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1.  INTRODUCTION

Fish is a traditional dietary staple in Vietnam,
and fisheries and aquatic products provide more
than 40% of protein consumed by the Vietnamese
(Dao & Pham 2003). In the Yen Chau region of Son
La province, in north-western Vietnam, fish farming
is commonly practiced as a source of dietary pro -
tein and for cash income, and nearly all households
own at least 1 pond (Pucher et al. 2013). The
typical pond system is an integrated semi-intensive
polyculture. The primary fish species is grass carp
Ctenopharyngodon idella, because it is the only
spe cies capable of efficiently ingesting and digest-

ing crop leaves, residues and grasses, which are
the primary inputs to the pond system (Dongmeza
et al. 2009). Additional benefits of this species are
its low cost of production, high market price
(Pucher et al. 2015), ability to feed on inexpensive
plant material and its usefulness in controlling
weed growth in aquaculture (Wells et al. 2003,
Zhang et al. 2003). Traditional Vietnamese aqua-
culture is generally a polyculture and involves mul-
tiple species, including several species of carp.
Since the early 2000s, grass carp populations have
been seasonally affected by an emerging disease.
The syndrome known as ‘red spot disease’ (RSD)
has had a major economic impact on fish farm
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earnings in the Yen Chau region (Van et al. 2002,
Steinbronn 2009) and has been associated with
mortalities as high as 100%. This disease is charac-
terised by haemorrhagic lesions on the skin of
infected fish, and onset of mortality can be rapid.
Little information is currently available about this
condition, including its definition or aetiology; how-
ever, in addition to Aeromonadaceae, several dis-
ease agents could plausibly be playing a role. For
example, several viruses are known to infect carp
and cause comparable clinical signs; this is the case
for grass carp haemorrhagic virus (Zhang et al.
2003) as well as several rhabdoviruses (Ahne 1975).
Similarly, the oomycete Aphanomyces in vadans is
able to cause skin lesions and ulcers comparable to
that of RSD (Callinan et al. 1995, Majeed et al.
2018). The aim of this work was to investigate the
cause of the seasonal grass-carp disease in Yen
Chau, Son La Province, Vietnam.

2.  MATERIALS AND METHODS

2.1.  Sampling, initial isolation and characterisation
of bacterial isolates from diseased grass carp

Reports from farmers and veterinary institutions
in the Yen Chau region in north-western Vietnam
 indicated that the disease peaks twice annually,
in March− April and September−October, when it
causes high morbidities and mortalities. From 2008
to 2011, our team visited the Yen Chau province 6
times and sampled 197 fish, including 76 diseased
grass carp, 50 apparently healthy grass carp and
71 fish from other species (Pucher et al. 2013).
Histopathological examinations were performed on
the lesion sites as well as the gills, anterior and
posterior  kid neys, spleens and livers of affected
fish. Anterior kidneys and lesion sites were sampled
and PCR was performed on these samples using
primers for Apha nomyces invadans (Pucher et al.
2013). Moreover, viral cultivation was attempted
alongside bacterial cultivation on Columbia agar
(COS) (bioMerieux) supplemented with 5% sheep
blood cells, as this me dium is suitable for a wide
range of microorganisms.

This cultivation led to the isolation of 8 different
bacterial isolates. The isolates were cultivated on
COS agar at 26°C for 24 h and identified based on
bacterial and colony morphology, Gram staining
pattern, motility and biochemistry using the API
20NE/STAPH (bioMerieux) gallery and were stored
at −80°C until use.

2.2.  Experimental animals

Grass carp with a total length of 11 ± 2 cm were
purchased from a commercial fish farm in Germany.
After arrival at the Veterinary University of Vienna,
the fish were kept in a quarantine tank for 6 wk for
acclimatisation. Ten fish were sampled and exam-
ined for any visible parasites, and bacteriological (on
COS agar) and virological cultures (on common carp
brain cells) were attempted from kidney and liver
samples to confirm the absence of infection. After all
examinations yiel ded negative results and no mor-
bidity or mortality was observed, the fish were
moved to 100 l tanks (10 carp per tank−1; each treat-
ment was performed in duplicate for a total of 12
tanks) with an average water temperature of 25 ±
1°C, an average oxygen level of 6.7 ± 0.2 mg ml−1, a
pH of 7.5 ± 0.1, and a water exchange rate of at least
20% d−1. The fish were fed once daily with commer-
cial pellet feed (Garant, 30% crude  protein and 9%
fat), and faeces were removed every 2 d. After the
acclimatisation period, fish were brought into contact
with the 8 different bacterial  isolates.

