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Abstract 
 

Aeromonas spp., which inhabits freshwater and marine water bodies, can be responsible for the diseases and 
mortalities of many different cultured fishes. In this study, the antibiotic susceptibility profiles of 20 Aeromonas 
hydrophila strains isolated from diseased freshwater fish cultured in the Red River Delta, Vietnam were categorised as 
non-wild-type (non-WT) strains or were resistant to at least one antibiotic. Also, in-vitro antibacterial activities of 
extracts from two local plants against several antibiotic-resistant A. hydrophila strains were done to screen for 
potential bio-antibiotic materials. The antibiotic susceptibility results showed that 25 % of bacterial strains were 
resistant to 3–9 antibiotics, 35 % to 2 antibiotics, and 10 % to one antibiotic. Both plants, rose myrtle seed, 
Rhodomyrtus tomentosa Hassk, 1842, extract and fermented garlic, Allium sativum Linnaeus, 1753, supernatant, 
showed inhibitory activities against antibiotic-resistant A. hydrophila strains. Furthermore, the R. tomentosa extract 
and the fermented A. sativum supernatant exhibited significant antibacterial effects to several A. hydrophila strains, 
namely A. hydrophila CEDMA17.021, CEDMA17.002, CEDMA17.008, and CEDMA17.009 resistant to two or more 
antibiotics. This study demonstrated multiple resistant profiles of A. hydrophila strains to different antibiotics and the 
inhibitory activities of R. tomentosa extract and the fermented A. sativum supernatant against antibiotic-resistant A. 
hydrophila strains. Hence, this study indicates the potential use of bio-antibiotics derived from plants to manage 
Aeromonas-related infections. 
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Introduction 
 
Disease outbreaks, especially infectious diseases, 
have been considered a major constraint affecting 
sustainable aquaculture development globally 
because they have annually caused the loss of at least 
10 % of aquaculture’s production (Adams, 2019). 
Amongst aquaculture bacterial pathogens, 
Aeromonas spp, including Aeromonas hydrophila, can 
be pathogenic to many freshwater fish species such 
as common carp (Cyprinus carpio Linnaeus, 1758), 
grass carp (Ctenopharyngodon idella Cuvier and 
Valenciennes, 1884), Nile tilapia (Oreochromis niloticus 
Linnaeus, 1758), rainbow trout (Oncorhynchus mykiss 
Walbaum, 1792) (Pridgeon and Klesius, 2012) and 
different catfish species (Pangasianodon 
hypophthalmus Sauvage, 1878; Ictalurus punctatus 

Rafinesque, 1818) (Pridgeon and Klesius, 2012; Hossain 
et al., 2014).  
 
The infection of farmed fish by A. hydrophila can be 
characterised as haemorrhagic septicaemia with 
signs of ulceration, haemorrhaging, and fin erosion 
(Dias et al., 2012). Antibiotics have been commonly 
used to combat disease outbreaks, including bacterial 
diseases caused by A. hydrophila (Haniffa and Kavitha, 
2012; Hammed et al., 2015; Pham et al., 2015). 
Importantly, the overuse and misuse of antibiotics 
have been reported by farmers in freshwater 
aquaculture systems (Rico et al., 2013; Pham et al., 
2015). In addition, antibiotics used in aquaculture are 
partially absorbed by fish, and the rest can remain in 
aquaculture systems and be present in aquaculture 
products, increasing antibiotic residues and antibiotic 
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resistant bacteria (Vivekanandhan et al., 2002; 
Miranda et al., 2018). Multiple antibiotic resistance 
among A. hydrophila isolates are reported in many 
previous studies worldwide (Guz and Kozinska, 2004; 
Deng et al., 2016). 
 
Many strategies have been studied and applied in 
aquaculture to reduce the use of antibiotics. These 
are applying biosecurity, vaccination and good 
aquaculture practices (GAPs) certification, improving 
farming practices and diagnostic services, developing 
and implementing regulations, limiting antibiotic 
access, developing alternative compounds for 
antibiotics, and others (Herriksson et al., 2018). 
Recently, plant extracts have been increasingly 
applied in aquaculture in different parts of the world 
to prevent and treat certain viral, parasitic, fungal and 
bacterial diseases, which are considered potential 
alternative approaches (Haniffa and Kavitha, 2012; 
Olusola et al, 2013; Gabriel, 2019). There is some 
evidence to suggest that plants can be rich resources 
of bioactive compounds such as tannins, alkaloids, 
flavonoids, phenolics, polysaccharides, and essential 
oils, which act against different diseases (Olusola et 
al., 2013; Nguyen et al., 2018; Dang et al., 2019). Plant 
extracts are readily available, inexpensive, and more 
biodegradable than antibiotics (Olusola et al., 2013; 
Reverter et al., 2014; Gabriel, 2019). 
 
