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ABSTRACT: Diseases caused by Aeromonas veronii in freshwater fish have been widely reported,
but other species such as aquatic mammals have probably been overlooked. Here, we identified
one isolate of A. veronii from a Yangtze finless porpoise Neophocaena asiaeorientalis asiaeorien-
talis exhibiting disease and mortality, and subsequently confirmed its virulence in artificial infec-
tion of BALB/c mice. The bacterial isolate was identified as A. veronii based on physiological, bio-
chemical, and phenotypic features, and homology of the 16S rRNA, cpn60, rpoB, dnaJ and gyrB
genes. Our results expand the known host spectrum of A. veronii, which is of great importance for
the etiology of porpoise, dolphin, and other cetacean diseases.
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1. INTRODUCTION

The Yangtze finless porpoise Neophocaena asiae-
orientalis asiaeorientalis (YFP) is the only freshwater
dolphin currently inhabiting the lower-middle reaches
of the Yangtze River, and Dongting and Poyang lakes
(Wang et al. 2008). With increases in human activities
such as waterway regulation, port construction, sand
dredging, water pollution, and illegal fishing, the habi-
tat of the YFP has been severely damaged, resulting
in a sharp decline in the population. At present, the
population of the YFP is less than 1000 and is still de-
creasing at an annual rate of 13.7 %, characterizing
this as a Critically Endangered species (Mei et al.
2012, Wang et al. 2013).

Infectious diseases are now one of the most important
factors that hinder the growth and breeding of the YFP,
leading to a rapid decline in the population (Wan et al.
2016b, Wan et al. 2017). Data from the Ministry of Agri-
culture of the People’s Republic of China show that 251
registered YFPs died between January 2008 and De-
cember 2016 (Liu et al. 2018). The causes of death of 97
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of these YFPs were determined; 43 % died from human
activities and 25 % from disease. Although some schol-
ars have reported on the morbidity and mortality of the
YFP, the cause of death is unknown in many cases
(Zhao & Liu 2002, Guo et al. 2007). There are few stud-
ies on etiology, making disease prevention and man-
agement difficult for the YFP. Pseudomonas aeruginosa
was isolated from a YFP that suffered from acute respi-
ratory illness (Guo et al. 2007); Aeromonas salmonicida
was found to cause skin diseases in YFP (Liu et al.
2017); and Staphylococcus aureus and Morganella
morganii were identified as pathogenic bacteria in an
infected YFP (Liu et al. 2018).

Aeromonas veroniiis a type of conditional pathogen
found widely in soil, water, and food. The bacterium
infects many hosts, including Ctenopharyngodon
idelle, Perca fluviatilis, Cyprinus carpio, Oreochromis
mossambicus, Megalobrama amblycephala, Anguilla
japonica, Pelodiscus sinensis, Andrias davidianus,
Vulpes spp., and humans (Ormen et al. 2005, Janda &
Abbott 2010, Silver et al. 2011, Pérez et al. 2015, Sun
et al. 2016, Dong et al. 2017) in various ways, causing
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septicemia, meningitis, diarrhea, and other symptoms
(Rhee et al. 2016, Soltan Dallal et al. 2016, Chenia &
Duma 2017). However, to date, there are no reports of
YFPs being infected by A. veronii. In this study, we
used microbiological and molecular biological meth-
ods to research and isolate, for the first time, patho-
genic A. veronii from a dead YFP. The main patholog-
ical changes of the dead YFP were pleural effusion,
pericardial effusion, hyperemia of multiple organs,
hemorrhage, and degeneration. The results of this
study expand the known host spectrum of A. veronii,
which is of great importance for the etiology of por-
poise, dolphin, and other cetacean diseases, and it
provides essential scientific guidance for future health
management of the YFP.

2. MATERIALS AND METHODS
2.1. Sample source

Samples were taken from a dead male YFP found
in the Yangtze River. The YFP was found alive but
was very weak, and died after rescue efforts failed.

