times higher than those in the control group, respectively.
Among the detected indices, glucose (GLU), triglycerides (TG), total protein (TP), and lipase (LPS) did not
change significantly (P>0.05). These results indicated that changes in the CAT, T-AOC, ALB, UREA, AMY, CK,
ALT, AST, and GSH-Px indices in the serum of P. clarkia were extremely indicative of disease onset caused by
bacterial infection. The results of this study could, ultimately, provide a novel technical basis for disease risk
assessment and allow early warning of disease in crayfish aquaculture.

Key words: Procambarus clarkia; Aeromonas hydrophila; bacteriosis; disease-associated indicator; immune
indexes; physiological and biochemical indexes
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