In a previous study, 20 A. hydrophila strains isolated 
from diseased freshwater fish cultured in the Red 
River Delta in Vietnam were categorised as wild type 
(fully susceptible, WT) or non-wild-type (non-WT) 
(Dang et al., 2020). The authors also reported the 
diameters of inhibitory zones used for categorisation 
of WT strains of A. hydrophila. The present study 
further analyses the percentages of these A. 
hydrophila strains categorised as non-WT to at least 
one antibiotic and antibiotics resistant to the 
bacterial strains. In addition, the study identified and 
screened antibacterial activities of two Vietnamese 
plant extracts (rose myrtle seed Rhodomyrtus 
tomentosa (Aiton) Hassk, 1842, extract and fermented 
garlic, Allium sativum Linnaeus, 1753, supernatant) 
against antibiotic-resistant A. hydrophila isolates. 
These plant extracts contain bioactive compounds 
that exhibit antibacterial effects (Lai et al., 2013; 
Nguyen et al., 2018; Dang et al., 2019). Such studies 
can better understand antibiotic resistance in 
Vietnamese freshwater aquaculture and help identify 
possible bio-antibiotic alternatives of natural plants 
that are safe and effective for use in aquaculture. 
 
Materials and Methods 
 
Bacterial isolates 
 
A total of 20 A. hydrophila strains used in Dang et al. 
(2020) were also used in the present study for 
antibiotic susceptibility testing. While a total of 14 A. 
hydrophila strains (Table 1) were selected for 
antibacterial susceptibility testing of plant extracts. 

Twelve of the bacterial strains were selected from the 
list of 20 A. hydrophila strains tested for antibiotic 
resistance. The selected strains were isolated over 3 
years (2015–2017), representing different provinces 
and resistance to at least two antibiotics. Two other 
A. hydrophila strains selected were CEDMA18.046 
isolated from Nile tilapia (Oreocromis niloticus 
Linnaeus, 1758) in Hung Yen province in 2018 and the 
strain A. hydrophila CEDMA19.021 isolated from grass 
carp (Ctenopharyngodon idella Cuvier and 
Valenciennes, 1884) in Bac Ninh in 2019 (Table 1).  
 
All 22 A. hydrophila strains used were isolated from 
freshwater fish farms with disease outbreaks in 
different provinces of the Red River Delta, Vietnam 
from 2015 to 2019, identified using API 20E and stored 
in glycerol at –80 °C at the Aquatic Animal Disease 
Laboratories of the Research Institute for 
Aquaculture No. 1, Vietnam. 
 
Antibiotics 
 
Ten antibiotics known to be widely used either legally 
or illegally in aquaculture in Vietnam were selected for 
antibiotic resistance testing. The antibiotics tested 
were ciprofloxacin (CIP5, 5 μg), chloramphenicol 
(CHL30, 30 μg), doxycycline (DOX30, 30 μg), 
erythromycin (ERY30, 30 μg), florfenicol (FLO30, 30 μg), 
neomycin (NEO30, 30 μg), rifampicin (RIF30, 30 μg), 
tetracycline (TCY30, 30 μg), streptomycin (STM10, 10 μg) 
and trimethoprim/sulfamethoxazole (SXT25, 1.25/23.75 
μg). Ciprofloxacin and chloramphenicol are currently 
banned nationally for use in aquaculture (MARD, 2016). 
 
