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Isolation, identification, and pathogenicity analysis of bacteria
associated with skin ulceration in Hippocampus erectus
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Abstract: The lined seahorse (Hippocampus erectus) is a major cultured seahorse species with
significant economic value in China. Bacterial diseases frequently occur in intensive aquaculture
environments, among which skin ulceration is one of the most detrimental diseases affecting
H. erectus farming. Skin ulceration is mainly caused by Vibrio spp., while the pathogen complexity
and diversity remain unclear. [Objective] This study identified dominant bacterial strains from
ulcerative lesions of H. erectus in Zhangzhou, Fujian and characterized their pathogenicity,
antibiotic resistance profiles, and virulence traits, aiming to provide a scientific basis for disease
prevention and control. [Methods] Bacteria were isolated from ulcerated and internal tissue
samples of diseased seahorses. Species identification was performed via morphological
observation, physiological-biochemical tests, 16S rRNA gene phylogenetic analysis, and
reinfection of seahorses. The isolates were cultured for the measurement of hemolytic activity,
caseinase production, and salinity tolerance. Ten virulence genes were detected by PCR. The
susceptibility of the isolates to 30 antibiotics was tested via the disk diffusion method. Artificial
infection was performed with zebrafish as a model to determine the median lethal dose (LDs).
[Results] Fifteen dominant strains were isolated from various tissue samples of diseased seahorses.
Among them, three strains (HCE003, HCE070, and HCE098) exhibited B-hemolysis and high
overall antibiotic resistance rates (50.0% —56.7%). HCEO0O03 carried vwh, pPHDDI, and hlyAch,
while both HCE070 and HCEO098 carried hlyA, trh, hlyAch, and vhh. HCE003, HCEO070, and
HCEO098 were preliminarily identified as highly pathogenic strains and were further characterized
as Citrobacter freundii, Shewanella algae, and Vibrio rotiferianus, respectively. The three strains
were capable of growing normally at the salinity of 15%o. Artificial challenge tests demonstrated
that they could induce skin ulceration in H. erectus upon reinfection. The median lethal doses of
HCE003, HCE070, and HCE098 in zebrafish were 1.71x10° CFU/mL, 3.68x10° CFU/mL, and
2.51x10° CFU/mL, respectively. [Conclusion] This study is the first to report the isolation of
multidrug-resistant and highly virulent C. freundii and S. algae from H. erectus with skin
ulceration, indicating that non-Vibrio pathogens can also contribute to skin ulceration in seahorses.
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These findings provide scientific support for the development of targeted disease management

strategies and therapeutic agents in seahorse aquaculture.

Keywords: Hippocampus erectus; skin ulceration; pathogenic bacteria; virulence gene; median

lethal dose
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#=1 FHEFERPCRS|4)

Reversed sequences (5—3")

Table 1 PCR primer sequences for virulence genes
Target genes Forward sequences (5'—3)
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Table 2

ulceration

16S rRNA gene identification and hemolysis of isolated strains from Hippocampus erectus with skin

Strain number Hemolysis Identification result Isolation sites

HCE003 B 1M B-hemolysis IR BRI C. freundii k2 4L Ulcerated area
HCE041 a7 I a-hemolysis WEYELCHRER V. harveyi R4 Ulcerated area
HCE043 Y 1L y-hemolysis WA YE[CHRIE V. harveyi i 1 PR Peritoneal effusion
HCEO044 y %5 1fil y-hemolysis W HE ECIRER V. harveyi i o B Peritoneal effusion
HCE046 v Il y-hemolysis JNEA & Vibrio sp. FFIE Liver

HCE047 a1l a-hemolysis N J& Vibrio sp. JFFHE Liver

HCE048 a i Ifll. o-hemolysis Jiti 4 5 S5 1A [C 1 Klebsiella pneumoniae JHE Liver

HCE050 a4 Ifil. o-hemolysis Jili & 7 B 1A E B K. pneumoniae 718 Intestines

HCE052 B 1M B-hemolysis B558REE Vibrio vulnificus "B E Kidney

HCEO053 B 1L B-hemolysis & Vibrio sp. B Kidney

HCEO055 a1l a-hemolysis I J& Vibrio sp. i1 § Ovaries

HCE056 a % Ifil. o-hemolysis Jili 6 7 T 1A F B K. pneumoniae Yl & Ovaries

HCEO058 a % 1Ml o-hemolysis Jiti ¢ i B 1A ES 8 K. pneumoniae k2 4k Ulcerated area
HCE070 B I B-hemolysis WA FLIRI S. algae R4 Ulcerated area
HCE098 B 1fi B-hemolysis YO V. rotiferianus k2 4k Ulcerated area
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Figure 1  Hydrolytic activity of three pathogenic

strains.

