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Abstract 

Aeromonas hydrophila is an opportunistic pathogen causing high mortality and 

economic burden in freshwater fish farming. This study aims to develop a co-

agglutination method for detecting and creating Aeromonas hydrophila diagnostic 

rapidly. In this study, we injected rabbits (±2kg weight) with 1mL of A. hydrophila 

antigen suspension 1.2 x 10
9
cfu mL

–1
 at one week intervals (three times, intra vena) 

respectively. The gouramis (15.48±0.55g-1 weight) were infected by Aeromonas 

hydrophila, Aeromonas sobria, Aeromonas salmonicida, Streptococcus agalactiae, and 

Pseudomonas aeruginosa separately with 0.1 mL fish
–1

 and 10
8
 cfu mL

–1
 bacterial cell 

suspensions. The antiserum was purified to couple with the Staphylococcus aureus 

suspension protein A, in a 1:1 (v/v) ratio and used by the co-agglutination reagent. We 

compared this method with standard polymerase chain reaction (PCR) for A. 

hydrophila detection. The rabbit antibody reaction occurred only against A. hydrophila 

antigen showing specificity of the gourami tissue supernatant within 10-30 seconds. 

The sensitivity test had a detection limit of 10
6
 cfu mL

–1
. Comparison detection method 

with PCR showed that positive result of A. hydrophila was located in 209 bp. Co-

agglutination method could detect A. hydrophila in the internal organ of fish at 12h 

after injection, but the PCR method could detect at one hour after injection. This 

research concluded that co-agglutination method could detect A. hydrophila 

specifically, sensitively, rapidly and practically in laboratory and field examination. 
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Introduction 

Gourami (Osphronemus goramy) is a 

popular cultured species in Southeast 

Asia region due to high price and high 

nutrient value (Vidthayanon, 2012). 

Kusdarwati et al. (2018) reported 

Aeromonas hydrophila as an 

opportunistic pathogen capable of 

producing motile Aeromonas 

septicemia (MAS) in gourami. Besides 

gourami A. hydrophila could also attack 

other aquatic organisms, such as 

crayfish (Astacus leptodactylus), grass 

carp (Ctenopharyngodon idella), catfish 

(Hemibagrus nemurus) and zander 

(Sander lucioperca) (SamCookiyaei et 

al., 2012, Pourgholam et al., 2013, 

Farhana et al., 2015, Faeed et al., 

2016). 

     A. hydrophila is a major influence 

pathogen bacteria in raising freshwater 

fish with a high death rate of between 

80% and 100% in a relatively short 

time (1-2 weeks). The virulence of A. 

hydrophila which could couse the death 

comes from a produced toxin. Genes of 

aero and hlya are responsible for 

producing the poison aerolysin and 

hemolysin to genus aeromonas (Yousr 

et al., 2007). 

     A. hydrophila detection using 

conventional methods was time 

consuming and need particular 

laboratory materials and equipments, as 

well as competence of personnel. This 

method is often applied to determine 

the presence of A. hydrophila 

(Kusdarwati et al., 2017). In contrast 

polymerase chain reaction (PCR) and 

immunoassays (enzyme-linked 

immunosorbent assay (ELISA), flow 

immunogold assay (FIA), agar gel 

precipitation (AGP) and Agglutination) 

offer advantages but require adequate 

personnel competence, expensive 

materials and equipments, the place 

must be in the laboratory and not 

portable. Many researchers who had 

identified A. hydrophila with PCR 

technique and immunoassay techniques 

showed positive results of A. 

hydrophila detection (Amanu et al., 

2015a, Mufidah et al., 2015, 

Rasmussen-Ivey et al., 2016, Stratev et 

al., 2016, Hong et al., 2017, Yang et 

al., 2017, Ballyaya et al., 2018, Rakib 

et al., 2018). 

     Co-agglutination is a serological test 

that provides specific antigen and 

antibody reactions within seconds. 

Some researchers conducted co-

agglutination tests against fish or 

shrimp bacterial diseases, such as Evan 

(2017) for Vibrio parahemolyticus, 

Fikar et al. (2015) for Edwardsiella 

ictaluri, and Dublin (2012) for 

Aeromonas salmonicida. Worldwide 

outbreaks of MAS caused by A. 

hydrophila need rapid diagnostic to 

control this pathogen. Therefore 

development of a co-agglutination 

method is an important trend for fish 

bactericidal detection. The aim of the 

present study was to develop a co-

agglutination method for detection of A. 

hydrophila antigen as a simple, rapid, 

specific and sensitive alternative 

laboratory or field diagnostic test. 
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Materials and methods 

Characterization and identification of 

bacteria 

Aeromonas hydrophila, Aeromonas 

salmonicida, Aeromonas sobria, 

Pseudomonas aeruginosa, 

Streptococcus agalactiae, 

Staphylococcus aureus Cowan I and 

Staphylococcus epidermis used in this 

study were collection from 

Microbiology Laboratory of Fish 

Disease Inspection and Environment of 

Serang-Banten, Indonesia. Aeromonas 

hydrophila bacteria was re-identified 

with PCR at 209bp (Pollard et al., 

1990) and automatic identification tool 

(Sanders 2019) with 94% probability, 

and other bacteria were biochemically 

identified using vitex 2 compact for 

with reliable probability A. salmonicida 

(93%), A. sobria (99%), S. agalctiae 

(98%), P. aeruginosa (93%), S. aureus 

Cowan I (95%) and S. epidermidis 

(95%). 

