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Construction and pathological analysis of a zebrafish model
infected with Edwardsiella tarda
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Abstract: [Objective] To establish a zebrafish model of Edwardsiella tarda infection for the
pathological studies and the development of drugs. [Methods] Zebrafish were artificially
infected through different routes to simulate natural infection states, and the pathogenic
mechanism of E. tarda in zebrafish was studied based on mortality, behavioral changes,
biochemical indicators, and changes in the antioxidant capacity. [Results] Among the three
infection routes, intraperitoneal injection showed the strongest pathogenicity. The zebrafish
infected with E. tarda presented symptoms such as exophthalmos, anal bleeding, surface ulcers,
and ascites. Pathological examination showed that the infected zebrafish developed acute
inflammation, with extensive necrosis, degeneration, and shedding of hepatocytes and
phagocytes gathering around. The TX strain was isolated from the diseased zebrafish and
identified as E. tarda by polymerase chain reaction (PCR) with specific primers. The median
lethal dose (LDsg) of the strain was determined to be 3.65x10° colony forming units
(CFU)/individual. Compared with the control group, the infection model established by
injection showed a decrease of 22.26% in superoxide dismutase activity and increases of
16 folds in malondialdehyde content, 38.99% in acid phosphatase activity, and 24.36% in
alkaline phosphatase activity. [Conclusion] An E. tarda infection model was established by
intraperitoneal injection in zebrafish, which exhibited typical disease symptoms and
physiological and biochemical characteristics, and the LDsy was determined. The findings
provide a theoretical reference for the pathological studies and the drug development for E.
tarda infections in aquatic animals.

Keywords: Edwardsiella tarda; zebrafish; pathogenicity; pathological analysis
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Figure 1 Cumulative mortality rate of zebrafish
infected with three different modes of infection for
7 days. Each point represents the means mortality
from three replicate experiments.
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Figure 2 The phenotypic symptoms of zebrafish
infection with Edwardsiella tarda. A: Exophthalmos
(dorsal view). B: Exophthalmos (ventral aspect view).
C: Abdo minal swelling. D: Abdo minal swelling,
ulceration, ascites, exophthalmos.

3 WS &EMAT
Figure 3 Liver biopsy of zebrafish after infection
with Edwardsiella tarda. A: The arrows indicate
severely damaged liver tissue with extensive necrosis.
B: The arrows indicate necrosis and shedding of liver
cells, and proliferation of phagocytic cells. C: The
arrows indicate that the hepatic lobules are loosely
arranged, shrunk, and appear vacuolar degeneration.
D: No abnormality was found in the control group.
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Figure 4 Morphology of TX, MH, Qi and original
infected Edwardsiella tarda T9 on SS agar plate. A:
The colony morphology of TX strain on SS agar
plate. B: The colony morphology of the original
infected strain T9 on SS agar plate. C: The colony
morphology of Qi strain on SS agar plate. D: The
colony morphology of MH strain on SS agar plate.
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Figure 5 Gram’s stain microphotograph of Escherichia coli, Saphylococcus aureus, strains TX, MH and Qi.
A: Escherichia coli. B: Saphylococcus aureus. C: Mixed Escherichia coli and Saphylococcus aureus. D: TX.

E: MH. F: Qi.
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Figure 6 PCR electrophoresis of sialidase gene. M:
DL2000 DNA marker; Qi: PCR product of strain Qi
sialidase gene; TX: PCR products of sialidase gene
of strain TX; T9: PCR product of sialidase gene of
original strain T9; MH: PCR products of sialidase
gene of strain MH.
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Figure 7 Phylogenetic tree constructed based on 16S rRNA sequences of strains TX, MH, and Qi. A
Phylogenetic tree of TX. B: Phylogenetic tree of MH. C: Phylogenetic tree of Qi. The numbers of nodes are the
results of 1 000 bootstrap replicates and the scale bar represents the genetic distance.
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Figure 8 Cumulative mortality of zebrafish infected
by intraperitoneal injection of Edwardsiella tarda.
Each point represents the means mortality from three
replicate experiments.
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1 5 ) gl A R R e ),

