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This study aimed to identify the primary pathogenic bacteria responsible for the
mortality of the Chinese giant salamander (Andriasd davidianus). A pathogenic bacterium
was isolated from a diseased Chinese giant salamander exhibiting typical symptoms
under aseptic conditions and then identified by morphological examinations, biochemical
analysis, and the sequence analysis of bacterial 16S rRNA. Artificial infection testing was
then conducted to determine the pathogenicity of the isolated bacteria strain. Drug
susceptibility tests were conducted using the agar diffusion method. The isolated
pathogenic bacteria, named DN-2, was successfully identified as Acinetobacter Iwoffii. The
artificial infection showed that the typical symptoms of the disease could be replicated as

the ones originally occurred, and this bacterium exhibited high pathogenicity to the
Chinese giant salamander. In the Chinese giant salamander, the median lethal dosage
(LD50) of A. Iwoffii DN-2 for A. davidianus was determined to be 4.63x104 CFU/g. Drug
sensitivity testing showed that these bacteria were highly sensitive to erythromycin,
gentamicin, neomycin, streptomycin, midecamycin, ciprofloxacin, piperacillin,
florfenicol, doxycycline, carbenicillin, and sulfanilamide. In summary, A. lwoffii was
identified as the primary pathogen responsible for the demise of A. davidianus. Our study
first presents how these bacteria harm Chinese giant salamanders.

1. INTRODUCTION

The giant salamander, known as Wawayu, is a second-grade
animal under state protection in China and is classified as
Amphibia, Vrodtle, Cryptobranchidae, and Andrias. IUCN
(The International Union for the Conservation of Nature)
has classified this animal as a critically endangered species
and has listed this species in Appendix I of CITES (Conven-
tion on International Trade in Endangered Species of Wild
Fauna and Flora).12 The Chinese giant salamander is found
mostly in the Pearl, Yellow, and Yangtze rivers, in the mid-
dle and upper stages of deep valley streams. Consequently,
this species represents a typical amphibian that occupies
the transition zone between aquatic and terrestrial habi-
tats. Of the 28 amphibian species in China, the Chinese
giant salamander is the largest, making it extremely sig-
nificant for research, especially regarding the history of bi-
ological evolution.3#

Acinetobacter is a short and rod-shaped Gram-negative
bacterium belonging to Moraxella5 that widely exists in
nature and exists in soil, water, and spoiled food.>¢ In

addition, Acinetobacter is a zoonotic pathogen that can
cause infections in mammals, birds, amphibians, and fish.”
8 Acinetobacter is responsible for global epidemics that en-
danger wildlife and domestic livestock populations, ulti-
mately leading to large-scale morbidity and mortality.”

Since the second half of 2022, infectious diseases have
been increasingly detected in the Chinese giant salamander
at around three years of age. These bacterial diseases are
associated with a high mortality rate in diseased salaman-
ders, and the tendency for infection grows annually. In
this study, we detected the pathogens responsible for dis-
ease in samples of infected Chinese giant salamanders and
performed antibiotic susceptibility measurements and drug
sensitivity analysis.

2. MATERIALS AND METHODS

2.1. EXPERIMENTAL MATERIALS

Typical diseased Chinese giant salamander specimens
(weighing 40-60 g) were collected from the designated A.
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davidianus aquaculture facility in Zhangjiajie. They were
sent to the Laboratory of Fish Diseases, Yangtze River Fish-
eries Research Institute at the Chinese Academy of Fishery
Sciences to isolate and identify pathogens.

2.2. ISOLATION AND PURIFICATION

The surfaces of the diseased salamander were decontami-
nated with 75% alcohol in a biological safety cabinet. Then,
each salamander was dissected, and an inoculation loop
was used to remove a portion of the liver, which was sub-
sequently inoculated onto a Brain-Heart Infusion (BHI;
HopeBio, Qingdao, China) agar plate and incubated for 24
h at 28 °C. Dominant single colonies were chosen after cul-
ture and placed onto brand-new BHI agar plates. Purified
single colonies were obtained after 24 hours of growth un-
der the same conditions. Single colonies were then selected
and implanted into 5 mL of BHI liquid medium, then cul-
tured for approximately 24 hours at 28°C with rotation at
200 rpm. Subsequently, we mixed each bacterial solution
with an equal volume of 50% glycerol. We transferred this
mixture into a microcentrifuge tube (1.5 mL) kept at -80°C
in an extremely low-temperature refrigerator to await fu-
ture analysis. The isolated strain was designated DN-2.