 

Detection of protein A in S. aureus 

Cowan I 

Protein A in S. aureus Cowan I was 

detected using Djannatun (2016) 

method. In brief, S. aureus was grown 

at 37
o
C for 24h in brain heart infusion 

(BHI) medium. The isolate was 

transferred to soft agar (SA) and serum-

soft agar (SSA) medium and incubated 

at 37
o
C for 24h. Rabbit serum and 

chicken serum were added to the SSA 

medium (Ningrum et al., 2016). 

 

 

 

Production of polyclonal antibody 

serum 

A. hydrophila was inoculated on 

Tryptic Soy Agar (TSA) for 18-24h at 

30
o
C. Harvesting of bacteria was 

conducted by dissolving bacterial 

biomass into a physiological solution 

(0.85% NaCl) in a sterile tube and 

washed three times. Bacterial 

inactivation was conducted by water 

bath at 60
o
C temperature for one hour 

followed by bacterial suspension 

centrifugation at 4.000rpm for 10min. 

Subsequently, 0.3% physiological 

formaldehyde solution was added as 

preservative. 

     Rabbit (2kg body weight) was 

injected through intravenous with 

1000µL of 1.2 x 10
9
cfu mL

-1 
A. 

hydrophila antigen. The antigen 

injection was carried out three times at 

one week intervals. The polyclonal 

antibody (antiserum) was harvested 

from rabbits three weeks after the 

injection. Measurements of antibody 

titers were performed at weeks 0, 2 and 

3 using Tizard’s (1988) method with 

modification. The complement of 

antiserum was inactivated at 56°C for 

30min. 

 

Purification of immunoglobulin G (IgG)  

Purification of IgG was conducted 

based on Amanu et al. (2015b) with 

modification, A total of 10mL of rabbit 

antiserum was added to 10mL 50% 

ammonium sulfate with a pH of 8.0 

(1:1) by dropping method for 30min, 

then centrifuged at 3.000rpm for 30min. 

The supernatant was removed and 
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Phosphate buffered saline (PBS) with a 

pH of 7.2 was added to the resulting 

sediment reaching to the initial volume. 

Dialysis process was done using a 

dialysis membrane in PBS solution (pH 

8.0) for 24 hours at 4ºC, PBS was 

changed every 8h. The resulting serum 

from ammonium sulfate precipitation 

was purified again using Melon Gel 

IgG Purification Kit according to the kit 

protocol. 

 

Preparation of Staphylococcus aureus 

Preparation of S. aureus was conducted 

according to Amanu et al. (2015b) with 

modification. In brief, S. aureus was 

cultured on TSA and incubated at 37°C 

for 24h. The isolate was collected in 

tubes containing PBS (pH 7.2) and 

washed three times. Formalin 0.3% was 

added, then incubated for 24h at room 

temperature. The suspension was 

washed and resuspended again with 

PBS until reaching the initial volume. 

The bacterial suspension was heated at 

60°C for one hour and cooled directly, 

then centrifuged at 3.000rpm for 15min. 

The supernatant was removed and 

added with PBS up to the initial 

volume, and this suspension was used 

as the material in the test for co-

agglutination. 

 

Co-agglutination reagent producing 

Co-agglutination reagent was prepared 

by performing ratio between purified 

antiserum with S. aureus suspension 

which known to have protein A that 

results in the absence of self 

agglutination. The same volume of S. 

aureus with A. hydrophila antiserum 

was incubated for 90min at 30°C. The 

suspension was centrifuged at 3.000rpm 

for 15min, the supernatant was 

discarded and PBS was added back to 

reach the initial suspension volume. 

 

Pathogenicity test 

Gourami weighing 15.48±0.55 g
-1

 was 

originated from Center for Freshwater 

Aquaculture, Curug Barang, 

Pandeglang Regency Banten Province, 

Indonesia (6º 36’ 14”S 106º 02’ 57” E) 

and verified by PCR testing that did not 

carry A. hydrophila Prior to injection, 

fish were acclimated for three days as 

an adaptation to avoid stress on the fish. 

Fish was Injected with A. hydrophila of 

10
8
cfu fish

-1
 as positive control. While 

the negative control of fish was injected 

with A. sobria, A. salmonicida, P. 

aeruginosa, S. agalctiae with the same 

dose and PBS. The muscle, liver, and 

kidney of fish were used as antigens in 

co-agglutination test. In addition, 

clinical symptoms were examined and 

periodically those organs of each fish 

were tested for A. hydrophila antigen 

by co-agglutination method. 

 

Preparation of Supernatant Antigen 

Liver, kidney and muscle of A. 

hydrophila, A. sobria, A. salmonicida, 

P. aeruginosa, and S. agalctiae infected 

fish were crushed three to five times 

with PBS suspension. The organs were 

heated in 30min at 100°C and 

centrifuged at 4.000rpm for 10min. The 

supernatant was used as the test sample 

in the co-agglutination test. 
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A. hydrophila was cultured on TSA for 

18-24h at 30
o
C. Harvesting of bacteria 

was conducted by washing bacteria 

three times. Bacterial dilution was 

performed with an initial density of 

10
9
cfu mL

-1
 up to 10

1
cfu mL

-1
. Each 

bacterial suspension was heated at 

100°C for 30min and centrifuged at 

4.000rpm for 10min. 

 

The sample test using co-agglutination 

reagent 

Supernatant antigen was dropped on the 

glass object and the same volume of co-

agglutination reagent was added. A 

total of 25μL serum and 25μL 

supernatant was placed in glass object 

and homogenized with continuous 

observation for 1-30sec against 

contrasting background. 