2.2. Reagents

Trypticase soy agar (TSA), trypticase soy broth (TSB),
ordinary nutrient agar, and Luria-Bertani culture
medium were obtained from Qingdao Haibo Biotech-
nology. The bacterial genome extraction kit, PCR am-
plification related reagents, agarose, and DNA mark-
ers were obtained from Wuhan Guge Biotechnology.
The 16S rRNA, cpn60, rpoB, dnaJ and gyrB primers
were synthesized by Shanghai Bioengineering.

2.3. Necropsy and histopathological observation

Necropsy of the dead YFP was performed as de-
scribed previously (Cozzi et al. 2016). Gross changes
in each organ were observed and recorded. Organs
(liver, lung, stomach, heart, kidneys, adrenal gland,
heart coronary fat) with typical lesions were quickly
separated from the body and stored in sterile con-
tainers with refrigeration; the samples were then
quickly transferred to the laboratory and inoculated
into culture medium after aseptic treatment. Organs
with typical lesions were selected for microscopic
histopathological observation. The samples were
fixed in 4 % paraformaldehyde for 24 h. After dehy-
dration and embedding in paraffin, the paraffin

blocks were cut into 4 pm tissue sections for hema-
toxylin and eosin (H&E) staining, examined by light
microscopy, and photographed.

2.4. Bacterial isolation and identification

Organ samples with clear lesions (e.g. liver, lung,
and lymph nodes) were aseptically inoculated onto
TSA and cultured at 35°C for 24 h. Then, for purifica-
tion, a single colony was inoculated onto TSA and
cultured for 16-18 h at 35°C. Next, a single colony
was selected for Gram staining and observed under a
microscope. The shape, color, size, and other charac-
teristics of the colony were recorded.

2.5. Determination of physicochemical properties

The purified strain (named JT-AV) was inoculated
onto specific media for the identification of bacterial
physicochemical properties, including the Voges-
Proskauer (VP) test, the methyl red (MR) test, the
oxidative-fermentative test, and so on, according to
Bergey's Manual of Systematic Bacteriology and re-
lated identification manuals (Martin-Carnahan &
Joseph 2005).

2.6. PCR amplification and
gene sequence alignment

The bacterial genome extraction kit was used to
extract genomic DNA which was used as a template
in all PCR reactions. Aeromonas veronii was identi-
fied by 16S rRNA, gyrB, rpoB, dnaJ, and cpn60 gene
sequencing analysis. PCR primer design and amplifi-
cation were based on published papers (Moreno et
al. 2002, Soler et al. 2004, Kupfer et al. 2006, Nhung
et al. 2007, Minana-Galbis et al. 2009). The PCR prod-
ucts were tested by 0.8 % agarose gel electrophore-
sis, and the positive samples were sequenced by
Shanghai Bio-Engineering Technology. Reference
gene sequences from pathogenic strains were ob-
tained from the GenBank database of NCBI. Gene
sequences were compared by BLAST.

2.7. Mouse pathogenicity test
After isolation, the frozen A. veronii JT-AV strain

was inoculated into 1 ml TSB with a concentration of
2% and cultured at 35°C for 18 h. The bacterium was
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collected after centrifuging at 3000 x g for 6 min,
resuspended in 1 ml sterilized phosphate-buffered
saline (PBS), and diluted 10- and 100-fold. The con-
centration of bacteria was measured in colony form-
ing units (CFU) using the plate counting method. A
total of 50 female lab mice (BALB/c; 4-5 wk old, spe-
cific pathogen free, 12-13 g) were randomly divided
into 5 groups. Three groups were inoculated with
0.2 ml bacterial suspension, at concentrations of 3.46
x 107 CFU ml™! (high dose; HD), 3.46 x 10° CFU ml™!
(moderate dose; MD), or 3.46 x 10° CFU ml™! (low
dose; LD), respectively. The fourth group was inocu-
lated with PBS (PBS group), and the fifth group was
not inoculated (blank) and served as a control. Dur-
ing the 10 d experiment, the mice were monitored
daily, with body weight changes and death observed
and recorded. Furthermore, gross pathological chang-
es in each organ were observed and recorded at
autopsy. The organs with typical lesions (liver, lung,
brain, kidney) were selected for microscopic histo-
pathological analysis, as described in ‘Necropsy and
histopathological observation', above.