HCEO070 F1 HCE098 A B, sK 4850550
1.62 11 1.28, ¥l HCE070 i1 HCE098 fig /3 i
F&EE 1, H HCEO070 /Kf#AE J15% T HCE09S.,
25 ZHOEERENERE

FIH GYZ-1le WAt AR P AE AL i 48 e
il HCE003 M #1462 B AT T 8 o [ AT A6 R AT 1
(C. freundii) (2 4); FIH GYZ-9V IR0 # A4

%5 HEHHCE070, HCE0984 124 {K4HE

R4 FHRHCE0034% R4 (L4H1E
Table 4 Physiological ~ and

characteristics of HCE003

biochemical

HCE003 Citrobacter

freundii
Urease + +
Adonitol - -
Sorbitol - -

Character

Malonate - -
Lysine - -
Ornithine decarboxylase - -
Indole production - -
VP test - -
Citrate + +

+: BEME; - B

+: Positive; —: Negative.

b2 5% 2 58 A5 K6 HCEO070 S Ay B [C 74 i T 3
75 FLICTA(S. algae), HCE098 Sl i & %6 f gl i
(V. rotiferianus) (%‘z 5o
2.6 =k EESAEEEN

X} /3 B Bk HCE070, HCE003, HCE098
P47 PCR Kl , %52 8 75 HCE003 #47 wh,
pPHDDI FI hiyAch # Jj % A ; HCE070 F1

Table 5 Physiological and biochemical characteristics of HCE070 and HCE098

Character HCEO070

Shewanella algae

HCE098 Vibrio rotiferianus

Glucose (gas) - -
Arginine dihydrolase - -
Lysine decarboxylase - -
Ornithine decarboxylase - -
VP test - -
Growth in 6% NaCl + +
Mannitol - -
Sorbitol - -
Citrate - -
Sucrose - -
Urease + -

Indole production - -

+ o+ o+ o+
+ o+ o+ o+

+: BEME; - B

+: Positive; —: Negative.
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HCE098 ¥ #47 hiyA. trh. hlyAch F vhh 55 11
FEH(E 2).
27 ZHRNBEES FEYELEES RS
2B

XF 3 BRIMESE(HCE003, HCEO070 Al HCE098)
AT 16S rRNA FERINT, /3 HIERISE R 1 478,
1481 F1 1 488 bp MK T . ¥)¥sl k=2
NCBI, #3505 PP989673.1, PP980561.1 .,
PQ524991.1, iy BLAST XF, HCE003 5 3f
[T R AT A 9 AH BLEE /57 3K 99.66%; HCEO070
5y FLIC TR AR EE Rk 99.93%; HCE098
5556 A AR RS =535 99.86%.

FIH MEGA 11 B RGE L BN, 45
WE 3 s, Eik HCE003 54 [CAF I IR T
(C. braakii). BIRFFERRIH (C. murliniae) |7 J&

bp M 1 2 3 4 5 6 7 8 9 10

23 4 5 6 7 8 9 10

E2 FHEEPCRY ELER
Figure 2 PCR amplification results of virulence
genes. A: Strain HCEO003; B: Strain HCE070; C:
Strain HCE098. Lane M: DL2000 DNA marker; Lane
1: hly4; Lane 2: plpV; Lane 3: dly; Lane 4: hiyApl;
Lane 5: tdh; Lane 6: vwh; Lane 7: pPHDDI; Lane 8:

trh; Lane 9: hlyAch; Lane 10: vhh.
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76, Citrobacter freundii JCM 1657 (NR 113340.1)

83| L Citrobacter freundii LMG 3246 (NR 117752.1)
33| I Citrobacter freundii NBRC 12681 (NR 113596.1)
90 Strain HCE003 (PP989673.1)
Citrobacter braakii 167 (NR 028687.1)
52 ,— Citrobacter murliniae CDC 2970-59 (NR 028688.1)

45 Citrobacter braakii DSM 17596 (NR 117750.1)
Enterobacter wuhouensis WCHEs120002 (NR 180450.1)
Yokenella regensburgei CIP 105435 (NR 104934.1)