 

Specificity and sensitivity test 

Specificity test was conducted by 

adding antiserum against antigen of A. 

sobria, A. salmonicida, P. aeruginosa 

and S. agalactiae to cause negative 

agglutination reaction. The sensitivity 

characteristics tests were carried out by 

serial method dilution of 10
9
cfu mL

-1
 

up to 10
1
cfu mL

-1
. The lowest dilution 

was still capable of forming the 

antigen-antibody binding reaction 

which was the result of sensitive 

property. 

 

Comparison with PCR (Polymerase 

Chain Reaction) assay 

A. hydrophila, A. sobria, A. 

salmonicida, S. agalctiae and P. 

aeruginosa were extracted based on 

Genomic DNA Mini Kit for tissue 

extraction. Amplification was 

performed using primers forward 

primer (5'-CCAAGGGGTCTGTGG-

CGACA-3') and reverse primer (5'-

TTTCACCGGT AACAGGATTG-3', 

Pollard et al., 1990). PCR program for 

DNA amplification with an initial 

denaturation of 95
o
C for 4min, 

denaturation of 95
o
C for 30sec, 

annealing at 54
o
C for 45sec and 

extension at 72
o
C for 30sec, all steps 

were cycled for 30 cycles. Finally, the 

process was finished by extension at 

72
o
C for 10min with the final 

temperature of 40
o
C. PCR results of 

various treatments were 

electrophoresed on agarose gel. 

Electrophoresis was run with 100 volt 

voltage for 23min and was observed 

above the UV transilluminator. 

 

Results 

Polyclonal antibody reaction 

The polyclonal antibody reaction to 

rabbits injected with A. hydrophila 

antigen showed agglutination reaction 

at weeks two and three. Specific 

reaction of polyclonal antibody serum 

to A. hydrophila was the presence of 

agglutinic particles (sand-like grains, 

Fig. 1). Negative reactions were shown 

in the negative controls which were 

reacted to A. sobria, A. salmonicida, P. 

aeruginosa and S. agalactiae with no 

agglutinate particle (homogeneous 

suspension, Fig. 2). 

     The cross reactions tested with A. 

sobria, A. salmonicida, P. aeruginosa 

and S. agalactiae showed no 
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agglutination reaction. The method 

performed in the cross reaction test 

showed that serum polyclonal 

antibodies were specific only to the 

whole cell of A. hydrophila (Tabel 1). 

Results of antibody titer measurement 

showed that there was an increase of 

antibody titer value from day 14 at 1:32 

to day 21 at 1:128 (Table 2). 

 

 

Figure 1: Positive agglutination reaction base 

on polyclonal antibody. 

 

 

Figure 2: Negative agglutination reaction 

base on polyclonal antibody. 

Detection of protein A in S. aureus 

Cowan I 

The rabbit serum added with S. aureus 

Cowan I on SSA showed bacteria with 

compact colonies, whereas in SA 

testing medium showed diffuse colonies 

(Fig. 3). The difference of results from 

each medium assay is provided in Table 

3. Compact and defuse colonies of S. 

aureus were present in added rabbit 

serum and chicken serum, also diffuse 

colonies of S. epidermis were present in 

SA, rabbit serum or chicken serum. 

 

Table 1: Determination of cross reaction of 

A. hydrophila polyclonal antibody, 

- negative, + positive. 

Bacterial antigen Agglutination 

A. hydrophila 

A. sobria 

+ 

- 

A. salmonicida - 

P. aeruginosa - 

S. agalactiae - 

 

Co-agglutination reagent assay 

The results of co-agglutination test on 

muscle, liver and kidney of fish 

infected by A. hydrophila, A. sobria, A. 

salmonicida, P. aeruginosa, S. 

agalactiae and uninjected control are 

presented in Table 4. Positive reaction 

occurred only at fish organs injected by 

A. hydrophila. The organs of fish 

injected with A. sobria, A. salmonicida, 

P. aeruginosa, S. agalactiae, and 

uninjected control showed negative 

reaction. 

     The positive co-agglutination 

reaction caused by A. hydrophila 

antigen was formed within 10-30 

seconds. The complex bonding process 

that consists of antigen antibodies 

which results in the size of the molecule 

was getting bigger so it could be seen 

directly getting the smooth grain like 

white sand (Fig. 4). 
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Table 2: Antibody titer test measurements.+have agglutination, - dose have agglutination; 1 

(1:1 dilution), 2 (1:2 dilution), 3 (1:4 dilution), 4 (1:8 dilution), 5 (1:16 dilution), 6 

(1:32 dilution), 7 (1:64 dilution), 8 (1:128 dilution), 9 (1:256 dilution), 10 (1:512 

dilution), 11 (1:1024 dilution), 12 (1:2056 dilution). 

Time Agglutination in a serum dilution 

1 2 3 4 5 6 7 8 9 10 11 12 

Day 0 - - - - - - - - - - - - 

Days 14 + + + + + + - - - - - - 

Days 21 + + + + + + + + - - - - 

 

 

Figure 3: Compact colonies of S. 

aureus in rabbit serum 

SSA media and diffuse 

colonies in SA media. 

 

Table 3: Shape of bacterial colonies of Staphylococcus aureus and Staphylococcus epidermidis 

in serum-soft agar (SSA) test and soft agar (SA) test. 

