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bacteria could cause some problems in disease treatment and the environment. This 

research aimed to identify the presence of superbugs in the river stream that flows 

through State University of Malang campus area. Amoxicillin, tetracycline, and 

chloramphenicol were selected to test the possibly found resistant bacteria. Water 

samples taken from a decided spot was spread over Luria Bertani’s agar on both 

antibiotic supplemented and antibiotics-free LB agar media with no delay. Molecular 

identification was carried out using 16S rRNA gene in DNA barcoding approach, 

completed with morphological and Gram staining analyses. A total of 16 isolates of 

gram-negative colonies were found in the form of bacilli, diplobacilli, cocci, and 

diplococci. The genetic identification of eight resistant colonies led us to suggest that 

the isolates may belong to Aeromonas, Shigella, and Bacillus. Further studies are still 

required to get a clearer view of the correct taxonomical position of those resistant 

isolates. 
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INTRODUCTION 

Superbug is a term used to describe strains of 

microorganisms, which are resistant to one or more 

antibiotics (Rajendran, 2018). Antibiotic resistance is 

a phenomenon that occurs when bacteria cannot be 

killed or their growth is not inhibited by the 

administration of antibiotics (World Health 

Organization, 2014). There are more than 1.5 million 

deaths worldwide yearly caused by superbug 

infection (Hall et al., 2018).  

Various pathogenic bacteria, including 

Escherichia coli, Mycobacterium tuberculosis, Clostridium 

perfringens, Legionella pneumophila, Pseudomonas 

aeruginosa, Shigella flexneri, Vibrio cholera, and 

Salmonella enterica have been detected in wastewater 

(Cai & Zhang, 2013). Among those pathogenic 

bacteria, several strains of P. aeruginosa, E. coli, 

Acinetobacter sp., and Enterobacteriaceae has been 

known to be resistant to antibiotics (Jia & Zhang, 

2019). Reports on resistant bacteria are still very 

limited in Indonesia. Verawaty et al. (2020) reported 

the presence of E. coli that is resistant to ampicillin, 

tobramycin, and tetracycline in the waters of 

Palembang, meanwhile Suhartono et al. (2021) 

reported the presence of Salmonella spp. that are 

resistant to azithromycin, tetracycline, and 

streptomycin in the Lamnyong and Krueng waters, 

Aceh. Research on resistant bacteria in Indonesian 

waters is still limited, providing the basis for 

carrying out this research.  

The main cause of antibiotic resistance is the 

misuse of antibiotics, especially in humans and 

livestock (Parathon et al., 2017), due to the easy 

access of the public to antibiotics without a 

prescription either in drugstores or food stalls 

(Yarza et al., 2015). Amoxicillin was the most widely 

Jurnal Riset Biologi dan Aplikasinya 
https://journal.unesa.ac.id/index.php/risetbiologi 

mailto:listyorini.aljabari@um.ac.id
https://doi.org/10.26740/jrba.v5n1.p27-36


Jurnal Riset Biologi dan Aplikasinya, 5(1): 27-36, March 2023 | 28 

 

 

consumed antibiotic in Indonesia during 2008-2010, 

while tetracycline and chloramphenicol were ranked 

fifth and tenth, respectively (Pradipta et al., 2015). 

Amoxicillin is commonly used to treat respiratory 

infections (Akhavan et al., 2021) as well as 

tetracycline (Bidell et al., 2020), while 

chloramphenicol is used to treat typhoid fever 

(Hanekamp & Bast, 2015). Amoxicillin is a ß-lactam 

antibiotic of the penicillin class (amino-penicillin), 

which acts as a bactericide (Bernatová et al., 2013). 

Tetracycline is a tetracycline-class antibiotic that 

works as a bacteriostatic to inhibit bacteria 

replication (Shutter, 2022). Meanwhile, 

chloramphenicol works through both bacteriostatic 

and bactericidal mechanisms at high concentrations 

(Oong & Tadi, 2021). 

Superbug have also reported to be found in the 

air environment of hospitals, livestock sector, and 

sewage treatment plants (Zhou et al., 2020). In the 

aquatic environment, superbugs can also be found 

due to the fact that in many areas, water bodies 

become the estuaries of domestic waste (Puspita et al., 

2016), hospital waste (Sarkar et al., 2019), 

agricultural waste (Habibi et al., 2014), mining waste 

(Mulyadi et al., 2020), and industrial wastewater 

(Rahardjo & Prasetyaningsih, 2021). This causes 

adverse ecotoxicological effects (Smith et al., 2020). 

In many cases, the disposal of wastewater treatment 

plants located upstream is a major source of 

antibiotic-resistant bacteria in waters (Ren & 

Hongqiang, 2019). Surface and groundwater have 

been reported in several studies to have a role in 

causing the emergence of antibiotic-resistant 

organisms (Li et al., 2014; Hughes et al., 2013; 

Bradford et al., 2017). 

The river stream within State University of 

Malang Campus is an estuary of domestic waste 

disposal originating from densely populated 

residential areas upstream. Wastewater has been 

reported to be one of the reservoirs for superbugs 

and an important source for the spread of antibiotic 

resistance (Jia & Zhang, 2019). Taking into 

consideration the negative impact of resistant 

bacteria on the treatment of diseases and 

environment, we studied the possible existence of 

superbugs in the river flow within the campus. 

Molecular identification of superbugs was done 

using 16S rRNA gene sequence based on the report 

that 16S rRNA gene is highly conserved which only 

undergoes slight nucleotide changes in the 

evolutionary process (Lan et al., 2016). This research 

aimed to identify the presence of superbugs in the 

river stream that flows through Malang State 

University campus area. 

 

   MATERIALS AND METHODS 

Location and time of observation 
This explorative descriptive research was 

carried out from September 2021 through August 

2022 at Biology Laboratory of the State University 

of Malang. Sampling was taken at river flow of the 

State University of Malang, Jl. Semarang No.5, 

Malang, Indonesia. The location of sampling 

coordinates is located at 7°57'41.0"S, 112°37'06.9"E. 