2.3. PATHOGENIC IDENTIFICATION
2.3.1. IDENTIFICATION OF BACTERIAL MORPHOLOGY

The isolated strains were cultured for 24 hours at 28°C on
a BHI solid substrate while the colony morphology was ex-
amined. The bacterial suspension was prepared using phos-
phate-buffered (PBS, Procell, Wuhan, China) as the solvent
and subjected to Gram staining. Individual colonies were
fixed, dried, dehydrated, sprayed with gold and then ana-
lyzed by scanning electron microscopy (SEM) analysis.

2.3.2. MOLECULAR BIOLOGICAL IDENTIFICATION

A single prepared colony was selected from the biosafety
cabinet and transferred to a 1.5mL microcentrifuge tube.
Then, bacterial genomic DNA was extracted with a Bacterial
DNA Kit (Tiangen, Beijing, China) following the manufac-
turer’s recommendations. Next, the 16S rRNA of DN-2 was
amplified by PCR utilizing generic primers (27 the force
F: 5-AGAGTTTGATCATGGCTCAG-3, 1492the rectangle R:
5-TACGGTTACCTTGTTACGACTT-3). A total amount of 25
uL was used for the PCR reactions, which included 12.5 uL
of PCR Mix, 1 uL of primers (10 umol/L for the upstream
and downstream), 1 pL of template DNA, and 9.5 pL of di-
luted water. Pre-denaturation at 94°C for 5 minutes, de-
naturation at 94°C for 30 seconds, annealing at 55°C for 1
minute, and denaturation at 72°C for 30 seconds (30 cycles)
were the reaction conditions.

A final elongation step was performed at 72°C for 5 min-
utes. Subsequently, the amplified products were visualized
by electrophoresis on a 1% agarose gel; amplicons were
then selected and sequenced. Sequencing outcomes were
then uploaded into the NCBI database (National Center for
Biotechnology Information, http://blast.ncbi.nlm.nih.gov),
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and the Blast search tool was used to make sequence ho-
mology comparisons. Subsequently, we used 16S rRNA
gene sequences from different sources of Acinetobacter to
construct a tree of phylogenetic relationships with the
MEGA 11.0 program by applying the Neighbor-Joining ap-
proach (http://www.megasoftware.net/previousVer-
sions.ph); 1000 bootstrap analysis was used for confidence
detection.

2.4. ANTIBIOTIC SUSCEPTIBILITY TESTING

Strain DN-2 was cultured, and sterile PBS was used to con-
trol the concentration of bacteria in the solution. we coated
100 mL of bacterial liquid onto the surface of the BHI agar
culture in a biological safety cabinet. Following the bacte-
rial inoculum had been completely absorbed into the agar
medium, the pre-arranged antibiotic tablet was carefully
placed on the surface of the agar plate. After 24 hours of
growth at 28°C in a constant temperature incubator, the
plates were inverted, and bacteriostatic circles were mea-
sured (in mm). The sensitivity of this method was deter-
mined according to the drug sensitivity kit manufacturer’s
recommendations.

2.5 BIOCHEMICAL IDENTIFICATION OF
BACTERIA

Strain 2 and the isolates from the regression infection ex-
periment were cultured on BHI plates for analysis with
the Bacterial identification system BIOLOG (Hayward, CA,
USA); this procedure was performed by the manufacturer’s
instructions. Single colonies grown on plates were picked
with an uncontaminated inoculation ring, placed inside
with IF-A reagent, and mixed, and 1 pL of the mixture was
placed into each well of a 96-well plate. Then, we added
reagents from the system for automated microbiological
identification; this allowed us to determine the types of
bacteria present.

2.6 EXPERIMENTAL REGRESSION INFECTION

After being isolated, the DN-2 strain was cultivated at 28°C
with 200 rpm shaking in a liquid BHI medium. Following
the bacterial solution’s optical density (OD) value reaching
0.5, the cultures were centrifuged for two minutes at 4000
r/min, and the supernatant was disposed of. After that, the
bacterial pellet was cleaned three more times using sterile
PBS. Next, sterile PBS was added to the bacterial solution
to dilute it.

We kept stocks of Chinese giant salamanders in the lab-
oratory for in vivo experiments. Five groups of 30 animals
each were randomly selected from the animals. Each animal
in these test groups was injected intraperitoneally with
aseptic PBS, 1x104, 1x105, 1x106, and 1x107 CFU/g of the
bacterial solution. Subsequently, the Chinese giant sala-
mander was monitored for infections; we also recorded
morbidity and mortality. We performed autopsies on all
Chinese giant salamander showing apparent signs of mor-
bidity; then, we re-isolated and re-identified the patho-
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Figure 1. Diseased A. davidianus.