Isolates 

Media testing 

Soft agar (SA) 
Serum-soft agar (SSA) 

Rabbit serum Chicken serum 

Staphylococcus aureus Cowan I Diffuse Compact Diffuse 

Staphylococcus epidermidis Diffuse Diffuse Diffuse 

 

Table 4: Co-agglutination test results on gourami organ sample, (+) positive reaction; (-) 

negative reaction. 

Bacterial infections 

The reaction of agglutination on organs 

Muscle Liver Kidney 

1 2 3 4 1 2 3 4 1 2 3 4 

Aeromonas hydrophila + + + + + + + + + + + + 

Aeromonas sobria - - - - - - - - - - - - 

Aeromonas salmonicida - - - - - - - - - - - - 

Pseudomonas aeruginosa - - - - - - - - - - - - 

Streptococcus agalactiae - - - - - - - - - - - - 

Without infection - - - - - - - - - - - - 
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Figure 4: Reaction of co-agglutination 

reagents: Positive agglutination 

reaction. 

 

Each fish injected with A. sobria, A. 

salmonicida, P. aeruginosa, S. 

agalactiae and control without injection 

of bacteria showed a homogeneous and 

agranular reaction which indicate a 

negative reaction (Fig. 5). 

 

 
Figure 5: Reaction of co-agglutination 

reagents: Negative agglutination 

reaction. 

Specificity and sensitivity of co-

agglutination reagent 

Specificity of co-agglutination reagent 

indicated that the presence of A. 

hydrophila antigen was detected by the 

reagent (Fig. 6). Co-agglutination 

reagent exhibited a 30-second test limit 

on A. sobria, A. salmonicida, P. 

aeruginosa and S. Agalactiae, and 

produced negative agglutination. 

Fragment antigen binding (Fab) in co-

agglutination reagent had specific 

character showing A. hydrophila 

increased existence and could bind to 

its specific antigen (Fig. 6A). 

     The co-agglutination reagent 

isolated A. hydrophila at sensitivity 

level starting from 10
9
cfu mL

-1
 up to 

10
1
cfu mL

-1
. It showed that density of 

10
9
cfu mL

-1
 until 10

6
cfu mL

-1
 detect A. 

hydrophila antigen as sensitivity limit 

with an indication of particle 

agglutination (Fig. 7A-D). 

     Obviously, co-agglutination reagent 

A. hydrophila antigen detection limit 

was 10
6
cfu mL

-1
, because the density of 

10
5
cfu mL

-1
 until 10

1
cfu mL

-1
 showed 

negative reaction (Table 5). 

 

Detection of A. hydrophila with PCR 

PCR method only detected A. 

hydrophila as positive result, while 

negative result is shown for A. sobria, 

A. salmonicida, P. aeruginosa and S. 

agalactiae (Fig. 8). The synthetic 

aerolysin specific, base on 

oligonucleotide primers, targeting 

209bp fragment of the aerolysin gene, 

coding for hole forming aerolysin toxin, 

detected A. hydrophila. In contrast, no 

similar fragment was observed in the 

PCR method when the template nucleid 

acid from A. sobria, A. salmonicida, P. 

Aeruginosa and S. Agalactiae was 

examined. 
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Figure 6: Specificity of co-agglutination reagent: (A) A. hydrophila, (B) A. sobria, (C) A. 

salmonicida, (D) P. aeruginonas, (E) S. agalactiae, (D) non-infection. 

 

 
Figure 7: Sensitivity of co-agglutination reagent: (A) A. hydrophila 10

9
cfu mL

-1
, (B) A. 

hydrophila 10
8
cfu mL

-1
, (C) A. hydrophila 10

7
cfu mL-1, (D) A. hydrophila 10

6
cfu mL-1, 

(E) A. hydrophila 10
5
cfu mL

-1
, (F) A. hydrophila 10

4
cfu mL

-1
, (G) A. hydrophila 10

3
cfu 

mL
-1

, (H) A. hydrophila 10
2
cfu mL

-1
, (I) A. hydrophila 10

1
cfu mL

-1
. 

 

Table 5: Sensitivity of co-agglutination reagent to A. hydrophila antigen, (+) positive reaction, 

(-) negative reaction. 

Density of  

A. hydrophila antigen 

Cfu mL
–1

 

10
9
 10

8
 10

7
 10

6
 10

5
 10

4
 10

3
 10

2
 10

1
 

Co-agglutination reaction + + + + - - - - - 
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Figure 8: PCR specific test: (M) marker, (C -) negative control, (C +) 

positive control, (A) S. agalactiae, (B) P. aeruginosa, 

(C) A. sobria, (D) A. salmonicida, (E) A. hydrophila. 

 

Detection of A. hydrophila antigen with 

co-agglutination test and PCR after 

injection 

Detection of A. hydrophila with co-

agglutination method compared with 

PCR method is shown in Table 6. After 

an artificial injection in gourami the 

presence of A. hydrophila was detected 

by co-agglutination or PCR. The fish 

was injected with A. hydrophila which 

invaded the fish after one hour. 

 

The co-agglutination could detect A. 

hydrophila in muscle one hour after 

injection. A. hydrophila in the internal 

organs (liver and kidney) was detected 

12h and 24h after injection. However, 

PCR method was able to detect the 

presence of A. hydrophila in muscle, 

liver, and kidney in each test after 

injection. 

 

 

Table 6: Detection data of A. hydrophila post-infection (Co-agglutination/ PCR), (+) positive 

reaction, (-) negative reaction, (C) co-agglutination, (P) PCR. 