Culture Medium 
Luria Bertani (LB) agar and Luria Bertani broth 

were used as a bacterial culture medium. All media 

and tools were sterilized in an autoclave at 121⁰C, 15 

lbs. for 15 minutes. As much as 32 mg/L of 

amoxicillin, 16 mg/L of tetracycline, or 32 mg/L of 

chloramphenicol were added to LB agar media 

(Huang et al., 2012; Tahrani et al., 2015) to detect the 

possible existence of antibiotic resistant bacteria. 

The media were then stored in the refrigerator until 

being used. 

Bacteria Sample 

Bacterial samples were isolated from water 

taken at 7 a.m. from the river behind the Green 

House area of State University of Malang. A total of 

15 mL of river water in a sterile centrifuge tube was 

brought to the laboratory in a cooler box. Water 

quality parameters were measured, including water 

pH using the Hanna Instrument pH 211 and water 

turbidity using a digital turbidity meter, SGZ-

200BS. Water sample was diluted gradually (10-1, 10-

2, 10-3, 10-4, 10-5, and 10-6) and homogenized in 0.1% 

peptone media. A total of 0.1 mL of water from each 

sample was inoculated on both LB agar and antibiotic 

added LB agar media in three repetitions. Incubation 

was carried out for 1 x 24 hours at 37⁰C (Bergeron et 

al., 2015). 
Colony Morphological Analysis and Bacterial 

Gram Staining 

Each colony was purified using the quadrant 

streak plate method to obtain a single colony. Each 

isolated colony was observed for colony morphology, 

which included: colony shape, colony edge, colony 

elevation, and colony color. The isolated colonies 

were also inoculated on slanted agar media for short-

term stock and preserved in glycerin solution for 

extended time storage. Bacterial Gram and cell shape 

were microscopically observed. Gram staining was 

performed using ammonium oxalate crystal violet 

reagent, iodine, 96% alcohol, and safranin. 
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Genetic Identification (DNA Barcoding) 

For genetic identification purposes, each of 

antibiotic resistant isolates was cultured in 2 ml of 

liquid LB medium with respective antibiotic added in 

duplicate. Incubation was carried out for 2x24 hours. 

Total bacterial DNA isolation was carried out 

following the protocol provided by the manufacturer 

(Geneaid PrestoTM Mini gDNA Bacteria Kit). The 

quality and concentration of total DNA obtained 

were measured using a Spectrophotometer 

NanoDrop ND-2000. Target gene amplification was 

carried out by PCR technique using universal 

primers for 16S rRNA gene. The forward primer 

used was 27F, 5’-

AGAGTTTGATCMTGGCTCAG-3’, and reverse 

primer used was R1492, 5’-

TACGGYTACCTTGTTACGACT-3’ (Pertiwi et 

al., 2018). Pre-denaturation was carried out at 95°C 

for 3 minutes, followed by 40 amplification cycles 

consisting of denaturation at 95°C for 1 minute, 

annealing at 50°C for 1 minute, extension at 72°C for 

1 minute, and the final extension was carried out at 

72°C for 10 minutes. Electrophoresis was performed 

to visualize the PCR product on 1% agarose gel 

running in 50 volts electrical current for 60 minutes 

(Pertiwi et al., 2018). The results of electrophoresis 

are visualized using a UV trans illuminator. The 

sequence data was taken for eight isolates 

demonstrating antibiotic resistance. Sequencing 

process was carried out by First BASE Laboratories, 

Malaysia.  

Data Analysis 

Colony morphology, bacterial Gram, and 

sequence data were analyzed descriptively. The 

target gene sequences were read using Finch TV. 

Consensus sequences from forward and backward 

sequencing of each sample were constructed using 

ClustalX, then compared to the respective sequence 

databases available in the Gene Bank NCBI using 

online Basic Local Alignment Search Tool (BLAST). 

Phylogenetic tree reconstruction in order to analyze 

the taxonomic position of each bacterial isolate was 

carried out using MEGA-11 software for Neighbor 

Joining (NJ) model with the Kimura-2-Parameter in 

a 1000 bootstrap value (Prasetio et al., 2021). 

 

RESULTS AND DISCUSSION 
Water Parameter 

Water sample taken from a decided spot 

within State University of Malang was neutral (pH 

7,33) and clear (0,1 NTU turbidity).  

Colony Morphology and Gram Staining 

Bacterial colonies were growing on both LB 

and antibiotic added LB media (Figure1 & 2). From 

the original inoculation plates, we subcultured in 

order to purify the distinct colonies.  In LB media we 

found eight different colonies. Meanwhile, three 

different colonies were growing on both Amoxicillin 

and Chloramphenicol media, and only two different 

colonies were growing on Tetracycline media. The 

observed colonies were dominated by circular 

opaques with entire margin, and only a few showing 

other shapes of their edges and being translucent in 

color (Table 1). The observation through Gram 

staining showed that all colonies growing on LB 

media were bacilli, while those growing on antibiotic 

added media were bacilli, diplobacilli, cocci, or 

diplococci (Table 1, Figure 2). 

 

 
Figure 1. Initial inoculation on LB Agar media and antibiotic added LB Agar media. Scale bar = 2 cm 
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Table 1. Morphologies and Gram-staining of 16 distinct purified colonies 

No Control (LB) Gram LB + Antibiotic Gram 

1 2.1 circular; entire; raised; 

opaque; milky white 

Negative 

bacilli 

Amoxicillin 2.1 circular; entire; raised; 

opaque; milky white 

Negative 

bacilli 

2 2.2 circular; entire; flat 

translucent; clear white 

Negative 

bacilli 

Amoxicillin 2.2 circular; entire; flat; 

translucent; clear white 

Negative 

bacilli 

3 2.3 circular; wooly; flat; 

opaque; murky white 

Negative 

bacilli 

Amoxicillin 2.3 circular; irregular; flat; 

opaque; murky white 

Negative 

diplo bacilli 

4 2.4 circular; entire; flat; 

opaque edge; milky white 

Negative 

bacilli 

Chloramphenicol 2.1 circular; entire; raised; 

opaque; milky white 

Negative 

cocci 

5 2.5 circular; irregular; flat; 