This experiment was approved by the Animal Care
and Ethics Committee of the Research Center of
Aquatic Organism Conservation and Water Ecosys-
tem Restoration in Anhui Province, China, consider-
ing national legislation regarding animal welfare. All
mice had free access to feed and water.

3. RESULTS
3.1. Characteristics of the dead YFP

Physical and clinical examination indicated that the
dead YFP was a male (body length 150 cm, weight
51 kg, max. circumference 88 cm, axillary girth 81 cm,
ventral fat thickness 3.5 cm) in a well-nourished state.
There was no obvious trauma to the skin. However, the
bulbar conjunctiva was hemorrhaged. Anatomic exam-
ination revealed pericardial and pleural effusion, along
with pulmonary hemorrhage and necrosis, myocardial
hemorrhage, exudate of gelatinous sulcus coronarius
fat, hepatic swelling, degeneration and necrosis, an
empty stomach with hyperemia, and hemorrhage of
the gastric mucosa (Fig. 1).

3.2. Histological analysis of the dead YFP

The pathological changes were as follows: severe
pulmonary hemorrhage, accompanied by significant
macrophage infiltration and pulmonary bronchiecta-
sis congestion (Fig. 2A); focal hepatic necrosis, con-
nective tissue hyperplasia, accompanied by fibrosis,
sinusoidal dilatation, and inflammatory cell infil-
tration (Fig. 2B); gastric pit structure disappearance,
mucosal focal necrosis accompanied by severe bleed-

Fig. 1. Anatomical pathological changes observed in the dead Yangtze finless porpoise (YFP). (A) Pericardial effusion
(arrow); (B) pleural effusion (arrow), pulmonary hemorrhage and necrosis (arrowhead); (C) hepatic degeneration and
necrosis (arrow); (D) gastric hemorrhage and necrosis (arrow)
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Fig. 2. Histopathological features of organs in the dead Yangtze finless porpoise (YFP) (hematoxylin and eosin [H&E] staining,
200x). (A) Lung tissue shows a large number of red blood cells and plasma in alveoli (black arrow), accompanied by a large
number of macrophages (black arrowhead). (B) Liver tissue shows focal tissue necrosis with red stain, accompanied by con-
nective tissue hyperplasia (black arrow), dead liver cells are seen around necrotic lesions, with nuclear condensation, enhanced
cytoplasmic eosinophilia (black arrowhead), and a small amount of inflammatory cell infiltration (white arrow). (C) Gastric tis-
sue shows gastric pit structure disappearance, gastric gland focal necrosis in the upper mucosal layer, accompanied by many
hemosiderin depositions (black arrowhead), the number of gastric glands is reduced in the lower mucosal layer, accompanied
by severe bleeding in the gland (black arrow). (D) Coronal fat tissue shows extensive necrosis of coronary adipocytes and rup-
ture (black arrowhead), infiltration of inflammatory cells, mainly plasma cells (white arrow), and high free erythrocyte exuda-
tion (black arrow). (E) Heart tissue shows local loose connective tissue hyperplasia (black arrowhead) accompanied by a small
amount of inflammatory cell infiltration (black arrow). (F) Renal tissue shows high local small blood vessel hyperplasia (black
arrow), accompanied by inflammatory cell infiltration (black arrowhead) and some tubular necrosis: necrotic tubular epithelial
cells are red stained, with or without a small nucleus (white arrow), there is renal interstitial capillary dilation and congestion
(white arrowhead). (G) Adrenal gland shows local tissue necrosis with red-stained and nuclear fragments (black arrow), ery-
throcyte exudation in the necrotic area (black arrowhead), and a small amount of inflammatory cell infiltration at the edge of
necrosis (white arrow)
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ing (Fig. 2C); extensive necrosis of coronary adipo-
cytes, rupture, infiltration of inflammatory cells, show-
ing marked free erythrocyte exudation (Fig. 2D); local
loose connective tissue hyperplasia in heart, accom-
panied by a small amount of inflammatory cell infil-
tration (Fig. 2E); notable small blood vessel hyperpla-
sia in local renal tissue, accompanied by inflammatory
cell infiltration (Fig. 2F); and local necrosis and
bleeding in adrenal tissue (Fig. 2G).

