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Epidemiology investigation of rhabdomyolysis and in vivo trigger in mice associated with crayfish
HUANG Qiong, ZHAO Min, WANG Feng-yan, TAN Jian-bin, LIANG Jun-hua, CHEN Bi-feng,
LI Xue-qi, ZHOU Yi-lin, TANG Li, LIU Zhe, XIE Xiao-ping, LU Ling-ling, HUANG Jun-ming,
DENG Xiao-ling, YANG Xing-fen, ZHANG Yong-hui

(Guangdong Provincial Center for Disease Control and Prevention, Guangdong Guangzhou 511430, China)

Abstract; Objective To verify the related risk factors of crayfish-related rhabdomyolysis outbreak using animal
experiment, and to provide positive samples by animal experiment screening for the confirmation of the pathogenic factors of
crayfish-related rhabdomyolysis. Methods Based on the result of epidemiological investigations and the traceability
information of 48 crayfish-related rhabdomyolysis cases in Guangdong Province in 2016, suspected crayfish samples were
screened and separated as meat and hepatopancreas, which were given to mice by gavage to trigger crayfish-related
rhabdomyolysis through observing the indicators of serology and skeleton histopathology. Results  The main clinical
symptoms of the cases were muscle soreness, fatigue, dyspnea and chest distress, and the blood biochemistry test showed
that the abnormal percentage of creatine kinase ( CK), creatine kinase isoenzyme ( CKMB) and myoglobin (MB) were

above 85% , accordance with the diagnosis of haff disease. The crayfish-related rhabdomyolysis was related with the batch
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and intake of crayfish, as well as the individual physical difference. In 36 incidents, there were two restaurants ( restaurant

A and restaurant B) reported 2 incidents respectively, others only reported one. 30 g/kg BW of female hepatopancreas from

restaurant A could induce increase of serum CK and CKMB in mice. After giving the highest dose (30 g/kg BW) of

hepatopancreas from restaurant A, serum CK and CKMB were all higher than other dose groups (10, 3.3, 1.1 g/kg BW ).

30 g/kg BW crayfish meat from restaurant A and B could both induce increase of serum CKMB, MB, aspartate

aminotransferase ( AST) , lactate dehydrogenase (LDH) and creatinine (CR). The abnormal increase of rhabdomyolysis

related indicators CK, CKMB, MB, LDH, glutamic pyruvic transaminase ( ALT) and AST were positively correlated in

the same animal. The rhabdomyolysis pathological manifestations, such as inflammatory cell infiltration, eosinophilic in

bicepsfemoris muscle, and cross striations unclear and disappear were mainly observed in animals with serum CK, CKMB

abnormal increase. Conclusion Crayfish-related rhabdomyolysis could be triggered in mice, and was associated with the

batch and dose of the crayfish, which was consistent with the result of human epidemiological investigation.

Key words: Crayfish; rhabdomyolysis; haff disease; mice; toxicological test; epidemiological investigation
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Table 1  Main clinical symptoms of 48 patients related with
crayfish eating in Guangdong Province ,2016
I PR A K 93 191 5/ %
JUUPA R I 45 93.8
zh 23 47.9
LER 4P 19 39.6
il 19 39.6
Wil 13 27.1
[IRER S| 8 16.7
iRE 8 16.7
X 7 14.6
1+ 6 12.5
SR 6 12.5
RG] 5 10. 4
HhIR 4 8.3
KT 2 4.2
R 2 2 4.2
B 2 4.2
EARE 1 2.1
TS 1 2.1
fih 455 1 2.1
B 1 2.1

38 {5 ] ) L3 CK A~ T 67 ~36 164 U/L
8] (=% 5 24 ~170 U/L) ,35 i & F 1E# A ,7 5
#8110 000 U/L;26 fi] CKMB & F1E# {6 ( = % 10
10 ~24 U/L) ;20 fi] MB & F 1E % i ( = % i [
0.0~70.0 ug/L), W% 2,
2 2016 4RI 48 /N HFAR 3 RM 95 41 16 35
P ARG 45
Table 2 Serum chemistry changes of 48 patients related

with crayfish eating in Guangdong Province, 2016

K mi H K 045 17 4 S B E LB/ %
CK 38 35 92.1
CKMB 30 26 86.7
MB 22 20 90.9
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Epidemic curves of 48 patients related with

Figure 1
crayfish eating in Guangdong Province, 2016
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Table 3 Eating parts distribution of 37 patients related
with crayfish in Guangdong Province, 2016

HEE AL Jis L i b/ %
LN 57 13 35.1
LN 7 S 8 21.6
WR A 7 18.9
LINAINC NS N TS 5 13.5
LINAINIPS 2 5.4
LA 7 1 2.7
Nt 1 2.7
At 37 100. 0
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CKMB @ SXT A ERAHRITFE XL
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Table 4  Effects of 30 g/kg BW dose crayfish hepatopancreas on mice serum chemistry indexes