opaque; milky white 

Negative 

bacilli 

Chloramphenicol 2.2 circular; entire; flat; 

translucent; clear white 

Negative 

bacilli 

6 2.6 circular; undulate; flat; 

opaque; milky white 

Negative 

bacilli 

Chloramphenicol 2.3 circular; entire; raised; 

opaque; murky white 

Negative 

bacilli 

7 2.7 circular; wooly; flat; 

opaque; milky white 

Negative 

bacilli 

Tetracycline 2.1 circular; entire; raised; 

opaque; milky white 

Negative 

bacilli 

8 2.8 circular; ciliate; flat; 

opaque; murky white 

Negative 

bacilli 

Tetracycline 2.2 circular; entire; flat; 

translucent; clear white 

Negative 

diplococci 

Among all subcultured colonies, we identified 

that there were colonies growing on two different 

antibiotic media, i.e: those which were growing on 

both Amoxicillin (AMX 2.1; Figure 2I) and 

Tetracycline (TET 2.1; Figure 2O) and those which 

were growing on both Amoxicillin (AMX 2.2; Fig. 

2J) and Chloramphenicol (CAP 2.2; Figure 2M). A 

total of 16 bacterial isolates were found. On control 

media grew, eight isolates, on amoxicillin and 

chloramphenicol media, three isolates were grown, 

and on tetracycline media grew only two isolates. It 

can be understood that those number are less than 

the number of bacterial isolates that grew in LB 

media. The presence of antibiotic eliminates the non-

resistant ones that grow naturally on the control 

media due to the absence of any agents that inhibit 

bacterial growth. The inhibition of bacterial growth 

in antibiotic supplemented media may be caused by 

the bacteriostatic effect, which caused disruption of 

bacterial replication (Bernatová et al., 2013; Nemeth 

et al., 2015) and/or bactericidal effect of given 

antibiotics that cause bacterial death (Baquero & 

Levin, 2021).  

The number of isolates grown on amoxicillin 

and chloramphenicol media was greater than that 

grown-on tetracycline media (Table 1; Figure 2). We 

suggest that this finding resulted from the high 

usage of amoxicillin and chloramphenicol in society 

in the area upstream to the river.  Amoxicillin is 

widely used to treat various bacterial infections, such 

as pneumonia, tonsillitis, ear infections (Akhavan et 

al., 2021), sinusitis dermatitis (Sartelli et al., 2018), 

and urinary tract infections (Tan & Chlebicki, 2016). 

Chloramphenicol is used to be applied to treat 

typhoid fever (Hanekamp & Bast, 2015), bacterial 

conjunctivitis (eye infection) and otitis externa 

(Oong, 2021). Tetracyclines are common to be used 

to treat respiratory tract infections (Bidell et al., 

2020) and certain skin inflammations (Orylska et al., 

2022).  

As it has been well understood that the 

excessive metabolites will be removed from body 

through excretory system, either through feces, 

urine, or sweat. (Garza et al., 2020). Then, in turn, the 

disposal of house or hospital sewage, which may 

contain excess antibiotics, directly into any type of 

water body will not only pollute the water, but also 

induce the living organism including bacteria, to 

develop their resistance.  
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        Figure 2. Colony morphology and Gram type. Blue Scale bar = 10 μm 

Amoxicillin works by binding to penicillin-

binding protein, activating autolytic enzymes, and 

thereby causing cell wall lysis (Akhavan et al., 2021). 

Certain antibiotic resistant bacteria, such as E. coli, 

produce ß-lactamase enzymes. This enzyme 

degrades ß-lactam ring of the antibiotic which 

resulting in the deactivation of its function (Wu et al., 

2021). Chloramphenicol works by interfering the 

protein synthesis on the 50S ribosomal subunit and 

inhibiting aminoacyl-tRNA binding at the ribosomal 

site (Blanco & Antonio, 2017). Thus, the mechanism 

of bacterial resistance against chloramphenicol is 

different from the mechanism of resistance to 

amoxicillin. It can be through drug inactivation, 

inhibiting protein synthesis (Kapoor et al., 2017), or 

the existence of an efflux system mechanism 

(Reygaert, 2018). Tetracyclines work by binding to 

16S rRNA and inhibiting tRNA from binding to the 

ribosome site (Chukwudi, 2016). It had been reported 

that tetracycline resistance in Gram-negative 

bacteria can occur through the efflux system 

mechanism. The efflux pump gene codes for a 

membrane protein that pumps tetracycline out of 

cells, rendering the drug ineffective (Amaral et al., 

2014). The presence of superbugs in amoxicillin, 

chloramphenicol, and tetracycline media suggested 
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that the isolated bacteria in this study may develop 

resistance mechanisms. Further studies are required 

to fully understand this finding. 

Identification of bacteria based on the 16S 
rRNA gene 

From all antibiotic resistant isolates, we got 955 

to 1460 bp length fragments. Reconstructed 

phylogenetic tree analysis revealed that two isolates 

of Amoxicillin resistant bacteria (AMX 2.1 and AMX 

2.2) were sitting among Aeromonas species with low 

bootstrap value. A similar situation was shown by 

one Chloramphenicol-resistant isolate (CAP 2.2), 

which was sitting among Shigella species with 

relatively low bootstrap value. It means that position 

is not confidently accepted and needs more genetic 

analysis to clarify this result. On the other hand, 

TET 2.1, CAP 2.3, AMX 2.3, AND CAP 2.1 were 

forming a distinct clade splited from Bacillus spesies 

with high bootstrap value (Figure 3). 

The results of the phylogenetic tree 

reconstruction showed that AMX 2.1 and AMX 2.2 

isolates were suspected to be Aeromonas caviae or 

Aeromonas dhakensis. A. dhakensis causes soft tissue 

infections, bloodstream infections in 

immunocompromised individuals with malignancy 

and cirrhosis. A higher mortality rate was observed 

in cases of bacteremia (Puah et al., 2022). It has been 

reported that A. veronii isolated from Lake Erie 

showed resistance to tetracycline (Skwor et al., 2014). 