2.3.  Infection trial

2.3.1.  Preparation of the bacterial inoculum

The 8 different isolates of bacteria from diseased
grass carp were prepared for the infection trial as fol-
lows. The bacteria were grown for 18 h at 26°C in
trypticase soy broth (bioMerieux) with shaking,
except Staphylococcus epidermidis, for which the
temperature was raised to 37°C. After 18 h of culture,
the suspension was stored at 4°C for 24 h. Addition-
ally, 0.1 ml of each suspension was serial diluted and
spread in triplicates on COS plates (bioMerieux) con-
taining 5% sheep blood cells to determine the bacte-
rial concentration by colony counting. After 24 h, the
concentration of bacteria from each isolate was cal-
culated. The bacterial cultures were then centrifuged
at 9520 × g for 20 min (Hettich universal 32), the
supernatant was removed, and the bacteria were
washed twice using sterile 0.9% NaCl (Braun); after-
wards, they were suspended in sterile 0.9% NaCl
solution and diluted to the required concentration.

The final bacterial suspensions at either 1 × 106 or
1 × 108 CFU ml−1 were plated on COS agar in tripli-
cates to confirm the purity of these cultures. The con-
centration of viable bacteria was confirmed by serial
dilution and plating on COS agar plates followed by
incubation for 24 h at either 26°C or, in the case of
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S. epidermidis, at 37°C. Pure cultures were recov-
ered on the plates, CFUs were calculated for each
plate, and the corresponding bacterial concentration
was calculated.

2.3.2.  Infection procedure

The pathogenicity of the isolates for grass carp was
evaluated using both immersion and intramuscular
(i.m.) injection as routes of exposure as well as by
using 2 different infection doses (Table 1).

For the immersion route, all bacterial isolates were
adjusted to the same density of 1 × 106 CFU ml−1

and equal volumes from each culture were mixed
together. Immediately afterwards, a small area of
mucus of approximately 5 × 1 cm was removed from
the latero-dorsal part of the skin of 2 groups of 10 fish
using alcohol-soaked cotton tissues. The fish were
then returned to their tanks and the bacterial mixture
was added to a final volume of 1 × 106 CFU ml−1 and
the fish were kept immersed for 1 h in the bacterial
solution. After exposure, the fish were monitored
twice daily for 14 d. When no infection developed
from this exposure, this procedure was repeated in
the same manner on 10 new fish, using a higher dose
of 1 × 108 CFU ml−1.

For the injection route, groups of 10 fish each were
individually anaesthetized in water containing
0.1 g l−1 MS-222 (Sigma-Aldrich) and infected by i.m.
injection in the dorsal muscle using 0.1 ml of 1 ×
106 CFU ml−1 of a pure culture from each of the 8 bac-
terial isolates. Each group of 10 fish was represented
in duplicate in 2 aquaria each, for a total of 20 fish
tested for each isolate. This resulted in an infection
dose of 1 × 105 CFU, which was chosen because it has
been defined as the LD50 of moderately virulent bac-
terial agents after i.m. injection (Lallier & Daigneault

1984). For most isolates, with the exception of
Aeromonas hydrophila and A. sobria, no infection
developed from this exposure. We therefore per-
formed a confirmatory trial using either the same
dose of A. hydrophila and A. sobria, or a higher dose
of 1 × 107 CFU for the other isolates, in case these
other isolates were less virulent (Table 1). In addi-
tion, at the time of each of the 3 challenges, 2 sets of
10 fish each were kept under identical conditions and
used as negative control groups: the fish were either
immersed in a NaCl solution or injected intramuscu-
larly with a 0.9% NaCl solution to mimic the infection
route in the challenge. The bacterially challenged
fish and the fish from the control groups were ob -
served for 2 wk.