A: the lesion symptoms of the body surface; B: the clinical symptoms of internal organs.

genic bacteria responsible for infection. This experiment
was repeated three times in total. Following that, the DN-2
strain’s median lethal dosage (LD50) was determined using
Reed-Muench’s approach.10

3. RESULTS

3.1 CLINICAL SYMPTOMS OF DISEASE

The diseased giant salamander moved slowly and exhibited
slightly enlarged limbs. On the top of the head, we observed
enormous irregular blisters. We also observed ulcerated
signs on the body, along with a few small white patches.
The surrounding skin tissue exhibited signs of inflamma-
tion and lesions.

3.2. HISTOPATHOLOGICAL CHANGES

For histological analysis, the intestine, kidney, and spleen
of Chinese giant salamanders that were sick and those that
weren’t were removed. The spleens of healthy Chinese gi-
ant salamanders were structurally intact with tightly
packed lymphocytes (Figure 2A). The structures of the
spleens from diseased Chinese giant salamander appeared
scattered and filamentous, and t cells were loosely arranged
(Figure 2D). Kidney sections of healthy giant salamanders
showed clear boundaries for the glomeruli, tubules, and
other structures with normal gaps (Figure 2C). However, in
the kidneys of diseased salamanders, we observed edema
and congestion of the glomeruli, the enlargement of gaps,
swelling, and necrosis of the renal tubular cells (Figure
2F). Healthy intestinal tissue appeared tightly packed, with
good structural integrity and the absence of loose muscular
tissue (Figure 2B). The intestinal epithelium of diseased an-
imals showed obvious rupture, loosely packed cells, and at-
rophy of the muscle layer; in addition, the serosa layer was

loose (Figure 2E).
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3.3. MORPHOLOGICAL CHARACTERIZATION OF THE
ISOLATED BACTERIUM

After 24 hours of culture on BHI plates, the DN-2 strain
produced pale yellow colonies with diameters ranging from
1.2 to 1.6 mm; these colonies exhibited tidy and shiny
edges. Gram staining revealed that the DN-2 strain was a
form of Gram-negative bacteria. The bacteria obtained were
short and rod-shaped and grew in a single manner, as de-
termined by scanning electron microscopy (Figure 3)

3.4. MOLECULAR BIOLOGICAL IDENTIFICATION
ANALYSIS

The sequencing results arising from the PCR amplicons
were compared in the NCBI database by using the BLAST
tool. Analysis showed that the bacterial strain recovered
from the livers of testing Chinese giant salamander was
Acinetobacter lwoffii. The similarity between DN-2 and A.
Iwoffii was 99%. Figure 4 shows a 16S rRNA phylogenetic
tree for the near-source standard strain. A. Iwoffii is posi-
tioned on the same branch.

3.5. ANTIBIOTIC SUSCEPTIBILITY ANALYSIS

In total, fourteen types of antibacterial drugs were selected,
and the sensitivity of the DN-2 strain to each experimental
drug was analyzed with a drug sensitivity kit in accordance
with the manufacturer’s instructions. Drug susceptibility
tests revealed that the DN-2 strain was highly sensitive to
11 of the 14 drugs, including erythromycin, gentamicin,
neomycin, streptomycin, midecamycin, ciprofloxacin,
piperacillin, florfenicol, doxycycline, carbenicillin, and sul-
fanilamide, and moderately sensitive to 3 antibiotics, in-
cluding norfloxacin, vancomycin, and furazolidone (Table

D).

3.6. PHYSIOLOGICAL AND BIOCHEMICAL
IDENTIFICATION OF BACTERIA

Strain DN-2 was identified with a BIOLOG automatic mi-
crobial identification system. Analysis showed that the
DN-2 strain was A. Iwoffii. The parameters are : PROB = 0.
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Figure 2. Histopathological observations of healthy and diseased giant salamanders.

(A) Spleen tissue harvested from healthy Chinese giant salamander; (B) Intestinal tissue harvested from healthy Chinese giant salamander; (C) Kidney tissues harvested from healthy
Chinese giant salamander; (D) Spleen tissue harvested from diseased Chinese giant salamander; (E) Intestinal tissue harvested from diseased Chinese giant salamander, and (F) In-
testinal tissue harvested from diseased giant salamander. Scalebar: 50 pm.

Figure 3. Morphological characteristics of strain DN-2 (A); DN-2 Gram staining (B); Morphology of the DN-2
strain (C), as determined by scanning electron microscopy.

988; SIM = 0. 822; DIST = 5. 155. Key physiological and bio- 4. DISCUSSION
chemical indicators are shown in Table 2.

