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PREFACE 

The research work was started in the year 2012 and has been documented in the 

dissertation entitled Isolation and Characterization of Environmental 

Aeromonads from North Bengal region with a special emphasis on their Drug 

Resistance and Virulence under the supervision and expert guidance of 

Prof. Soumen Bhattacharjee at the Cell and Molecular Biology Laboratory, 

Department of Zoology, University of North Bengal. 

Aeromonads are a group of Gram-negative pathogenic bacteria which affect 

both ectothermic and endothermic animals including humans. Every year all over the 

World, the fishing industry suffers huge economic loss due to fin and tail-rot, ulcer, 

septicaemia, gill and systemic diseases in fishes caused by Aeromonas spp. 

Aeromonas also cause infectious diseases in animals such as ulcerative stomatitis in 

calves, a variety of infectious diseases in seals and seminal vesiculitis in bulls. The 

most frequent disease caused by Aeromonas in humans is gastroenteritis. Among the 

other diseases, Aeromonas causes skin and soft tissue infections, blood-borne 

infections, intra-abdominal infections, respiratory tract infections, urogenital tract 

infections and eye infections in humans. Therefore, Aeromonas spp. are very 

important bacteria which should be studied extensively.  

North Bengal region, being situated in the Himalayan foothills, is the 

catchment area of many snow-fed rivers that flow down the Himalayas. There is a 

possibility of obtaining cold-adapted, and therefore, more virulent bacterial strains in 

this region. Therefore, the first objective of this study was designed to study the 

species diversity of Aeromonas in the aquatic environment of North Bengal region. 

Both biochemical and molecular characterization was done to identify endemic 

Aeromonas species from this region.  

Development of antibiotic resistance among the microbes is presently posing a 

great challenge for our medical science in the treatment of infectious diseases. 

Overuse/misuse of antibiotics is the leading cause of the development of resistant 

varieties of bacteria in the environment. Therefore, it is important to study the 

antibiotic resistance/susceptibility status of the genus Aeromonas in the study area. 

Keeping this in mind, the second objective of the study was designed to study the 
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status of antibiotic resistance/susceptibility of the Aeromonas isolates obtained from 

this region against the commonly used antibiotics.  

Bacteria spread antibiotic resistance genes to other species of bacteria and 

among different isolates of the same species of bacteria through mobile genetic 

elements, one of which is plasmid. Small-sized plasmids are easily transferred from 

one species to another. Therefore, the plasmid content of the Aeromonas isolates 

identified from this region was analyzed. Next, the transferability of the natural 

plasmids obtained from Aeromonas was checked using E. coli (JM109) as the 

recipient organism. When the antibiotic resistance genes get integrated into the 

chromosomal DNA it becomes more stable and can further enhance the chances of 

spread of the antibiotic resistance genes among the different isolates of the same 

species of bacterium. 

Water samples were collected from rivers, municipality drinking water 

supplies, hospital and domestic drainage systems in sterile capped tubes and brought 

to the Cell and Molecular Biology Laboratory, Department of Zoology, University of 

North Bengal, where all the experiments were performed. The findings of this study 

are discussed in detail in the results and discussion chapter of this dissertation. Some 

of the findings of this study are published in academic Journal and some of them are 

yet to be published. 
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Abstract 

Aeromonas is a group of Gram-negative bacilli which do not form spores. They are 

facultative anaerobes found ubiquitously and autochthonously in the aquatic environment. 

Currently there are 36 described species in the genus Aeromonas. Earlier, Aeromonas was 

known to cause diseases in only poikilothermic or ectothermic animals but now have been 

proved to cause diseases in humans and other homeothermic animals too. Aeromonads are 

isolated from various sources such as different types of water (from polluted ones to drinking 

water sources), various types of food (raw milk, chicken, and meats such as lamb, veal, pork, 

and ground beef), as well as cold- and warm-blooded animals. In the present study, 

Aeromonas was isolated from water samples collected from the rivers of the Himalayan 

foothill region, and from hospital and domestic sewage. Municipality drinking water samples 

were also screened for the presence of Aeromonas at Siliguri and Bagdogra towns, but no 

Aeromonas was found from the drinking water supplies. In total, one hundred and twenty 

(120) water samples collected from forty-nine (49) different sites of freshwater bodies 

including both lotic and lentic systems (45 river sites and 4 stagnant water bodies), 

drainage system of six (6) hospitals and drainage system of three (3) towns were 

screened for the presence of Aeromonas spp. After Gram stain and biochemical 

characterization ninety (90) isolates among them were chosen for molecular analysis 

and twenty-one (21) Aeromonas isolates were scored from them. Although they are a 

phenotypically and genotypically heterogenous group, they are successfully identified by 

ribotyping and analyzing housekeeping genes like 16S rRNA, gyrB, rpoD, gyrA, atpD, recD, 

dnaJ and dnaX. In the present study, a PCR-based genotyping approach was adopted in order 

to identify endemic Aeromonas isolates. PCR, followed by RFLP of the 16S rDNA amplicons 

were performed and analyzed. The results were further confirmed through sequencing of the 

16S rRNA gene and comparing the sequences from the data available in the GenBank 

database of the National Centre for Biotechnology Information (NCBI), USA. This study has 

thrown light on the Aeromonas species diversity of this region. Two species of Aeromonas (A. 

sobria and A. popoffii) have been reported from North Bengal for the first time in this study; 

and the two other species, A. caviae and A. hydrophila, have also been reported from this 

region previously by other researchers. 

 Aeromonads cause great loss in the aquaculture industry round the world every year. 

They cause fin and tail rot, ulcer, septicaemia, gill and systemic diseases in aquatic organisms. 

In humans they cause gastroenteritis and extra-intestinal diseases such as septicaemia, skin, 

eye, wound, urogenital tract and respiratory tract infections. Aeromonads harbour virulence 

and antibiotic resistance genes which if present in their mobile genetic elements such as 
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plasmids, the integron system and transposons, may be horizontally transferred which may 

pose a major threat to the society. After the World War II which is known as the golden era of 

antibiotics, antibiotics have been isolated and developed and used sometimes non-judiciously 

in agriculture, aquaculture and treatment of infectious human diseases. The indiscriminate use 

of antibiotics has given rise to many resistant varieties of bacteria. NDM1 (a multidrug 

resistance gene) has also been identified in this group of bacteria which is of serious concern. 

As aeromonads are a group of bacteria which are significant both clinically and agriculturally, 

it is very important to detect its antibiotic resistance status from time to time. It is also very 

important to understand how antibiotic resistance develops and spreads in order to undertake 

preventive measures to reduce the threat of bacterial infections. In the present study, the 

antibiotic-resistance status of the Aeromonas isolates was analyzed. The common antibiotics 

used in medicine and aquaculture were chosen for our study. This study has detected 

Aeromonas isolates which are resistant to multiple antibiotics. This threatens the efficiency of 

antibiotics in combating the infectious diseases caused by Aeromonas in near future. The data 

obtained during the study was also compared with the data available on the antibiotic-

resistance status of aeromonads isolated from the sub-Himalayan foothill region as reported 

from time to time by other researchers. This study revealed that while resistance to some 

antibiotics has decreased the resistance to some antibiotics has dramatically increased in this 

bacterial group, isolated from the aquatic bodies of this region. The differential use of 

antimicrobial substances may account for this finding. A comparative account of the 

antibiotic resistance status of aeromonads isolated from sparsely populated higher altitude 

areas with those isolated from densely populated low elevation areas of rivers was also 

worked out. The study revealed higher incidence of antibiotic resistant aeromonads in 

downstream areas of rivers than that in the upstream areas of the same rivers. The residues of 

the antibiotics are drained into the water bodies as surface run-offs which give rise to more 

resistant varieties of Aeromonas in this region. 

 Research must be undertaken to search and map presumed virulence genes present in 

Aeromonas for combating the pathogenesis caused by them. Plasmids have been isolated from 

the Aeromonas isolates obtained in our study. These plasmids were characterized and were 

used to transform E. coli to record resistance transferability. Genes responsible for resistance 

to multiple antibiotics were found being transferred to E. coli. This can lead to serious issues 

for the human society as the stock of antibiotics to treat Aeromonas infections may gradually 

run out. This may also lead to difficulties for the fish farmers in fighting diseases caused by 

Aeromonas in fishes which may be the reason of a great economic loss for them. Some other 

ways must be found for the treatment of infectious diseases other than antibiotics. Several 

studies are going on in this field currently. Bacteriophage therapy, predatory bacteria, 
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competitive exclusion of bacteria and bacteriocins may be the new rays of hope in combating 

infectious diseases caused by pathogenic bacteria. 
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isolates [AR8 (plates A and C), AR9 (plate B) and AH1 (plate D)] 

against [cefotaxime (30 µg) (1), nalidixic acid (30 µg) (2), 

nitrofurantoin (300 µg) (3), norfloxacin (10 µg) (4), netillin (30 µg) 

(5), ofloxacin (5 µg) (6), ceftazidime (30 µg) (7) and ciprofloxacin (5 

µg) (8) (Himedia G-XVIII-minus)], [ceftazidime (30 µg) (1), 

azithromycin (15 µg) (2),ampicillin/sulbactum (10/10 µg) (3), 

cefoperazone/sulbactum (75/30 µg) (4), cefepime (30 µg) (5), 

cefpirome (30 µg) (6), amikacin (30 µg) (7) and amoxyclav (30 µg) 

(8) (Himedia Combi 94)] and [amoxyclav (30 µg) (1), gentamycin 

(10 µg) (2), co-trimoxazole (25 µg) (3), norfloxacin (10 µg) (4), 

oxytetracycline (30 µg) (5) and cefuroxime (30 µg) (6) 

(HimediaHexa UTI-I)]. Clear zones indicate zones of inhibition 

(black arrow heads) against a particular antibiotic; absence of clear 

zone was observed in cases of isolates (black arrow heads) resistant 

to a particular antibiotic. The Table 4.4 presents a complete picture 

of antibiotic resistance/susceptibility as shown by different natural 

Aeromonas isolates from the study region. 
Figure 4.26. Mueller Hinton agar plates showing resistance-vs-

susceptibility (clear zones) patterns in different Aeromonas natural 

isolates [AR6 (plates B and D) and AR9 (plates A and C)] against 

[co-trimoxazole (25 µg) (1), levofloxacin (5 µg) (2), nitrofurantoin 

(50 µg) (3), ampicillin (10 µg) (4), cefazolin (30 µg) (5), nalidixic 

acid (30 µg) (6), norfloxacin (10 µg) (7) and ciprofloxacin (5 µg) (8) 

(Himedia Combi 71)], [cephalothin (30 µg) (1), chloramphenicol (30 

µg) (2), clindamycin (2 µg) (3), erythromycin (15 µg) (4), 

gentamycin (10 µg) (5), oxacillin (1 µg) (6), vancomycin (30 µg) (7) 

and ampicillin (10 µg) (8) (Himedia Combi IV)] and [streptomycin 

(10 µg) (1), chloramphenicol (30 µg) (2), ampicillin (10 µg) (3), 

tetracycline (30 µg) (4), gentamycin (10 µg) (5), kanamycin (30 µg) 

(6), co-trimoxazole (25 µg) (7), amikacin (30 µg) (8) (Himedia G-

XIX-minus)]. Clear zones indicate zones of inhibition (black arrow 

heads) against a particular antibiotic; absence of clear zone was 
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observed in cases of isolates (white arrow heads) resistant to a 

particular antibiotic. Refer to Table 4.4 for a complete picture of 

antibiotic resistance/susceptibility shown by different natural 

Aeromonas isolates. 
Figure 4.27. Natural plasmids obtained from Aeromonas isolates. A. 

Lanes M1: supercoiled DNA ladder; lane 1: Natural plasmids (8066, 

2600 and 2000 bp approximately indicated by white arrow heads). B. 