Preparation of rose myrtle, 
Rhodomyrtus tomentosa seed extract 
 
The extract of rose myrtle, R. tomentosa seed was 
prepared as described in Nguyen et al. (2018), and 
Dang et al. (2019). Briefly, the rose myrtle seeds were 
scrubbed and separated from the mature fruits of 
wild R. tomentosa plants harvested from the 
mountainsides of Phu Binh district, Thai Nguyen 
province, Northern Vietnam and identified to species 
level as described in Dang et al. (2019). The seeds 
were shade-drained for 60 min at room temperature, 
dried in an oven at 50 °C for 15 h, then ground up into a 
powder using a fine screen with a mesh size less than 
1 mm. The R. tomentosa seed powder was extracted 
following the method optimised by Lai et al. (2014) as 
follows: extracting the powder using 79 % ethanol 
with a solid: liquid ratio of 1.20-1 (weight.volume-1) at 85 
°C for 79 min; centrifuging the extracted solution at 
6,000 rpm for 10 min at 4 °C; concentrating the 
supernatants under reduced pressure using a rotatory 
evaporator at 40 °C to make the dried extract. 
 
Preparation of fermented garlic (Allium 
sativum) supernatant 
 
Whole dried garlic was purchased in Hai Duong 
province and prepared for fermentation by first 
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Table 1. List of Aeromonas hydrophila strains used for antibacterial testing of plant extracts. 
 

No. Bacterial strain Host source Year of 
isolation 

Location 
(Province) 

1* A. hydrophila HDPT15.6 Nile tilapia (Oreochromis niloticus (Linnaeus, 1758)) 2015 Phu Tho 
2* A. hydrophila CEDMA16.19 Nile tilapia (O. niloticus) 2016 Vinh Phuc 
3* A. hydrophila CEDMA16.34 Nile tilapia (O. niloticus) 2016 Bac Ninh 
4* A. hydrophila CEDMA17.002 Jewel cichlid ((Hemichromis guttatus Gunther, 1862) 2017 Ha Nam 
5* A. hydrophila CEDMA17.008 Nile tilapia (O. niloticus) 2017 Hoa Binh 
6* A. hydrophila CEDMA17.009 Nile tilapia (O. niloticus) 2017 Hoa Binh 
7* A. hydrophila CEDMA17.021 Nile tilapia (O. niloticus) 2017 Hai Duong 
8* A. hydrophila CEDMA17.044 Common carp (Cyprinus carpio Linnaeus, 1758) 2017 Hai Duong 
9* A. hydrophila CEDMA17.046 Grass carp (Ctenopharyngodon idella Cuvier and 

Valenciennes, 1884)  
2017 Hai Duong 

10* A. hydrophila CEDMA17.047 Nile tilapia (O. niloticus) 2017 Hai Duong 
11* A. hydrophila CEDMA17.048 Grass carp (C. idella) 2017 Hai Duong 
12* A. hydrophila CEDMA17.049 Common carp (C. carpio) 2017 Hai Duong 
13 A. hydrophila CEDMA18.046 Nile tilapia (O. niloticus) 2018 Hung Yen 
14 A. hydrophila CEDMA19.021 Grass carp (C. idella)  2019 Bac Ninh 

*Strains used for antibiotic susceptibility testing. 
 
 
removing the skin. The cloves were then thinly sliced, 
mixed with rice vodka and cultured honey in the 
following proportions: Garlic (20 kg) + rice vodka (18 L) 
+ cultured honey (2 L). The garlic mixture was then 
incubated at room temperature (23 °C–28 °C) for 
about 25–30 days to allow the fermentation process. 
Finally, after removing the garlic clove residues, the 
supernatant of fermented garlic was tested as a bio-
antibiotic product against A. hydrophila. 
 
Antibiotic susceptibility of Aeromonas 
hydrophila isolates 
 
The disk diffusion method (Bauer et al., 1966) was 
performed for antibiotic susceptibility testing of 20 A. 
hydrophila strains. Briefly, suspensions of each strain 
of A. hydrophila (concentration of 108 cfu.mL-1) were 
distributed over the surface of the Mueller-Hinton 
agar (MHA, Sigma-Aldrich, USA) plate. Antibiotic discs 
(Oxoid, UK) were placed in the agar plates where 
bacteria had been placed, and the plates were left at 
room temperature for 5–10 min. The plates were then 
inverted and incubated at 29 °C for 24 h. Escherichia 
coli ATCC 25922 strain was used as the control. Each 
test was repeated twice, and antibiotic susceptibility 
was expressed if present as the mean of inhibition 
diameters (mm) produced by each antibiotic. 
 