By using standard physicochemical assays on DN-2 in our
investigation, we were able to determine that the strain was
a single developing Gram-negative short rod. The isolated
strain’s 16S rDNA sequence matched A. Iwoffii by 99%, and
it was found clustered on the same branch as A. Iwoffii. We
also carried out physiological and biochemical identifica-
tion at the same time. The two most crucial values in the
Biolog identification results were SIM and DIST. The de-
gree of matching between the identification result and the
matching data bar in the database is indicated by the DIST
value. A good match is found when DIST is less than 5.0.
The identification result is more dependable the closer the
SIM value is to 1.00!2. The DIST value of 5. 155 and the SIM

3.7. REGRESSION INFECTION EXPERIMENT

The experimental infection of Chinese giant salamander
over a 14-day period led to different degrees of symptoms
or death; there were no deaths in the control group (Figure
5). Bacteria were isolated from the infected group and then
re-identified to confirm the pathogenicity of the bacteria.
the median fatal dosage (LD50) of A. Iwoffii DN-2 for A. da-
vidianus was determined to be 4.63x104 CFU/g in Chinese
giant salamander.
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Figure 4. Phylogenetic study of isolate DN-2’s 16S rRNA gene sequence.

Using MEGA 11.0 software, the neighbor-joining method was used to create the phylogenetic tree. employing sequences retrieved from the NCBI database, the 16S rRNA gene se-
quence of isolate DN-2 was matched with those of nine other members of the genus Acinetobacter. Each branch’s number is the percentage of bootstrap values for a thousand repli-

cates. The number of substitutions per site is displayed on the scale bar

Table 1. Drug sensitivity analysis of the DN-2 isolate

Drug Inhibition Zone(mm) Sensitivity Drug Inhibition Zone (mm) Sensitivity
Erythromycin 28 S Doxycycline 31 S
Gentamycin 24 S Ciprofloxacin 21 S
Florfenicol 25 S Vancomycin 14 |
Neomycin 32 S Piperacillin 25 S
Streptomycin 22 S Furazolidone 14 |
Midecamycin 25 S Carbenicillin 34
Norfloxacin 15 | Sulfonamide 36

R, resistant; S, sensitive; I, intermediate sensitivity

value of 0. 822 in the identification of the bacteria in this
investigation show that the identification result was cor-
rect. In the end, our investigation verified that Ivonella was
the primary culprit causing the lesions in A. davidianus.
Acinetobacter is a ubiquitous zoonosis bacterium; previ-
ous studies reported the isolation of Acinetobacter junnii,
Acinetobacte bauman and Acinetobacter xiamenensis from
Schizothorax prenanti, Silurus asotus, Crucian carp and
Ctenopharyngodon idella.!!-14 The most common patho-
genic bacteria isolated from Chinese giant salamander are
Aeromonas hydrophila, Aeromonas sobria, Aeromonas
veronii, Pseudomonas fluorescens, Edwardsiella tarda and
Pseudomonas putida.!5-18 The isolation of A. Iwoffii from
Chinese giant salamander has not been reported previously.
The diseased Chinese giant salamander monitored in the
present study showed limb enlargement, sluggish move-
ment, different degrees of ulceration and inflammation on
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the body surface, along with signs of bleeding. We also
identified that the bacteria primarily targeted the liver,
spleen, kidney, and intestine; similar damage has been re-
ported for Oncorhynchus mykiss, Cyprinus carpio and the
Schizothorax genus when infected by A. Iwoffii. Further-
more, this pathogenic bacterium has been clinically associ-
ated with pneumonia, meningitis, peritonitis and gastroen-
teritis!9-21 and has also been reported to cause respiratory
infections in Lama glama and piglets,22.23 and arthritis in
racing pigeons.24 Collectively, these results indicate that A.
Iwoffii exerts different effects on target organs in amphib-
ians and fishes when compared to those reported in terres-
trial animals.

Reference recommendations for the management of A.
Iwoffii infection were provided by means of antibiotic sus-
ceptibility testing. The DN-2 isolate was highly sensitive
to erythromycin, doxycycline, neomycin, streptomycin,
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Table 2. The physiological and biochemical identification of Acinetobacter Iwoffii