Aeromonas spp. isolates were susceptible to 

chloramphenicol found in freshwater fish (Fauzi et 

al., 2021). Resistance of A. dhakensis to erythromycin, 

amoxicillin, and ampicillin has also been reported 

(Soto-Rodriguez et al., 2018). 

This study also revealed that AMX 2.3 isolate, 

CAP 2.1 isolate, CAP 2.3 isolate, and TET 2.1 isolate 

were suspected to be species of the genus Bacillus. 

Some species of Bacillus are involved in food 

poisoning, except for B. anthracis which causes 

anthrax (Tarek et al., 2021). Furthermore, some 

Bacillus sp. was found to have high resistance to β-

lactams, fluoroquinolones, and tetracyclines (Mbhele 

et al., 2021).  

Analyzing the position of CAP 2.2 isolate in the 

phylogenetic tree, we suggest that the isolate 

belongs to Shigella sp. Contamination of Shigella spp. 

to the water can be occurred through human and pet 

waste (Garcia et al., 2017). Shigella spp. is the most 

common bacterium that causes bacillary dysentery 

(shigellosis), a disease characterized by damage to 

the colonic mucosa caused by bacterial invasion 

(Garcia et al., 2017). This member of Shigella has also 

been reported to be resistant to several antibiotics, 

such as ampicillin, chloramphenicol, tetracycline, and 

trimethoprim-sulfamethoxazole (Meiyanti et al., 

2016). Again, a thorough investigation is required to 

prove it. 

The TET 2.2 isolate was suspected to be 

Aeromonas veronii since this isolate stayed in the same 

clade with a convincing bootstrap value. A. veronii is 

a facultative anaerobic, gram-negative, and bacillus-

shaped bacterium (Li et al., 2020). This species had 

been known to cause diarrhea and sepsis in humans 

(Fernández-Bravo et al., 2020). In particular, A. 

veronii is a common pathogen in aquaculture, which 

infects freshwater fish. Drug sensitivity tests showed 

that the A. veronii isolate strain 18BJ181 was 

resistant to against four antibacterial drugs, 

including amoxicillin, madinomycin, penicillin, and 

sulfamethoxazole, while quite sensitive to 

erythromycin and rifampin (Wang et al., 2021). 

Resistance to tetracyclines has also been reported in 

isolates of A. veronii which have been confirmed to 

have tetA and tetE genes (Kim et al., 2020). 

The AMX 2.3, CAP 2.1, CAP 2.3, and TET 2.1 

isolates, which were found to be Gram negative, 

phylogenetically formed an exclusive clade inside 

Bacillus genus big cluster which well known as Gram 

positive bacteria. Considering carefully the finding 

that these isolates were multi-antibiotic resistant, 

thus we suggest that both morphological and 

physiological changes have been occurred. Those 

changes might be caused by certain significant 

mutations. On the other hand, changes in bacterial 

colony morphology and cell shape found in this 

study, might be possible as a result of antibiotic 

treatment and the concentration given in this 

experiment as of reported by Peach et al. (2013) and 

the length of exposure (Cushnie et al., 2016). The 

morphology of E. coli bacterial cells exposed to the 

antibiotics after three hours showed a change in cell 

shape to resemble to the diplobacilli-like, diplococci, 

or forming a typical intracellular inclusion body 

(Dufour et al., 2017).  

Overall, our findings in this study are still far 

from clear. More genetic studies including DNA 

Barcoding approaches using stronger markers, 

genetic analysis on responsible genes that may 

induce antibiotic resistance, and enzymatic bioassays 

are urgently required. Enzymatic analysis would 

confirm whether the isolates produce β-lactamase 

that makes it resistant. Meanwhile, genetic analysis 

which focusing on certain genes mutation may reveal 

how those isolates developed their resistance, 

especially those that became multi-antibiotic 

resistant while phylogenetically coexisting Gram- 
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Figure 3. Isolates taxonomical position based on 16S rRNA in Neighbor Joining method 

 

positive bacteria, may help to determine the possible 

mutations which lead to the resistance to the given 

antibiotic. 

 

CONCLUSION 

This study found eight isolates grew on LB 

media, three isolates grew on amoxicillin media, 

three isolates grew on chloramphenicol media, and 

two isolates grew on tetracycline media. Based on 

colony morphology and gram staining, we found that 

one isolate was multi-resistant to amoxicillin and 

tetracycline, and the other was multi-resistant 

against amoxicillin and chloramphenicol. 

Genetically, the isolates found were suggested to be 

members of Aeromonas, Shigella, and Bacillus. Further 

research is needed to ensure the accuracy of isolated 

species found. 

ACKNOWLEDGMENTS 
The author would like to thanks to LP2M of 

State University of Malang for partial financial 

support through the PNBP Thesis Grant 2022 

scheme to D.L and R.A.S under contract No. 

19.5.857/UN32.20.1/LT/202. 

 

REFERENCES 
Akhavan BJ, Khanna NR, & V. P. (2022). Amoxicillin. In: 

StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing.  
https://www.ncbi.nlm.nih.gov/books/NBK48225
0/ 

Amaral, L., Martins, A., Spengler, G., & Molnar, J. (2014). 
Efflux pumps of Gram-negative bacteria: What 
they do, how they do it, with what and how to deal 

https://www.ncbi.nlm.nih.gov/books/NBK482250/
https://www.ncbi.nlm.nih.gov/books/NBK482250/


Jurnal Riset Biologi dan Aplikasinya, 5(1): 27-36, March 2023 | 34 

 

 

with them. Frontiers in Pharmacology, 4 
JAN(January), 1–11. 
https://doi.org/10.3389/fphar.2013.00168 

Bergeron, S., Boopathy, R., Nathaniel, R., Corbin, A., & 
LaFleur, G. (2015). Presence of antibiotic resistant 
bacteria and antibiotic resistance genes in raw 
source water and treated drinking 
water. International Biodeterioration & 
Biodegradation, 102, 370-374. 
https://doi.org/10.1016/j.ibiod.2015.04.017  

Baquero, F., & Levin, B. R. (2021). Proximate and ultimate 
causes of the bactericidal action of antibiotics. 
Nature Reviews Microbiology, 19(2), 123–132. 
https://doi.org/10.1038/s41579-020-00443-1 