Lane M1: Supercoiled DNA ladder; lanes 1 and 2: natural plasmids 

(10102, 6030, 2972, 2067 and 1900 bp approximately; indicated by 

white arrow heads); M2: Lambda HindIII digest. 
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Figure 4.28. Restriction endonuclease digestion of natural plasmids 

obtained from Aeromonas isolates. A. Lane M1: Supercoiled plasmid 

DNA ladder; lane 1: uncut plasmid; black arrow indicates a plasmid 

of 12138 bp; lane 2: EcoRI digest; lane 3: BamHI digest; lane 4: 

HindIII digest; lane M2: Lambda HindIII digest. B. Lane M2: 

Lambda HindIII digest; lanes 1 and 3: Uncut natural plasmids; lanes 

2 and 4: Eco RI digest (9416, 5500, 3500, 2027 bp and another less 

than 2 kb. 
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Figure 4.29. Ampicillin plates showing the growth of transformed E. 

coli JM109 colonies; A: experimental plates and negative control. B: 

negative and positive controls. 
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Figure 4.30. Ampicillin plates showing the growth of transformed 

bacterial colonies; C, D and E: experimental plates; F: negative 

control; G and H: positive control. 
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Figure 4.31. Plasmids obtained from E. coli previously transformed 

with natural plasmids, isolated from Aeromonas and their restriction 

digestion patterns. A. Lanes 1 to 5: EcoRI digests (23130, 6557 and 

4361 approximately indicated by white arrow heads); lanes 6, 7 to 10: 

PstI digests (23130, 6557, 4361 and 2686 bp approximately indicated 

by white arrow heads); lane 11: pBR322 (uncut); lane 12: pUC19 

(uncut); lane 13: pBR322-EcoRI digest; lane 14: pBR322-PstI digest; 

lane 15: pUC19-EcoRI digest; lane 16: pUC19-PstI digest; lane 17: 
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Lambda HindIII digest. B. Lane 1: supercoiled DNA ladder; lanes 2 

to 15: PstI digests (14174, 7500 and 4361 bp approximately indicated 

by white arrow heads); lane 16: pBR322-PstI digest; lane 17: pUC 

19-PstI digest. 
Figure 4.32. Mueller Hinton agar plates showing antibiotic resistance 

transfer from Aeromonas to E. coli through transformation; A: 

Aeromonas; B: E. coli (JM109) transformed with plasmid from A; 1: 

Oxytetracycline (30 µg); 2: Cefuroxime (30 µg); 3: Amoxyclav (30 

µg); 4: Gentamycin (10 µg); 5: Co-trimoxazole (25 µg); 6: 

Norfloxacin (10µg); resistance to amoxyclav got transferred from 

Aeromonas to E. coli (JM109). 
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Figure 4.33. Mueller Hinton agar plates showing antibiotic resistance 

transfer from Aeromonas to E. coli through transformation; A: 

Aeromonas; B: E. coli (JM109) transformed with plasmid from A; 1: 

Chloramphenicol (30 µg); 2: Clindamycin (2 µg); 3: erythromycin 

(15 µg); 4: Gentamycin (10 µg); 5: Oxacillin (1 µg); 6: Vancomycin 

(30 µg); 7: Ampicillin (10 µg); 8: Cephalothin (30 µg). Resistance to 

3 antibiotics (Cephalothin, ampicillin and oxacillin) got transferred 

from Aeromonas to E. coli (JM109). 
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Figure 4.34. Mueller Hinton agar plates showing antibiotic resistance 

transfer from Aeromonas to E. coli through transformation; A: 

Aeromonas; B: E. coli (JM109) transformed with plasmid from A; 1: 

Streptomycin (10 µg); 2: Chloramphenicol (30 µg); 3: Ampicillin (10 

µg); 4: Tetracycline (30 µg); 5: Getamycin (10 µg); 6: Kanamycin 

(30 µg); 7: Co-Trimoxazole (25 µg); 8: Amikacin (30 µg). Resistance 

to ampicillin got transferred from Aeromonas to E. coli (JM109). 
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Figure 4.35. Mueller Hinton agar plates showing antibiotic resistance 

transfer from Aeromonas to E. coli through transformation; A: 

Aeromonas; B: E. coli (JM109) transformed with plasmid from A; 1: 

Cefepime (30 µg); 2: Cefpirome (30 µg); 3: Amikacin (30 µg); 4: 

Amoxyclav (30 µg); 5: Ceftazidime (30 µg); 6: Azithromycin (15 

µg); 7: Ampicillin/Sulbactum (10/10 µg); 8: Cefoperazone/sulbactum 
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(75/30 µg). Resistance to 2 antibiotics (Amoxyclav and 

ampicillin/sulbactum) got transferred from Aeromonas to E. coli 

(JM109). 
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1. INTRODUCTION 

1.1. Bacterial success 

The single celled prokaryotes known as bacteria are found in huge numbers in 

all possible environmental conditions in air, water and soil, from freezing to quite 

high temperatures. The leading reason behind their evolutionary success is their 

capability to adapt to harsh environments. Human bacterial interactions occur 

throughout life. Many of them are beneficial to humans and are used in human 

welfare. While a small section of this may be pathogenic. This thesis is a study of a 

pathogenic mesophilic bacterium (Aeromonas) which is responsible for a variety of 

infectious diseases in humans, fishes and other animals. It is a leading cause of major 

economic losses in the pisciculture round the world every year. There is a rise in their 

population in freshwater bodies and drinking water supplies during the warmer 

months of the year (Khardori and Fainstein, 1988; Edberg et al., 2007). The same 

seasonality is observed in the incidence of bacteraemia caused by Aeromonas with an 

elevation of gastrointestinal and extraintestinal infections in humans during the 

summer season (Kelly et al., 1993; Llopis et al., 2004; Tsai et al., 2006). This can be 

attributed to the greater chance of exposure to the pathogen and subsequently the 

elevated threat of developing infections due to this bacterium with a seasonal rise in 

environmental temperature. Aeromonas can tolerate a high range of salinity, pH, 

temperature, conductivity and turbidity with the exception of extremely saline or 

polluted water and thermal springs which are not suitable for the growth of 

Aeromonas. 

1.2. Aeromonas and Water 

The deep consortium between Aeromonas and aquatic environments has given 

many scientists the idea of using the genus Aeromonas almost synonymously with 

water (Janda and Abbott, 2010). The freshwater bodies are of prime importance along 

the banks of which our great civilizations have established. Most of the 

developmental activities such as agriculture, aquaculture, transportation, 

industrialization, etc are dependent on water. The natural water bodies contain two 

types of impurities, one being natural and the other being human induced. The 

impurities added to the water bodies due to human activities are more deteriorating for 

the environment than the natural impurities. These include dissolved gases, minerals, 
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pesticides, herbicides, microorganisms, antimicrobials, etc. Water bodies usually carry 

many microbes like protozoa, fungi, bacteria, etc. Among them bacteria utilize a 

major part of organic matter present in water. Contamination of the water bodies with 

the bacterial populations turn them into vectors for dissemination of water borne 

diseases raising the levels of mortality and morbidity caused due to these diseases. 

One of them is the enteric pathogen Aeromonas which is a major cause of diarrhea 

leading to considerable degrees of mortality and morbidity in human beings of 

different age groups (Black, 1993; Prado and O’ryan, 1994; Obi et al., 1997). Good 

quality water is essential for all life processes on earth. Therefore, monitoring the 

microbial growth in the water bodies and specially, of the enteric pathogens is of 

utmost need. 

 

1.3. Water Bodies of North Bengal 

The northern part of West Bengal is fortunate to have extensive natural 

freshwater bodies. The rivers of the Himalayan foothill region are at a risk of being 

polluted by surface run-offs from the agricultural fields, tea gardens, domestic and 

medical sewage surrounding the area. Thus, keeping a track of the water quality of the 

rivers of this region is of prime significance. The main rivers of this region are Teesta, 

Torsa, Mahananda and Balason while others being the tributaries and distributaries of 

these larger water basins. River Mechi lies in the Indo-Nepal border. 

 

1.4. Effect of Aeromonas in Aquaculture 

During the past few decades, the aquaculture industry of the Asian 

subcontinent has evolved dramatically (Shariff, 1998). The aquaculture production 

has been significantly expanded by many countries. But this has also led to many 

environmental and socio-economic impacts, one of the leading being rise in fish 

health problems. India being situated in the monsoon belt is blessed with good 

rainfall. This has given us vast areas in the form of ponds, lakes and tanks with high 

aquaculture potential. Freshwater aquaculture of India accounts for almost 55% of 

total fish production of our country (Mishra et al., 2017). Fish disease is a major 

limitation to the aquaculture industry and main constraint to the socio-economic 

growth of India and many other countries round the world (Bagum et al., 2013; Sahoo 

et al., 2013). Many of these diseases have greatly affected the livelihood of the fish 
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farmers. The sharp extension of aquaculture with divergent species and elevated 

stocking density has caused greater occurrence of viral, bacterial and parasitic 

pathogenesis in the fishes leading to higher mortality rates and declined production. 

Among these diseases bacterial infections are the most common and difficult to 

handle (Mishra et al., 2017).  Bacterial diseases may be fin and tail rot, ulcer, 

septicaemia, gill and systemic disease. Aeromonas is known to be associated with all 

the types of bacterial infections causing great economic loss to the fish culture 

industry round the world (Austin and Adams, 1996; Roberts, 1997; AlYahya et al., 

2018). It is considered as the major one among all the bacterial pathogens causing 

bacterial infections in fishes (Sahoo et al., 2020). A. hydrophila is regarded as the 

dominant bacterial species for causing septicaemia in the freshwater cyprinids (Qian 

et al., 1997) and it is considered as the most common pathogen among all the 

aeromonads responsible for disease outbreaks in aquaculture farms (Nielsen et al., 

2001; Sahoo et al, 2020). Aeromonas always poses a threat to the freshwater fishes as 

it is widely distributed in freshwater environment and it also threatens public health 

specially, for those people who are exposed to diseased fish (AlYahya et al., 2018). 

 

1.5. Discovery of Aeromonas and its evolution 

The first report of isolation of Aeromonas from experimental frogs dates back 

to 1891. It was named Bacillus hydrophilus fuscus (Sanarelli, 1891). The past of 

Aeromonas reflects the records of present-day microbiology, which ranges over a 

century from being perceived as a laboratory science in the beginning to the era of 

molecular biology today. The knowledge with regard to aeromonads among the 

researchers has also enhanced during this time period. Earlier, Aeromonas was 

thought to cause systemic illnesses in the cold-blooded animals. Now, aeromonads 

have been recognised not only as a virulent pathogen of poikilothermic/ectothermic

animals, including fish, but also as the causative agent of a variety of infectious 

complications in both immunocompetent and immunocompromised humans. 

Aeromonads are also significant pathogens in humans after natural disasters. In a 

study 305 tsunami survivors were found to have been affected with skin and soft 

tissue infections. Twenty percent (20%) of the 641 bacterial isolates identified from 

these patients were found to be Aeromonas (Dixon, 2008).
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1.6. Occurrence of Aeromonas in nature 

Members of the genus Aeromonas are omnipresent and autochthonous, not 

only in aquatic habitats but are also found in soil, fish, domesticated pets and other 

vertebrate and invertebrates. They are found to colonize every possible environmental 

niche where bacterial ecosystem can exit. Aeromonads belong to genus Aeromonas, 

family Aeromonadaceae and share many characteristics with Enterobacteriaceae. The 

genus includes a number of genospecies. Aeromonas hydrophila, Aeromonas caviae, 

Aeromonas sobria, Aeromonas veronii and A. schubertii are the mesophilic 

aeromonads. A. salmonicida on the other hand are the psychrophilic ones. Most of the 

clinical manifestations in humans are caused by Aeromonas hydrophila, Aeromonas 

caviae and Aeromonas veronii bv sobria (Janda and Abbott, 1998). The same trend is 

repeated in environmental samples with the inclusion of A. salmonicida as a dominant 

species in fish and aquatic habitats. Aeromonads show worldwide distribution and 

have been isolated from various sources like, freshwater fishes (Thune et al., 1993; 

Austin and Adams, 1996), clinical samples (Kuhn et al., 1997a), environmental 

samples (Nakano et al., 1990; Huys et al., 1996; Kuhn et al., 1997a), drinking water 

supply (Burke et al., 1984; Gadgil, 1998) and food, such as raw milk, vegetables, ice 

cream, meat and seafood (Abeyta et al., 1986; Altwegg et al., 1990a). Aeromonas 

have been isolated from the midgut of Culex quinquefasciatus and Aedes aegyptii 

mosquitoes, monkey faeces, and bivalve molluscs (Pidiyar et al., 2002) and also from 

polluted waters. Aeromonas from invertebrates is identified by periodic surveys of 

their fecal content, retail foods such as meat, poultry and dairy products and 

scrutinization of episodes of Aeromonas mediated epizootic infections (Janda and 

Abbott, 2010). 