3.3. Isolation and purification of bacteria

The bacteria grew to different degrees in Petri
dishes after inoculation (Table 1). The characteristics
of the isolate JT-AV were observed after purification.
This isolate grew well on TSA medium. The colonies
were round or oval in shape with a moist, smooth and
opaque gray-white surface, with good growth at 35°C.
Gram staining microscopy indicated that the isolates
were Gram-negative, and 0.3-0.7 x 0.8-1.2 pm. The
thallus was a short rod that was blunt at both round
ends, no spores formed, and colonies often occurred
singly (data not shown).

3.4. Determination of physicochemical properties

The results of bacterial physiological and biochem-
ical identification indicate that the isolate used glu-
cose and maltose. In contrast, the isolate could not
use sucrose, lactose, gelatin, or sorbitol. The isolate
was positive for urease, oxidase, phenylalanine, or-
nithine, and the MR test, but negative in the VP,
DNA enzyme, and lysine tests (Table 2). The identi-
fying features of the isolate were consistent with the
biological description of Aeromonas veronii as sug-
gested by Garrity et al. 2005). Therefore, the isolate
was identified as A. veronii.

Table 1. Bacterial isolation and purification analysis in dif-
ferent organs of the dead Yangtze finless porpoise

Source Isolated bacteria

Liver Aeromonas veronii
Lung A. veronii, Micrococcus luteus
Lymph nodes A. veronii
Pericardial effusion A. veronii

Pleural effusion None

Kidney A. veronii

Blowhole A. veronii, Acinetobacter junii,

Bacillus licheniformis,
Micrococcus luteus

3.5. PCR amplification and
gene sequence alignment

PCR products were detected and 500, 800, 900,
1100, and 1500 bp target fragments were observed
(Fig. 3), which was consistent with the sequencing
results. BLAST results revealed that the sequences
were closely related to those from A. veronii, with
99% similarity (Table 3). Combining the bacterial
morphological observations and physicochemical
identification, the isolated bacteria was confirmed as
A. veronii.

Table 2. Physicochemical identification and properties of the
3 JT-AV isolates obtained from the Yangtze finless porpoise.
(+) positive; (-) negative; F: fermentation type

Test Isolate | Test Isolate
JT-AV JT-AV
Gram stain - Voges-Proskauer -
Gluconate - Methyl red +
Glucose gas + Phenylalanine +
Arabinose - Gelatin -
Mannitol - Oxidase +
Maltose + Sucrose -
Hydrogen sulfide - Lactose -
Lysine - DNase -
Arginine - Sorbitol -
Ornithine + Urease +
Salicin - Oxidation- F
fermentation

2 3 4

5 6 7 8 9 10 M

Fig. 3. Amplification of PCR products from the bacterial iso-
late JT-AV recovered from the dead Yangtze finless por-
poise in this study. Lengths of the amplified fragments of
rpoB, cpn60, dnaJ, gyrB and 16S rRNA were about 500, 800,
900, 1100, and 1500 bp respectively, which was consistent
with the expected sizes of the target bands. Lanes: DNA
marker (M), rpoB (1, 2), cpn60 (3, 4), dnaJ (5, 6), gyrB (7, 8),
and 16S rRNA (9, 10)
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3.6. Mouse pathogenicity test

Pathogenicity test of strain A. veronii JT-AV in
BALB/c mice showed that the isolated bacterium was
strongly pathogenic. Mice in the 3.46 x 10’7 CFU ml™!
HD group died within 24 h of inoculation. The mor-

Table 3. Similarity between gene sequences from the isolated
strain and published Aeromonas veronii sequences

Gene GenBank ID Similarity (%)
16S rRNA MF401516 99
rpoB MH590620 99
cpn60 MH590617 99
dnaJ MH590618 99
gyrB MH590619 99