Antibacterial activity of plant extracts 
 
The antibacterial effects of plant extracts against 14 
A. hydrophila strains (Table 1) were performed 
following the method described by Dang et al. (2019).  
 
Preparation of R. tomentosa extract discs: the stock 
concentrations of 80, 100, 120, 140 and 160 μg.μL-1 of 
R. tomentosa extract were made by dissolving the 
dried extract in dimethyl sulfoxide (DMSO). Each 

diluted extract (25 μL) was then applied to a sterile 
paper disc (diameter = 8 mm; Advantech, Tokyo) to 
make extract discs with final concentrations of 2,500 
μg, 3,000 μg and 3,500 μg.disc-1, respectively.  
 
Preparation of fermented garlic supernatant discs: To 
make discs of the fermented garlic supernatant for 
antibacterial activity testing, 25 μL, 30 μL and 35 μL of 
the supernatants were applied to a sterile paper disc 
(diameter = 8 mm; Advantech, Tokyo), respectively.  
 
All extract discs, including those for R. tomentosa 
extract and the fermented garlic supernatant, were 
then placed onto MHA plates inoculated with A. 
hydrophila strains (108 cfu.mL-1), followed by 
incubation at 29 °C for 24 h. For the control, the 
positive control disc contained doxycycline (30 μg), 
the negative control disc 25 μL DMSO and E. coli ATCC 
25922 strain was used for quality control purposes. 
Each test was repeated in triplicate, and the 
antibacterial activity was expressed as the mean of 
inhibition diameters (mm) (if present) produced by 
each plant product. 
 
Statistical analysis 
 
The antibiotic susceptibility patterns of A. hydrophila 
strains were categorised as fully susceptible (wild 
type, WT), or manifesting reduced susceptibility (non-
wild type, non-WT) using normalised resistance 
interpretation (NRI)-determined cut-off values (COWT) 
(Kronvall, 2010; Dang et al., 2020). The WT of A. 
hydrophila strains were identified following the disc 
zone cut-off values COWT of all the 10 tested 
antibiotics presented in Dang et al. (2020), which were 
as follows: ≥11 mm for florfenicol, ≥12 mm for 
erythromycin and neomycin, ≥13 mm for 
streptomycin, ≥14 mm for rifampicin, ≥18 mm for 
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doxycycline, ≥19 mm for tetracycline and 
trimethoprim/sulfamethoxazole, ≥25 mm for 
chloramphenicol, and ≥34 mm for ciprofloxacin.  
 
The susceptibilities of plant extracts to A. hydrophila 
strains were based on the measurement of diameters 
of the inhibitory zones induced by the diluted 
extracts, and the inhibitory zones were interpreted 
following Dang et al. (2019), with resistant or no 
antibacterial activity classed at (≤12 mm), 
intermediate antibacterial activity (13–15 mm), and 
susceptible or strong antibacterial activity (≥16 mm) 
respectively. The data were presented as mean ± SE 
using SPSS for Windows version 25. One-way ANOVA 
tested the significant differences among the means 
of variables at P < 0.05 to compare the inhibitory 
zones induced by different extract concentrations 
and by different extracts at the same concentrations. 
 
Results 
 
Antibiotic susceptibility patterns of 
Aeromonas hydrophila strains 
 
By applying the disc zone cut-off values COWT of all 10 
tested antibiotics to the antibiotic susceptibility data 
of each A. hydrophila strain, the antibiotic 
susceptibility patterns showed that 5 (25 %) strains 
were categorised as non-WT for 3 to 9 tested 
antibiotics, 35 % non-WT for 2 antibiotics, 10 % non-
WT for only an antibiotic and 30 % of A. hydrophila 
strains were categorised as WT for all tested 
antibiotics (Table 2). The non-WT A. hydrophila strains 
that were susceptible to 2–9 antibiotics and the 
names of antibiotics resistant by these non-WT 
strains are presented in Table 3. 
 
 
Table 2. Categorisation of Aeromonas hydrophila strains as fully 
susceptible (wild type, WT) or manifesting reduced susceptibility 
(non-wild type, non-WT) strains against tested antibiotic. 
 