 

1.7. Diseases caused by Aeromonas 

Aeromonads have been implicated in septicaemia in variety of aquatic 

organisms and gastrointestinal and extra-intestinal diseases in humans (Janda and 

Duffey, 1988; Janda and Abbott, 1996). Mesophilic aeromonads have been associated 

with Epizootic Ulcerative Syndrome (EUS)-associated ulcerations in a wide variety of 

fishes (Vivas et al., 2004). While the first Aeromonas strain was discovered as early 

as 1890, it took 60 more years to establish its human pathogenicity. Aeromonas 

hydrophila was first isolated from human faeces in 1937 (Miles and Halnan, 1937) 
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and over the past few decades, there has been a growing interest in the genus 

Aeromonas as an emergent human pathogen (Trust and Chipman, 1979; Altwegg and 

Geiss, 1989; Abbott et al., 1998; Janda and Abbott, 1998; Joseph and Carnahan, 

2000). Several aeromonads have been known to be involved in pathogenesis caused in 

humans, like surgical wound infections, cellulitis, nosocomial pneumonia, sepsis, 

hemolytic-uremic syndrome, peritonitis, urinary tract infections, meningitis and 

severe muscle degeneration. In all the cases, it appears that, pathogenic infections 

caused by Aeromonas occur both in immunosuppressed and immunocompetent 

patients (Wang et al., 2003). In fishes also, it is observed that rate of infection in 

immunosuppressed fishes due to spawning or any environmental stress like high 

temperature or low water levels is higher. However, the elucidation of Aeromonas-

mediated mechanism of pathogenesis in both aquatic organisms and in human 

subjects remains still elusive. 

 

1.8. Virulence genes in Aeromonas 

Aeromonas spp. has been regarded as "emerging pathogens” that possess 

multifactorial virulence genes and systems. To date, various virulence genes have 

been identified and described in this group of bacteria, namely, aerolysin, hemolysin, 

extracellular lipase, cytolytic enterotoxin, haemolytic toxin genes, 

acetylcholinesterase and proteases (Kingombe et al., 1999 and references therein; 

Cascon et al., 2000). Expression of these virulence factors permit the pathogenic

aeromonads to attach, invade and destruct the host cells surpassing the host immune

responses. Genome-level searches undertaken to identify virulence factors in 

aeromonads have indicated several open reading frames (ORFs), associated with only 

virulent aeromonads, and few putative genes like O-antigen and capsule, a Type III 

Secretion System (TTSS) gene cluster and phage-associated gene cluster. Several 

regions of the genome (called genomic islands or GIs) with unusual G-C content, 

have also been identified that carry mobility-associated genes (integrases or 

transposes) and other putative virulence genes (Yu et al., 2005). Divergent 

multicellular behaviours exhibited by species of Aeromonas help them to grow and 

persist in varied natural and anthropogenic habitats. These adaptive strategies greatly

enhance the virulence potential of Aeromonas. Ribonuclease R (Vac B) and quorum 

sensing (QS) gene homologs of Aeromonas luxRI have also been associated in 
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modulation and phenotypic expression of these virulence genes (Jangid et al., 2007; 

Erova et al., 2008). Quorum sensing molecules have been detected in some 

pathogenic species of Aeromonas like A. Salmonicida and A. hydrophila (Swift et al., 

1997). Challenging with quorum sensing inhibitors ensure higher survival rates in 

fishes, which further strengthen the evidence of quorum sensing molecules being 

involved in virulence potential of A. hydrophila and A. salmonicida (Natrah et al., 

2012). Aeromonads live in biofilms with an elevated cell density which enhances 

their ability to communicate with each other through QS systems (Talagrand-Reboul 

et al., 2017). Quorum sensing make aeromonads capable of evading the host defence 

mechanisms which in turn helps them to establish the pathogenesis (Deep et al., 

2011). 

1.9. Controversy 

The causative role of these virulence factors in developing diseases is 

controversial. Several species of Aeromonas have been isolated both from patients 

suffering from gastroenteritis and asymptomatic human subjects and the available 

evidences indicate that aeromonads may be a natural part of the intestinal bacterial 

population, either for a short term or through a prolonged period. A number of factors, 

including age, immune status of the subject and underlying illness, infection dose, and 

expression of sufficient virulence factors by the infecting organism, may be important 

in deciding the course of infection and the ability of Aeromonas spp. to cause disease. 

 

1.10. Significance of the Study 

Species of Aeromonas have been discovered, isolated and studied from 

different origins like saline water, fresh water, deltas, oceans, chlorinated and un-

chlorinated drinking water supplies, highly polluted waters, poikilothermic and 

homeothermic animals worldwide and humans alike. Study on different antibiotic

resistance and Minimum Inhibitory Concentration (MIC) of different Aeromonas sp. 

isolated from hospital effluents, natural water bodies, drinking water supply, etc has 

helped to provide us insights into the distribution of this bacteria group in this region. 

Therefore, the primary goal of the study was to isolate and characterize these 

pathologically-important bacterial strains in North Bengal region and also to 

investigate the presence of new specific species of this genus or species with novel 



9 
 

disease potential(s) in this part of the country. One hundred and twenty (120) water 

samples collected from 45 river sites, 6 hospitals sewage and 3 town drainage sites 

were screened for the presence of Aeromonas. Biochemical characterization as well as 

a PCR-based genotyping method (RFLP of 16S rDNA) was applied in order to 

identify endemic Aeromonas species from this region. The biochemical tests 

performed were catalase, indole, lipase, glucose fermentation, gelatinase, diastase, 

citrate utilization, methyl red, Voges Proskauer and oxidase tests. To further confirm 

the results of RFLP, sequencing of the 16S rDNA was done. This identified the 

Aeromonas isolates upto species level. Among all the twenty-one (21) Aeromonas 

isolates found in our study, four (4) Aeromonas species (A. hydrophila, A. sobria, A. 

caviae and A. popoffii) were identified; and to the best of our knowledge, A. sobria 

and A. popoffii have been reported for the first time from the aquatic bodies of this 

region. 

 In the post-World War II period, rapid development and extensive use (or 

abuse) of a variety of antibiotics have given rise to resistant varieties of bacteria, 

thanks to the success and speed of bacterial adaptation. Antibiotic resistance was a 

major problem associated with the Gram-positive bacteria only around two decades 

back. However, in recent times, the Gram-negative bacterial population has become a 

reason of concern (Tan et al., 2008; Cornaglia, 2009). Antibiotic resistance is posing a 

great challenge to the medical science in the treatment of infectious diseases raising 

the mortality rate to a great extent (Spellberg et al., 2008). Bacteria apply various 

mechanisms of antibiotic resistance which include target substitution, target 

protection, antibiotic detoxification and blocking the intracellular invasion of 

antibiotics. A study (Walsh et al., 2011) has reported the detection of much debated 

NDM-1 gene (blaNDM-1) in aeromonads from northern India (New Delhi). Although its 

emergence and distribution are controversial, the detection of NDM-1 gene in this 

clinically and agriculturally important bacteria group calls for a detailed surveillance 

of antibiotic resistance and also mode of transferability of NDM-1 gene in this 

bacteria group. Antimicrobial drug resistance was evaluated using twenty-nine (29) 

different antibiotics, in the Aeromonas isolates obtained during this study. The 

antibiotics chosen were the ones prescribed frequently by the doctors in the treatment 

of infectious diseases. All the twenty-one (21) Aeromonas isolates selected for further 

study were found to be resistant to ampicillin, amoxyclav and ampicillin/sulbactum, 

while variable degrees of resistance were observed for twenty (20) other antibiotics. 
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The data was also compared with previous reports of antibiotic resistance in this 

bacterial group of this region. While resistance to some antibiotics has reduced, 

resistance to some antibiotics has increased drastically over the years since their initial 

records.  

Bacterial conjugative plasmids, transposable elements and integron systems 

are especially the panoply on which bacteria depend for their resistance to anti-

bacterial compounds. Specially, plasmids serve as a platform for assemblage and 

dissemination of useful resistance genes (Dowson et al., 1989; Bennett, 2008). 

Molecular characterization of Aeromonas plasmids was undertaken by several 

scientists with the view of addressing the problems of spread of genes conferring 

antibiotic resistance among the aeromonads (Toranzo et al., 1983; Majumdar et al., 

2006; Rhodes et al., 2000). Twenty-one (21) to sixty four (64) Kb plasmids have been 

reported earlier from diseased fishes of North Bengal region (Majumdar et al., 2006; 

Das et al., 2009). However, in the present study, plasmids ranging from 2 to 10 Kb in 

sizes have been detected/ isolated from the Aeromonas species obtained from the 

aquatic environment of this region. Plasmids less than 4 Kb have better transferability 

to other bacteria than the ones larger than 9 kb (Ohse et al., 1995). Our study shows 

the presence of small sized plasmids in aeromonads which can impose a greater threat 

as they can easily spread among other pathogenic bacteria. 

 Presently, the development of resistance to multiple antibiotics in several 

bacterial species in our hospitals poses a great challenge to our medical science. 

Accordingly, understanding how antibiotic resistance develops and is spread by 

mobile genetic elements is a desirable pre-requisite for the design and development of 

prevention strategies intended to minimize the threat of bacterial infections. To get a 

better idea, the involvement of natural plasmids in anti-microbial drug resistance was 

evaluated in the aeromonads isolated in this region. Plasmids isolated from the 

Aeromonas species obtained during the study were used to transform Escherichia coli 

(JM109) and it was found that resistance to ampicillin, ampicillin/sulbactum, 

amoxyclav, cefuroxime, cephalothin, clindamycin, oxacilin, ticarcillin and 

vancomycin was transferred through plasmid from Aeromonas to E. coli. 

 It is difficult to combat infectious diseases caused by multidrug-resistant 

pathogenic bacteria and when these multidrug resistant genes spread to other bacteria 

it can impose greater difficulty to the human society. Therefore, we should resort to 

other means for fighting the infectious diseases. Application of predatory bacteria, 
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competitive exclusion of bacteria, bacteriocins and bacteriophage-therapy are some of 

the probable solutions to this problem in which active research is also being 

undertaken by several researchers.
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1.11. Objectives 

1. Isolation, Biochemical and Molecular characterization of Aeromonads 

from varied sources like hospitals and domestic effluents, natural 

water bodies from selective sub-Himalayan regions of North Bengal. 

2. Preparation of Antibiogram of the bacterial isolates. 

3. Isolation and Molecular Characterization of the Plasmid content and 

Plasmid-based resistance and/or virulence gene (s). 

4. Investigation of Plasmid mediated transfer of Antibiotic Resistance 

and/or Virulence Gene(s). 
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2. REVIEW OF LITERATURE 

2.1. Taxonomy and Classification of Aeromonas 

Bacterial classification does not follow the rules that are followed for the 

naming of bacteria. The process of classifying bacteria keeps on changing depending 

upon studies based on their genomic analysis and the tools and process of 

investigation applied for such phylogenetic studies. The validity of any new 

classification scheme depends on the application of the scheme and approval of it by 

the scientists around the world. 