5] ALT AST BUN CR CK LDH CKMB MB
/(U/L) /(U/L) /(mmol/L) /(U/L) /(U/L) /(U/L) /(U/L) /(ng/ml)
FIPEXI B 26.3 3.8  78.2x19.5 4.77+0.63 57.6+3.7  567.1+296.1 1017.2+242.7  282.0+74.8  46.0 +21.1
AT 23.9+5.2  79.0%16.2 5.04+0.46 56.7+4.2  647.4+286.2 1103.3+297.4  319.0+56.1  55.2+13.0
A M 30.6£12.4 114.8+57.2  4.89+0.97 58.3+5.4 1085.9+653.0" 1132.7+231.0  358.0+79.8* 100.9 «111.6
B 22.8+2.8  72.2+8.8  4.97:+0.83 57.1x3.0 86.8 +147. 1 984.1+152.0  251.0+28.2  48.3+21.4

T FoR 5 B X A L #g, P <0. 05

30 g/kg BW FIGEHY A 45 4H A B 454 (19 0F By ]
5l /NI CK,CKMB,MB,AST .LDH,CR J}
o, LT A AR R R PR AN B U Y fE A A P T

g2 /Nl CKMB MB  AST .LDH .CR F} 5, A &5
WEPE AR A AT 5 /) B CKMB LDH [ CR F}55 , 5 %) #d
HUKERARITFEL(P<0.05) G5 R_LFES,

#3530 g/kg BW F f /N Jg HRUE AR /N BRI 3 A AR 8 B B 52 ) (& 5,0 = 10)
Table 5  Effects of 30 g/kg BW dose crayfish meat on mice serum chemistry indexes

g ALT AST BUN CR CK LDH CKMB MB
/(U/L) /(U/L) /(mmol/L) /(U/L) /(U/L) /(U/L) /(U/L) /(ng/ml)
BIPEXT AR 31.5+6.95 88.9 +16.9 4.91+£1.05 45.8+3.9 967.2 £312. 1 482.5 £68.6 272.8 £29.4 14.9 6.1
A 32.2+5.59 106.2 £26.4% 4.43+0.84 53.5+3.6" 1343.6+545.3 859.0+£158.7" 367.9+55.2" 27.0+9.5~
A 33.4+3.60 104.7 £443.9  4.37+0.74 49.8 £4.5" 1231.2+810.3 728.4 £185.1* 371.7+119.5* 18.6 7.5
B i 33.2+£9.15 107.9 +21.7" 4.94£0.88  50.0+3.2" 1165.6 £564.4 685.0+182.8" 325.6+68.0" 24.9+9.3"

o« R BN B gL, P <0. 05
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Table 6  Effects of different dose female crayfish hepatopancreas from A restaurant on mice serum chemistry indexes
4151 APT AST BUN CR CK LDH CKMB MB
/(U/L) /(U/L) /( mmol /L) /(U/L) /(U/L) /(U/L) /(U/L) /(ng/ml)

93 %of 46.4 +7.6 97.8 +17.4  6.57 +0.74 51.3+5.0 788.4 £286.7 957.7 £245.4 366.3 +71.0  50.4 +£22.1
30 g/kg BW 43.6 £5.2 104.2 £15. 1 6.58 +0.98 51.9+5.3 899.6 +£243.8 1290.7 £304.7 476.9 £186.5 61.7 £26.2
10 g/kg BW 45.0+7.6 96.2 +13.6 6.18 £0.70 49.4+3.0 786.1 £168.9 1022.1+231.7 385.9 £62.2 51.4 +16.4
3.3 ¢/kg BW  42.3 7.6 99.2+19.6  5.57+0.67" 48.2+£3.6 703.0 £119.3 1 126.6 +270.3 390.3 £82.2  54.8+15.2
1.1 g¢/kg BW  41.9+6.9 93.5+18.2 5.25+1.07" 50.0+£3.4 721.4 £135.2 1098.6 +218.4 397.6 +51.8 55.1+13.3
T FoR 5 BIPExT R4 LA, P <0. 05

C.D&IHAX IR D ARSI I M PR AR AR 46 Fn 1) spearman A S 73 A 2 7% [A] — /I i A CK

TR R 5 B ok R L L 5, 4% 0 1ML A Al 45 b HL A 22
FYLGIAFE (P >0.05) , WEKT,
3 3 B R R AT g U A0 AR PR A DN B A% L 3 2R

5 ALT . AST ,CKMB .MB & [E#1%, CKMB 5 ALT,
AST CK,LDH MB % iF # 5&¢, MB 5 ALT, AST,
BUN.CR .CK .LDH .CKMB & [F A1, W3 8.

F7T RIS IRZE 30 g/kg BW Ik 8 8 e i X /0N Bl i v 25 AL $8 AR R 2 R (& £5,0 = 10)