Bernatová, S., Samek, O., Pilát, Z., Šerý, M., Ježek, J., Jákl, P., 

Šiler, M., Krzyžánek, V., Zemánek, P., Holá, V., 

Dvorácková, M., & Ružicka, F. (2013). Following 
the mechanisms of bacteriostatic versus bactericidal 
action using raman spectroscopy. Molecules, 18(11), 
13188–13199. 
https://doi.org/10.3390/molecules181113188 

Bidell, M. R., Pai, M. A. P., & Lodise, T. P. (2020). Use of oral 
tetracyclines in the treatment of adult patients with 
community-acquired bacterial pneumonia: A 
literature review on the often-overlooked antibiotic 
class. Antibiotics, 9(12), 1–22. 
https://doi.org/10.3390/antibiotics9120905 

Blanco Antonio, G. B. (2017). Medical biochemistry. Academic 
Press. 

Bradford, S. A., & Harvey, R. W. (2017). Future research 
needs involving pathogens in 
groundwater. Hydrogeology Journal, 25(4), 931. 
https://doi.org/10.1007/s10040-016-1501-0 

Cai, L., & Zhang, T. (2013). Detecting human bacterial 
pathogens in wastewater treatment plants by a 
high-throughput shotgun sequencing technique. 
Environmental Science and Technology, 47(10), 5433–
5441. https://doi.org/10.1021/es400275r 

Chukwudi, C. U. (2016). rRNA binding sites and the 
molecular mechanism of action of the tetracyclines. 
In Antimicrobial Agents and Chemotherapy, 60(8). 
https://doi.org/10.1128/AAC.00594-16 

Cushnie, T. P. T., O’Driscoll, N. H., & Lamb, A. J. (2016). 
Morphological and ultrastructural changes in 
bacterial cells as an indicator of antibacterial 
mechanism of action. Cellular and Molecular Life 
Sciences, 73(23), 4471–4492. 
https://doi.org/10.1007/s00018-016-2302-2 

Doi, Y., & Chambers, H. F. (2014). Penicillins and β-
Lactamase Inhibitors. In Mandell, Douglas, and 
Bennett’s Principles and Practice of Infectious Diseases 
(Eighth Edi, Vol. 1, Issue 1). Elsevier Inc. 
https://doi.org/10.1016/B978-1-4557-4801-
3.00020-5 

Dufour, N., Delattre, R., Ricard, J. D., & Debarbieux, L. 
(2017). The lysis of pathogenic Escherichia coli by 

bacteriophages releases less endotoxin than by β-
lactams. Clinical Infectious Diseases, 64(11), 1582–
1588. https://doi.org/10.1093/cid/cix184 

Fauzi, N. N. F. N. M., Hamdan, R. H., Mohamed, M., Ismail, 
A., Zin, A. A. M., & Mohamad, N. F. A. (2021). 
Prevalence, antibiotic susceptibility, and presence of 
drug resistance genes in Aeromonas spp. isolated 
from freshwater fish in Kelantan and Terengganu 
states, Malaysia. Veterinary World, 14(8), 2064. 
https://doi.org/10.14202/vetworld.2021.2064-
2072 

Fernández-Bravo, A., Fort-Gallifa, I., Ballester, F., Pujol, I., 
Gomez-bertomeu, F., Domínguez, M., Micó, M., 

Alcoceba, E., Simó-Sisó, J. M., & Figueras, M. J. 
(2020). A case of Aeromonas trota in an 
immunocompromised patient with Diarrhea. 
Microorganisms, 8(3), 1–6. 
https://doi.org/10.3390/microorganisms8030399 

Garcia-Aljaro, C., Momba, M. and Muniesa, M. (2017). 
Pathogenic members of Escherichia coli & Shigella spp. 
Shigellosis. Michigan State University. 

Garza AZ, Park SB, K. R. (2020). Drug Elimination. In: 
StatPearls [Internet]. Treasure Island (FL): 
StatPearls. 
https://pubmed.ncbi.nlm.nih.gov/31613442/ 

Google Maps. (2022). [Sampling Location Point]. Retrieved 
August 8, 2022, from 
https://www.google.com/maps/place/7%C2%B05
7'41.0%22S+112%C2%B037'06.9%22E/@7.96139
37,112.6175212,19z/data=!3m1!4b1!4m9!1m2!2m1
!1sfaculty+enginering!3m5!1s0x0:0x1ce987ef2337
243c!7e2!8m2!3d-7.961395!4d112.6185776 

Hall, W., McDonnell, A., O’Neill, J. (2018). Superbugs: An arms 
race against bacteria. Harvard University Press. 

Hanekamp, J. C., & Bast, A. (2015). Antibiotics exposure and 
health risks: Chloramphenicol. Environmental 
Toxicology and Pharmacology, 39(1), 213–220. 
https://doi.org/10.1016/j.etap.2014.11.016 

Huang, J. J., Hu, H. Y., Lu, S. Q., Li, Y., Tang, F., Lu, Y., & 
Wei, B. (2012). Monitoring and evaluation of 
antibiotic-resistant bacteria at a municipal 
wastewater treatment plant in China. Environment 
International, 42(1), 31–36. 
https://doi.org/10.1016/j.envint.2011.03.001 

Hughes, S. R., Kay, P., & Brown, L. E. (2013). Global 
synthesis and critical evaluation of pharmaceutical 
data sets collected from river systems. 
Environmental Science and Technology, 47(2), 661–
677. https://doi.org/10.1021/es3030148 

Jia, S., & Zhang, X. (2019). Biological HRPs in wastewater. In 
High-Risk Pollutants in Wastewater. Elsevier Inc. 
https://doi.org/10.1016/B978-0-12-816448-
8.00003-4  

Kapoor, G., Saigal, S., & Elongavan, A. (2017). Action and 
resistance mechanisms of antibiotics: A guide for 
clinicians. Journal of anaesthesiology, clinical 
pharmacology, 33(3), 300-305. https://doi.org/300. 
10.4103/joacp.JOACP_349_15 