Following application of the bacteria, the fish
were kept for 14 d under the same conditions
as before to observe the development of clinical
signs of the infection. During this period, the fish
were monitored twice daily for morbidity and mor-
tality. Fish that showed severe signs of infection
were humanely euthanized by prolonged immer-
sion in a 1 g l−1 solution of MS-222 (Sigma-
Aldrich), and all remaining fish were similarly
euthanized at the end of the experiment. Differ-
ences in mortality rates between the groups were
compared using Fisher’s exact test in IBM SPSS
Statistics 25 (Microsoft). All dead and euthanized
fish were examined for signs of infection by
macroscopic investigation and conventional bac -
teriological analysis of the skin at the injection
site (if pertinent), hepatopancreas and posterior
kidney by re-isolation on COS agar plates. This
isolation was followed by morphological and bio-
chemical identification of bacteria as well as PCR
according to the procedure by Dorsch et al. (1994),
to confirm their identity and likely involvement in
infection.
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Bacterial species Dose Exposure Mortality Clinical signs p
(CFU) method (n/exposed fish) (n/exposed fish)

Staphylococcus epidermidis, Vibrio alginolyticus, 1 × 105 i.m. 0/10 0/10 1
Pseudomonas putida, P. fluorescens 
P. luteola, Citrobacter freundii

S. epidermidis, V. alginolyticus, P. putida, 1 × 108 i.m. 0/10 0/10 1
P. fluorescens, P. luteola, C. freundii

Aeromonas hydrophila 1 × 105 i.m. 3/20 3/20 0.2308
A. sobria 1 × 105 i.m. 10/20 10/20 0.0004
Bacterial mix 1 × 106 ml−1, 1 × 108 ml−1 Bath 0/10 0/10 1
Control groups na na 0/20 0/20 na

Table 1. Description of the infection groups and results of the infection; i.m.: intramuscular injection; na: not applicable.
p-values compared to control
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3.  RESULTS

Preliminary investigation showed the presence
of bacterial aggregation on the fish epidermis
(Mayr hofer et al. 2011). No viruses could be iso-
lated from any of the sampled fish (Pucher et al.
2013). Furthermore, the PCR did not detect the
presence of Aphanomyces invadans. On the other
hand, 8 different bacterial species were isolated
from diseased fish: Aeromonas hydrophila, A. so -
bria, Staphylococcus epidermidis, Vibrio alginolyti-
cus, Pseudomonas fluorescens, P. luteola, Citro -
bacter freundii and P. putida. All of these species
are known to be pathogenic for fish and could
plausibly act as the causative agents of the RSD
in Vietnam.

When an infection trial was performed to test these
various bacterial agents, we found that the 2 Aero -
monas isolates (A. hydrophila and A. sobria) caused a
visible bacterial infection in the fish, but only when
infection was performed using i.m. injection rather
than immersion. These clinical signs included red-
dening, haemorrhagic changes and ulceration of
skin at the injection site (Fig. 1A,B) and loss of scales
consistent with that reported for the RSD of grass
carp in northern Vietnam (Fig. 1C,D). The only re -
corded mortalities occurred in the fish challenged
with either A. hydrophila or A. sobria, and all fish
that developed visible clinical signs succumbed
to the disease. A. hy dro phila was associated with
lower mortalities than A. sobria (15
and 50%, respectively, Table 1), but
the difference between these 2 iso-
lates was not statistically significant
(p = 0.0958). Only the mortalities in
the fish in fected with A. sobria were
significantly different from the con-
trol (p = 0.0004), while the mortalities
in the fish infected with A. hydrophila
were not (p = 0.2308). The other
6 bacterial species caused no clinical
signs in grass carp after i.m. injection
of 1 × 105 CFU of bacteria or in either
concentration (1 × 106 or 1 × 108 CFU
ml−1) of the bath challenge. These fish
did not develop external lesions, and
bacteriological re-isolation from the
internal organs was unsuccessful.
The bacteria could be re-isolated
from the skin, hepatopancreas and
posterior kidney of all the fish that
had succumbed to the infection
(Table 2).