Table 7 Effects of 30 g/kg BW dose female crayfish hepatopancreas from different control groups on mice serum chemistry indexes
g ALT AST BUN CR QK LDH CKMB MB

/(U/L) /(U/L) /(mmol/L) /(U/L) /(U/L) /(U/L) /(U/L) /(ng/ml)
B 1 X B 39.8 £8.3 131.7 £49.9 5.38x1.16 47.7 9.1 1 115.3 £646.2 1 113.7 +410.1 363.4 +73.5 76.1 £38. 1
C 38.4+10.1 111.2+35.5 4.31 +0.69 50.9+£8.8 1370.1+489.5 1179.6 +£208.1 444.8 £58.0 65.9 £29.2
D B 43.5+10.4 112.8 +46.5 4.48 +0.68 44.9 +3.5 1411.3 £801.5 1209.3 £375.7 537.4 +318.6 61.7 £28.2
MEME R CHF 42.7 £6.0 109. 4 £20. 8 5.71 £2.40 51.1£12.6 1520.3 +£368.5 1080.8 +£124.1 511.4 +£104.3 72.4 £28. 1

F 8 3 I WA A T PR RV 1A 4 /0N BR S I U0V A= AL FR A5 ) spearman AR A4 341 (n = 230)
Table 8 Spearman correlation analysis of serum chemistry indexes of mice fed crayfish meat and hepatopancreas
b ALT AST BUN CR CK LDH CKMB MB
/(U/L) /(U/L) /(mmol/L) /(U/L) /(U/L) /(U/L) /(U/L) /(ng/ml)

ALT/(U/L) 1. 000 0.443 ™ 0.416 ™ -0.233 0.141" 0.138 " 0.366 ™ 0.292*
AST/(U/L) 0.443 ™ 1. 000 0.122 -0.050 0.651 ™ 0.209 ™ 0.458 ™ 0.503 ™
BUN/( mmol/L) 0.416 ™ 0. 122 1. 000 0.175 ™ -0.108 0.036 0. 082 0.193 ™
CR/(U/L) -0.233 ™ -0.050 0.175 ™ 1. 000 -0.181" 0.119 -0.114 0.153~
CK/(U/L) 0.141" 0.651 ™ -0.108 -0.181 1. 000 0. 007 0.570 ™ 0.295*
LDH/(U/L) 0.138" 0.209 ™ 0. 036 0.119 0. 007 1. 000 0.520 ™ 0.349 ™
CKMB/(U/L) 0.366 ™ 0.458 ™ 0. 082 -0.114 0.570 ™ 0.520 1. 000 0.292
MB/(ng/ml) 0.292 ™ 0.503 ™ 0.193 ™ 0.153" 0.295 ™ 0.349 ™ 0.292 ™ 1. 000

xR P<0.05, xR P<0.01
2.2.3 /BRI VA FR AR SO R A 5 2 A 4
A A 30 g/kg BW 5 4t A e i M AR PR AT | A
LY H PR, P A g A AT 5 | I v TG it
AR, ZRA G FE L (P <0.05), /NEMTE
F, 7 J5 45 B ALV B P 45 B I A I 45 3R L& 9 (10,
9 30 g/kg BW Gk /I Jg R A A SoF /0N BRI 3 H A
FEFRIY LA (% +5,n = 10, mmol/L)
Table 9 Effects of 30 g/kg BW dose crayfish meat on

mice serum electrolyte

2H 1) Ca P Mg Na

BIMEXTRE 2,30 +£0.09  3.00 +0.31 0.81 +£0.07 151.02 +1.88
A HfE 2.29+0.08 2.70+0.17*  0.78 +0.06 150.43 +1.59
A 2.32+0.08 2.62+0.31" 0.81£0.09 150.36 +1.47
B M 2.34£0.07 2.84+0.25 0.80+0.07 152.11 +1.54

T FoR 5 PIExT R4 i, P <0.05

# 10 30 g/kg BW 5 dgk /) g S S T IR A6 /1N B AL 3 70 % )
S (x +s,n =10, mg/dl)
Table 10  Effects of 30 g/kg BW dose crayfish hepatopancreas

on mice serum antibodies

28 3 IsG IgA IgM

EREPOR:s 0.09 =0. 03 0.85 =1.06 7.67 £1.90
A T 0.07 £0. 05 0.59 +0.21 7.29 £2.08
A 0.03 £0.05" 0.49 +0. 14 7.55+3.89
B 0.05 0. 05 0.60 0. 19 6.52 +2.40

o R 5 M A L, P <0. 05
2,24 /NEUBBELAL SR B W 48 4

AN BRI S B2 25 LR 2, 30 o/kg BW
FAE A U 1 W IFF 260 905 43 300 e — 3k UL i
R P 46 5 ML 0 (B, LT 2 W A7 40 s 3, 5
OB 026 (C ~ B) . 000 5 9 5 0 i 28 B4
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2 /IR LA S B 4 R

Figure 2 Skeletal muscle histopathology changes of mice
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