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Abstract: As a major opportunistic pathogen, Serratia marcescens causes infections in human,
animals, and plants, while it is rarely reported as a pathogenic bacterium of fish. [Objective] To study
the pathogenicity of S. marcescens YP1 isolated from a diseased Japanese flounder (Paralichthys
olivaceus) and the adverse effects of the pathogen on the fish disease control. [Methods] The
morphological characteristics, molecular evidence, and physiochemical properties were combined to
identify the strain YP1. Furthermore, the artificial infection experiment, histopathological examination,
and drug sensitivity test of the strain YP1 were performed to study its infection symptoms,
histopathology, virulence, and drug sensitivity. [Results] The strain YP1 isolated from the surface ulcer
of a diseased Japanese flounder was identified to be S. marcescens. It had high pathogenicity to both
Japanese flounder and zebrafish (Danio rerio), with LDs, being 3.44x10" CFU/g and 6.28x10° CFU/g,
respectively. YP1 mainly led to ascites fluid in Japanese flounder, which was accompanied by rapid
breathing, reduced food intake, anal prolapse, white stool, gill ischemia, and multiple organ tumefaction
and hemorrhage. With the extension of infection time, the organ damage became aggravated. The
pathological sections showed that YP1 caused the damage of the gills, gut, liver, spleen, kidney, and
heart in Japanese flounder. The results of drug sensitivity test showed that YP1 was sensitive to
14 antibiotics such as levofloxacin and norfloxacin and resistant to 19 antibiotics including ampicillin
and cefradine. [Conclusion] This study confirmed that S. marcescens was a pathogenic bacterium
causing ascites disease of Japanese flounder, and it was also highly pathogenic to other fish.
Meanwhile, this study provides a scientific basis for the detection, identification, and prevention of the

fish disease caused by S. marcescens.
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Figure 1 Morphology of bacteria YP1. A: colony
morphology; B: identification result of Gram

staining (x1000).
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Serratia marcescens DSM 30121 (NR 041980.1)
99 L YP1 (ON005000)

Serratia nematodiphila DZ0503SBS1 (NR 044385.1)
61L Serratia marcescens KRED (NR 036886.1)

Serratia ureilytica NiVaS1 (NR 042356.1)

Klebsiella pneumoniae JCM1662 (NR 112009.1)

Serratia odorifera PADG1073 (NR 037110.1)
Serratia ficaria DSM 4569 (NR 041979.1)
Serratia entomophila DSM 12358 (NR 025338.1)
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— Vibrio alginolyticus ATCC 17749 (NR 044825.2)
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Aeromonas hydrophila CCM7232 (NR 043638.1)

2 YP1E#k 16S rRNA EEFFI SHEXE R R G % B )

Figure 2 Phylogenetic tree of YP1 16S rRNA gene sequence and its relatives. Node values represent
percent bootstrap confidence derived from 1 000 replicates. Bar 0.010 at the bottom is the sequence
divergence. The GenBank accession numbers of the indicated sequences are shown in the parentheses.
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Table 1 Main phenotypic traits of YP1 strain
Identification item Strain Identification Strain
YPI item YP1
Sucrose + Lactose -
Maltose + Peroxidase +
Mannitol + Mushroom sugar +
Arabinose + Hydrolysis of +
gelatin
IPA test - DNase +
Methyl red test - Glucose gas -
production
Vopes-prokauer + Glucose acid +
test production
Urea + Phenylalanine -
ammonia-lyase
Salicin + Glucose +
Lysine + Citric acid salt +
decarboxylase
Ornithine + Raffinose -
decarboxylase
Arginine - Malonate -
dihydrolase
Rhamnose - Sorbitol +
Xylose - Moveability +
fermentation
H,S production - Melibiose -
Oxidase - Dulcitol -

+: positive; — negative.
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3 FEERGE YP1 FEEEER

Figure 3 The major symptoms of Paralichthys olivaceus after YP1 infection. A: ascites fluid, anal prolapse;
B: white gill; C: yellow ascites; D: red ascitesd, liver of blood loss; E: liver bleeding; F: renal swelling; G1-3:
heart bleed.

4 OEBSEYPI BEEMEIR

Figure 4 The major symptoms of Danio rerio after YP1 infection. A: control group; B: diseased group.