A

—&— A. veronii
(3.5 x 107)

—— A. veronii
(3.5 x 10)

—— A. veronii
(3.5 x 109

—»—PBS

Mouse mortality rate (%)

—¥—No Injection

Body weight (%)

60 -
50 A
40 A
304 —&— A. veronii
(3.5 x 109)
20+ —il— A. veronii
(3.5 x 109)
101
—&—PBS
04 —&— No Injection
-10 1
204
-30-

Days post inoculation

Fig. 4. (A) Daily cumulative percentage mortality and (B)
growth of lab mice (BALB/c) after bacterial inoculation. Ex-
perimentally challenged BALB/c mice received 3.46 x 107,
3.46 x 10%, or 3.46 x 10° colony forming units ml~! of Aero-
monas veronii by intraperitoneal injection. Control groups
received either phosphate-buffered saline (PBS) medium or
no injection. The infected mice were observed for 10 d

tality of mice in the 3.46 x 10° CFU ml~! MD group
and the 3.46 x 10° CFU ml™! LD group was 60 and
10 % within 48 h of inoculation, respectively (Fig. 4A).
In terms of body weight, there was a significant dif-
ference between the mice in the MD group and the
other groups (p < 0.05). The body weight of mice in
the MD group decreased clearly on the second day
after infection, began to improve slowly on the fourth
day after infection, and was fully recovered on the
tenth day after infection. Although the body weight
of mice in the LD group did not decline, the growth
rate was slightly slower than that in the PBS and
blank groups (not significant; Fig. 4B). Anatomical
and histopathological observations of the dead mice
indicated different degrees of effusion in the cavum
thoracis and abdomen, intestinal tympanites, cere-
bral hyperemia, swelling, hepatic congestion and de-
generation, pulmonary congestion, and hemorrhage
(Fig. 5).

Histopathology findings were as follows: portal
vein dilation, full of erythrocytes, resulting in conges-
tion; liver cells around blood vessels showed fatty
degeneration and varying sizes of round cavities in
the cytoplasm (Fig. 6A). Pulmonary arteries, veins,
and alveolar capillaries showed extensive dilatation,
filled with red blood cells; local tissue bleeding, and
large amounts of red blood cell aggregation in alveo-
lar cavities (Fig. 6B). Capillary dilatation and conges-
tion was present in brain tissue (Fig. 6C). There was
also renal interstitial congestion, and protein casts in
the tubular lumen filled with pink protein-like sub-
stances (Fig. 6D).

4. DISCUSSION

The YFP is a Critically Endangered species. Infec-
tious disease is one of the main causes of its rapid
population decline. To the best of our knowledge,
this is the first report of the isolation and identifica-
tion of pathogenic Aeromonas veronii from a dead
YFP. A. veronii, a conditional pathogen and impor-
tant zoonotic disease, is widely present in nature. It
can infect many hosts, including fish (Ghatak et al.
2016, Adams et al. 2017, Dong et al. 2017, Hao et al.
2017, Jagoda et al. 2017), amphibians (Pearson et al.
2000), reptiles (Ye et al. 2012, Wimalasena et al.
2017), humans (Ottaviani et al. 2013, Chen et al.
2016, Soltan Dallal et al. 2016, Wang et al. 2016), and
foxes (Li et al. 2012). To date, there are no reports of
A. veronii in stranded or captive cetaceans (Bauer et
al. 2016), and no reports of A. veronii infecting other
marine mammals. In our study, we successfully iso-
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Fig. 5. Anatomic pathological changes observed in the dead lab mice after the pathogenicity test. (A) Effusion in cavum tho-
racis, abdomen, and intestinal tympanites (arrows); (B) cerebral hyperemia, swelling, and hemorrhage (arrow); (C) hepatic
hyperemia and degeneration (arrow); (D) pulmonary hyperemia and hemorrhage (arrow)