Categorisation of 
bacterial strain 

Number of 
bacterial strains  
(n = 20) 

% of 
bacterial 
strains 

Non-WT for 3 to 9 
tested antibiotics  

5 25 

Non-WT for 2  
tested antibiotics 

7 35 

Non-WT for a  
tested antibiotic 

2 10 

WT for all  
tested antibiotics 

6 30 

 
 
Antibacterial susceptibility of 
Rhodomyrtus tomentosa extract 
against antibiotic-resistant 
Aeromonas hydrophila isolates 
 
The results showed that the inhibition zones induced  

Table 3. List of Aeromonas hydrophila strains categorised as 
non-wild type (non-WT) strains that were manifesting 
reduced susceptibility for two or more antibiotics. 
 

Strain Categorisation 
Name of 
antibiotics* 

A. hydrophila 
CED17.047 

Non-WT for 9 
antibiotics 

CIP5, CHL30, DOX30, 

ERY15, FLO30, RIF30, 

TCY30, STM10, SXT25 
A. hydrophila 
CED17.048 

Non-WT for 6 
antibiotics 

CIP5, CHL30, DOX30, 
FLO30, TCY30, SXT25 

A. hydrophila 
CED17.044 

Non-WT for 5 
antibiotics  

CIP5, CHL30, FLO30, 
TCY30, SXT25 

A. hydrophila 
CED17.020 

Non-WT for 4 
antibiotics 

CHL30, DOX30, 
TCY30, SXT25 

A. hydrophila 
CED17.021 

Non-WT for 3 
antibiotics 

CIP5, RIF30, SXT25 

A. hydrophila 
CED16.34 

Non-WT for 2 
antibiotics 

SXT25, CIP5 

A. hydrophila 
CED17.046 

Non-WT for 2 
antibiotics 

SXT25, ERY15 

A. hydrophila 
CED17.049 

Non-WT for 2 
antibiotics 

CIP5, STM10 

A. hydrophila 
HBTT16.01 

Non-WT for 2 
antibiotics 

CIP5, ERY15 

A. hydrophila 
CED17.002 

Non-WT for 2 
antibiotics 

CIP5, STM10 

A. hydrophila 
CED17.008 

Non-WT for 2 
antibiotics 

ERY15, STM10 

A. hydrophila 
CED17.009 

Non-WT for 2 
antibiotics 

SXT25, CIP5 

*CIP-ciprofloxacin, CHL-chloramphenicol, DOX-doxycycline, 
ERY-erythromycin, FLO-florfenicol, NEO-neomycin, RIF-
rifampicin, TCY-tetracycline, STM-streptomycin and SXT-
trimethoprim/sulfamethoxazole. 
 
 
by R. tomentosa extract against the 14 A. hydrophila 
strains ranged from 6.3 to 22.7 mm (Fig. 1). The 
inhibition by R. tomentosa extract was dose-
dependent, and the inhibitory zones significantly 
increased with an increased concentration of extract. 
Among 14 A. hydrophila strains at the concentration of 
3,500 μg.disc-1, the extract showed strong 
antibacterial activities to 5 isolates (the inhibitory 
zones ≥17.3 mm); immediate antibacterial activities to 
6 isolates (the inhibitory zones from 12.3 to 14.7 mm) 
and had no antibacterial activities to 3 isolates (the 
inhibitory zones ≤12 mm). Specifically, 4 out of 5 A. 
hydrophila isolates susceptible to the R. tomentosa 
extract were resistant to at least 2 antibiotics, 
including A. hydrophila CEDMA17.002; CEDMA17.008, 
CEDMA17.009 and CEDMA17.049 (Fig. 1; Table 3). 

 
Antibacterial susceptibility of 
fermented Allium sativum supernatant 
against antibiotic-resistant 
Aeromonas hydrophila isolates 
 
The results showed that the inhibition zones induced 
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Fig. 1. Means of inhibitory zones of Rhodomyrtus tomentosa extract against different Aeromonas hydrophila strains. Each 
column was the average mean of three inhibitory zone diameters (corresponding to triple repeat) of the extract to each A. 
hydrophila strain. Columns with the same colour indicated the same A. hydrophila strain at different extract concentrations. 
Values with different superscripts in the same colour columns at different concentrations are significantly different (P < 0.05). 
 
 
by the fermented garlic supernatant against A. 
hydrophila strains ranged from 8.3 to 25.0 mm (Fig. 2), 
indicating that the A. hydrophila strains were 
susceptible to fermented garlic supernatant. 
 