33 HMO&ERFREZEERERENKIE
R K

2 [ A S IR R B, B £ B IR O % 1l
RIRW)E, BRI TIE ALV, X 54
B A5 R — 30 T IR 2 2 AR IR 1 3K
S AL v A 50 A R, AR i 3 e 0 R L £
PRI 5 I A AR PR , D 5T IR 5% 2 AR IR TR e gy
BE B MLEE . B e SR I, HLA
SxrE AR B TE T A i3, DA SR o
SOD ik H H3EC, Rk SOD 1 7742 i b J
e JG LR A AL E DL — T8 R o PRt %50
FERW, fEPUE R WSk Mmefs el a2k
IRBE S s LA B AT R GG, Sh ML R A
) P2 B Y S AR 51473 , e 0 R SOD T 41 il , MDA
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ST AR R 1.5%10° CFU/JR 1 S8 e
LAY BE S 0 0 0 DL KOGt B4l fa kA T SOD 52
g L g 7R IR YL 4 A BR ALY SOD §if 1 A i 2
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T FAE LG D R 5 40 M ™ S 05, 0T R R
EAR o

N T (MDA) 2 I 5t 1o 4804k J5 1 32 247 )
Z— MRS RN G BT AR A
MDA Frig iz bJb. XA s B T 4 i b 453
AR EE , AT SN e 11 R B R R fE A
g, Y4l MDA (34.05 nmol/mg prot){E
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16 15, FRIHIR G Z AR G B L B 5 fa T 304
PN 20 ™ AR R T, 1T S S s S R
R ARG, BR TR RIS, BN
AR RN o3 2 T AT AT BRI 4 TG AR
BRI, 2 I BE T A e IR G B AEAR IR JE L T
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PR G 2E 72 G 1 B ™ B WA 5 , 9 Ltk — 2B R
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B2 B L2, ACP [] It 2% B 40 i 79 T AL 75
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Ve B3 SRR B0k, AR5 TR IR 9 2R T
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6 1A AKP 36 135 XTI, X RBE S fa
PR G 2 AR QB 5 )3 3 T A S i S i
DA 2 L 5 14 = B 200 T S5 AN R R 7

4 Hip

AW S AN R Y TR T s (BT R iR
U0 3% R BRI S T 5 ) X B £ R LR

ZREERHIT T ARG, RGeS
RIFHLI B KR BOE RS, ey |
2y Y AR AL T PR ST AR
R, 78 3 PR =, I S I 1 B
gk A R, R IR ERZE L AL
M 5t AR OK SRR, R EEH R LDsy N
3.65x10* CFU/[E; iiid SOD. MDA, ACP A
AKP A A bRk, LA H e 38 A Y
WLEE | & BLBE Hh f0 7R IR YL IR 27 2 AR [ TR J 23
BT AN =W O (7 TN 5 Gk LA DR [N N
AT 51 e HAh g T B (R 4k & iR . 25 1 ik
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45 R Ry P 2 S B IR 2 Y iR 4 At T
BRI 15

SEH

[1] HOSHINA T. On a new bacterium, Paracolobactrum
anguillimortiferum n. sp.[J]. Nippon Suisan Gakkaishi,
1962, 28(2): 162-164.

[2] BERGEY DH. Bergey’s Manual® of Systematic
Bacteriology[9st]. New York: Springer New York, 2012.

[3] Hrs, BAR, S8, e, Bk, TN,

A e S 8 A PR 0 L T 1 45 E U R A BF
(1. KFEFAR, 1997, 21(3): 316-321.
XIAO KY, HUANG ZJ, JIN XL, SHU XH, CHEN KY,
JIANG W. Studies on the pathogencities and biologic
characteristics of the pathogens causing the
edwardsiellosis of the bullfrog[J]. Journal of Fisheries
of China, 1997, 21(3): 316-321 (in Chinese).