Fig. 6. Histopathological changes in lab mice infected with Aeromonas veronii (hematoxylin and eosin [H&E] staining, 200x).
(A) Dilatation of the portal vein, full of red cells, presenting congestion (black arrow); and degeneration of hepatic fat cells with
different sizes of circular vacuoles in the cytoplasm (black arrowhead); (B) hemorrhage in lung (black arrow); (C) capillary
anapetia in brain tissue, full of red cells, and presenting congestion (black arrow); (D) protein casts are present in the tubular
cavity filled with pink protein-like substances (black arrowhead); and renal interstitial vascular congestion (black arrow)
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lated the pathogen and performed pathogenicity tests
on it using BALB/c mice. Previous studies did not test
the isolates for pathogenicity. The sampling sites in
previous studies were also limited, mostly concen-
trated at sites such as blowholes (Zhao et al. 1998,
Zhao & Liu 2002, Guo et al. 2007, Wan et al. 2016b).
Although this sampling method has been used widely
in the study of bacterial diversity of respiratory sys-
tems in cetaceans (Johnson et al. 2009, Gonzélez-
Hernéandez et al. 2010, Seabra de Lima et al. 2012),
the isolation of pathogens by this method is limited
and the sampling sites are susceptible to external en-
vironmental pollution. Here, we isolated the patho-
gen from multiple sites, in particular from organs
with obvious lesions that had no contact with the exter-
nal environment, and were therefore more likely to
provide a pure pathogen culture.

Sequence comparison showed that the isolated JT-
AV was highly homologous with many strains iso-
lated from infected fish, such as A. veronii KF661548.1
and A. veronii FJ940848.1. The results indicate that
A. veronii that infects fish and YFP may share the
same origin. Studies have found that the Aeromonas
that infects humans or animals is linked to the inges-
tion of contaminated food (Evangelista-Barreto et al.
2006, Chen et al. 2014). Because the food source of
the YFP is mainly small fish, the YFP may have been
infected by ingestion of infected fish. However, the
disease transmission mechanism requires further
study.

As the YFP is under national second-class protec-
tion, the pathogenicity of the isolated bacteria cannot
be verified using the animal regression test. There-
fore, we chose BALB/c mice for virulence verification.
The A. veronii JT-AV strain had pathogenicity in the
mouse model. The death and weight loss of mice var-
ied with the dose. Previous studies have used BALB/c
mice for the pathogenicity verification of Brucella
isolated from marine mammals (Nymo et al. 2014,
Larsen et al. 2016). These methods and reference
indicators are in agreement with our experiment.
Furthermore, in many cases, commensal pathogens
that include A. veronii make the animal sick only
when the immune function has declined or the body
is stressed (Chopra et al. 2009, Avalos-Tellez et al.
2010, Zhang et al. 2016). Although we did not include
such factors in our mouse infection experiments, the
isolate still showed pathogenicity to mice. Whether
such factors enhance the bacterial pathogenicity
needs further study.

To date, much research has focused on marine
mammal diseases, and numerous pathogens are
known to be involved (Van Bressem et al. 2009, Jau-

niaux et al. 2010, Doss et al. 2017, Attademo et al.
2018). The epidemiology of some animal diseases has
been extensively investigated (Hernandez-Mora et
al. 2017, Whatmore et al. 2017). Because of issues
such as the difficulty involved with obtaining sample
material and the lack of research, disease-related
studies on the YFP are rare. There has been limited
research on pathogens, mainly concentrating on bac-
terial and parasitic diseases (Wan et al. 20164, Liu et
al. 2017) while others, such as viral diseases, have not
been addressed. Furthermore, the prevalence of dis-
ease in the YFP at different growth stages or during
different seasons has not been systematically investi-
gated. Therefore, further epidemiological studies are
required on YFP to better understand the scientific
basis of how disease affects the YFP and leads to
mortality. In addition, preventive measures should be
taken to control the spread of infections in this endan-
gered species.

The successful isolation and identification of A.
veronii in the YFP expands the host spectrum of A.
veronii. It also provides a basis for the establishment
of a diagnostic method for YFP disease, and for inves-
tigating the invasion and transmission mechanisms
of related important pathogens and screening of
therapeutic drugs.
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