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Introduction

Gram-negative, rod-shaped bacteria that are facultative 
anaerobes, non-spore-forming, and belong to the genus 
Aeromonads are widely distributed in aquatic environ-
ments [1]. Aeromonads can be classified into two catego-
ries: psychrophiles, exemplified by Aeromonas salmonicida, 
and mesophiles, represented by Aeromonas hydrophila, 
which can infect both warm-blooded and cold-blooded 
organisms [2]. Sewage, sewage pollutants, surface water, 
groundwater, and sewage-contaminated waterways have 
all been shown to contain the Aeromonas species [3]. Due 

to their capacity to result in soft tissue infections, gastro-
enteritis, septicemia, and wounds to the host, they are clin-
ically significant [4].

Aeromonas hydrophila was once considered an oppor-
tunistic pathogen connected to inferior bacteriological 
infections in freshwater aquaculture [5]. A virulent clonal 
population A. hydrophila was implicated in the establish-
ment of motile Aeromonas septicemia (MAS) patients fol-
lowing an epidemic in 2009 in West Alabama and East 
Mississippi of farm-raised catfish MAS [6–8]. Market-sized 
catfish weighing tens of millions of pounds have been 
lost to virulent A. hydrophila [5,6], which has become a 
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ABSTRACT
Objective:	The	aerolysin	(aerA)	is	a	virulence	indicator	used	to	identify	the	pathogenicity	of	the	
Aeromonas	strain.	Targeting	a	pathogen’s	crucial	virulence	gene	for	detection	is	essential,	as	 it	
determines	 the	potential	 threat	 to	 the	host.	 This	 study	 aimed	 to	develop	 a	 gold	 nanoparticle	
(AuNP)	probe	for	detecting	the	gene	aerA	in	Aeromonas hydrophila	among	field	samples.
Materials and Methods:	Kidney	samples	among	both	healthy	and	sick	Nile	tilapias	in	five	prov-
inces	of	Luzon	Island	were	collected	for	bacterial	analysis.	Screening	using	specific	primers	tar-
geting	aerA	was	conducted	in	parallel	with	testing	the	AuNPs	probe	on	the	same	sample	set.	The	
positive	control	provided	by	BFAR-NFLD,	confirmed	by	polymerase	chain	reaction	(PCR)	assay,	was	
used	as	a	positive	sample	containing	the	target	gene.	
Results:	The	AuNP	probe	demonstrated	a	computed	accuracy	of	81.32%,	sensitivity	of	100%,	and	
specificity	of	81.26%.	Among	the	257	reactions,	59	were	false	positives,	while	no	false	negative	
results	were	observed.	The	AuNP	probe	could	detect	aerA	at	levels	as	low	as	30	ng/µl.	The	low	
prevalence	of	the	target	gene	may	be	attributed	to	the	use	of	general	media	instead	of	specific	
media	like	Rimler-Shotts	agar.	
Conclusion:	 The	 established	 colorimetric	 detection	method	 for	A. hydrophila	 with	 the	aerA	
gene	offers	a	swift	alternative	to	PCR,	negating	the	requirement	for	advanced	equipment	like	a	
thermal	cycler.
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significant pathogen linked to catfish and carp farming in 
China [9] and the USA [10].

Countries including the United States, Egypt, India, and 
Spain [11-13], evidence concerning the reports, In-depth 
research has been done on polymerase chain reaction 
(PCR)-based virulence gene identification and detection of 
bacterial pathogens. Also, the application of nanotechnol-
ogy for detecting these virulence genes has revolutionized 
their diagnostic capability. 

Metal nanoparticles, with dimensions resembling those 
of biomolecules such as proteins (enzymes, antibodies), 
or DNA, share comparable sizes ranging from 2 to 20 nm. 
This similarity in dimensions fosters structural compati-
bility between these two material groups, aligning their 
structures effectively. Gold nanoparticles (AuNPs’) in many 
forms allow facile surface functionalization and operation-
alization with probes and other chemicals, making them 
accessible to various detection modalities [14].

AuNPs are currently popularly used in colorimetric bio-
molecule detection [15]. Due to their distinctive optical fea-
tures resulting from surface plasmon resonance, which causes 
a substantial color change following the aggregation of AuNPs 
when they interact with different biomolecules, AuNPs are 
currently widely utilized for biomolecule detection [15]. In 
Thailand, researchers have established a visual identification 
method for the white spot syndrome virus by employing DNA-
functionalized AuNPs as probes in conjunction with loop-me-
diated isothermal amplification [16]. Similarly, de Guia et al. 
[17] established an AuNP-based method for detecting acute 
hepatopancreatic necrosis disease (AHPND), specifically tar-
geting the pirAvp toxin gene associated with the development 
of AHPND. Recently, Arunrut et al. [18] introduced a rapid 
and sensitive approach combining loop-mediated isothermal 
amplification with a DNA-functionalized AuNP probe for the 
colorimetric detection of the spore wall protein gene of the 
microsporidian Enterocytozoon hepatopenaei. This method 
relies on loop-mediated isothermal amplification and utilizes 
DNA-functionalized AuNPs as probes [18].