 

 

Organ 

Hours Moribund 

fish 

Dead 

fish 1 3 6 12 24 48 

C P C P C P C P C P C P C P C P 

Muscle + + + + + + + + + + + + + + + + 

Liver - + - + - + + + + + + + + + + + 

Kidney - + - + - + - + + + + + + + + + 

 

Discussion 

Rapid detection of immunoassay 

methods with agglutination technique 

using polyclonal antibodies produced 

by B lymphocytes with different types 

of cloning due to the antigen bond 

response with different epitopes. The 

method was to inject one type of 

protein or antigen which was called 

immunogen into the body of a mammal 

such as a rabbit. Immunoglobulin G 

(IgG) was specific immunogen 

produced by B lymphocyte cells as an 

immune response. IgG would circulate 

in the body especially in blood serum. 

An adequate amount of IgG can be 
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obtained from the serum of the animal 

(Koivunen and Krogsrud, 2006). 

     Agglutination ensued if the antigen 

component or antibody component was 

not dissolved. Antibody serum was 

made when designed particles bond 

with Staphylococcus aureus cells that 

had protein A. Fragment crystallizable 

region (Fc) of IgG bound by protein A 

and the antigen would stick to the 

specific fragment antigen-binding 

portion (Fab) of IgG (Wibawan and 

Soejoedono, 2013). The occurrence of 

protein A in S. aureus binding against 

rabbit antiserum is because of high 

affinity between Fc of IgG in rabbit and 

protein A (Foster et al., 2014). Protein 

A has the ability to bind Fc of IgG in 

mammals but not to Fc of IgY in 

chicken (Xiong et al., 2016). 

     Examination of cross reaction was 

important to know that A. hydrophila 

producing serum polyclonal antibody 

was specific to A. hydrophila antigen. 

The immunization process of rabbit was 

conducted by increased antibody titer 

value. A specific antibody need time to 

recognize antigen before the antibody 

could respond. Measurement of 

antibody titer in rabbits using serial 

dilution with antibody titer value was 

done from the opposite of the highest 

dilution that still show agglutination 

(Tizard, 1988). 

     Affecting factor of self agglutination 

was the chemical interactions between 

the components of the reagent which 

were created. S. aureus contained 

protein A which could bind 

immunoglobulin to constant regions 

(Fc) and variable regions (Fab) in each 

of the five recurrent triple-helix 

domains by binding to Fc domains of 

IgG and Staphylococcal Immune 

Evasion Protein to inhibit opsonization 

and phagocytosis (Bagnoli et al., 2017). 

The purified serum binding to protein A 

was an important step for the success of 

the polyclonal antibody bonds resulting 

from its receptor. The impact eventually 

would lead to the presence of other 

unsuitable proteins circulating in large 

amounts of serum ultimately interfering 

with the affinity of antibody receptors, 

if the antibody was not purified. 

     The co-agglutination method in this 

study was done in optimized 

temperature and time in the antigen 

inactivation process before antiserum 

production is carried out. Pelczar et al. 

(2012) stated that temperature and time 

are critical to determine susceptibility 

of bacteria. Bacteria have proteins that 

are sensitive to the environment. High 

temperature would reduce biochemical 

activity of bacteria to support the 

antigen antibody reaction. 

     In this research, A. hydrophila 

antigen on gourami can be detected 

within 10-30sec. Other co-agglutination 

methods are performed by Evan (2017) 

to detect Vibrio parahaemolyticus in 

white shrimp within one minute, Fikar 

et al. (2015) to detect Edwardsiella 

tarda in catfish for 10min, 20min, and 

30min, dan Xueqin et al. (1997) to 

detect A. hydrophila for three minutes. 

     This study has a limit detection at 

10
6
cfu mL

-1
 of A. hydrophila antigen. 

Ningrum et al. (2017) used a co-
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agglutination against Escherichia coli 

antigen to produce the lowest 

sensitivity level of the detectable 

bacteria on E. coli which located of 

10
8
cfu mL

-1
. The specificity interaction 

is a major factor to increase sensitivity. 

The higher the percentage rate of 

antibody bound to protein A of S. 

aureus indicated more sensitive 

developed co-agglutination test. 

Specific antibodies occurred in the 

presence of specific antibody bound 

available on one side of Fab against one 

type of multivalent antigen epitope. In 

the other part of Fab there would be 

bound to another epitope in the antigen 

resulting in a complex antigen-antibody 

binding (Coico and Sunshine, 2015). 

     After injection of A. hydrophila, the 

cause of motile Aeromonas septicemia 

(MAS), gourami showed clinical 

symptoms such as, fish often on the 

surface of water, red spots in the mouth 

and around the mouth, hemorrhagic on 

the surface area of the body, body color 

not bright, and presence of ulcers and 

swelling at the injection site. According 

to Stratev and Odeyemi (2017) MAS 

disease would cause symptoms like, 

hemorrhage, ulceration and abscess on 

the body surface of fish, presence of 

fluid in the stomach, and anemia. 

     A. hydrophila antigen could be 

detected on muscle at one hour after 

injection. It showed that pathogenicity 

is started, and the bacteria continue to 

distribute to other internal organs such 

as liver and kidney. This study was 

supported by findings of Reddy et al. 