[4] WAKABAYASHI H, EGUSA S. Edwardsiella tarda
(Paracolobactrum anguillimortiferum) associated with
pond-cultured eel disease[J]. Nippon Suisan Gakkaishi,
1973, 39(9): 931-936.

[5] BIN PARK S, AOKI T, JUNG TS. Pathogenesis of and
strategies for preventing Edwardsiella tarda infection
in fish[J]. Veterinary Research, 2012, 43(1): 67.

(6] 2 M. 3828 AR IRTA M #0808 5 Z A8 A IR AT
WEFE S [I]. TLPE KR, 2019(2): 28-29.

LI FX. Research progress on Edwardsiella tarda and
Edwardsiella tarda in fish[J]. Jiangxi Fishery Science
and Technology, 2019(2): 28-29 (in Chinese).

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



4696

ZOU Wenzheng et al. | Acta Microbiologica Snica, 2023, 63(12)

[10]

(1]

= e e

WREREE, RIL, BREL, RA2D7. 8 5% 18R IR W i
IE 3 Bi[1]. KRB 4R (24 R), 1998(3): 57-58.
CHEN ZG, ZHU J, WEI W, WU Y. Three cases of
Edwardsiella tarda septicemia[J]. Journal of Dali
Medical College, 1998(3): 57-58 (in Chinese).

BN, BB Bk, XIMHZR, AdE. ZEARTEIK
MUAE A FFIE el — B[], AR g Ze i, 1999,
17(4): 233.

LI CY, ZHAO Q, YANG YM, LIU ZR, NIU Y. A case
of Edwardsiella septicemia complicated with liver and
lung abscess[J]. Chinese Journal of Infectious Diseases,
1999, 17(4): 233 (in Chinese).

WL, JHEEE, BRAR, ANRR, JeimR, FRPK. R
PENETE B rh G0 e AR TR 10 3 18 M e Mo A 28 Mk sk
BAFFE]. AR, 2002, 12(2):173.

LI GS, YIN HQ, QIU W, SUN Y, LONG PR, XU Q.
Isolation, identification and invasiveness experimental
study of Edwardsiella tarda in patients with infectious
diarrhea[J]. Chinses Journal of Health Laboratory
Technology, 2002, 12(2):173 (in Chinese).

EVANS JJ, KLESIUS PH, PLUMB JA, SHOEMAKER
CA. Edwardsiella septicaemias[M]// Fish Diseases and
Disorders. Volume 3: Viral, Bacterial and Fungal
Infections UK: CABI, 2011: 512-569.

PR, Tde, EEM, RiAF. BEEEERA
TR B D £ 1) B0 1 B AU AR AR D). E AR
58P, 2011, 43(1): 23-26.

PENG GR, WANG CL, WANG XP, LU CP. The
pathogenicity and histopathological changes of
artificially infected zebrafish with Edwardsiella tarda[J].
Animal Husbandry & Veterinary Medicine, 2011, 43(1):
23-26 (in Chinese).

PRESSLEY ME, PETER E. PHELAN HELAN III P.
ECKHARD WITTEN, MELLON MT, KIM CH.
Pathogenesis
Edwardsiella tarda

and inflammatory  response  to
in the zebrafish[J].
Developmental and Comparative Immunology, 2005,
29(6): 501-513.

LING SHM, WANG XH, LIM TM, LEUNG KY. Green
fluorescent protein-tagged Edwardsiella tarda reveals
portal of entry in fish[J]. FEMS Microbiology Letters,
2001, 194(2): 239-243.

LI, WHE, B, FEF, D, ERCR, 5,
FAER, BRil, EH. DAL 2 Y EE B AL b L
FB R LR B 58 0F R (0], TR 2, 2021, 52(1):
278-288.