As indicated in Figure 2, inhibition by the fermented 
garlic supernatant was dose-dependent, in which the 
induced inhibitory zones significantly increased with 
an increase in the applied concentration. Among 14 A. 
hydrophila strains, the supernatant had strong 
antibacterial activities to 3 isolates (inhibitory zones 
≥21.3 mm at concentration of 35 μL.disc-1); immediate 
antibacterial activities to 7 isolates (inhibitory zones 
from 12.3 to 14.7 mm at concentration of 35 μL.disc-1) 
and had no antibacterial activities to 4 isolates 
(inhibitory zones ≤12 mm at concentration of 35 
μL.disc-1) (Fig. 2). Specifically, all 3 A. hydrophila 
isolates susceptible to the fermented garlic 
supernatant were also resistant to 2 and 3 antibiotics, 

including A. hydrophila CEDMA17.021; CEDMA17.008, 
and CEDMA17.009 (Fig. 2; Table 3). 
 
Discussion 
 
In many Asian countries, it has been reported that in 
many cases, farmers use antibiotics to treat diseased 
fish without any diagnostic results and also 
administer antibiotics as prophylaxis (Pham et al., 
2015; Li et al., 2016). In addition, farmers can easily 
obtain antibiotics in any veterinary or even medical 
drugstores without a veterinary prescription in many 
Asian countries, including Vietnam (Pham et al., 2015). 
Availability and easy access to antibiotics can be the 
main reasons for the overuse of antibiotics in 
aquaculture systems. As a result, previous studies 
have reported antibiotic resistance to bacterial 
pathogens from aquaculture farming (Vivekanandhan 
et al, 2002; Kaskhedikar and Chhabra, 2010; Dang et 
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Fig. 2. Means of inhibitory zones of fermented garlic supernatant against different Aeromonas hydrophila strains. Each column 
was the average mean of three inhibitory zone diameters (corresponding for triple repeat) of the supernatant to each A. 
hydrophila strain. Columns with the same colour indicated the same A. hydrophila strain at different supernatant 
concentrations. Values with different superscripts in the same colour columns at different concentrations are significantly 
different (P < 0.05). 
 
 
al., 2020) and as seen in the present study. Among 20 
A. hydrophila strains tested in this study, 5 (25 %) A. 
hydrophila strains were categorised as non-WT for 3 
to 9 tested antibiotics and 35 % non-WT for 2 
antibiotics (Table 2). Dang et al. (2020) reported the 
highest antibiotic resistance of A. hydrophila to 
ciprofloxacin (45 %), followed by trime-
thoprim/sulfamethoxazole (35 %), streptomycin (25 
%), tetracycline, florfenicol and chloramphenicol (20 
% for each), erythromycin and doxycycline (15 % for 
each), and rifampicin (5 %). These findings indicated 
antibiotic resistance in A. hydrophila strains in 
freshwater aquaculture farming in Vietnam. Similarly, 
antibiotic resistance was reported for A. hydrophila 
strains isolated from different aquatic species in 

different aqua systems worldwide, such as cultured 
carp in the Czech Republic (Čížek et al., 2010), Bulgaria 
(Stratev et al., 2015), and China (Yang et al., 2018); 
cultured tilapia in Brazil (Belem-Costa and Cyrino, 
2006), India (Preena et al., 2020), and Malaysia (Pauzi 
et al., 2020); cultured catfish in Malaysia and Nigeria 
(Ashiru et al., 2011; Laith and Najiah, 2014); from 
goldfish  (Carassius auratus Linnaeus, 1758) (Jeeva et 
al., 2013), and rainbow trout (Oncorhynchus mykiss 
Walbaum, 1792) (Saavedra et al., 2004). 
 