(2013) who measured the enzyme in 

liver and kidney of Catla catla infected 

by A. hydrophila and showed that the 

enzyme level present in liver was larger 

than that in kidney. This indicates that 

metabolism of enzymes found in liver 

was faster than in kidney due to the 

injection of A. hydrophila. In 

accordance with the results obtained, it 

could be concluded that detection of A. 

hydrophila antigen presence in liver is 

faster than kidney. This was caused 

because of presence of antigens smaller 

than 10
6
cfu mL

-1
. A. hydrophila was 

also found in moribund fish and dead 

fish. Cutuli et al. (2015) also showed 

the A. hydrophila was present in 

moribund fish and dead fish injected 

with A. hydrophila. 

    PCR method detected A. hydrophila 

at 209bp which was in conformity with 

Pollard et al. (1990) that used synthetic 

oligonucleotide primers in polymerase 

chain reaction (PCR) with the target of 

209bp from the largest open reading 

framework of aerolysin gene sequence. 

Aerolysin gene can cause host cell 

apoptosis or necrosis, if there is an 

excess of aerolysin gene it could 

accelerate the process of apoptosis, 

ultimately causing tissue damage 

(Galindo et al. 2005). 

     In this study, co-agglutination 

method was able to detect A. 

hydrophila antigen on gourami. 

Sensitivity of co-agglutination had a 

detection limit of 10
6
cfu mL

-1
. Co-

agglutination had the advantage of 

being able to elicit specific and senstive 

reaction which was rapid, accurate and 

requires equipment and materials that 
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are relatively simple and easy to 

conduct in laboratory or field. 

 

Acknowledgment  

The authors would like to thanks 

analysts of Microbiology Laboratory in 

Fish Disease Inspection and 

Environment Office (LP2IL), Serang-

Banten, Indonesia, for their technical 

support. The authors report no conflicts 

of interest. The authors are responsible 

for the content and writing of the paper. 

 

References 

Amanu, S., Rifai, A.B., Yulianah, L. 

and Dwiwahyu, P., 2015a. Evaluation 

of coagglutination test kit for red sea 

bream Iridovirus. Journal of 

Agricultural Science and Technology, 

B5(6), 437-440. DOI: 10.17265/2161-

6264/2015.06.009 

Amanu, S., Untari, T., Wibowo M.H. 

and Artanto S., 2015b. 

Development of Aeromonas 

hydrophila detection from tilapia 

fish (Oreochromis niloticus) by Agar 

Gel Precipitation (AGP) method in 

Yogyakarta. Journal of Sains 

Veteriner, 33(2), 216-221, in 

Indonesian. DOI: https://doi.org/10. 

22146/jsv.17921 

Bagnoli, F., Rappuoli, R. and Grandi, 

G., 2017. Staphylococcus aureus: 

microbiology, pathology, 

immunology, therapy and prophylaxis. 

Springer International Publishing AG, 

Italy. 

Ballyaya, A.P., Mondal, M., Kalkuli, 

S.M. and Purayil, S.B.P., 2018. 

Development of a simple and rapid 

monoclonal antibody-based flow 

through immunogold assay (FIA) for 

detection of Aeromonas hydrophila. 

Aquaculture International, 26, 1171-

1186. DOI: 10.1007/s10499-018-

0278-7 

Coico, R. and Sunshine, G., 2015. 

Immunology a Short Course, seventh 

edition. Wiley Blackwell, Hoboken, 

NJ, USA. 

Cutuli, M.T., Gibello, A., Rodriguez-

Bertos, A., Blanco, M.M., 

Villarroel, M., Giraldo, A. and 

Guarro, J., 2015. Skin and 

subcutaneous mycoses in tilapia 

(Oreochromis niloticus) caused by 

Fusarium oxysporum in coinfection 

with Aeromonas hydrophila. Journal 

of Medical Mycology Case Reports, 

9, 7-11. DOI: https://doi.org/10.1016 

/j.mmcr.2015.06.002 

Djannatun, T., 2016. The presence of 

protein on the surface of 

Staphylococcus aureus bacterial cells 

using serum-soft agar techniques. 

Yarsi Medical Journal, 24(3), 148-

156. DOI: 10.33476/jky.v24i3.263 

Dublin, D.R., 2012. Detection methods 

for the epizootiological survey of 

Aeromonas salmonicida, the causative 

agent of furunculosis. Thesis for 

Master of Science in Marine Life 

Sciences, Hokkaido University, 

Sapporo, Japan. 

Evan, Y., 2017. Rapid test development 

of coagglutination method for Vibrio 

parahaemolyticus antigen detection 

cause vibriosis disease on white 

shrimp (Litopenaeus vannamei). 

Thesis, Bogor Agricultural University, 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
21

.2
0.

1.
6.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
01

 ]
 

                            13 / 16

https://doi.org/10
https://doi.org/10.1016
https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.1.6.5
https://jifro.ir/article-1-3595-en.html


154 Fitria et al., Development of a co-agglutination method for detection of … 

 

in Indonesian. 

Faeed, M., Kasra Kermanshahi, R., 

Pourkazemi, M., Darboee, M. and 

Haghighi Karsidani, S., 2016. Effect 

of the probiotic Entrococcus faecium 

on hematological and non-specific 

immune parameters and disease 

resistance in zander (Sander 

lucioperca). Iranian Journal of 

Fisheries Sciences, 15(4), 1581-1592. 

DOI: http://dx.doi.org/10.22092/ijfs. 

2018.114631 

Farhana, A. A., Saad, C.R., 

Kamarudin, M.S. and Daud, H.M., 

2015. Growth performance and disease 

resistance towards Aeromonas 

hydrophila in Hemibagrus nemurus 

(Valenciennes, 1840) fingerlings 

through probiotic feeding. Iranian 

Journal of Fisheries Sciences, 14(4), 

846-856. 