The name Aeromonas is derived from Greek words aer, aeros which means

air, gas and monas which means unit, monad; Aeromonas refers to gas (-producing) 

monad. Bacteria belonging to the genus Aeromonas may be grouped under 

aeromonads. The scientific classification of Aeromonas is as follows: 

 

Kingdom – Bacteria (Cavalier-Smith, 2002) 

 Phylum – Proteobacteria (Garrity et al., 2005) 

  Class – Gammaproteobacteria (Garrity et al., 2005) 

   Order – Aeromonadales (Martin-Carnahan and Joseph, 2005) 

    Family – Aeromonadaceae (Colwell et al., 1986) 

     Genus – Aeromonas (Stanier, 1943) 

Classification of the genus Aeromonas is replete with controversy. According 

to Bergey’s Manual of Systematic Bacteriology (Popoff, 1984), the genus Aeromonas

was divided into three motile, mesophilic species (A. hydrophila, A. caviae and A. 

sobria) and the non-motile, psychrophilic species (A. salmonicida). DNA–DNA 

hybridization studies (Popoff et al., 1981; Hickman-Brenner et al., 1987, 1988; 

Kuijper et al., 1989; Carnahan et al., 1991) have revealed the presence of 14 so-called 

DNA hybridization groups (HGs): Aeromonas hydrophila (HG1), Aeromonas sp. 

(unnamed; HG2), Aeromonas salmonicida (HG3), Aeromonas caviae (HG4), 

Aeromonas media (HG5), Aeromonas eucrenophila (HG6), Aeromonas sobria (HG7), 

Aeromonas veronii biogroup sobria (HG8), Aeromonas jandaei (HG9), Aeromonas 

veronii biogroup veronii (HG10), Aeromonas sp. (unnamed; HG11), Aeromonas 

schubertii (HG12), Aeromonas group 501 (HG13; previously known as Enteric group 

501) and Aeromonas trota (HG14). The name Aeromonas bestiarum has been 
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proposed for strains included in HG2 (Ali et al., 1996). During the past decades, many 

novel species have been described: Aeromonas trota (Carnahan et al., 1991), 

Aeromonas allosaccharophila (Martinez-Murcia et al., 1992b), Aeromonas encheleia 

(Esteve et al., 1995b), Aeromonas bestiarum (Ali et al., 1996), Aeromonas popoffii 

(Huys et al., 1997), Aeromonas molluscorum (Minana-Galbis et al., 2004), 

Aeromonas simiae (HarfMonteil et al., 2004), Aeromonas bivalvium (Minana-Galbis 

et al., 2007), Aeromonas tecta (Demarta et al., 2008), Aeromonas piscicola (Beaz 

Hidalgo et al., 2009), Aeromonas diversa (Minana-Galbis et al., 2010), Aeromonas 

fluvialis (Alperi et al., 2010b), Aeromonas taiwanensis and Aeromonas sanarellii 

(Alperi et al., 2010a), Aeromonas rivuli (Figueras et al., 2011), Aeromonas 

australiensis (Aravena-Romanet al., 2013), Aeromonas cavernicola (Martinez Murcia 

et al., 2013), Aeromonas aquatica, Aeromonas finlandiansis and Aeromonas lacus 

(Beaz Hidalgo et al., 2015), Aeromonas rivipollensis (Marti et al., 2015), Aeromonas 

lusitana (Martinez-Murcia et al., 2016), Aeromonas intestinalis, Aeromonas enterica, 

Aeromonas crassostreae and Aeromonas aquatilis (Figueras et al., 2017). The species 

names Aeromonas enteropelogenes and Aeromonas ichthiosmia (Schubert et al., 

1990a, b) are now considered to be synonyms of A. trota and A. veronii, respectively 

(Carnahan, 1993; Collins et al., 1993). Currently there are 36 described species in the 

genus Aeromonas (Salvat and Ashbolt, 2019). Phylogenetic analyses based on 16S 

rRNA genes indicated that aeromonads are a very tight group of species (Martinez-

Murcia et al., 1992a). In almost all species of the genus rDNA-derived relationships 

correlated well with DNA–DNA hybridization. DNA probes and RFLP profiles 

designed from 16S rDNA diagnostic regions have served to identify Aeromonas at the 

species level (Ash et al., 1993a, b; Dorsch et al., 1994; Borrell et al., 1997; Khan and 

Cerniglia, 1997; Figueras et al., 2000). However, there are reported discrepancies 

between different sets of DNA–DNA hybridization data (Hickman-Brenner et al., 

1987; Schubert and Hegazi, 1988; Esteve et al., 1995a, b; Huys et al., 1996, 2001), 

and the fact that 16S rRNA is highly conserved (Martinez-Murcia, 1999) brings the 

latest descriptions of some species into question (Nair and Holmes, 1999). 

 It has been reported that gyrB (which encodes the B-subunit of DNA gyrase, a 

type-II DNA topoisomerase) could be a suitable phylogenetic marker for bacterial 

systematics (Yamamoto and Harayama, 1996; Stackebrandt et al., 2002). This protein 

plays a crucial role in the DNA replication process, and its gene sequence has a mean 
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synonymous substitution rate that is almost four times that of 16S rDNA (Yamamoto 

and Harayama, 1996).  

 

2.2. Isolation of Aeromonas from different habitats and conditions 

Aeromonads are essentially ubiquitous in the microbial biosphere. They are 

found in every possible bacterial ecosystem such as water, aquatic organisms, edible 

products, soil, domestic animals and several other vertebrates and invertebrates. The 

vast landscape of environmental habitats from which aeromonads can be isolated is 

responsible for constant interactions between Aeromonas and humans. According to 

research done so far three Aeromonas genomospecies (A. hydrophila, A. caviae, and 

A. veronii bv. sobria) are responsible for most of the (85%) human infections caused 

by this genus (Janda and Abbott., 1998). The Aeromonas species recovered from 

patients are also commonly found in various ecosystems among which A. salmonicida 

is the predominant species in fish and water samples. Some studies have reported the 

prevalence of species that are rarely encountered in environmental samples, like A. 

schubertii in organic vegetables (McMahon and Wilson, 2001). Information regarding 

the relative environmental distribution of the novel species (A. aquariorum and A. 

tecta) is rare, and very little is known about various species discovered in the last few 

years. The procedures applied for the identification of Aeromonas species vary 

considerably from one study to the next. 

 A brief account of the different Aeromonas strains isolated from various 

samples is represented in Table 2.1. Information regarding the genomospecies, 

phenospecies and hybrization groups to which the strains belong is also provided in 

the Table 2.1. 
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Table 2.1. Genomospecies and phenospecies of the Genus Aeromonas. 
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1 ATCC 
7966 

A. hydrophila A. hydrophila Isolated from 
clinical 
specimens 

Martin-
Carnahan 
and Joseph, 
2005 

1 BCCM/
LMG 
19562 

A. hydrophila subsp. 
dhakensis 

A. hydrophila 
subsp. dhakensis 

Isolated from 
clinical 
specimens 

Martin-
Carnahan 
and Joseph, 
2005 

1 BCCM/
LMG 
19707 

A. hydrophila subsp. 
ranae 

A. hydrophila 
subsp. ranae

Pathogenic for 
frogs 

Martin-
Carnahan 
and Joseph, 
2005 

2 ATCC 
14715 

A.bestiarum A. hydrophila- like Isolated from 
clinical 
specimens 

Martin-
Carnahan 
and Joseph, 
2005 

3 ATCC 
33658 

A. salmonicida A. salmonicida 
subsp. 
Salmonicida 

Nonmotile 
fish pathogen 

Martin-
Carnahan 
and Joseph, 
2005 

3 ATCC 
33659 

A. salmonicida A. salmonicida 
subsp. 
Achromogenes 

Nonmotile 
fish pathogen 

Martin-
Carnahan 
and Joseph, 
2005 

3 ATCC 
27013 

A. salmonicida A. salmonicida 
subsp. 
Masoucida 

Nonmotile 
fish pathogen 

Martin-
Carnahan 
and Joseph, 
2005 

3 ATCC 
49393 

A. salmonicida A. salmonicida 
subsp. 
Smithia 

Nonmotile 
fish pathogen 

Martin-
Carnahan 
and Joseph, 
2005 

3 CDC 
0434-
84, 
Popoff 
C316 

Unnamed A. hydrophila- like Isolated from 
clinical 
specimens 

Martin-
Carnahan 
and Joseph, 
2005 

4 ATCC 
15468 

A. caviae A. caviae Isolated from 
clinical 
specimens 

Martin-
Carnahan 
and Joseph, 
2005 

5A CDC 
0862-
83 

A. media A. caviae-like Isolated from 
clinical 
specimens 

Martin-
Carnahan 
and Joseph, 
2005 

5B CDC 
0435-
84 

A. media A. media -- Martin-
Carnahan 
and Joseph, 
2005 

6 ATCC 
23309 

A. eucrenophila A. eucrenophila -- Martin-
Carnahan 
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and Joseph, 
2005 

7 CIP 
7433, 
NCMB 
12065

A. sobria A. sobria -- Martin-
Carnahan 
and Joseph, 
2005 

8X CDC 
0437-
84

A. veronii A. sobria -- Martin-
Carnahan 
and Joseph, 
2005 

8Y ATCC 
9071 

A. veronii A. veronii biovar 
sobria 

Isolated from 
clinical 
specimens

Martin-
Carnahan 
and Joseph, 
2005 

9 ATCC 
49568

A. jandaei A. jandaei Isolated from 
clinical 
specimens 

Martin-
Carnahan 
and Joseph, 
2005 

10 ATCC 
35624

A. veronii biovar 
veronii 

A. veronii biovar 
veronii

Isolated from 
clinical 
specimens

Martin-
Carnahan 
and Joseph, 
2005 

11 ATCC 
35941

Unnamed Aeromonas spp. 
(ornithine 
positive) 

-- Martin-
Carnahan 
and Joseph, 
2005 

12 ATCC 
43700

A. schubertii A. schubertii Isolated from 
clinical 
specimens 

Martin-
Carnahan 
and Joseph, 
2005 

13 ATCC 
43946

Aeromonas Group 
501

A. schubertii-like Isolated from 
clinical 
specimens 

Martin-
Carnahan 
and Joseph, 
2005 

14 ATCC 
49657

A. trota A. trota Isolated from 
clinical 
specimens 

Martin-
Carnahan 
and Joseph, 
2005 

15 ATCC 
51208, 
CECT 
4199 

A. allosaccharophila A. 
allosaccharophila 

-- Martin-
Carnahan 
and Joseph, 
2005 

16 ATCC 
51020

A. encheleia A. encheleia Pathogenic for 
eels

Martin-
Carnahan 
and Joseph, 
2005 

17 BCCM/
LMG 
1754 

A. popoffii A. popoffii -- Martin-
Carnahan 
and Joseph, 
2005 

Unassign
ed 

MTCC 
3249, 
NCIM 
5147 

A. culicicola A. culicicola Isolated from 
mosquitoes

Martin-
Carnahan 
and Joseph, 
2005 

Unassign
ed 

-- A. eucrenophila A. tecta Isolated from 
clinical and 
environmental 
sources 

Demarta et 
al., 2008 

Unassign
ed 

-- A. trota A. aquariorum Isolated from 
monkey faeces 

Harf-
Monteil et 
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al., 2004
Unassign
ed 

-- A. popoffii A. bivalvium Isolated from 
aquaria of 
ornamental 
fish 

Martinez-
Murcia et 
al., 2008 

Unassign
ed 

-- Unnamed A. sharmana Isolated from 
bivalve 
molluscs

Minana-
Galbis et al., 
2004 

Unassign
ed

868ET(
=CECT 
7113T=
LMG 
23376T

). 
 

A. bivalvium sp. nov. -- Isolated from 
bivalve 
molluscs

Minana-
Galbis et al., 
2007 

Unassign
ed 

-- A. schubertii A. simiae Isolated from 
midgut of 
Mosquitoes 

Pidiyar et 
al., 2002 

Unassign
ed 

-- A. sharmana sp. nov. A. sobria 
  

Isolated from 
a warm spring 

Saha and 
Chakrabarti, 
2006

Unassign
ed 

266T(5
CECT 
8023T 
5LMG 
26707T

)

Aeromonas 
australiensis sp. nov. 

Aeromonas 
fluvialis, 
Aeromonas veronii 
and Aeromonas 
allosaccharophila 

Isolated from 
irrigation 
water system 

Aravena-
Roman et 
al., 2013 

Unassign
ed 

A.11/6
T 
(=DSM
Z 
24095T
, 
=CECT 
7828T) 

Aeromonas lusitana 
sp. nov. 