LI HY, XIE Q, WANG C, LI JX, MA R, REN MH, L1,
WANG JJ, CHEN H, WANG J. Research progress on

infection

<l actamicro@im.ac.cn, & 010-64807516

[15]

[17]

[18]

[19]

[20]

(21]

application and mechanism of zebrafish in drug

toxicology assessment[J]. Chinese Traditional and
Herbal Drugs, 2021, 52(1): 278-288 (in Chinese).
KM, F AR, OB Bl Z 4R K 1 (Edwardsiella
tarda) i FE HESL[T]. W HEIHI TR B R, 2004(1): 52-59.
ZHENG DH, MAI K. Review of
Edwardsiella tarda[J]. Transaction of Oceanology and
Limnology, 2004(1): 52-59 (in Chinese).

AR C, W, XUk, PEREE, sEAs, W,
I L. B R 52 B AR AR TR Y 20 9 S E D).
IR RAAR, 2009, 2(1): 114-117.

DENG XW, XIE ZX, LIU JB, PANG YS, DONG JB,
XIE ZQ, XIE LJ. Isolation and identification of
Edwarsiella tarda in Tilapia nilotica[J]. Journal of
Hydroecology, 2009, 2(1): 114-117 (in Chinese).
KAIGE N, MIYAZAKI T, KUBOTA SS. A
histopathological study of

studies on

edwardsiellosis  in
tilapia-experimental infection[J]. Fish Pathology, 1986,
21(2): 95-99.

SAE-OUI D, MUROGA K, NAKAI T. A case of
Edwardsiella tarda infection in cultured colored carp
Cyprinus carpio[J]. Fish Pathology, 1984, 19(3):
197-199.

FOGELSON SB, PETTY BD, REICHLEY SR, WARE
C, BOWSER PR, CRIM MJ, GETCHELL RG, SAMS
KL, MARQUIS H, GRIFFIN MJ. Histologic and
molecular characterization of Edwardsiella piscicida
(Micropterus

infection in bass

salmoides)[J].

largemouth
Journal of Veterinary Diagnostic
Investigation: Official Publication of the American
Association of Veterinary Laboratory Diagnosticians,
Inc, 2016, 28(3): 338-344.
AMANDI A, HIU SF, ROHOVEC JS, FRYER JL.
Isolation and characterization of Edwardsiella tarda
from  fall  Chinook (Oncorhynchus
tshawytscha)[J]. Applied  and
Microbiology, 1982, 43(6): 1380-1384.
REDDACLIFF GL, HORNITZKY M,
WHITTINGTON RJ. Edwardsietla tarda septicaemia
in rainbow trout (Oncorhynchus mykiss)[J]. Australian
Veterinary Journal, 1996, 73(1): 30.
MATSUYAMA T, FUJIWARA A, NAKAYASU C,
KAMAISHI T, OSEKO N, HIRONO I, AOKI T. Gene
in vaccinated Japanese

salmon

Environmental

expression of leucocytes
flounder (Paralichthys olivaceus) during the course of
experimental infection with Edwardsiella tarda[J].
Fish & Shellfish Immunology, 2007, 22(6): 598-607.



ARSCIELSF | AR, 2023, 63(12)

4697

(23]

[24]

(28]

[30]

SHOEMAKER CA, KLESIUS PH, PLUMB JA.
Killing of Edwardsiella ictaluri by macrophages from
channel catfish immune and susceptible to enteric
septicemia of catfish[J]. Veterinary Immunology and
Immunopathology, 1997, 58(2): 181-190.