Fikar, M., Amanu, S., Simanjuntak, 

S.R.T. and Yudistira, M.A., 2015. 

Edwardsiella ictaluri detection in fish 

by co-agglutination test method. 

Journal of Sains Veteriner, 33(2), 222-

227, in Indonesian. DOI: 

https://doi.org/10.22146/jsv.17922 

Foster, T.J, Geoghegan, J.A., Ganesh, 

V.K. and Hook, M., 2014. Adhesion, 

invasion and evasion: the many 

functions of the surface proteins of 

Staphylococcus aureus. Nature 

Reviews Microbiology, 12(1), 49-62. 

DOI: 10.1038/nrmicro3161 

Galindo, C.L, Fadl, A.A, Sha, J., Pillai, 

L., Gutierrez, C. Jr. and Chopra, 

A.K., 2005. Microarray and 

proteomics analyses of human 

intestinal epithelial cells treated with 

the Aeromonas hydrophila cytotoxic 

enterotoxin. Infection and Immunity, 

73(5), 2628-2643. DOI: 

10.1128/IAI.73.5.2628-2643.2005 

Hong, S.R., Kim, M.S., Jeong, H.D. 

and Hong, S., 2017. Development 

of real-time and quantitative QCM 

immunosensor for the rapid 

diagnosis of Aeromonas hydrophila 

infection. Aquaculture Research, 

48(5), 2055-2063. DOI: 

10.1111/are.13039 

Koivunen, M.E. and Krogsrud, R.L., 

2006. Principles of immunochemical 

techniques used in clinical 

laboratories. Journal of Laboratory 

medicine, 37, 490-497. DOI: 

https://doi.org/10.1309/MV9RM1FD

LWAUWQ3F 

Kusdarwati, R., Kismiyati, K.S., 

Kurniawan, H. and Prayogi, Y.T., 

2017. Isolation and identification of 

Aeromonas hydrophila and 

Saprolegnia sp. on catfish (Clarias 

gariepinus) in floating cages in 

Bozem Moro Krembangan Surabaya. 

IOP Conf. Series: Earth and 

Environmental Science, 

55(1),012038. DOI: 10.1088/1755-

1315/55/1/012038. 

Kusdarwati, R., Dinda, D.N.R.R. and 

Nurjanah, I., 2018. Antimicrobial 

resistance prevalence of Aeromonas 

hydrophila isolates from motile 

Aeromonas septicemia disease. IOP 

Conf. Series: Earth and Environmental 

Science, 137(1), 012076. DOI: 

10.1088/1755-1315/137/1/012076. 

Mufidah, T. Wibowo, H. and Subekti, 

D.T., 2015. Development of elisa 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
21

.2
0.

1.
6.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
01

 ]
 

                            14 / 16

http://dx.doi.org/10.22092/ijfs
https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.1.6.5
https://jifro.ir/article-1-3595-en.html


Iranian Journal of Fisheries Sciences 20(1) 2021                                    155 

 

method and rapid detection using 

imunostick to detect antibody against 

Aeromonas hydrophila in carp 

(Cyprinid carpio). Journal of Riset 

Akuakultur, 10(4), 553-565, in 

Indonesian. DOI: 10.15578/jra.10.4. 

2015.553-565 

Ningrum, S.G., Arnafia, W., Oscarina, 

S., Soejoedono, R.D., Latif, H., 

Ashraf, M. and Wibawan, I.W.T., 

2016. Phenotypic and serotypic 

characterization of Staphylococcus 

aureus strains from subclinical mastitis 

cattle. Journal of Veteriner, 17(10), 

112-118. DOI: 10.19087/jveteriner. 

2016.17.1.112 

Ningrum, S.G., Arnafia, W., Oscarina, 

S., Soejoedono, R.D., Latif, H., 

Ashraf, M. and Wibawan, I.W.T., 

2017. Development of rapid test for 

detection of Escherichia coli O157:H7 

in animal products using 

coagglutination. Dissertation, Bogor 

Agricultural University, Indonesia, in 

Indonesian. 

Pelczar, J.R, Chael, J. and Chian, 

E.C.S., 2012. Dasar-dasar 

mikrobiologi, 3
nd

 edition. Hadioetomo, 

R.S., Imas T., Tjitrosomo S.S., Angka 

S.L. Translation from “Elements of 

microbiology”. UI Press, Jakarta, In 

Indonesian. 

Pollard, D.R., Johnson, W.M., Lior, H., 

Tyler, S.D. and Rozee, K.R., 1990. 

Detection of the aerolysin gene in 

Aeromonas hydrophila by the 

polymerase chain reaction. Journal of 

Clinical Microbiology, 28(11), 2477-

2481. DOI: 10.1128/jcm.28.11.2477-

2481.1990 

Pourgholam, R., Hassan, M.D., 

Kakoolaki, S., Khoshbavar Rostami, 

H.A., Mokarrami Rostami, A. and 

Pourgholam, M.A., 2013. Some 

hematological and biochemical 

changes in blood serum of Grass carp 

(Ctenopharyngodon idella) vaccinated 

with Aeromonas hydrophila following 

exposure to sublethal concentration of 

diazinon. Iranian Journal of Fisheries 

Sciences, 12(1), 12-23.  

Rakib, S.M., Hossen, M.N., Rahman, 

M.A., Sku, S., Akter, S. and Rashid, 

M.M., 2018. Development of anti-

Aeromonas hydrophila serum from 

rabbits. Research in Agriculture 

Livestock and Fisheries, 1(5), 137-145. 