Reaction item Result* Reaction item Result*
Al Negative control N E1l L-Arginine N
A2 Aztreonam P E2 L-Malic Acid P
A3 Acidic PH PH5 N E3 L-Alanine P
A4 Acetic Acid P E4 L-Histidine N
A5 Acidic PH PHé6 P E5 L-Aspartic Acid N
Ab Acetoacetic Acid B E6 L-Serine N
A7 a-D-Lactose N E7 L-Glutamic Acid N
A8 a-Keto-Glutaric Acid N E8 L-Pyroglutamic Acid N
A9 a-Hydroxy- Butyric-Acid N E9 Lincomycin N
A10 a-Keto-Butyric Acid N E10 Lithium Chloride B
Al1l Bromo-Succine-Acid P E11 Guanidine HCI P
Al12 -Methyl-D-Glucoside N E12 Niaproof 4 N
B1 D-Turanose N F1 Gelatin N
B2 Dextrin N F2 Glycyl-L-Proline N
B3 D-Galactonic Acid N F3 Glycerol N
B4 D-Fructose-6-po4 B F4 Gentiobiose B
B5 D-Serine N F5 Glucuronamide B
B6 D-Sorbitol N Fé6 L-Fucose B
B7 D-Maltose N F7 L-Rhamnose B
B8 D-Trehalose N F8 Lactic Acid P
B9 D-Cellobiose N F9 Citric Acid N
B10 D-Glucuronic Acid B F10 Sodium Butyrate P
B11 D-Glucose-6-po4 N F11 Sodium Bromate N
B12 D-Mannitol N F12 Rifamycin SV P
c1 D-Arabitol N G1 Minocycline N
c2 D-Aspartic acid N G2 Myo-Inositol N
C3 D-Serine N G3 1% NaCl P
c4 D-Raffinose N G4 4% NaCl B
C5 D-Galacturonic Acid B G5 8% NaCl N
Cé D-Melibiose N G6 Troleandomycin N
c7 D-Salicin N G7 Tetrazolium Violet B
c8 D-Mannose N G8 Tetrazolium Blue P
c9 D-Malic Acid N G9 a-D-Glucose B
Cc10 D-Galactose B G10 Methyl Pyruvate P
C11 D-Fuctose B G11 Formic Acid N
C12 D-Saccharic Acid N G12 Sucrose N
D1 D-Ducose B H1 Stachyose B
D2 3-Methyl Glucose N H2 Potassium Tellurite B
D3 N-Acetyl-D-Glucosamine N H3 Tweem 40 B
D4 Positive control P H4 y-Amino-Butyric-Acid P
D5 Pectin N H5 1% Sodium Lactate P
D6 Propionic Acid P Hé Inosine N
D7 Mucic Acid N H7 N-Acetyl-D-Galactosamine N
D8 Quinic Acid N H8 N-Acetyl Neuraminic N
D9 Nalidixic Acid P H9 Fusidic Acid N
D10 P-Hydroxy-Phenylacetic Acid N H10 D-Lactic Acid Methyl Ester N
D11 N-Acetyl-B-Maanosamine N H11 Vancomycin B
D12 L-Galactonic Acid Lactone B H12 L-Galactonic Acid Lactone B

Abbreviations: P, positive; B, borderline; N, negative
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Figure 5. Regression infection analysis of Chinese
giant salamanders using isolate DN-2.

The Chinese giant salamanders’ survival rate following injection with varying inoculum
concentrations (isolate DN-2). The test groups received intraperitoneal injections of 0.5
mL of various concentrations of bacterial culture (1 x 104, 1 x 105, 1 x 106, 1 x 107,
CFU/g of Chinese giant salamander), while the control group received an intraperitoneal
injection of 0.5 mL of sterile PBS. Both groups were observed for ten days.

medicamycin, ciprofloxacin, piperacillin, florfenicol, gen-
tamicin, carbenicillin, and sulfamethoxazole. Previous re-
search showed that A. Iwoffii isolated from Cygnus olor ex-
hibited sensitivity to Amikacin, gatifloxacin, doxycycline,
kanamycin, ciprofloxacin, cefotaxime, gentamicin and
Ofloxacin, but was resistant to amoxicillin, ampicillin and
cefixime2® Resistance is not as widespread as in humans
and farmed animals,26:27 thus indicating that resistance to
these antibiotics is not natural; rather, it is the result of se-
lection after heavy use.

“The lowest dose or concentration that can cause 50%
mortality of experimental animals” is known as the semi-
lethal concentration. The fundamental idea behind this fig-
ure is that when 50% of experimental animals pass away
due to poisonings at varying concentrations, people hy-
pothesize about the concentration value.28 A. Iwoffii’s LD50
varied depending on the aquatic animal. The hybrid stur-
geon’s LD50 was discovered to be 1.22x102 CFU/g31. The
present investigation revealed that the LD50 of A. davidi-
anus was 4.63x10% CFU/g, a much higher value than that
of the former. Intraperitoneal injection of DN-2 cultures
into A revealed clinical signs resembling spontaneous in-
fection*. davidianus™.