The detection of A. hydrophila using PCR and loop-me-
diated isothermal amplification (LAMP) assays was previ-
ously developed. However, both methods require incubation 
at least 65°C. The objective of this investigation was to cre-
ate a probe utilizing AuNPs for identifying A. hydrophila. The 
development of such a protocol would alleviate the need for 
sophisticated equipment and shorten the detection time of 
economically significant diseases. With this, avoiding mass 
mortality on farms would be much easier.

Materials and Methods

Sample collection

Bacterial specimens were collected from both healthy 
and infected tilapia sourced from private farms in key 

tilapia-producing provinces: Pampanga, Isabela, Batangas, 
Laguna, and Nueva Ecija. Using a sterile cotton swab, sam-
ples were taken from the kidneys of the tilapia. These 
samples were then streaked onto sterile nutrient agar 
and incubated at 37°C for 24 h. After incubation, isolated 
colonies were selected and subjected to three successive 
sub-culturing steps to ensure the purity of the bacterial 
isolates. The colonies obtained from purified bacterial 
samples were utilized for DNA extraction through the boil 
method [19].

Probe design and synthesis 

The single-stranded DNA probe design was manually 
designed. Multiple sequences of the aerA gene from A. 
hydrophila were downloaded from the National Center for 
Biotechnology Information (NCBI). Alignment of sequences 
was carried out using Molecular Evolutionary Genetics 
Analysis version 7 to locate the conserved region of the aerA 
gene. Eighteen to 22 nucleotides were individually selected 
and then analyzed using Oligo Analyzer version 1.0.2 for 
hairpins and excessive secondary structures. The candidate 
probe, characterized by a guanine & cytosine (GC) content 
ranging from 40% to 60% and an annealing temperature 
within the range of 50°C–60°C, was assessed using Primer 
Blast to ensure it is devoid of any hairpin structure. Thiol 
C6 was placed on the 5’-end of the sequence to serve as the 
binding site for the AuNPs. The qualified probe sequence 
(5’-C6-TCA AGA CGG TGG TGG GCT GGG CGA T-3’) was sent 
for synthesis to Macrogen Inc. (South Korea).

PCR assay 

Initially, samples were screened for the presence of the 
aerA gene using PCR. The primers specifically designed for 
this study to target the aerA gene, consisting of the forward 
sequence (5’-TCAAGTGGCCACTGGTAGG-3’) and the reverse 
sequence (5’-AGGAAGCCACTCAGC GTC-3’), were utilized. The 
master mix, comprising 9.0 µl of ultrapure water, 6 µl of PCR 
buffer, 2 µl of MgCl2, 0.3 µl of deoxynucleotide triphosphates 
(dNTPs), 0.3 µl of each primer, 0.3 µl of Taq polymerase, and 
2 µl of DNA template, was prepared. The temperature profile 
for the touchdown PCR involved an initial step at 95°C for 
5 min, followed by 40 cycles of 95°C for 30 sec, 65°C with a 
1.0°C decrease in temperature per cycle for 30 sec, and 72°C 
for 5 min. This was followed by one cycle at 72°C for 5 min.

Synthesis and characterization of AuNPs

The AuNPs utilized in this study were produced using the 
Turkevich method [14]. UV-Vis spectrophotometry was 
used to analyze the AuNPs (ThermoFisher, USA), Fourier-
transform infrared spectroscopy (FTIR) (ThermoFisher, 
USA), and scanning electron microscopy (SEM) (Hitachi 
High-Tech, Japan). 
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Optimization of the colorimetric assay using AuNPs 

Colorimetric detection was done by mixing 20 µl bacterial 
DNA plus the premix containing 10 µl of 1 M NaCl2, 10 µl 
0.01M of phosphate buffer saline (PBS), and 10 µl probe. 
The mixture was left to incubate at ambient temperature 
for a duration of 1–2 min. For the verification of the result, 
20 µl AuNP was added [20]. A change in color from red-
dish to grayish indicates positive results, while no change 
in color indicates negative results. The lowest detectable 
limit of A. hydrophila using the AuNP probe was deter-
mined. Using the equations presented by Baratloo et al. 
[21] accuracy, sensitivity, and specificity were calculated 
based on the results of PCR. 

Accuracy	=
TP	+	TN

TP	+	TN	+	FP	+	FN

Sensitivity	=
TP

TP	+	FN

Specificity	=
TN

TN	+	FP

where:
TP = true positive; 
TN = true negative; 
FP = false positive; and 
FN = false negative.

Results and Discussion

The global proliferation of A. hydrophila poses a notable 
risk to aquaculture and the sustainability of fish produc-
tion [22]. Addressing this challenge requires the creation 
of diagnostic techniques that are both sensitive and spe-
cific for detecting A. hydrophila. In this investigation, we 
examined the viability of utilizing an AuNP probe-based 
assay for the detection of A. hydrophila.

The AuNP probe demonstrated exceptional sensitiv-
ity, capable of detecting the target virulence gene at con-
centrations as low as 20 fg/µl [17]. This high sensitivity 
is a promising feature, as it allows for early detection of 
A. hydrophila infections, enabling prompt preventive and 
therapeutic measures to be implemented.