Kim, H. Y., Jun, J. W., Lim, S. R., Park, S. Y., Han, J. E., Park, 
S. C., & Kim, J. H. (2020). First report of 
tetracycline-resistant Aeromonas veronii infection in 
Amur catfish (Silurus asotus) cultured in Korea. 
Korean Journal of Veterinary Research, 59(4), 207–
211. https://doi.org/10.14405/kjvr.2019.59.4.207 

Lan, Y., Rosen, G., & Hershberg, R. (2016). Marker genes that 
are less conserved in their sequences are useful for 
predicting genome-wide similarity levels between 
closely related prokaryotic strains. Microbiome, 4, 1–
13. https://doi.org/10.1186/s40168-016-0162-5 

Li, T., Raza, S. H. A., Yang, B., Sun, Y., Wang, G., Sun, W., 
Qian, A., Wang, C., Kang, Y., & Shan, X. (2020). 
Aeromonas veronii infection in commercial 
freshwater fish: A potential threat to public health. 
Animals, 10(4), 1–11. 
https://doi.org/10.3390/ani10040608 

Li, X., Watanabe, N., Xiao, C., Harter, T., McCowan, B., Liu, 
Y., & Atwill, E. R. (2014). Antibiotic-resistant E. 
coli in surface water and groundwater in dairy 
operations in Northern California. Environmental 
monitoring and assessment, 186, 1253-1260. 
https://doi.org/10.1007/s10661-013-3454-2 

Mbhele, Zamile N., Christiana O. Shobo, Daniel G. Amoako, 

https://doi.org/10.3389/fphar.2013.00168
https://doi.org/10.1016/j.ibiod.2015.04.017
https://doi.org/10.1038/s41579-020-00443-1
https://doi.org/10.3390/molecules181113188
https://doi.org/10.3390/antibiotics9120905
https://doi.org/10.1007/s10040-016-1501-0
https://doi.org/10.1021/es400275r
https://doi.org/10.1128/AAC.00594-16
https://doi.org/10.1007/s00018-016-2302-2
https://doi.org/10.1016/B978-1-4557-4801-3.00020-5
https://doi.org/10.1016/B978-1-4557-4801-3.00020-5
https://doi.org/10.1093/cid/cix184
https://doi.org/10.14202/vetworld.2021.2064-2072
https://doi.org/10.14202/vetworld.2021.2064-2072
https://doi.org/10.3390/microorganisms8030399
https://pubmed.ncbi.nlm.nih.gov/31613442/
https://www.google.com/maps/place/7%C2%B057'41.0%22S+112%C2%B037'06.9%22E/@7.9613937,112.6175212,19z/data=!3m1!4b1!4m9!1m2!2m1!1sfaculty+enginering!3m5!1s0x0:0x1ce987ef2337243c!7e2!8m2!3d-7.961395!4d112.6185776
https://www.google.com/maps/place/7%C2%B057'41.0%22S+112%C2%B037'06.9%22E/@7.9613937,112.6175212,19z/data=!3m1!4b1!4m9!1m2!2m1!1sfaculty+enginering!3m5!1s0x0:0x1ce987ef2337243c!7e2!8m2!3d-7.961395!4d112.6185776
https://www.google.com/maps/place/7%C2%B057'41.0%22S+112%C2%B037'06.9%22E/@7.9613937,112.6175212,19z/data=!3m1!4b1!4m9!1m2!2m1!1sfaculty+enginering!3m5!1s0x0:0x1ce987ef2337243c!7e2!8m2!3d-7.961395!4d112.6185776
https://www.google.com/maps/place/7%C2%B057'41.0%22S+112%C2%B037'06.9%22E/@7.9613937,112.6175212,19z/data=!3m1!4b1!4m9!1m2!2m1!1sfaculty+enginering!3m5!1s0x0:0x1ce987ef2337243c!7e2!8m2!3d-7.961395!4d112.6185776
https://www.google.com/maps/place/7%C2%B057'41.0%22S+112%C2%B037'06.9%22E/@7.9613937,112.6175212,19z/data=!3m1!4b1!4m9!1m2!2m1!1sfaculty+enginering!3m5!1s0x0:0x1ce987ef2337243c!7e2!8m2!3d-7.961395!4d112.6185776
https://doi.org/10.1016/j.etap.2014.11.016
https://doi.org/10.1016/j.envint.2011.03.001
https://doi.org/10.1021/es3030148
https://doi.org/10.1016/B978-0-12-816448-8.00003-4
https://doi.org/10.1016/B978-0-12-816448-8.00003-4
https://doi.org/300.%2010.4103/joacp.JOACP_349_15
https://doi.org/300.%2010.4103/joacp.JOACP_349_15
https://doi.org/10.14405/kjvr.2019.59.4.207
https://doi.org/10.1186/s40168-016-0162-5
https://doi.org/10.3390/ani10040608
https://doi.org/10.1007/s10661-013-3454-2


35| Sholekah & Listyorini., Genetic Identification of Superbugs 

 

 

Oliver T. Zishiri, & L. A. B. (2021). Occurrence, 
Antibiotic Resistance, Virulence Factors, and 
Genetic Diversity of Bacillus spp. from Public 
Hospital Environments in South Africa. Microbial 
Drug Resistance, 27(12), 1692–1704. 

Meiyanti, M., Salim, O. C., Herwana, E., Kalumpiu, J. V, & 
Lesmana, M. (2016). Antibiotic susceptibility of 
Salmonella, Shigella and Vibrio isolated from 
diarrhea patients in Jakarta, Indonesia. Jurnal 
Kedokteran Dan Kesehatan Indonesia, 7(3), 95–101. 
https://doi.org/10.20885/jkki.vol7.iss3.art4 

Mohammad Alimudin Habibi, L. M. dan S. Y. W. (2014). Studi 
Konsentrasi Fospat Bioavailable Dan Karbon 
Organik Total (Kot) Dalam Sedimen Di Perairan 
Benteng Portugis, Jepara. Journal of Oceanography, 
3(4), 690–697. 

Mulyadi, I., Zaman, B., & Sumiyati, S. (2020). Mercury 
Concentrations of River Water and Sediment in 
Tambang Sawah Village Due to Unlicensed Gold 
Mining. Jurnal Ilmiah Teknik Kimia, 4(2), 2–6. 