A. lwoffii, as an opportunistic pathogen, exhibits a good
rate of survival in a host under normal circumstances but
can transform into a harmful form of bacteria when its site
of aggregation changes, the body’s resistance weakens, or
an imbalance of the flora develops.2%30 Under conditions of
artificial domestication, an excessively high breeding den-
sity can cause Chinese giant salamanders to bite each
other; nutrition is compromised, and breeding patterns are
not standardized. Furthermore, management strategies of-
ten include the use of a range of antibiotics. Collectively,
these factors can lead to serious reductions in immunity,
thus resulting in dysbacteriosis and eventually leading to A.
Iwoffii infections.

Chinese giant salamanders are commonly raised in flow-
ing water that varies in temperature and water quality. It is
suggested that the prevention and control of bacterial dis-
eases caused by giant salamanders should be carried out,
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and the daily monitoring of bacterial resistance should be
carried out so that farmers can have effective varieties of
antibiotics. In the case of an outbreak, the right drugs
should be used in the first instance to control the disease.
In the breeding process, doing a good job of drug sensitivity
tests, targeted medication, and medication records is very
important. A combination of narrow-spectrum antibiotics,
a combination of drugs, and a rotation of drugs should be
used as much as possible.3! Meanwhile, it is necessary to
investigate further the risk factors of A. Iwoffii infection in
Chinese giant salamanders.

5. CONCLUSIONS

This investigation discovered a Chinese giant salamander
strain known as DN-2. Testing for artificial infections re-
vealed that DN-2 is extremely harmful to Chinese giant
salamanders and that this isolate was extremely sensitive
to eleven different medications, including streptomycin,
erythromycin, gentamicin, and neomycin. When combined,
our findings offer a guide for identifying and managing A.
Iwoffii infections in Chinese giant salamanders.

ACKNOWLEDGMENTS

We are very grateful to the Yangtze River Fisheries Research
Institute, Chinese Academy of Fishery Sciences, for helping
us with the experiments in this paper.

AUTHORS’ CONTRIBUTION

Conceptualization: Pan Mao (Equal), Ying Wei (Equal). Data
curation: Pan Mao (Equal). Formal Analysis: Pan Mao
(Equal). Investigation: Pan Mao (Equal), Yixing Xie (Equal).
Methodology: Pan Mao (Equal), Yixing Xie (Equal). Re-
sources: Pan Mao (Equal), Yixing Xie (Equal). Validation:
Pan Mao (Equal), Ying Wei (Equal). Writing - original draft:
Pan Mao (Lead). Writing — review & editing: Pan Mao
(Equal), Yixing Xie (Equal). Software: Yixing Xie (Equal),
Cheng Wang (Equal). Supervision: Cheng Wang (Equal),
Zhiyong Deng (Equal), Huayan Yuan (Equal), Mingzhu Tian
(Equal). Funding acquisition: Ying Wei (Lead), Ying Wei
(Lead). Project administration: Ying Wei (Lead).

COMPETING OF INTEREST — COPE
No competing interests were disclosed.
ETHICAL CONDUCT APPROVAL — IACUC

In the present study, all experimental procedures were con-
ducted according to guidelines of the appropriate Animal
Experimental Ethical Inspection of Laboratory Animal Cen-
tre, Yangtze River Fisheries Research Institute, Chinese
Academy of Fishery Sciences (ID Number: YF12022-zhouy-
ong-022).

191


https://ija.scholasticahq.com/article/123008-isolation-and-identification-of-_acinetobacter-lwoffii_-from-the-chinese-giant-salamander-_andrias-davidianus_/attachment/243788.jpeg

Isolation and identification of Acinetobacter Iwoffii from the Chinese Giant Salamander (Andrias davidianus)

INFORMED CONSENT STATEMENT DATA AVAILABILITY STATEMENT

All authors and institutions have confirmed this manuscript  All are available upon reasonable request.

for publication.
Submitted: May 16, 2024 CST. Accepted: June 25, 2024 CST.
Published: September 03, 2024 CST.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-
mons.org/licenses/by/4.0/legalcode for more information.

Israeli Journal of Aquaculture - Bamidgeh 192



Isolation and identification of Acinetobacter Iwoffii from the Chinese Giant Salamander (Andrias davidianus)

REFERENCES

1. Wang XM, Zhang K], Wang ZH. The decline of the
Chinese giant salamander Andrias davidianus and
implications for its conservation. Oryx.
38(2004):197-202.