-- Isolated frm 
untreated 
water and 
vegetables 
(lettuce and 
celery) 

Martinez-
Murcia et 
al., 2016 

-- ATCC 
49803 

Aeromonas 
enteropelogenes

Aeromonas trota Isolated from 
human stool

Schubert et 
al., 1990a 

-- CECT 
4254T 

Aeromonas diversa Aeromonas 
schubertii 

Isolated from 
leg wound of a 
patient 

Farfan et al., 
2013 

-- 717T 
(=CEC
T 
7401T 
=LMG 
24681T

) 
 

Aeromonas fluvialis Aeromonas veronii Isolated from 
river water 

Alperi et al., 
2010b 

-- 848TT 

(=CEC
T 
5864T 

=LMG 
22214T

)
 

Aeromonas
molluscorum 
sp. nov. 
 

-- Isolated from 
Wedge- shells 

Minana- 
Galbis et al., 
2004 

-- WB4.1
-19T 

(CECT 

Aeromonas rivuli 
sp. nov 
 

-- Isolated from 
a karst hard 
water creek 

Figueras et 
al., 2011 
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7518T 

DSM22
539T 

MDC 
2511T) 
 

-- S1.2T 
(=CEC
T 
7443T= 
LMG 
24783T

)
 

Aeromonas piscicola
sp. nov.

-- Isolated from 
wild diseased 
salmon 

Beaz- 
Hidalgo et 
al., 2009 

-- A2-50T

(=CEC
T 
7403T= 
LMG 
24683T

)

Aeromonas 
taiwanensis sp. nov. 

-- Isolated from 
wound 
infection of a 
patient

Alperi et al., 
2010a 

-- A2-67T

(=CEC
T 
7402T 
=LMG 
24682T

)

Aeromonas 
sanarellii sp. nov., 

-- Isolated from 
a wound 
culture from a 
patient 

Alperi and 
Figueras, 
2010 

-- Information not available 

2.2.1. Aeromonas from aquatic environments

 Aeromonas counts are greater in running water ecosystems than in stagnant 

water and are higher in temperatures spanning between 25°C and 35°C (Hazen et al., 

1978; Hazen et al., 1979). Although A. hydrophila grows over a wide range of 

conductivities, turbidities, salinity, temperature and pH, a very high fluctuation in 

these parameters inhibits the growth of this species of Aeromonas. Principally, species 

of Aeromonas are freshwater inhabitants. But they are also found to inhabit the marine 

waters, most frequent being the epipelagic layer. Most frequently they exist as free-

living bacteria in estuaries. Sometimes they are found to inhabit the bodies of the 

crustaceans. The epipelagic layers of the estuaries are best suited for the growth of

Aeromonas, since salt content is considerably low as compared to the marine benthic 

zone. A survey done on the coastal waters of Italy has revealed the density of 

Aeromonas isolates to vary from 102 to 106 CFU per 100 ml round the year 

(Fiorentini et al., 1998). 
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2.2.2. Aeromonas from diseased fishes 

Species of Aeromonas are known to cause diseases in fishes since long ago, 

much longer than the discovery of their roles in affecting the human beings. Among 

them, the two most frequently occuring fish diseases are found to be caused in fishes 

by Aeromonas salmonicida. Furunculosis is caused by A. salmonicida sensu stricto in 

fishes, particularly in salmonids. The disease has several manifestations. It may be an 

acute form of the disease where fishes suffer from septicemia, loss of appetite and 

melanosis. Symptoms may also include clotting of blood due to rupture of blood 

vessels at the fin bases. It may also lead to chronic disorder if the age of the fishes is 

higher. The affected fishes may turn lethargic and also show slight exorbitism in 

extreme cases. Rupture of muscular blood vessels and within internal organs may also 

occur (Austin, 1997). Similar disorders are caused in fishes by mesophilic 

aeromonads like Aeromonas veronii and Aeromonas hydrophila.  These species of

Aeromonas cause septicemia and ulcerative syndromes in fishes like carps, catfishes 

and tilapia.  Red sore disease is another infectious disorder caused by these bacterial 

species in carp and bass (Joseph and Carnahan, 1994). Massive economic loss in 

aquaculture industry is due to infections caused by mesophilic aeromonads, Aeromons 

hydrophila being the most significant among them (Monette et al., 2006). In many of 

these instances, Aeromonas species were sole or co-pathogens causing invasive 

secondary infections in fishes whose immune system was suppressed which may be 

due to several reasons such as spawning, rising temperature or decreasing levels of 

water. 

 

2.2.3. Aeromonas from drinking water 

 Various concentrations of Aeromonas species have been isolated from 

drinking water. Although the relevance of Aeromonas as the cusative agent of 

gastroenteritis through such drinking water samples is not evident, the long term 

interaction of immunosuppresed patients with aeromonads through waters 

contaminated with aeromonads can potentially lead to invasive diseases, such as 

septicemia (Leclerc et al., 2002). The World Health Organization (WHO) has enlisted 

Aeromonas as a potential hazard in the Guidelines for Drinking-Water Quality (third 

edition). In 1998, A. hydrophila was enlisted on the “Drinking Water Contaminant 

Candidate List” of the Environmental Protection Agency. According to the rule of the 

Consumer Confidence Report, detection of uncontrolled pollutants, such as 
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aeromonads in public water supplies needs to be reported immediately (Edberg et al., 

2007).  

 

2.2.4. Aeromonas from animals

 Different species of invertebrates and vertebrates are found to harbor 

aeromonads. Reports of insects being the host to Aeromonas are known. The 

vertebrates being inhabited by the aeromonads are not studied as extensively as the 

aquatic bodies. There are several direct and indirect methods of identifying 

aeromonads from the vertebrates, some of which are:

Regular screening of the fecal matter of animals for microbes like Aeromonas. 

 Microbial analysis of foods available in the market at regular time intervals. 

 Infections in humans caused by animal bites such as snakes and other 

vertebrates.  

Species of Aeromonas can also be the causative agent of several infectious disorders 

in both poikilothermic and homeothermic animals like ulcerative stomatitis of reptiles 

like snakes and lizards, “red leg” disease of amphibians, infection in blood of dogs 

and infection in bone joints in calves (Gosling, 1996). Aeromonads also cause several 

types of diseases in seals (Thorton et al., 1998) and infection in the seminal vesicles 

of bulls (Moro et al., 1999). Aeromonas species have also been isolated from the 

midgut of Culex quinquefasciatus mosquitoes (Pidiyar et al., 2002; Chandel et al., 

2013) and Anopheles mosquitoes (Djadid et al., 2011). These reports are evidences in 

support of the fact that animals serve as a pool for the origin and interchange of 

species of Aeromonas in the various ecosystems. 

 

2.2.5. Aeromonas from various types of food 

 Transitory settlement of the gastrointestinal tract of humans by Aeromonas is 

mostly an incidental consequence of the ingestion of products contaminated with 

aeromonads. A number of studies have been done with an aim to determine the 

prevalence of different species of Aeromonas in food items available in the markets 

(Isonhood and Drake, 2002). Irrespective of the differences in the procedures and 

media used for detection, and varieties of retail items examined, the overall 

conclusion from these reports suggest that Aeromonas is commonly found in most 

types of food, irrespective of their geographic origin. Aeromonas isolates have been 

invariably isolated from all types of consumable products such as milk, seafish and all 
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types of edible meat available in the market (Palumbo et al., 1985). When these 

consumable products were stored at 5°C the concentration of aeromonads was found 

to vary from 102 to 105 CFU/g in them. Their concentration escalated after 

refrigerating the foods for a period of 7 days in most of the cases. Other researchers

have reported the presence of Aeromonas in milk and milk products, raw vegetables, 

chicken and meats, with the highest incidence of aeromonads being reported from 

shellfish and fish (Borrell et al., 1998; McMahon and Wilson, 2001; Neyts et al., 

2000). 

 

2.3. Identification of Aeromonas 

2.3.1. Biochemical identification of Aeromonas 

A major difficulty in identifying the members of the genus Aeromonas is the 

current number of discovered species being 36 (Salvat and Ashbolt, 2019) and the 

unavailability of clearly distinguishable phenotypic characters among them (Janda, 

2001). Researchers often report only selected biochemical properties of newly 

discovered species and compare the data with phenotypic characteristics of previously 

reported genetically related taxa. Most of the biochemical tests performed in different 

studies are identical but the procedures, growth and incubation conditions, and media 

compositions vary considerably which may affect the results to a great extent (Esteve 

et al., 1995b; Huys et al., 1997). Although all the Aeromonas strains possess 

cytochrome C oxidase, a considerable amount of variation is observed in many other 

biochemical characteristics of Aeromonas. Some of these properties include the 

production of enzymes like gelatinase, lipase, citrate, permease and catalase, gas and 

acetoin from glucose, production of indole (Altwegg et al., 1990b; Abbott et al 2003). 

Test for cytochrome oxidase and acetoin are the most important biochemical tests for 

identification of Aeromonas (Bullock, 1961). Studies have shown the occurrence of 

few oxidase-negative strains of Aeromonas too (Overman et al., 1979). Due to lack of 

uniformity in the data it can be concluded that biochemical characterization is alone 

not enough for identification of Aeromonas upto species level. Molecular 

characterization is necessary for confirmation of the results. 
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2.3.2. Molecular identification of Aeromonas 

 Phenotypic characterization cannot always lead to the correct identification of 

Aeromonas upto species level (Sujita et al., 1994). Therefore, molecular methods are 

employed for correct identification of Aeromonas species. Different molecular 

biology techniques like microplate hybridization method (Sujita et al., 1994), DNA-

DNA hybridization technique (Cascon et al., 1996), PCR of 16S rDNA using specific 

primers (Chen et al., 2019), RFLP of the amplified DNA fragments (Borrell et al., 

1997; Lee et al., 2002; Nawaz et al., 2006; Puthucheary et al., 2012) and also 

sequencing of the amplified DNA (Dorsh et al., 1994; Hossain, 2008) are currently in 

use. Amplification of housekeeping genes like gyrB gene, it’s DGGE analysis (Tacao 

et al., 2005) and sequencing of the amplified DNA (Yi et al., 2013; Chen et al., 

2019), rpoD gene, and sequencing of the amplified DNA (Puthucheary et al., 2012; 

Yi et al., 2013) are widely used for the identification of the different species of 

Aeromonas. Phenotypic and biochemical methods of identification of bacteria may 

give varying results due to variability in expressions. However, sequencing of 

housekeeping genes like 16S rRNA (Hossain, 2008), gyrB (Yi et al., 2013; Chen et 

al., 2019) and rpoD (Yi et al., 2013) provide univocal data that can be reproduced in 

and between laboratories. This holds true even for the rare species. Some other 

housekeeping genes such as gyrA, atpD, recD, dnaJ and dnaX are also sequenced for 

identification of Aeromonas (Martinez-Murcia et al., 2011). 