The color change observed in the positive reaction of 
the assay is attributed to the attachment of the AuNP probe 
to the target complementary sequence (Fig. 1).

Moreover, the stability of the pinkish hue on AuNPs after 
bonding with the thiol group linked to the probe indicates 
a negative reaction [20]. This simple and visually interpre-
table colorimetric assay offers a rapid and user-friendly 
diagnostic tool for A. hydrophila detection, potentially suit-
able for on-site testing and point-of-care applications.

Furthermore, in a study conducted by Kampeera et al. 
[23], a modified oligoprobe labeled with AuNPs served 

as a colorimetric indicator, signaling the presence of spe-
cific LAMP products once the reaction concluded (after 45 
min). The initially red colloidal AuNP solution underwent 
a transition to a grayish-blue hue upon the introduction 
of MgSO4 into the solution. This adjustment in AuNP col-
oration was fine-tuned to ensure a distinct differentiation 
between positive and negative outcomes, manifesting as 
red and grayish-blue hues, respectively, following the addi-
tion of salt. The impact of MgSO4 on probe hybridization 
and the ensuing color alteration was thoroughly assessed.

The 232-base pair amplicon generated in this process 
exhibited a 99% similarity to sequences of A. hydrophila 
documented on the NCBI platform, confirming its credibil-
ity as a virulence marker. The cytolytic toxin is encoded by 
the aerA gene and holds a crucial function in the patho-
genicity of A. hydrophila. Upon proteolytic removal of 
its C-terminal propeptide, the membrane permeability 
barrier is broken, leading to the death of host cells [24]. 
Furthermore, A. hydrophila produces numerous virulence 
factors, such as cytotoxins, proteases, S-layers, and aeroly-
sin, which contribute to the severity of infections [25]. 
Among the five tested virulence putative genes by Nhinh 
et al. [26] in different freshwater species, the aerA gene 
showed the highest frequency with 80.5%.

The successful preparation of 17.8 nm AuNPs is sub-
stantiated by characterizing them through FTIR, UV-Vis 
spectroscopy, and SEM, as illustrated in Figure 2.

These rigorous characterizations ensure the repro-
ducibility and reliability of the AuNP probe-based assay, 
essential for its future applications as a diagnostic tool.

Figure 1. Colorimetric comparison of aerA gene positive 
(purple) and negative (red) samples.
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Table 1 presents a summary of the findings of the AuNP 
probe testing. The collected samples from 5 chosen prov-
inces yielded a total of 257 bacterial isolates, specifically 
(Pampanga = 48, Laguna = 57, Batangas = 47, Nueva Ecija 
= 37, and Isabela = 68). Fifty-nine reactions from 257 sam-
ples are considered false positive results, with a maximum 
value of 15 from Nueva Ecija and a minimum value of 9 
from Pampanga and Laguna. False-negative results were 
not observed in all of the samples tested.

Despite the high sensitivity observed in the AuNP probe-
based assay, it is essential to acknowledge the limitation 
in terms of specificity, as the assay exhibited a specificity 
value of 81.26%, falling short of the standard value (95%) 
[22]. The observed low specificity could be attributed to 
potential cross-reactivity or non-specific interactions of 

the AuNP probe with other non-target DNA sequences. 
Further investigations are warranted to address this issue 
and improve the assay’s specificity. Modifications in the 
probe design, optimization of reaction conditions, and 
incorporation of additional control measures could poten-
tially enhance the assay’s specificity, making it a more reli-
able diagnostic tool.

The AuNP probe-based assay showed promising results 
with its high sensitivity and successful detection of the A. 
hydrophila virulence gene. While it presents a valuable 
tool for A. hydrophila detection, addressing the specificity 
issue is crucial to ensuring its accuracy and reliability in 
diagnostic applications. The combination of PCR-based 
amplification and AuNP probes offers a powerful approach 
for sensitive and rapid detection of A. hydrophila, holding 

Figure 2. Characterization of AuNPs using UV-Vis (1A), SEM (1B) and FTIR (1C).

Table 1. Result	summary	of	the	AuNP	probe	testing.	

Province True positive (TP) False positive (FP) True negative (TN) False negative (FN) Total samples

Pampanga 0 9 48 0 48

Laguna 0 9 57 0 57

Batangas 0 14 47 0 47

Nueva	Ecija 0 15 37 0 37

Isabela 1 12 67 0 68

Total 1 59 256 0 257
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great potential for addressing the challenges posed by this 
pathogen in aquaculture settings [27]. 

Conclusion

The computed values for the accuracy, sensitivity, and 
specificity of the AuNP probe were of good range. However, 
having only one positive sample is not conclusive as far as 
statistics are concerned. A better projection of the rele-
vant parameters would call for more positive samples. The 
development of this AuNP probe could help in the rapid 
detection of aerA gene-possessing A. hydrophila and avoid 
mass mortality resulting in economic losses by utilizing 
early disease diagnosis.
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