70 4,7 Huaxiibacter chinensis 155047 (NR 184601.1)
60 Klebsiella pasteurii SPARK836C1 (NR 180640.1)

b
0.002 0

B 96| Shewanella algae NBRC 103173 (NR 114236.1)

871 Shewanella algae 20-23R (NR 117272.1)
97! Shewanella algae ATCC 51192 (NR 117771.1)
Strain HCE070 (PP980561.1)
99L Shewanella algae DWO1 (NR 117770.1)
100V L Spewanelia indica KIW27 (NR 108899.1)

\_i Shewanella chilikensis JC5 (NR 117772.1)

76— Shewanella carassii 08MAS2251 (NR 159221.1)
Parashewanella hymeniacidonis 2021G2-18 (NR 181596.1)

Enterobacter wuhouensis WCHEs120002 (NR 180450.1)

100 Klebsiella pasteurii SPARK836C1 (NR 180640.1)
0.01 96'— Huaxiibacter chinensis 155047 (NR 184601.1)

73

94r Strain HCE098 (PQ524991.1)
Vibrio rotiferianus CAIM 577 = LMG 21460 (NR 042081.1)
Vibrio harveyi NBRC 15634 (NR 113784.1)
Vibrio campbellii NBRC 15631 (NR 113782.1)
Vibrio alginolyticus NBRC 15630 (NR 121709.1)
Vibrio parahaemolyticus ATCC 17802 (NR 114630.1)
Vibrio aquaticus BEI207 (NR 179909.1)
Vibrio ezurae HDS1-1 (NR 025779.1)
Vibrio fortis CAIM 629 (NR 025575.1)
— Enterobacter wuhouensis WCHEs120002 (NR 180450.1)
100 _|——Klebsiella pasteurii SPARK836C1 (NR 180640.1)
89 Huaxiibacter chinensis 155047 (NR 184601.1)

36

—
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E3 ET16S rRNAEREFIIMEN ARG L E R
Figure 3 Phylogenetic tree analysis based on 16S rRNA gene sequences. A: Strain HCE003; B: Strain HCE070;
C: Strain HCE098. The serial number is GenBank accession number; Branch numbers are bootstrap values; Scale

in the lower left corner of the picture is distance.
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R B R R TR G . HCEO003 Mg s i 5 7 5d W4 #BsET:; 1.00x10" CFU/mL I 7 41
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®6 DEEEFEIGHIRE THEXFER [} LDso A 1.71x10° CFU/mL., HCEO070 X & &
Table 6 The relative survival rate of isolated strains Wk 1.00x10° CFU/mL B B 076 5 d N 4
in different sea salt solutions MWHET: 1.00x107 CFU/mL. 1.00x10° CFU/mL
Sahnlty (%0) Relative survival rate (%) IOOX 105 CFU/mL ]&%gﬂ E@ﬁf%ﬁ 7 d Ij;J E,:J j%i+
HCE003 HCE070  HCE098 k o o .
03 10073 3746 0.00 FETZH A3 5 83.33%. 63.33% Fl 46.37%, it
5.0 123.64 219.93 85.71 % 1% HCE070 1 LDsy A 3.68x10° CFU/mL.
10.0 105.45 309.28 180.95 HCE098 ﬁzﬁ‘%{;{gj\j 1.00x10% CFU/mL Hﬂ‘ﬁfg@?’{
15.0 105.45 615.12 115.48 ; , -
0y > H vz pE g }E}Z‘{j‘b‘ HL 775 é“ln%

TR 41(1.00x10° CFU/mL) 7 d WK EFET-%
e 6 KA FBIE To; 1.00x10° CFU/mL Al {UH 13.33%, 114545 LDs A 2.51x10° CFU/mL.
1.00x10° CFU/mL W& HAE 7d WIS BIHFET: 3 Rk LDso fHI 95% B X ICES, FKI
A5 73.33% M 53.33%, TR HCE003  H#E ) 225 135 (P<0.05),
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Figure 4 The clinical signs of infected Hippocampus erectus. A: Strain HCE003; B: Strain HCE(070; C: Strain

HCE098.
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Figure 5 Cumulative mortality rate of Danio rerio infected by isolated strains. A: Strain HCE003; B: Strain

HCEO070; C: Strain HCE098. CK: Sterile PBS.
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