2.3.3. Other methods of identification of Aeromonas 

 Among the methods used for the identification of Aeromonas other than the 

biochemical and molecular methods are VITEK systems and DuPont 

QualiconRiboPrinter® microbial characterization system (Kivanc et al., 2011). A 

comparative study on the efficiency of three commercially available kits API 20E, 

API 20NE and Microbact 24E showed kits API 20NE and Microbact 24E to be more 

accurate in the identification of Aeromonas (Ogden et al., 1994). MALDI-TOF MS is 

also a powerful tool used to detect pathogenic Aeromonas species from clinical 

samples (Vavrova et al., 2015). Investigation of fatty acids present in the cells also 

serves as a powerful marker for identification of different species of Aeromonas by 

using the method FAME (Fatty Acid Methyl Ester) analysis (Huys et al., 1994; Kuhn 

et al., 1997; Rahman et al., 2002). 
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2.4. Epidemiology 

There is an element of regularity related to the detection of aeromonads from 

the human gut. Aeromonas is not the natural resident of the human gut. Most of the 

researchers have reported a rise in the recovery of Aeromonas species from fecal 

samples during the summer season. This increase in their counts can be correlated to 

the fact that mesophilic aeromonads grow well at higher environmental temperatures, 

thus leading to a rise in bacterial concentration in freshwater habitats as well as in 

domestic water supplies (Edberg et al., 2007; Khardori et al., 1988). Similar 

seasonality has been observed with respect to Aeromonas isolated from the human 

gastrointestinal tract as well as the extraintestinal locations of the body. 42% to 67% 

of the cases of Aeromonas septicemia also occur during the summer season (Tsai et 

al., 2006). While the prevalence of less frequently occurring extra-intestinal infections 

caused by aeromonads is more difficult to track due to their less frequent incidence, it 

is justifiable to correlate the increased concentrations of Aeromonas in aquatic 

habitats during the warmer months of the year with the elevated chances of exposure 

to these microbes and thus an increased probability of being infected by them. The 

close relationship between Aeromonas and aquatic environments has compelled many 

scientists to nearly contemplate the name “Aeromonas” to be used interchangeably 

with “water.” However, with respect to the infection/colonization status of human 

beings with Aeromonas, some of these hydrophilic relationships may not always be 

that obvious. Most of the reports which are available propose that most of the 

mesophilic aeromonads are obtained by drinking water contaminated with 

aeromonads or via the uptake of foods which normally come into close proximity 

with Aeromonas either by being irrigated by Aeromonas contaminated waters or 

through other means. In India, Aeromonas sp. was isolated from 33 (13.4%) out of 

246 food samples of animal origin examined (Kumar et al., 2000). 16.7% of poultry 

meat samples, 12% of goat meat samples and 7.7% of buffalo meat samples were 

found to harbour Aeromonas. They also reported the predominance of A. hydrophila

(51.5%), followed by A. veronii biovar sobria (39.4%) and A. caviae (9.1%). Along 

with these consumable products, molluscs such as mussels and oysters are naturally 

immersed in estuary waters contaminated with these bacteria, and due to their filter-

feeding process, these bacteria get concentrated within their meats. Aeromonads have 

been isolated and identified in India from varied sources like stool samples from 
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patients with diarrhea (Sinha et al., 2004), sulphur spring (Patra et al., 2007). 

Although in most of the surveys undertaken in human diarrhea Aeromonas hydrophila 

appeared to be the dominant species, few reports in India indicated that A. caviae can 

be carried in asymptomatic human subjects showing septicemia, but without any 

history of gastroenteritis (Dwivedi et al., 2008). 

Apart from these major routes, Aeromonas can also invade the humans 

through some other, less significant pathways. Amusement water ventures can cause 

infectious diseases due to coming in contact with Aeromonas contaminated water or 

ingestion of water due to any accident such as in the survivors of cases who were 

nearly being drowned (Bossi-Kupfer et al., 2007). As urban civilization continues to 

intrude rural environments, the events of transfer of Aeromonas from wild animals to 

human beings will rise. While humans getting infected by Aeromonas through bites of 

reptiles such as snakes are known since long ago, Aeromonas infection in humans as a 

result of confrontation with other wild animals such as bears are reported in the last 

two decades (Angel et al., 2002; Kunimoto et al., 2004). The true picture of the 

prevalence of infections caused due to Aeromonas round the world is not known yet. 

Aeromonas infection is less apparent in the developed countries like the United States 

of America.  

 

2.5. Infections caused by Aeromonas and their symptoms 

 Few species of Gram-negative bacteria compete with the aeromonads in 

opportunity and diversity of infectious diseases caused by them in human beings. 

Aeromonads are causative agents of a variety of intestinal and extra-intestinal diseases 

and syndromes. These may extend from comparatively mild diseases like acute 

gastroenteritis to lethal conditions including septicemia, myonecrosis and necrotizing 

fasciitis (Janda et al., 1994). The types of infectious diseases, in addition to those 

mentioned above, that Aeromonas can cause in humans are problems associated with 

the intra-abdominal region, infections in the eyes, bones and joints. Other infrequently 

occuring disorders caused by Aeromonas in humans are infection of the respiratory 

and urogenital tracts. With regard to their prevalence, disorders in humans caused by 

Aeromonas infections can be categorized into- 
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Gastroenteritis. 

Skin and soft tissue infections. 

 Blood-borne infections. 

 A mixed group consisting of infrequently occuring infections. 

 

2.5.1. Gastroenteritis 

 Gastrointestinal tract is a familiar area of human body which shows the 

highest incidence of infection by aeromonads. Supporting affirmation for Aeromonas 

as gastrointestinal pathogen arises from the detailed case studies and epidemiologic 

case-controlled research on Aeromonas-associated diarrhea (Janda and Abbott, 1998). 

There is a consensus among different investigators that certain strains of Aeromonas 

that carry required virulence factors are likely to be human enteric pathogens while 

others are not (Kelly et al., 1993). Diarrhea caused by Aeromonas presents with 

diverse clinical manifestations. Watery and self-limited diarrhea is common. But 

some patients may suffer from fever, abdominal pain, and bloody diarrhea. 

Dehydration may accompany the above-mentioned symptoms in severe cases. More 

than 25% of children pass mucus and blood with stools during diarrhea caused by 

Aeromonas and nearly 35% of patients show signs of fever and vomiting (Ghenghesh 

et al., 1999). Passage of blood along with stool is a sign of dysentery. Children with 

diarrhea caused by Aeromonas may pass up to ten episodes of stool per day which 

may exist for 2-10 days (Ghenghesh et al., 1999). Some exceptionally scarce cases of 

Aeromonas causing a disease similar to cholera are known (Janda and Duffey, 1988). 

It has been reported to occur in several developing countries. A Thai woman from 

Bangkok traveling to France was admitted to a hospital in Paris for a cholera-like 

diarrhea illness (Champsaur et al., 1982). A. veroni biovar sobria (reported as A. 

sobria) was isolated from the patient's “rice water" stool but no Vibrio cholerae and 

enterotoxigenic Escherichia coli was found. The bacterial isolate showed the presence 

of hemolysin, enterotoxin, proteolysin, cytolysin, and a cellrounding factor. Sera from 

acute- and recovering patients showed a rise in neutralizing antibodies to enterotoxin, 

hemolysin and cytolysin. Immunocompromised patients may have severe symptoms. 

A study reported severe acute diarrhea with cholera-like clinical symptoms in a 26-

year-old male from Cuba caused by A. veroni biovar sobria (Earle et al., 1997). The 

patient was suffering from Crohn's disease and had been previously colectomized. 

Isolation of Aeromonas sp. from patients with cholera-like diarrhea strongly 
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reinforces the fact that some strains of Aeromonas sp. are enteropathogenic to 

humans. Diarrhea caused by Aeromonas sp. may also be chronic and persist for 

months, particularly in immunocompromised patients. The isolation of Aeromonas sp. 

from 8 (13.3%) of 60 HIV patients with chronic diarrhea in rural communities of the 

Limpopo Province, South Africa was reported (Obi and Bessong, 2002). 

Immunocompetent individuals may also suffer from chronic diarrhea caused by 

Aeromonas. Two immunocompetent patients from Saudi Arabia, suffering from 

chronic inflammation of their colon were found to be infected by Aeromonas 

hydrophila (Ibrahim et al., 1996).  

Diarrhea caused by Aeromonas is known to occur in all parts of the world and 

affecting people of all ages. Although it is mostly seen in healthy people, people 

already suffering from some disease as well as immunocompromised people such as 

AIDS patients may also have gastrointestinal infections due to Aeromonas (Figueras, 

2005). Aeromonas gastrointestinal disease is a less severe infection from which the 

patients may recover without any medications. Numerous extensive and probable 

studies on diarrhea caused by bacteria concluded that Aeromonas was identified from 

the microbial culture of 0.5% to 16.9% of patients’ stool samples whereas 0% to 10% 

of those of healthy people (Holmbergand Farmer, 1984). These wide and converging 

frequencies with which aeromonads are found in both diseased and healthy persons 

are still true and this is why gastroenteritis caused by Aeromonas is still a debatable 

issue.  

Aeromonas gastroenteritis can medically be found in five different forms such 

as non-descript inflammation of the small intestine, an acute form characterized by the 

passage of blood in stools, as a long term gastroenteric syndrome, in rare cases a 

disease showing symptoms similar to cholera, or as a short-lived diarrhea in returned 

travellers. The most frequently appearing symptom of gastrointestinal infection 

caused by Aeromonas is acute onset secretory diarrhea which is the most common 

symptom of any bacterial infection of the human gut (Figueras, 2005). The watery 

form of diarrhea accounts for 75% to 89% of all Aeromonas gastrointestinal infections 

reported where Aeromonas is the only pathogenic bacterium recovered from the stool 

samples of patients (Chan et al., 2003). Most frequently observed symptoms of this 

type of diarrhea are mild rise in body temperature with stomach ache; frequent 

vomiting in more than 50% of an affected infant population has been reported in a 

study (Essers et al., 2000; Vila et al., 2003). Dehydration is typically mild to 
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moderate. Severe diarrhea caused due to Aeromonas infection is quite unusual (Chan 

et al., 2003). The usual manifestations of Aeromonas gastroenteritis are painful 

cramps in the abdomen and passage of mucus and blood with stool (Chan et al., 2003; 

Essers et al., 2000; Janda and Duffey, 1988). When such symptoms of diarrhea are 

observed patient often needs to be hospitalized. Blood cancer patients or those who 

have tumors in their gut or those suffering from some other disease of the 

gastrointestinal tract may get predisposed to Aeromonas and are likely to develop 

Aeromonas gastroenteritis (Sherlock et al., 1987).  

There are many uncommon manifestations and problems that can occur from 

gastroenteritis caused by Aeromonas. Most of these traumas pave the way for extreme 

episodes of inflammation of the intestine specially the colon due to Aeromonas

infection. Rarely in some patients of Aeromonas colitis chronic diseases, like ulcer of 

the colon or entire large intestine may develop, which may last for months to years. 

Surgery may be required in extreme cases along with anti-inflammatory medicines for 

the recovery of the patients (Willoughby et al., 1989). Aeromonads are not isolated 

from blood, stool or biopsy samples of most chronic patients. Another unusual case 

sometimes correlated with Aeromonas infection in the human gastrointestinal tract is 

segmental colitis. Segmental colitis caused by aeromonads can sometimes be 

confused with ischemic colitis or Crohn’s disease because of their similar symptoms 

(Bayerdorffer et al., 1986). While the infection can affect any portion of the large 

intestine, mostly the ascending or transverse colon is affected. Other conditions found 

to be associated with Aeromonas enteritis/colitis are ileal ulceration (Yamamoto et al., 

2004), intramural intestinal hemorrhage with small bowel obstruction (Block et al., 

1994), and refractory inflammatory bowel disease (Doman et al., 1989). 

 

2.5.2. Skin and Soft Tissue Infections 

 After gut the second most frequent site of the human body infested by 

Aeromonas is the skin and the tissues present under the epidermal region. The range 

of severity of skin and soft tissue infection caused by aeromonads may vary from 

meek superficial issues like pus-filled pimples to fatal conditions. When infection is 

severe, symptoms may extend from life threatening cellulitis of tissues lying below 

the skin to flesh eating disease of the dermis and subcutaneous tissues and even 

serious destruction of muscles (myonecrosis). Some other consequences of severe 

Aeromonas infections may be infectious arthritis involving bones and joints or even 
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spread of infection throughout the body (Lai et al., 2007). The wounded body sites 

most commonly infected by Aeromonas are the upper and lower arms. Many 

treatment methods like hirudotherapy can also enhance the probability of Aeromonas 

infestations in the site of injury (Moawad et al., 2002). Infections caused by 

aeromonads in surgical sites are an exceptionally scarce situation, but may sometimes 

occur after undergoing treatment methods like surgical removal of appendix, gall 

bladder and colon (Tena et al., 2009). Practically all reported cases of surgical site 

infections have been found to develop in patients with medical history of 

gastroenteritis or any bile related disorder. Over 75% of these diseases are caused by 

multiple microbial infections.  