2. Browne RK, Li H, Wang ZH. The giant salamanders
(Cryptobranchidae): Part A, palaeontology,
phylogeny, genetics, and morphology. Amphibian and
Reptile Conservation. 2014;05:17-29.

3. Hou JH, Zhu BC, Tong YW, Li PQ, Liu HM, Wang
XQ. Research progress of Chinese Giant Salamander.
Sichuan Animal. 03(2004):262-276.

4. Jiang WS, LAN XY, Wang JX, Xiang HM, Tian He,
Luo QH. Research progress on conservation and
utilization of germplasm resources of Chinese giant
salamander. Journal of Fisheries of China.
2022;04:683-705.

5. Wang Y, Wu C, Zhang Q, et al. Identification of
New Delhi metallo-beta-lactamase 1 in Acinetobacter
Iwoffii of food animal origin. PLoS One.
2012;05:e37152. doi:10.1371/journal.pone.0037152.
PMID:22629360

6. Dadar M, Adel M, Zorriehzahra M]. Emerging of a
newantibiotic resistance bacteria pathogen,
Acinetobacter lwoffii in waterenvironments and their
pathogenic effects. The 17th Internationaland Iranian
Congress of Microbiology. Published online 2016.

7. Tian S, Ali M, Xie L. Genome-seqyence analysis of
Acinetobacter johnsonii MB44 reveals potential
nematode-virulent factors. Springerplus. 2016;05:986.
doi:10.1186/s40064-016-2668-5. PMID:27429894

8. Wu CYan, Qi NS, Liao SQ, Lu MN, Sun MF.
Isolation, identification and sequence analysis of
Acinetobacter warneri from duck. Animal Husbandry
and Veterinary Medicine. 2013;04:77-79.

9. Koziniska A, Pazdzior E, Pekala A, Niemczuk W.
Acinetobacter johnsonii and Acinetobacter lwoffii the
emerging fish pathogens. Bulletin of the Veterinary
Institute in Pulawy. 2014;58:193-199. doi:10.2478/
bvip-2014-0029

10. Reed LJ. A simple method of estimating fifty
percent endpoints. Am J Epidemiol. 1938;27:493-497.

11. Cao SQ, Geng Y, Yu ZH, et al. Acinetobacter
Iwoffii, an emerging pathogen for fish in
Schizothorax genus in China. Transboundary and
Emerging Diseases. 2018;09:222-224. doi:10.1111/
tbed.12957

12. Mao ZJ, Mao YZ, Wang J. Isolation, identification
and drug resistance analysis of two strains of
Acinetobacter joni from fish. Journal of Fisheries.
2013;37:1572-1578.

13. Hu XC, Li X, Lu AJ, et al. The separation of grass
carp intestinal acinetobacter identification and drug
susceptibility test. Jiangsu Agricultural Sciences.
44(2016):256-258. d0i:10.15889/j.issn.1002-1302

14. Hu XC, Lu A]J, Sun JF, YEONG Y, Shi HY, Song Y]J.
Isolation, identification and antimicrobial
susceptibility of Acinetobacter yoelii from grass carp.
Chinese Journal of Hydroecology. 05(2019):99-103.
doi:10.15928/j.1674-3075.2019.05.015

15. Liang M, Zeng LB, Yang YQ, Xiao HB. The giant
Salamander ascites disease pathogen isolation and
identification of research. Journal of Northwest A &F
University. 37(2009):77-81.

16. Wang X, Yan QG, Lei Y, Zuo L, Zeng H. Isolation
and identification of pathogenic bacteria of
peridermia from Chinese giant salamander. Chinese
Journal of Zoonoses. 2010;26:944-948.

17. Wang GX, Bai ZT, Zhang XQ, Zhang LL. Isolation,
identification and control of the pathogen of red skin
disease in giant salamander (Andrias davidianus).
Acta of Northwest Agricultural University.
1999;27:71-74.

18. Li W, Dong CF. Research progress on infectious
disease pathogens of Chinese giant salamander.
Guangdong Agricultural Sciences. 2014;41:136-144.

19. Fan WQ, Sun ZF, Yang F, et al. Research progress
on the main infectious pathogens of Chinese giant
salamander. Chinese Journal of Veterinary Medicine.
2015;06:73-75.

20. Pang XY, Tian BW, Sun L, Li Q, Huang XC.
Experimental treatment of 17 cases of multi-drug
resistant Acinetobacter roffei infection and analysis
of integrated traditional Chinese and western
medicine. Journal of Practical Medical Technology.
2006;09:1431-1432.

21. Hanbit K, Bang JY, Mo Y. Effect of Acinetobacter
Iwoffii on the modulation of macrophage activation
and asthmatic inflammation. Clinical & Experimental
Allergy. 2021;12:223-224.