DOI: 10.3329/ralf.v5i1.36562 

Rasmussen-Ivey, C.R., Hossain, M.J., 

Odom, S.E., Terhune, J.S., 

Hemstreet, W.G., Shoemaker, 

C.A., Zhang, D., De-Hai, X., 

Griffin, M.J., Liu, Y.J., Figueras, 

M.J., Santos, S.R., Newton, J.C. 

and Liles, M.R., 2016. 

Classification of a hypervirulent 

Aeromonas hydrophila pathotype 

responsible for epidemic outbreaks 

in warm-water fishes. Frontiers in 

Microbiology, 7, 1615. DOI: 

10.3389/fmicb.2016.01615.eCollecti

on 2016. 

Reddy T.K., Reddy S.J. and Prasad, 

T.N.V.K.V., 2013. Effect of silver 

nanoparticles on energy metabolism in 

selected tissues of Aeromonas 

hydrophila infected Indian major carp, 

Catla catla. IOSR Journal of 

Pharmacy, 3(1), 49-55. DOI: 

10.9790/3013-31204955 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
21

.2
0.

1.
6.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
01

 ]
 

                            15 / 16

https://www.banglajol.info/index.php/RALF
https://www.banglajol.info/index.php/RALF
https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.1.6.5
https://jifro.ir/article-1-3595-en.html


156 Fitria et al., Development of a co-agglutination method for detection of … 

 

SamCookiyaei A., Afsharnasab M., 

Razavilar V., Motalebi A.A., 

Kakoolaki S., Asadpor Y., 

Yahyazade M.Y. and Nekuie Fard 

A., 2012. Experimentally 

pathogenesis of Aeromonas 

hydrophila in freshwater Crayfish 

(Astacus leptodactylus) in Iran. 

Iranian Journal of Fisheries 

Sciences, 11(3), 644-656. DOI: 

10.22092/IJFS.2018.114231 

Sanders A.M., 2019. Standard 

Operation Procedure, Vitek 2 

Compact - identification and 

susceptibility testing. Gundersen 

Health System, La Crosse, WI, USA. 

Stratev A.H.G.D., Gurova E., Vashin 

I. and Daskalov H., 2016. Multiplex 

pcr detection of haemolysin genes in 

β-haemolytic Aeromonas hydrophila 

strains isolated from fish and fish 

products. Journal of Bulgarian 

Agricultural Science, 22(2), 308-

314. DOI: 10.1128/JCM.41.3.1048-

1054.2003 

Stratev D. and Odeyemi O.A., 2017. 

An overview of motile Aeromonas 

septicaemia management. 

Aquaculture International, 25, 1095-

1105. DOI: 10.1007/s10499-016-

0100-3 

Tizard, I.R., 1988. Immunology: an 

introduction, 2
nd

 edition. Saunders, 

Philadelphia, USA. 

Vidthayanon, C., 2012. Osphronemus 

goramy the IUCN red list of threatened 

species 2012. e.T180720A1655531. 

DOI: http://dx.doi.org/10.2305/IUCN. 

UK.2012-1.RLTS.T180720A1655531 

.en. Accessed 13 May 2018. 

Wibawan, I.W.T. and Soejoedono, 

R.D., 2013. The essence of medical 

immunology. Indonesia: Faculty of 

Veterinary Medicine of IPB Press, in 

Indonesian. 

Xiong, J., Wang, W., Zhou, Y., Kong, 

W., Wang, Z. and Fu, Z., 2016. 

Ultra-sensitive chemiluminescent 

detection of Staphylococcus aureus 

based on competitive binding of 

Staphylococcus protein A-modified 

magnetic beads to immunoglobulin G. 

Microchimica Acta, 183(4), 1507-

1512. DOI: 10.1007/s00604-016-

1769-8 

Xueqin, L., Zhenying, W., Jiahao, M., 

Zhenguo, Y. and Wendong, W., 

1997. Study on the rapid diagnosis to 

the main bacterial diseases in the 

cultured freshwater fishes I.A SPA co 

agglutination test for detection of 6 

strains motile Aeromonas species. 

Chinese Journal of Veterinary Science, 

01. 

Yang, Y., Yu, H., Li, H., Wang, A. 

and Tan, S., 2017. Multiplex 

taqman real-time PCR for detecting 

Aeromonas hydrophila, A. veronii 

and A. schubertii. Journal of Israel 

Aquaculture, 69(9), 1346. DOI: 

https://doi.org/10.1139/w05-089 

Yousr, A.H., Napis, S., Rusul, G.R.A. 

and Son, R., 2007. Detection of 

aerolysin and hemolysin fenes in 

Aeromonas spp. isolated from 

enviromental and shellfish sources 

by Polymerase Chain Reaction. 

Asean Food Journal, 14(2), 115-122. 

DOI: 10.5829/idosi.gv.2015.14.04. 

93217

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
22

91
6.

20
21

.2
0.

1.
6.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

25
-0

7-
01

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

http://dx.doi.org/10.2305/IUCN.%20UK.2012-1.RLTS.T180720A1655531%20.en
http://dx.doi.org/10.2305/IUCN.%20UK.2012-1.RLTS.T180720A1655531%20.en
http://dx.doi.org/10.2305/IUCN.%20UK.2012-1.RLTS.T180720A1655531%20.en
https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.1.6.5
https://jifro.ir/article-1-3595-en.html
http://www.tcpdf.org