Obscure or evident injurious events can lead to numerous types of Aeromonas 

wound infections. Superficial wear and tear of the skin or incisions can give rise to 

remarkable disease if the wound is immersed in water contaminated with Aeromonas

(Lai et al., 2007). More conspicuous damage to body parts can occur from pervasive 

wounds, such as bites of Aeromonas infected animals or the insertion of foreign 

particles like mud, wooden or metallic items infected with Aeromonas into deeper 

tissues through road accidents (Lamy and Kodjo, 2009). Severe injuries caused by

road accidents that lead to deep wounds and fractures, enhance the chances of

Aeromonas infections in those wonded sites (Monaghan et al., 2008). The deeper the 

wound, the more is the chance of developing a fatal disease due to infection by 

Aeromonas. 

Aeromonads may cause infections in survivors of natural disasters like 

cyclones and floods. Electrical or inflamed burns are frequently managed or quenched 

by immersing burnt areas of body in water contaminated with Aeromonas. Such 

incidents may lead to Aeromonas colonization in devitalized tissues, causing cellulitis 

to septicemia (Kienzle et al., 2000). Aeromonas is frequently found to be a part of the 

oropharyngeal bacterial population of reptiles among which snakes are the most 

common reservoirs. Wound infections ranging from skin degradation to damage of 

the flesh underlying the skin in more severe cases have been reported to result from 

bites of water moccasin, cobra, and viper snake (Angel et al., 2002). 

 

2.5.3. Blood-Borne Infections 

 Septicemia is the typical invasive disease associated with the genus 

Aeromonas. A pioneer report on Aeromonas infections was published, which 
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mentioned two cases of septicemia in adults with preexisting hepatic cirrhosis. These 

reports obtained long back than four decades have suggested that patient populations 

are at a greater risk of developing Aeromonas sepsis. While some differences are 

reported in the types of Aeromonas sepsis based upon the geographic location or 

populations studied over the years it has been noted that the major criteria describing 

septicemia caused by Aeromonas have been well defined for over two decades. Three 

species (A. hydrophila sensu stricto, A. caviae, and A. veronii bv. sobria) are 

responsible for 95% of all blood-borne infections caused by Aeromonas. Besides this, 

three other species of Aeromonas (A. jandaei, A. veronii bv. veronii and A. schubertii) 

are less often associated with septicemia (Janda et al., 1994). While previously the 

word bacteremia was used to define the detection of bacteria in the blood of 

asymptomatic human subjects, and septicemia was known to be established when 

symptoms of infection in blood appeared, at present, there is no difference between 

the two when related to Aeromonas. The two names are now used interchangeably. 

The huge majority (80%) of Aeromonas septicemia cases occur in persons 

who are substantially immunocompromised. Disease in this group most often occurs 

in middle-aged men (approximately 53 to 62 years of age). The male/female ratio 

being affected by Aeromonas is 1.6 to 4:1 and 71% to 79% of it is community 

acquired. Septicemia is caused by Aeromonas round the year, with a greater chance of 

occuring when the environmental temperature is higher. Patients with uncontrolled 

blood cell growth or liver cirrhosis are the immunocompromised ones who are at the 

greatest risk of developing Aeromonas septicemia.  The main preexisting diseases 

which are related to systemic infection are hepatic cirrhosis (54%) and malignancy 

(21%). Other studies have suggested similar findings concerning to susceptibilities for 

sepsis, with long term liver disease being 26% to 36%, neoplasia being 33% and 

biliary disease 24% as the three most vulnerable conditions. Among hematologic 

disorders, acute myelogenous leukemia is the dominating one, followed by 

myelodysplastic syndromes, non-Hodgkin’s lymphoma, and acute lymphocytic 

leukemia (Ko et al., 2000; Tsai et al., 2006). Many other preexisting diseases or 

complications like diabetes mellitus, renal problems, cardiac anomalies, and 

numerous other hematologic conditions, such as aplastic anemia, thalassemia, 

multiple myeloma, and Waldenstrom’s macroglobulinemia have been linked with 

Aeromonas septicemia (Janda and Abbott, 1996,). Unfortunately, there are no clinical 

symptoms that can differentiate Aeromonas septicemia from those whose causative 
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agents are other gram-negative bacteria. The most obvious symptoms that appear 

during Aeromonas infection are high body temperature, jaundice, stomach ache, septic 

shock, and shortness of breath. Diarrhea immediately preceding or coincident with the 

onset of Aeromonas infection in blood is seen infrequently. Aeromonas bacteremia 

may reoccur in a patient on rare occasions after two or more months with a percentage 

of reccurance spanning between 1.4% to 9.8% (Ko et al., 2000; Tsai et al., 2006). In 

these cases, it is not always understandable whether relapse of infection has occurred 

from a secured nest or a clonally different strain of bacteria resulted in the reccurrence 

of bacteremia. The percentage of chief Aeromonas bacteremia in this patient 

population approximately varies from 40% to 57% (Ko et al., 2000), with secondary 

cases often occurring from internal conditions, including peritonitis, soft tissue 

infections, or biliary disease. A study done in South-East Asia has suggested that a 

common staple food, seafood of that place contaminated with Aeromonas may be the 

vector for transmission of aeromonads into the human gut. Patients with hematologic 

malignancies or under anti-neoplastic medications may suffer degradation of the 

gastrointestinal mucosa which brings about transmission of seafood-derived 

Aeromonas isolates from the gut to the blood vascular system (Tsai et al., 2006). 

Aeromonas can also enter the human blood stream through contaminated medical 

devices used to pass out urine or clear any other biliary obstruction in patients 

(Doudier et al., 2006). 

Infrequently another type of Aeromonas sepsis occurs which affects people 

who have suffered a vital distressing cicumstance shortly before contracting 

septicemia. However, this group of people may not have been exposed to Aeromonas 

in the past. These traumas are most frequently community based and can occur as a 

result of various insults. In many cases, the high mortality rate associated with this 

type of infection is interconnected to the shock as well as the pathogen. Medicinal 

leech therapy is often applied to relieve venous congestion. Since leeches have a 

symbiotic relationship with Aeromonas, there is a high chance of the patients getting 

infected while undergoing such therapies. Normally such diseases are restricted to a 

small area of the body. However, spread of the infection is seen in some cases. 

Aeromonas septicaemia has been reported due to leech therapy being carried out in 

patients suffering from, accidental amputations or those who have undergone plastic 

surgery related to malignancies (Fenollar et al., 1999) and has also resulted in 

subsidiary infections like inflammation of the meninges (Ouderkirk et al., 2004). The 
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most frequent Aeromonas species responsible for such diseases is A. veronii bv. sobria 

(“A. sobria”). 

2.5.4. Intra-Abdominal Infections 

“Intra-abdominal infection” is a wide term including a number of infections 

but it is frequently used as a synonym for peritonitis. In reality, intra-abdominal 

infections refer to the infections that originate in the visceral space and spread into the 

peritoneal space. Types of intra-abdominal infections include pancreatitis, acute 

cholangitis, hepatic abscesses and peritonitis. Such types of infections are significant 

medical problems of South-East Asia as compared to the developed countries of the 

United States or Europe. Similar to Aeromonas septicemia, most of the intra-

abdominal infections caused by Aeromonas are acquired from the community and 

mostly middle-aged men are found to be affected who have one or more underlying 

illnesses. 

Some severe infectious complications may develop in cirrhotic patients 

(Brann, 2001). Peritonitis is a swelling of the peritoneum, the serous membrane 

forming the inner lining of the abdomen. It may occur in three medical conditions, 

one of which is bacterial infection in the peritoneum even in the absence of a common 

pathogen, another being developed when a patient undergoes continuous ambulatory 

peritoneal dialysis (CAPD) or invasion of aeromonads from the gut into the 

peritoneum through perforations of the intestine (Wu et al., 2009). When CAPD

patients develop Aeromonas peritonitis, many of them are also suffering from

problems of liver which may or may not be detected during peritonitis (Yang et al., 

2008). Peritonitis can be of two types, primary and secondary. The less common form 

is primary peritonitis, which occurs as a result of the spreading of Aeromonas from 

the blood vascular or lymphatic system into the peritoneum. Secondary peritonitis 

occurs more frequently and is caused from the spread of infections from the biliary or 

gastrointestinal tract. Most of the cases (95% or more) of bacterial peritonitis in 

South-East Asia are caused by Aeromonas hydrophila. Some other species of the 

genus such as A. veronii bv. sobria may also sometimes serve as the causative agent 

of peritonitis (Choi et al., 2008). In most of the patients, the route of infection is not 

pronounced. 

Acute suppurative cholangitis is a very common medical complication of the 

hepatobiliary tree caused by aeromonads. Research works done in Hong Kong and 
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Michigan suggests that the percentage of occurance of Aeromonas cholangitis varies 

from 1.3% to 2.9%. Cholangitis caused by Aeromonas are generally polymicrobial 

with Enterobacteriaceae, Enterococcus and Pseudomonas aeruginosa being the other 

three common pathogens involved with the disease. These findings indicate that these 

illnesses originate from the gastrointestinal tract. Many patients developing 

cholangitis have had previous episodes of Aeromonas infections. Most of the patients 

diagnosed with Aeromonas cholangitis have one of the underlying illnesses like 

cholelithiasis or choledocholithiasis, non-malignant biliary strictures, 

cholangiocarcinoma or pancreatic carcinoma (Chan et al., 2000). 

 

2.5.5. Respiratory Tract Infections 

 Aeromonas species are at times isolated from sputum or other secretions from 

the respiratory tract of hospitalized patients. Previously, in most of the cases, these 

isolates were regarded to represent transitory colonization only (Janda and Abbott, 

1998). But now the concepts regarding Aeromonas and respiratory diseases associated 

with them have changed. Previously, Aeromonas was responsible for infection of the 

epiglottitis, purulent pleuritis, lung tissue necrosis, and alveolar inflammation in 

patients with no chronic disorders or in people with impaired immune system. 

Nowadays, serious respiratory tract infection cases caused due to Aeromonas are 

increasing in number. Such diseases are often difficult to diagnose and pose a greater 

diagnostic challenge to the doctors and microbiologists. As of now, the most common 

respiratory illness associated with Aeromonas is pneumonia. Bacterial pneumonia is 

found to affect two types of people. The first type arises from severe trauma, the most 

frequent of which is near-drowning cases, whose estimated cases of a year in the 

United States are 16,000 to 160,000 (Ender et al., 1996). Accidents leading to near 

drowning in the sea, a shallow irrigation ditch, and other massive aquatic exposures 

may lead to pneumonia along with septicemia caused by aeromonads in the victims

(Mukhopadhyay et al., 2008). Many adults with pneumonia caused by Aeromonas 

have preexisting underlying diseases which may be liver cirrhosis, renal disease, or 

multiple sclerosis but children who are diagnosed with Aeromonas pneumonia may 

not have any of such preexisting conditions. Some of these cases may be aspiration 

pneumonia (Mukhopadhyay et al., 2003), while contaminated water may also serve as 

the source of infection in others (Rodriguez et al., 2005). Blood is the most common 

site from where aeromonads are isolated, others being secretions fron the inner lining 



36
 

of the respiratory tract, and postmortem specimens, such as pleural discharge. The 

patients whose blood has been infected may often collapse very fast. Two strains of 

A.hydrophila were detected from one dead patient. One of the strains was multi drug 

resistant, which enhanced the difficulty in treatment (Murata et al., 2001). 50% of the 

patients getting affected by pneumonia due to Aeromonas infections succumb to the 

disease.

 

2.5.6. Urogenital Tract Infections 

 Aeromonads are frequently involved in the urogenital tract infections, 

although this disease has received less attention from the medical and scientific 

communities. The frequency of occurrence of these urogenital tract infections (UTIs) 

is not clear as they are often mentioned with less significance in published literature 

(Huang et al., 2006). A 69-year-old male diabetic patient, also suffering from long 

term hepatitis was reported to develop UTI caused by A. veronii bv. sobria (Hsueh et 

al., 1998). He was cured by the application of ceftriaxone but again developed 

necrotizing fasciitis due to infection from the same organism. A 13-year-old 

myelomeningocele patient was reported to have developed UTI due to A. popoffii 

which is generally considered to be an infrequent human pathogen (Hua et al., 2004). 