Moreover, for 1 fish infected with P. fluorescens,
bacteria could be re-isolated from the hepatopan-
creas and posterior kidney 14 d after i.m. injection
with 1 × 105 CFU of the bacterium. Similarly, in
2 instances, A. hydrophila could be re-isolated from
the hepatopancreas and posterior kidney from 2
apparently healthy fish. Interestingly, all 3 of these
fish lacked clinical signs of infection, and in none of
these cases could the bacteria be re-isolated from the
injection site.

4.  DISCUSSION

With the exception of the Aeromonas hydrophila
or A. sobria isolates, none of the bacteria repro-
duced the disease in infected fish, regardless of the
method of infection. For A. hydrophila and A. so -
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Infection group Re-isolation
Skin Hepato- Posterior 

pancreas kidney

Aeromonas hydrophila 3/20 5/20 5/20
A. sobria 10/20 10/20 10/20
Pseudomonas fluorescens 0/20 1/20 1/20

Table 2. Re-isolation of bacteria from the fish injected intra-
muscularly with 1 × 105 CFU of the same bacteria; 20 fish 

were injected with each isolate

Fig. 1. Clinical signs observed on grass carp infected with Aero monas hydro -
phila. (A,B) Skin lesions following experimental infection by intramuscular
injection. (C,D) Haemorrhagic skin lesions in naturally infected grass carp in 

Vietnam
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bria, artificial i.m. infection with pure cultures of
either isolate originating from RSD-infected grass
carp in northern Vietnam resulted in an acute infec-
tion of the fish as well as clinical signs consistent
with this disease (Van et al. 2002): skin lesions, fol-
lowed by septicaemia and acute mortality. On the
other hand, infection by immersion did not repro-
duce the disease. Notably, the difficulty to reliably
induce disease through routes of entry beside injec-
tion is well documented in multiple fish species,
including cyprinids, for motile Aeromonas, in partic-
ular for A. hydrophila, which is the most studied of
the motile Aeromonas (Das Mahapatra et al. 2008,
Sarker & Faruk 2016, Zhang et al. 2016, Peatman et
al. 2018).

The fact that i.m. injection was able to reproduce
the disease while immersion was not also suggests
that both Aeromonas strains act as opportunistic in -
vaders that need predisposing factors like damage
of the epithelial membrane. Fish bacterial patho-
gens can take advantage of sites of abrasion on the
skin as sites of attachment (Menanteau-Ledouble et
al. 2011). A plausible hypothesis would be that
damage of the epithelium caused by external para-
sites provides a portal of entry for these bacteria
and, indeed, different parasites like monogenean
trematodes (Dactylogyrus and Gyrodactylus spp.),
ciliates (Trichodina and Ichthyophthirius spp.) and
copepods (Lernaea sp.) known to damage the skin
of their host have been reported from the research
area (Pucher et al. 2013). Handling of the fish could
also damage the skin and predispose them to bacte-
rial infections. For example, a common practice in
the research area of northern Vietnam is to catch
fish for home consumption by using casting nets.
Grass carp are more often caught and released than
other cohabitated fish species for several reasons:
grass carp are mainly stocked for cash income and
not for home consumption (Steinbronn 2009), which
means that they are more likely to be released
when accidentally caught. Moreover, grass carp are
the main species stocked in the earthen ponds
(Steinbronn 2009), and their uncommon habit to try
to escape by jumping out of water results in a
higher chance to catch them by using a casting net,
compared to most other fish  species that attempt to
escape by submerging to the bottom.

Interestingly, both of the species of Aeromonas
tested were able to reproduce the disease and the
associated clinical signs. Moreover, in 2 cases,
A. hydro phila could be re-isolated from the internal
organs even as the fish did not appear sick or present
signs of infection, which suggests that both of these

bacteria might have been able to establish sub-clini-
cal infections in the fish.