ELGENDY MY, SHERIF AH, KENAWY AM,
ABDELSALAM M.
characterization  of

Phenotypic and molecular
the agents  of
edwardsiellosis causing Nile tilapia (Oreochromis
niloticus) mortalities[J]. Microbial
Pathogenesis, 2022, 169: 105620.
%ﬁ% FREHT, W, S, TEH, ME, VR
PR, (AN SR VN R A BER 22 % TR AR QIR 4
*\ YEE S BURPERTFE )] KA A WA 4R, 2020,
44(1): 143-152.
WU J, WANG GS, LIU MH, LI WY, WANG W, SHI H,
XU WIJ, XIE 1J, HE J. Isolation, identification and
pathogenicity of the pathogenic bacterium from
Centropristis striata[J]. Acta Hydrobiologica Sinica,
2020, 44(1): 143-152 (in Chinese).
CHU WH, LU CP. In vivo fish models for visualizing
Aeromonas hydrophila invasion pathway using GFP as
a biomarker[J]. Aquaculture, 2008, 277(3/4): 152-155.
O'TOOLE R, von HOFSTEN J, ROSQVIST R,
OLSSON PE, WOLF-WATZ H. Visualisation of
zebrafish  infection by  GFP-labelled  Vibrio
anguillarum[J]. Microbial Pathogenesis, 2004, 37(1):
41-46.
FH AT, BEAR, RER. AR5 R g
A A HEAE LRI BT SE[)]. 2 E R E 2y, 2016,
27(5): 1098-1101.
TIAN LL, SHENG DL, ZHU GF. Study on the
promoting effect and mechanism of resveratrol on the
regeneration of tail fin of zebrafish[J]. Lishizhen
Medicine and Materia Medica Research, 2016, 27(5):
1098-1101 (in Chinese).
NEELY MN, PFEIFER
Sreptococcus-zebrafish
pathogenesis[J]. Infection and Immunity, 2002, 70(7):
3904-3914.
HHIE, HARIL, SRR, JE B RURG T IR RIE
Hpa o). b RS 4, 2017, 26(2): 249-253.

causative

summer

JD, CAPARON M.

model of bacterial

[31]

(33]

[34]

RAN X, XIAO CJ, RAN XZ. Study on complications

and prevention of abdominal and pelvic
radiotherapy[J]. Chinese Journal of Radiological
Health, 2017, 26(2): 249-253 (in Chinese).

Tk #, EH;% 2, B, K IGE NG F X BE 1 SOD
itk . MDA i ) DNA 552 mi[I]. FBaRke
224, 2015, 35(8): 2626-2632.

SHEN HY, JIAO XH, WU T. Effects of cefotaxime
sodium on SOD activity, MDA content and DNA
damage in zebrafish[J]. Acta Scientiae Circumstantiae,
2015, 35(8): 2626-2632 (in Chinese).

ETE, MU, XVAERE, SROKE, W, AR%E,
Yeong Yiksung. FEFHIEE SR . R, 87 Sk
B LR PR L BR R B W IR A A A )
[T fee o = VA A R AR A S i R fe S
&, 2017, 26(3): 229-234.

WANG YZ, SUN JF, LIU JF, GUO YJ, XING KZ, LV
AlJ, YIKSUNG Y. Histochemical localization of acid
phosphatase, alkaline phosphatase and peroxidase in the
hepatopancreas, mid-kidney, gill, head kidney, spleen
and heart of cultured Cynoglossus semilaevis Giinther[J].
Chinese Journal of Histochemistry and Cytochemistry,
2017, 26(3): 229-234 (in Chinese).

TR BT, F 4 Ja 4 X B £ G e R 6 P TR
P B R R PR B9 B2 [T]. U B8, 2007, 26(3):
641-643.

ZHEN FF, ZHAO XP. Effects on cadmium on ACP and
AKP in Carassias auratus[J]. Sichuan Journal of
Zoology, 2007, 26(3): 641-643 (in Chinese).

WOROT, WOV, ARRORE, BRISE, EE, KA.
TeSN AL B i A AL Y . BRI AR TG . BRI
SUNE . PRVEWRIRNE . mv i R S AR S IR T Y
O3 A HHLUERLT]. hE AU S A A AR,
2018, 27(5): 453-458.

CAO XF, HUANG HH, REN QN, CHEN TT, WANG J,
ZHANG SZ. Distribution and histological localization
of peroxidase, adenosine triphosphatase, succinate
dehydrogenase, acid phosphatase, alkaline phosphatase
and non-specific esterase in the digestive tract of
Misgurnus anguillicaudatus[J].
Histochemistry and Cytochemistry,

453-458 (in Chinese).

Chinese Journal of
2018, 27(5):

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