22. Ming DS, Pan YP, Zhu Y. Analysis of clinical
distribution and drug resistance of Acinetobacter
Iwoffii. Chinese Journal of Nosocomiology.
2014;24:2351-2352. doi:10.11816/cn.ni.2014-131961

Israeli Journal of Aquaculture - Bamidgeh 193


https://doi.org/10.1371/journal.pone.0037152
https://doi.org/10.1186/s40064-016-2668-5
https://doi.org/10.2478/bvip-2014-0029
https://doi.org/10.2478/bvip-2014-0029
https://doi.org/10.1111/tbed.12957
https://doi.org/10.1111/tbed.12957
https://doi.org/10.15889/j.issn.1002-1302
https://doi.org/10.15928/j.1674-3075.2019.05.015
https://doi.org/10.11816/cn.ni.2014-131961

Isolation and identification of Acinetobacter Iwoffii from the Chinese Giant Salamander (Andrias davidianus)

23. Ledesma MM, Diaz AM, Barberis C, Vay C, Manghi
MA, Leoni J. Identification of Lama glama as
Reservoirs for Acinetobacter lwoffii. Frontiers in
Microbiology. 2017;18:2351-2352.

24. Zhu J], Feng SW, Liao LL, Zeng Y. Diagnosis and
treatment of Acinetobacter lwoffii infection in piglets
in the delivery room. China Animal Health.
2013;15:35-36.

25. Duchatel JP, Janssens D, Vandersanden F,
Vindevogel H. Arthritis in a racing pigeon (Columbia
livia), associated to Acinetobacter lwoffii. Annales de
Medecine Veterinaire. 2000;03:153-154.

26. Peng ZF, Zhang H, Gao RY, et al. Isolation and
identification of Acinetobacter Loffi from wild
whooper swans and drug sensitivity analysis. Journal
of Wildlife. 2022;43:1089-1093.

27. Lan YL, Lang LM, Wang YZ, Wang G. Diagnosis of
Acinetobacter roffei infection in rabbits. Henan
Agricultural Sciences. 2010;01(01):122-123.
doi:10.15933/j.cnki.1004-3268.2010.01.038

Israeli Journal of Aquaculture - Bamidgeh

28. Ugine TA, Wraight SP, Brownbridge M.
Development of a novel bioassay for estimation of
median lethal concentrations (LC50) and doses
(LD50) of the entomopathogenic fungus Beauveria
bassiana, against western flower thrips, Frankliniella
occidentalis. Journal of invertebrate pathology.
2005;8:210-218.

29. Wang MQ, Gou P, Zhang Y, Li Y, He XS. Study on
drug resistance of Acinetobacter lwoffii. Chinese
Journal of Nosocomiology. 2015;25:514-545.
doi:10.11816/cn.ni.2015-134784

30. Xie J. Analysis of 133 cases of acinetobacter
infection and drug sensitivity. Chinese Journal of
Nosocomiology. 2011;21:4584-4585.

31. Hou JX, Luo L, Luo JQ, et al. There was no anti-
breeding disease control measure for giant
salamander. Scientific fish farming. 2023;05:57-58.
doi:10.14184/j.cnki.issn1004-843x.2023.05.036

194


https://doi.org/10.15933/j.cnki.1004-3268.2010.01.038
https://doi.org/10.11816/cn.ni.2015-134784
https://doi.org/10.14184/j.cnki.issn1004-843x.2023.05.036

	Isolation and identification of Acinetobacter lwoffii from the Chinese Giant Salamander (Andrias davidianus)
	1. Introduction
	2. Materials and Methods
	2.1. Experimental Materials
	2.2. Isolation and Purification
	2.3. Pathogenic identification
	2.3.1. Identification of Bacterial Morphology
	2.3.2. Molecular Biological Identification
	2.4. Antibiotic Susceptibility Testing

	2.5 Biochemical Identification of Bacteria
	2.6 Experimental Regression Infection
	3. Results
	3.1 Clinical Symptoms of Disease
	3.2. Histopathological Changes
	3.3. Morphological Characterization of the Isolated Bacterium
	3.4. Molecular Biological Identification Analysis
	3.5. Antibiotic Susceptibility Analysis
	3.6. Physiological and biochemical identification of bacteria
	3.7. Regression infection experiment

	4. Discussion
	5. Conclusions
	Acknowledgments
	Authors’ Contribution
	Competing of Interest – COPE
	Ethical Conduct Approval – IACUC
	Informed Consent Statement
	Data Availability Statement

	References