Nemeth, J., Oesch, G., & Kuster, S. P. (2015). Bacteriostatic 
versus bactericidal antibiotics for patients with 
serious bacterial infections: Systematic review and 
meta-analysis. Journal of Antimicrobial Chemotherapy, 
70(2), 382–395. 
https://doi.org/10.1093/jac/dku379 

Oong GC, T. P. (2021). Chloramphenicol. StatPearls. 
[Internet]. Treasure Island (FL): StatPearls 
Publishing. 
https://www.ncbi.nlm.nih.gov/books/NBK55596
6/.  

Organization, W. H. (2014). Antimicrobial resistance global 
report on surveillance: 2014 summary 
(No.WHO/HSE/PED/AIP/2014.2). World Health 
Organization. 

Orylska R, M., Placek, W., & Owczarczyk-Saczonek, A. 
(2022). Tetracyclines—An Important Therapeutic 
Tool for Dermatologists. International Journal of 
Environmental Research and Public Health, 19(12), 
7246. https://doi.org/10.3390/ijerph19127246 

Pakbin, B., Amani, Z., Allahyari, S., Mousavi, S., Mahmoudi, 
R., Brück, W. M., & Peymani, A. (2021). Genetic 
diversity and antibiotic resistance of Shigella spp. 
isolates from food products. Food Science and 
Nutrition, 9(11), 6362–6371. 
https://doi.org/10.1002/fsn3.2603 

Parathon, H., Kuntaman, K., Widiastoety, T. H., Muliawan, 
B. T., Karuniawati, A., Qibtiyah, M., Djanun, Z., 
Tawilah, J. F., Aditama, T., Thamlikitkul, V., & 
Vong, S. (2017). Progress towards antimicrobial 
resistance containment and control in Indonesia. 
BMJ (Online), 358, 31–35. 
https://doi.org/10.1136/bmj.j3808 

Peach, K. C., Bray, W. M., Winslow, D., Linington, P. F., & 
Linington, R. G. (2013). Mechanism of action-based 
classification of antibiotics using high-content 
bacterial image analysis. Molecular BioSystems, 9(7), 
1837–1848. https://doi.org/10.1039/c3mb70027e 

Pertiwi, M. P., Praseptin, P. K. H., Werdani, I. D., Listyorini, 
D., & Prabaningtyas, S. (2018). Identification and 
phylogenetic study of bioluminescent bacteria from 
squid (Loligo duvaucelii) based on 16S rRNA gene. 
AIP Conference Proceedings, 2002(August). 
https://doi.org/10.1063/1.5050134 

Pradipta, I., Kartikawati, A., Hartanto, H., Febrina, E., 
Ronasih, E., Abdulah, R., & Amelia, R. (2015). 
Three years of antibacterial consumption in 
Indonesian Community Health Centers: The 
application of anatomical therapeutic 

chemical/defined daily doses and drug utilization 
90% method to monitor antibacterial use. Journal of 
Family and Community Medicine, 22(2), 101. 
https://doi.org/10.4103/2230-8229.155385 

Prasetio, R. A., Isnawati, I., & Rahayu, D. A. (2021). Molecular 
Identification of Pathogenic Bacteria in Kantong 
Semar Plants (Nepenthes Gracillis) Based on 
Mitochondrial 16S rRNA Gene. In E3S Web of 
Conferences, 328, 1-7. 
https://doi.org/10.1051/e3sconf/202132808005 

Puah, S. M., Khor, W. C., Aung, K. T., Lau, T. T. V., 
Puthucheary, S. D., & Chua, K. H. (2022). Aeromonas 
dhakensis: Clinical Isolates with High Carbapenem 
Resistance. Pathogens, 11(8), 1–10. 
https://doi.org/10.3390/pathogens11080833 

Puspita, I., Ibrahim, L., & Hartono, D. (2016). Influence of 
The Behavior of Citizens Residing in Riverbanks to 
The Decrease of Water Quality in The River of 
Karang. Jurnal Manusia Dan Lingkungan, 23(2), 249. 
https://doi.org/10.22146/jml.18797 

Rahardjo, D., & Prasetyaningsih, A. (2021). Pengaruh 
Aktivitas Pembuangan Limbah Cair Industri Kulit 
Terhadap Profil Pencemar Kromium di 
Lingkungan serta Moluska, Ikan dan Padi di 
Sepanjang Aliran Sungai Opak Bagian Hilir. 
Prosiding Seminar Nasional UNIMUS, 4, 1830–
1841. 

Rajendran, R. (2018). Superbug Infection. Journal of Drug 
Metabolism & Toxicology, 09(02), 9–11. 
https://doi.org/10.4172/2157-7609.1000238 

Ren, Hongqiang, & X. Z. (2019). High-risk Pollutants in 
Wastewater. Elsevier Inc. 

Reygaert, W. C. (2018). An overview of the antimicrobial 
resistance mechanisms of bacteria. AIMS 
microbiology, 4(3), 482-501. 
https://doi.org/10.3934/microbiol.2018.3.482 

Sarkar, M., Chakraborty, S., Kundu, D., Ghosh, S., Khan, A., 
Karmakar, D., Ali, S., & Mandal, S. (2019). Isolation 
and Characterization of Bacteria from Sewage and 
Pond Water, Malda, India. Acta Scientific 
Microbiology, 2(9), 28–34. 
https://doi.org/10.31080/asmi.2019.02.0394 

Sartelli, M., Guirao, X., Hardcastle, T. C., Kluger, Y., 

Boermeester, M. A., Raşa, K., Ansaloni, L., 
Coccolini, F., Montravers, P., Abu-Zidan, F. M., 
Bartoletti, M., Bassetti, M., Ben-Ishay, O., Biffl, W. 
L., Chiara, O., Chiarugi, M., Coimbra, R., De Rosa, 
F. G., De Simone, B., Catena, F. (2018). 2018 
WSES/SIS-E consensus conference: 
Recommendations for the management of skin and 
soft-tissue infections. World Journal of Emergency 
Surgery, 13(1), 1–24. 
https://doi.org/10.1186/s13017-018-0219-9 