F2 B YP1 BTSN
Table 2 Infection of P. olivaceus challenged by YP1

Group  Concentration of bacterium/(CFU/mL) Dosage/mL  Quantity  Cumulative death Death rate/%
1 1x10° 0.2 30 0 0

2 1x10° 0.2 30 0 0

3 1x107 0.2 30 0 0

4 1x108 0.2 30 1 3

5 1x10° 0.2 30 5 17

6 1x10'° 0.2 30 21 70

Control PBS 0.2 30 0 0

P4 actamicro@im.ac.cn, & 010-64807516
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Table 3 Infection of D. rerio challenged by YP1

Group Concentration of bacterium/(CFU/mL) Dosage/mL  Quantity  Cumulative death Death rate/%
1 1x10° 0.015 10 0 0

2 1x10* 0.015 10 0 0

3 1x10° 0.015 10 0 0

4 1x10° 0.015 10 0 0

5 1x10’ 0.015 10 2 20

6 1x108 0.015 10 9 90

7 1x10° 0.015 10 9 90

Control PBS 0.015 10 0 0
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B 5 ZFEEES YP1 REEALRE

Figure 5 The major histopathology of Paralichthys olivaceus after YP1 infection. A: gill of control group
fish; B: gill of diseased fish, swelling of the secondary lamellae (black arrow); C: intestinal of control group
fish; D: intestinal of diseased fish, severe separation of mucosa and submucosa (black arrow); E: liver of
control group fish; F: liver of diseased fish, significant necrosis of exocrine pancreas (black arrow); G:
magnified micrograph of the area inside the black frame in 6, the area of inflammatory necrotic; H: liver of
diseased fish, the area of inflammatory necrotic; I: liver of diseased fish, rupture of vena (black arrow),
expansion and blood stasis of sinusoid (red arrow), significantly deformed of the liver tissue, unclear
boundaries of hepatocytes (black asterisk); J: kidney of control group fish; K: kidney of diseased fish, local
necrosis of renal tubuleinterstitial (red asterisk), hemosiderin pigmentation (red triangle), necrosis of renal
tubular epithelia (blue arrow), atrophy of glomerular in renal corpuscle (black arrow); L: spleen of control
group fish; M: spleen of diseased fish, increased of macrophage (black arrow), hemosiderin pigmentation (red
triangle); N: heart of control group fish; O: heart of diseased fish, inflammatory cells infiltration (black arrow).
M: mucosa; S: submucosa; P: pancreas; V: vena; T: kidney tubules; C: renal corpuscule.
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Table 4 Antibiotic sensitivity test of strain YP1

Classification Antibiotics Concentration/pg  Diameter of inhibited zone/mm
Penicillins Ampicillin 10 0 (R)
Azlocillin 75 20 (S)
Carbenicillin 100 20 (I)
Mezlocillin 75 17 (I)
Oxacillin 1 0(R)
Penicillin 10 0(R)
Amoxicillin 10 0 (R)
B-lactams/B-lactamaseinhibitors  Piperacillin/tazobactam 100/10 8 (R)
Ticarcillin/clavulanic acid 75/10 23 (S)
Cephalosporins Cefradine 30 0 (R)
Cefazolin 30 0 (R)
Cefotaxime 30 25 (S)
Cafamandde 30 12 (R)
Moxacephem 30 26 (S)
Carbapenemes Imipenem 10 12 (R)
Glycopeptides Vancomycin 30 0 (R)
Aminoglycosides Gentamicin 120 21 (S)
Kanamycin 30 20 (S)
Netilmycin 30 20 (S)
Streptomycin 10 0(R)
Neomycin 30 20 (S)
Macrolides antibiotics Axithromycin 15 0 (R)
Midecamycin 30 0(R)
Roxithromycin 15 0 (R)
Acetylspramycin 30 0 (R)
Tetracyclines Doxycycline 30 10 (R)
Quinolones Levofloxacin 5 27 (S)
Norfloxacin 10 35(S)
Enrofloxacin 10 22 (S)
Other kinds Rifampin 5 0 (R)
Polymyxinb 300 0 (R)
Florfenicol 30 10 (R)
Trimethoprim/sulfamethoxazole ~ 23.75/1.25 20 (S)

S+ highly susceptible; I: intermediately susceptible; R: resistant.
KEME/REKR YPL SRRV HEIRER N —
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