Multiple antibiotic resistance of A. hydrophila strains 
were found in this study, in which the highest 
resistance was found in the strain A. hydrophila 
CEDMA17.047 to 9 tested antibiotics, and then 
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followed by the strain A. hydrophila CED17.048 
(resistant to 6 antibiotics), A. hydrophila CED17.044 
(resistant to 5 antibiotics), A. hydrophila CED17.020 
(resistant to 4 antibiotics) and A. hydrophila CED17.021 
(resistant to 3 antibiotics) (Table 3). These multiple 
antibiotic resistant A. hydrophila strains were isolated 
from diseased fish sampled in Hai Duong province in 
2017 (Table 1; Dang et al., 2020). The development of 
multiple antibiotic resistance by Aeromonas spp. 
isolated from aquaculture systems became a 
significant problem many years ago (Hatha et al., 
2005). Previous studies reported multi-drug 
resistance mediated by class I integrons to 
Aeromonas spp. isolates from freshwater fish (Deng 
et al., 2016). Similarly, multiple antibiotic resistance 
was found in Aeromonas salmonicida susp. 
salmonicida isolated from Atlantic Canadian 
aquaculture (McIntosh et al., 2008), and in many 
bacterial isolates such as Escherichia coli, Vibrio 
parahaemolyticus, Vibrio vulnificus, Pseudomonas 
fluorescens, Pseudomonas cepacia and Proteus 
vulgaris, in the study of Ramesh et al. (2010). The rapid 
increase in the number of resistant and multi-
resistant Aeromonas spp. is due to the ability of these 
bacteria to transfer antibiotic resistance by mobile 
genetic agents (plasmids, transposons, gene 
cassettes, class I integrons) among bacterial 
populations (Patil et al., 2016; Piotrowska et al., 2017). 
 
As illustrated in the present study, the finding of 
multiple antibiotic resistance amongst Vietnamese A. 
hydrophila strains poses a significant concern to the 
aquatic environment and aquaculture products. This 
calls for concerted efforts to look for alternative 
treatments and prevention of infectious diseases by 
replacing antibiotics. Plant products could replace 
antibiotics as they are cheaper, easily prepared and 
more biodegradable than synthetic antibiotics 
(Olusola et al., 2013; Syahidah et al., 2015; Gabriel, 
2019). They can stimulate the immune system of 
aquatic animals and act as antibacterial, antiviral and 
antiparasitic agents due to their active biochemical 
components like alkaloids, flavonoids, pigments, 
phenolics, terpenoids, steroids and essential oils 
(Citarasu, 2010). The present study has revealed the in 
vitro antibacterial activities of the R. tomentosa 
extract and the fermented garlic supernatant tested 
against A. hydrophila strains (Figs. 1, 2). More 
importantly, the R. tomentosa extract and the 
fermented garlic supernatant showed strong 
antibacterial effects against A. hydrophila strains 
(CEDMA17.002, CEDMA17.008, CEDMA17.009, 
CEDMA17.049 for the R. tomentosa extract, and 
CEDMA17.021, CEDMA17.008, CEDMA17.009 for the 
fermented garlic supernatant, which showed 
antibiotic resistance to at least 2 antibiotics (Figs. 1, 
2; Table 3).  
 
Because plants are rich in a wide variety of bioactive 
compounds which act against different diseases 
through different metabolites such as immune-
modulating, growth-promoting, digestive enhancing 

and appetite-stimulating effects; therefore, plant 
extracts have been recently considered as potential 
alternatives in place of synthetic chemicals such as 
antibiotics and other chemotherapeutic drugs in 
aquaculture (Mahdavi et al., 2013; Olusola et al., 2013; 
Gabriel, 2019). Antibacterial activity against antibiotic-
resistant A. hydrophila that causes severe fish disease 
was also reported in other plant extracts from olive 
(Oleo europaea Linnaeus, 1753), myrtle (Myrtis 
communis Linnaeus, 1753), thyme (Thymus vulgaris 
Linnaeus, 1753), rosemary (Rosmarinus officinalis 
Linnaeus, 1753) and yarrow (Achillea falcata Linnaeus, 
1753) (Al Laham and Al Fadel, 2014). Many plant 
extracts exhibited protective effects against 
Aeromonas spp., including A. hydrophila, infected 
aquatic animals in aquaculture systems (Rajendiran et 
al., 2008; Hammed et al., 2015; Baba et al., 2016; 
Nugroho et al., 2017; Palanikani et al., 2018; Nguyen et 
al., 2018; Dang et al., 2019).  
 