A. hydrophila is a ubiquitous, Gram-negative bac-
terium that possesses many different virulence
 factors, and the pathogenesis of infection is complex
and multifactorial (Rasmussen-Ivey et al. 2016). This
bacterium can cause high morbidity and mortality
among grass carp (Uzbilek & Yildiz 2002), and it can
cause haemorrhagic changes and ulceration of skin
as well as systemic septicaemia in infected fish. Other
known signs of infection are the loss of scales,
necrosis of fins and ascites, consistent with what is
observed in the case of RSD. The course of infection
can range from acute to chronic (Inglis et al. 1993). A.
sobria is another member of the family Aeromon-
adaceae. A. sobria presents many similarities with
other virulent members of the genus Aero monas, in-
cluding the fish pathogens A. hydrophila and A.
salmonicida. A. sobria is described as a primary pa-
thogen for European perch Perca fluviatilis, causing
focal skin lesions, fin rot and mortality, and it also
causes haemorrhagic changes on the skin of common
carp Cyprinus carpio (Wahli et al. 2005, Kozińska
2007). In addition, A. sobria can cause haemorrhages,
skin lesions and mortality in the fish Garra rufa, a
species increasingly used in pedicure treatment
(Majtán et al. 2012).

A. hydrophila and A. sobria are related species that
share several virulence factors. Therefore, it is not
surprising that these bacteria would cause similar
clinical signs and be regarded as the same disease.
The family Aeromonadaceae is a large family that
includes several fish pathogens associated with simi-
lar clinical signs; therefore, it is plausible that other
thermophilic Aeromonas might also contribute to
outbreaks of the disease. Because these species are
similar to an extent and because they would be
treated in the same way, this distinction is currently
somewhat academic.

The contact of fish with the mixture of all bacterial
isolates following removal of the mucus did not result
in clinical signs or morbidity of the fish at either con-
centration. Furthermore, no bacteria could be re-
 isolated from the fish exposed to immersion bath or
from control fish at the end of the trial, suggesting
that none of the isolates tested, with the exception of
A. hydrophila and A. sobria, was virulent.

In general, bacterial isolates are grouped as
weakly virulent and avirulent when causing disease
after injection of a concentration of 1 × 105.5 and 1 ×
108 CFU, respectively (Lallier & Daigneault 1984),
while virulent isolates only require doses of 1 × 104.5.
Therefore, these isolates of A. hydrophila and A. so -
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bria could be considered to be weakly or moderately
virulent, and all other isolates used are considered to
be avirulent for grass carp. Improving the water
quality by changing pond management (Pucher et al.
2016), improving the feed base and feed quality
(Pucher et al. 2014b, 2015, Pucher & Focken 2017)
and reducing potential stressors like pesticide-conta-
minated feeds (Pucher et al. 2014a) are advised to
reduce the susceptibility of grass carp against these
weakly virulent bacteria.

Similarly, the disease has been mostly reported
in March−April and September−October, periods
that correspond to the beginning and end of the
rainy seasons in Vietnam, when heavy rainfall is
common. This suggests that washing of agrochem-
ical and eroded soil particles as well as loss of
water quality following the heavy rains might act
as a stressor and a contributing factor in the devel-
opment of the disease. This is consistent with the
fact that fish mortalities have often been observed
directly after other occurrences of heavy rain
(Steinbronn 2009).

5.  CONCLUSION

In this challenge, we were able to reproduce the
clinical signs associated with outbreaks of RSD, in -
cluding reddening and haemorrhagic changes at the
injection site, ulceration and loss of scales. In all in -
stances, the appearance of these clinical signs was
followed by death of the infected fish, and the bacte-
ria could be re-isolated from the internal organs,
showing that the infection had become systemic.

Of the 8 different bacterial isolates isolated from
fish displaying clinical signs of RSD in northern Viet-
nam, 2 isolates belonging to the genus Aeromonas
(A. hydrophila and A. sobria) were able to reproduce
the disease. Intramuscular injection with 1 × 105 CFU
of either of these bacteria caused mortality in the
infected fish and reproduced the clinical signs associ-
ated with the disease. Moreover, the bacteria could
be re-isolated from the infected fish, fulfilling Koch’s
postulates. Therefore, our results suggest that the
disease known as RSD af fecting grass carp in north-
ern Vietnam is caused by infection with members of
the bacterial genus Aeromonas.
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