Shutter MC, A. H. (2022). Tetracycline. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls 
Publishing. 
https://www.ncbi.nlm.nih.gov/books/NBK54990
5/  

Skwor, T., Shinko, J., Augustyniak, A., Gee, C., & Andraso, G. 
(2014). Aeromonas hydrophila and Aeromonas 
veronii predominate among potentially pathogenic 
ciprofloxacin-and tetracycline-resistant Aeromonas 
isolates from Lake Erie. Applied and environmental 
microbiology, 80(3), 841-848. 
https://doi.org/10.1128/AEM.03645-13 

Smith, C. A., Skibinski, K., & Livingston, M. (2020). Response: 
Update on pharmaceutical waste disposal 
regulations-strategies for success. American Journal 
of Health-System Pharmacy, 77(21), 1720–1721. 

https://doi.org/10.20885/jkki.vol7.iss3.art4
https://doi.org/10.1093/jac/dku379
https://www.ncbi.nlm.nih.gov/books/NBK555966/
https://www.ncbi.nlm.nih.gov/books/NBK555966/
https://doi.org/10.3390/ijerph19127246
https://doi.org/10.1002/fsn3.2603
https://doi.org/10.1136/bmj.j3808
https://doi.org/10.1039/c3mb70027e
https://doi.org/10.1063/1.5050134
https://doi.org/10.4103/2230-8229.155385
https://doi.org/10.1051/e3sconf/202132808005
https://doi.org/10.3390/pathogens11080833
https://doi.org/10.22146/jml.18797
https://doi.org/10.4172/2157-7609.1000238
https://doi.org/10.3934/microbiol.2018.3.482
https://doi.org/10.31080/asmi.2019.02.0394
https://doi.org/10.1186/s13017-018-0219-9
https://www.ncbi.nlm.nih.gov/books/NBK549905/
https://www.ncbi.nlm.nih.gov/books/NBK549905/
https://doi.org/10.1128/AEM.03645-13


Jurnal Riset Biologi dan Aplikasinya, 5(1): 27-36, March 2023 | 36 

 

 

https://doi.org/10.1093/ajhp/zxaa227 
Soto-Rodriguez, S. A., Lozano-Olvera, R., Garcia-Gasca, M. 

T., Abad-Rosales, S. M., Gomez-Gil, B., & Ayala-
Arellano, J. (2018). Virulence of the fish pathogen 
Aeromonas dhakensis: genes involved, 
characterization and histopathology of 
experimentally infected hybrid tilapia. Diseases of 
Aquatic Organisms, 129(2), 107–116. 
https://doi.org/10.3354/dao03247 

Suhartono, S., Ismail, Y. S., & Aini, Z. (2021). Distribution of 
multidrug-resistant Salmonella spp. recovered from 
aquatic environment of Banda Aceh, Indonesia. 
Biodiversitas, 22(2), 881–886. 
https://doi.org/10.13057/biodiv/d220243 

Tahrani, L., Soufi, L., Mehri, I., Najjari, A., Hassan, A., Van 
Loco, J., Reyns, T., Cherif, A., & Mansour, H. Ben. 
(2015). Isolation and characterization of antibiotic-
resistant bacteria from pharmaceutical industrial 
wastewaters. Microbial Pathogenesis, 89, 54–61. 
https://doi.org/10.1016/j.micpath.2015.09.001 

Tan, C. W., & Chlebicki, M. P. (2016). Urinary tract infections 
in adults. Singapore Medical Journal, 57(9), 485–490. 
https://doi.org/10.11622/smedj.2016153 

Tarek F. El-Arabi, M. W. G. (2021). Foodborne Infections and 
Intoxications (Fifth Edition). Academic Press. 

Verawaty, M., Apriani, N., Tarigan, L. R., Aprian, E. T., 
Laurenta, W. C., & Muharni. (2020). Antibiotics 

resistant Escherichia coli isolated from aquatic 
ecosystems in palembang, south sumatra, indonesia. 
Biodiversitas, 21(1), 86–97. 
https://doi.org/10.13057/biodiv/d210113 

Wang, B., Mao, C., Feng, J., Li, Y., Hu, J., Jiang, B., Gu, Q., & 
Su, Y. (2021). A First Report of Aeromonas veronii 
Infection of the Sea Bass, Lateolabrax maculatus in 
China. Frontiers in Veterinary Science, 7(January), 1–
12. https://doi.org/10.3389/fvets.2020.600587 

Wu, D., Ding, Y., Yao, K., Gao, W., & Wang, Y. (2021). 
Antimicrobial Resistance Analysis of Clinical 
Escherichia coli Isolates in Neonatal Ward. 
Frontiers in Pediatrics, 9(May), 1–7. 
https://doi.org/10.3389/fped.2021.670470 

Yarza, H. L., Yanwirasti, Y., & Irawati, L. (2015). Hubungan 
Tingkat Pengetahuan dan Sikap dengan 
Penggunaan Antibiotik Tanpa Resep Dokter. 
Jurnal Kesehatan Andalas, 4(1), 151–156. 
https://doi.org/10.25077/jka.v4i1.214 

Zhou, Z.-C., Liu, Y., Lin, Z.-J., Shuai, X.-Y., Zhu, L., Xu, L., 
Meng, L.-X., Sun, Y.-J., & Chen, H. (2020). 
Antibiotic resistance associated with air quality and 
transferred by airborne particulate matter. 
Microbiome. 1-20. 
https://doi.org/10.21203/rs.2.23315/v1

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1093/ajhp/zxaa227
https://doi.org/10.3354/dao03247
https://doi.org/10.13057/biodiv/d220243
https://doi.org/10.1016/j.micpath.2015.09.001
https://doi.org/10.11622/smedj.2016153
https://doi.org/10.13057/biodiv/d210113
https://doi.org/10.3389/fvets.2020.600587
https://doi.org/10.3389/fped.2021.670470
https://doi.org/10.25077/jka.v4i1.214
https://doi.org/10.21203/rs.2.23315/v1