The R. tomentosa extract contains bioactive 
compounds with antibacterial properties such as 
hydrolysable tannins, resveratrol, piceatannol (Lai et 
al., 2013; Nguyen et al., 2018). And these extracts have 
antibacterial effects against Vibrio harveyi and V. 
parahaemolyticus, which cause acute 
hepatopancreatic necrosis disease (AHPND) in shrimp 
(Nguyen et al., 2018; Dang et al., 2019). However, the 
present study reports for the first time R. tomentosa 
extract showing antibacterial activity against A. 
hydrophila. Similarly, garlic that contains bioactive 
compounds such as alliin, diallyl sulphides and allicin 
(Amagase and Milner, 1993) and the garlic essential oil 
showed a significant antibacterial effect against A. 
hydrophila in previous studies (Saleh et al., 2017). 
Garlic mixed in fish and shrimp pellets fed daily can 
protect against bacterial infection and increase feed 
intake (Lee and Gao, 2012; Olusola et al., 2013; 
Syahidah et al., 2015). In Vietnam, garlic has been used 
for several decades to prevent and treat bacterial 
diseases in freshwater farmed fish (Ha Ky et al., 1996; 
Do et al., 2004). In addition, it has also been reported 
that garlic extract could effectively control 
Ichthyophthirius multifiliis infection, the most 
dangerous parasite affecting freshwater fish 
(Bartolome et al., 2010).  
 
Regarding the safety of these plant extracts to 
aquatic animals, the R. tomentosa extract was 
concluded to be safe for shrimp, as reported by 
Nguyen et al. (2018), and Dang et al. (2019). Garlic can 
safely be used by humans both internally and 
externally, indicating that they are likely safe for use 
in aquaculture. These data support that the R. 
tomentosa extract and the fermented garlic 
supernatant can be used as bio-antibiotic materials to 
prevent and treat diseases caused by A. hydrophila in 
aquaculture. Such potential and promising materials 
could be efficient alternatives to achieving 
sustainable, safer and eco-friendly fish production.  
 
Recently, the fermented garlic supernatant used in 
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the present study was applied in farms in Nghe An (Le 
et al., 2018) and Nam Dinh provinces, Vietnam, to 
successfully control AHPND diseases caused by Vibrio 
parahaemolyticus (VpAHPND) in shrimp. The same was 
also applied in Tra Vinh province, Vietnam, to 
successfully control ulcerative haemorrhagic disease 
caused by A. hydrophila and/or Pseudomonas 
fluorescens in snakehead (Channa argus Cantor, 1842) 
(Yen T. Pham, personal communication, 2018). These 
farmers use the following dosages; 7–10 mL of the 
supernatant.kg-1 of feed for 5 to 7 days and repeated 
every 10 days throughout the culture period. Despite 
these positive reports, further studies on in-vivo 
experiments of these two plant extracts against A. 
hydrophila infection must be done in fish before 
recommending for use in aquaculture farms.  
 
Many applications, such as vaccination, 
probiotics/prebiotics, biosecurity and GAPs 
certification and other methods have been used in 
aquaculture to improve water quality and control 
disease outbreaks, resulting in a reduction in 
antibiotic use. The present study’s findings of R. 
tomentosa extract effectiveness and the positive 
results of fermented garlic supernatant against A. 
hydrophila strains could further justify the 
development of natural plant-based products that can 
be safely used as bio-antibiotic for the control of 
bacterial pathogens in aquaculture. 
 
Conclusion 
 
Seventy per cent of Aeromonas hydrophila strains 
isolated from diseased freshwater fish cultured in the 
Red River Delta, Vietnam, were categorised as non-
wild type (non-WT) for at least one to nine of the 
antibiotics. The highest resistance was to 9 
antibiotics, whereas other strains showed resistance 
to lower numbers of antibiotics ranging from 6 to 3. 
  
The Rhodomyrtus tomentosa extract and the fer-
mented Allium sativum supernatant exhibited 
significant antibacterial effects against several A. 
hydrophila strains (CEDMA17.021, CEDMA17.002, 
CEDMA17.008, and CEDMA17.009) that were resistant 
to two or more antibiotics. This study demonstrated 
multiple resistant profiles of A. hydrophila strains to 
different antibiotics. In addition, the study also 
presented the inhibitory activities of the R. tomentosa 
extract and the fermented A. sativum supernatant 
against antibiotic-resistant A. hydrophila strains. 
Hence there is a potential for using bio-antibiotics 
derived from natural plant materials in the 
management of Aeromonas-related infections. 
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