An infected urinary catheter was identified as the route of infection. A 39-year-old 

man who complained of increased urination, dysuria, and hematuria for the past two 

months was diagnosed with cystitis due to A. caviae (Al-Benwan et al., 2007). A 39-

year-old alcoholic male was reported to have developed prostitis due to Aeromonas 

infection (Huang et al., 2007). The patient had developed fatty liver. Microbial 

examination of his blood and urine samples revealed the presence of A. veronii bv. 

sobria (“A. sobria”). No origin of his infection could be identified, but the researchers 

hypothesized that his lower socioeconomic condition may have enhanced the chances 

of his encounter with environmental aeromonads. 

2.5.7. Eye Infections 

Eye infections due to Aeromonas species can cause inflammation in the ocular 

chambers, cornea and ulcer in the cornea (Sohn et al., 2007). In many cases, 

previously occuring trauma or encounter with the physical environment possibly 

contaminated with aeromonads is unknown. However, sometimes soft contact lenses 
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may become contaminated with Aeromonas, among other microbes (Hondur et al., 

2008). 

 

2.6. Pathogenicity 

Only two types of infections caused by Aeromonas in humans (gastroenteritis

and wound infections) are dominant in healthy people, in opposition to those with 

underlying illnesses. Only 3 of the recognized Aeromonas species (A. hydrophila 

sensu stricto, A. caviae, and A. veronii bv. sobria) are responsible for causing most of 

the Aeromonas infections in human beings (Janda and Abbott, 1998). Screening of 

environmental samples indicates that while these virulent species may be frequently 

recovered from some habitats, they are not primarily found in water and food used for 

human consumption and surface of freshwater and marine water ecosystems. This 

suggests that the process of establishment of disease in a person likely to get infected 

prioritizes those strains which have certain features that enhancs the chances of 

pathogenicity (Borrell et al., 1998). Some other species of the genus Aeromonas who 

are emerging pathogens are Aeromonas salmonicida and Aeromonas dhakensis. 

 

2.6.1. Gastroenteritis 

 To establish itself as a successful enteropathogen, a bacterium has to enter the 

body of the host, surpass normal physiologic barriers, escape defense mechanisms of 

the host, and give rise to disease. The presumed route through which Aeromonas

enters the gastrointestinal tract and produces gastroenteritis is through contaminated 

foods or water. The bacteria after entering the alimentary canal bypass the lethal 

effects of gastric acidity, attaches itself to the small or large intestine competing 

successfully against native microbes of the human gut. Although numerous genes and 

virulence factors are involved to make this complicated process a success, only a few

of them have been studied extensively. One possible way by which aeromonads can 

escape the corrosive effects of acidic pH in the stomach is by having an acid tolerance 

mechanism. A strain of A.hydrophila has been adapted to tolerate pH 3.5 through a 

mechanism close to that applied by Salmonella (Karem et al., 1994). If such an 

adaptation is found in many other Aeromonas species this will facilitate them to 

subsequently invade and colonize the human gastrointestinal tract. 
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Once aeromonads enter the human alimentary canal, a sequence of events 

occur which help them to compete against the normal gut flora by producing some by-

products of metabolism and bacteriocin-like compounds which help them to attach 

themselves to the gut wall. This mechanism includes a sequence of interdependent 

steps, including movement toward a particular direction, adherence to the lumen of 

the gut, formation of biofilm, colonization, production of virulence factors and 

infection. Two types of flagella (polar and lateral) and pili are the two important 

structures that play significant roles in the establishment of the pathogenesis of 

Aeromonas. The gene for the polar flagellum (Pof) is constitutive and that for lateral 

flagella (Laf) is inducible (Martin-Carnahan and Joseph, 2005). Polar flagella help 

aeromonads to swim and the lateral ones help in forming colonies on colonization 

sites (Kirov et al., 2002). It has been thought that Pof has a significant role in the 

adherance of aeromonads to the lumen of the gut and Laf has a significant role in 

successive stages of infection, including enhanced cell attachment, biofilm formation, 

and chronic colonization. A research showed that the lost pathogenicity of laf-

negative Aeromonas isolates was gained back after reintroduction of laf genes in them 

(Gavin et al., 2003). Similar to this, structurally distinct two forms of pili are found in 

aeromonads, one is small and stiff similar to type I and Pap pili present in E. coli. This 

is more commonly found. The other one is long and curved type IV pili. The type IV 

pili can be of two subtypes, those linked with bundle forming pili (Bfp), which seem 

to help in attachment to intestinal lining, and another form, known as type IV 

Aeromonas pilus (Tap), formed by the expression of a cluster of genes known as 

tapABCD (Martin-Carnahan and Joseph, 2005). While there is considerable research 

data that suggests bundle forming pili to be important factors in intestinal 

colonization, there presently is no sufficient evidence to suggest a similar function of 

Tap (Kirov et al., 2000). 

Formation of biofilm in aeromonads seems to be enhanced by their quorum 

sensing abilities (Lynch et al., 2002). Many, if not all species of Aeromonas, carry

luxRI homologs which encodes an acyl-homoserine lactone (acyl-HSL)-dependent 

transcriptional activator (Jangid et al., 2007). Mutation done in the luxS gene of an A. 

hydrophila clinical isolate, strain SSU, changed formation of biofilm to a great extent 

and increased virulence potential of a septicemic mouse model but did not 

significantly alter the production of cytotoxin or hemolysin or the function of Type 

three secretion system (TTSS) (Kozlova et al., 2008). In the diarrheal isolate, SSU, 
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the production of one or more enterotoxin is controlled by quorum sensing and 

production of lactone along with TTSS. This could be concluded from increased 

enterotoxin production with increased bacterial cell density increased (Sha et al., 

2005). Once able to colonize the lumen of the human gut, Aeromonas can evidently 

cause diarrhea by producing toxins in the intestine and inflammation of the intestinal 

lumen, or by invading the epithelial cells of the intestinal lining leading to more 

severe forms of the disease. It is found that simultaneous production of both 

enterotoxins and invasins is also feasible (Janda and Abbott, 2010). These molecules 

can be categorized into toxins with cytolytic activity on erythrocytes and cytotonic 

toxins targeting the intestinal cells. Hemolysin (also called Bernheimer’s aerolysin) 

produced by Aeromonas hydrophila is the most effective and widely studied of these 

toxins. Two/third of A. hydrophila strains possesses this toxin which has pore forming 

property. It is also present in many other species of Aeromonas like A. veronii, A. 

sobria, A. caviae and A. trota.  Another group of hemolysins (AHH1) show amino 

acid sequence similar to the HlyA hemolysin expressed by Vibrio cholerae (Janda, 

2001). Most of the species of Aeromonas (A. veronii, A. jandaei and A. trota) express 

HlyA in different frequencies and it is invariably found in A. hydrophila 

(Heuzenroeder et al., 1999). Another cytotoxic enterotoxin in Aeromonas is Act. It is 

a type II pore-forming toxin showing hemolytic activity. Many other toxins or 

virulence factors have been found to play roles in gastrointestinal disease 

pathogenesis induced by Aeromonas. Species of Aeromonas express two different 

cytotonic enterotoxins one of which is heat-labile known as Alt and a heat-stable 

cytotonic enterotoxin designated as Ast (Sha et al., 2002). Another toxin isolated and 

purified from certain strains of A.veronii bv. sobria was approximately a 60-kDa non-

hemolytic enterotoxin whose mode of action is like a serine-protease which causes 

apoptosis in Vero cells (Martins et al., 2007). Antibodies produced against aerolysin 

can partially neutralize this toxin (Janda and Abbott, 2010). 

 

2.6.2. Wound infections 

 Data available regarding the Aeromonas pathogenicity with respect to wound 

infections is insufficient. Although data regarding Aeromonas is not enough, it is 

probable that the virulence factors and their application in establishing the 

pathogenicity of Aeromonas is similar to another Gram-negative wound pathogen, P. 

aeruginosa. The process by which Aeromonas is likely to cause superficial or deep-
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seated wound infections with probable systemic extension includes three major steps 

which are as follows: 

 Attachment of aeromonads to the site of a wound and their initial 

colonization. 

 Production and secretion of protease enzymes by the aeromonads and 

breakdown of proteinaceous material of the host which is then used as 

a source of energy by the bacteria for multiplication.  

 Migration of Aeromonas into deeper tissues of the host towards areas 

that have a higher protein concentration through chemotactic 

movement. 

 Numerous factors are involved in this process. Along with adhesive factors 

required in the first step, aeromonads express a wide range of microbial proteases 

showing proteolytic activity on complex connective tissue and serum proteins (Janda, 

2001). Breakdown of these tissues and proteins provide energy to the bacteria for 

further multiplication. With the depletion of nutrient sources, a chemotactic gradient 

is developed, with higher to lower protein concentrations from deeper to superficial 

tissues that are already colonized by Aeromonas. Most Aeromonas species (80% to 

95%) show chemotactic motility in response to proteins, amino acids or mucins 

(Janda, 1985). Such directional chemotactic movements would lead to rapid migration 

of aeromonads into subcutaneous tissues, leading to their migration to the tissues 

which are rich in nutrients. Apart from this many other factors like quorum sensing 

and TTSS also probably play significant roles in wound infections. 

 

2.6.3. Septicemia 

 Most commonly, primary Aeromonas septicaemia occurs when aeromonads 

from the gastrointestinal tract invade the circulatory system. Secondary cases occur 

due to the transfer of aeromonads from infected wounds, peritonitis, or biliary disease 

into the bloodstream. Normal and immunocompromised mice models are inoculated 

intraperitoneally which showed an association of secondary Aeromonas bacteremia 

with peritonitis. 

 It is not likely that proteins such as toxins affecting the intestine or worldwide 

regulatory systems (TTSS or quorum sensing) are the only observable virulence 

factors explicitly connected with bacteremia. The host applies several defense 

mechanisms that pathogens have to overcome to survive and proliferate in 
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extraintestinal spaces. It is observed that all Aeromonas species are not associated 

with septicemia, and ~90% of the infections are caused by a small number of 

genomospecies. Among the species responsible for septicemia, specific strains with 

certain lipopolysaccharide (LPS) antigens which act as specific markers are likely to 

be responsible for most of the blood-borne diseases. Studies show that Aeromonas of 

the serogroups O:11, O:16, O:18, and O:34 (Sakazaki and Shimada scheme, 1984) are 

the causes for most of the cases of systemic pathogenesis. Thus, LPS antigens and 

their composition are significant in determining the virulence potential of Aeromonas

(Janda et al., 1994). Due to the presence of LPS or the Surface (S) layers, the virulent 

Aeromonas species can escape the lytic effects applied by the classical complement 

pathway (Janda et al., 1994; Merino et al., 1996). There is rapid degeneration of C3b 

and the final components of the classical complement pathway fail to come together. 

Thus, the lytic membrane complex fails to form. It has been observed in a study that 

Aeromonas isolates are poorly phagocytized by J774 macrophage cell line irrespective 

of their species designation. However, it was observed in this experiment that the 

scavenging of bacterial isolates by the machophages was much better in case of A. 

caviae than that of A. veronii bv. veronii and A. hydrophila. The bacteria could 

continue with their multiplication for three hours even after being uptaken by the J774 

cells in approximately 1/3rd of the bacterial isolates. Thus it can be concluded that

Aeromonas strains have a mechanism of their own to resist the intracellular fatal 

consequences which help them to survive in the host body (Krzyminska et al., 2008).  

2.7. Genes and proteins involved in virulence 

The mechanism of Aeromonas pathogenesis is quite complex and not well 

understood yet. Multiple factors are responsible for the virulence caused by 

Aeromonas. The virulence factors which have been recognized in Aeromonas are 

enterotoxins, haemolysins, cytotoxins, proteases [serine protease (AspA), elastase 

(AhpB)], lipases (Pla and Plc, Sat), DNAses and adhesins [type IV pili, polar flagella 

(FlaA and FlaB)] (Agarwal et al., 1998; Cascon et al., 2000; Rabaan et al., 2001). The 

Aeromonas strains isolated from water have been found to carry many of these 

virulence factors (Handfield et al., 1996; Kuhn et al., 1997b; Janda and Abbott 1998; 

Kingombe et al., 1999; Schubert, 2000; Sechi et al., 2003). Among these virulence 

factors, five of them are directly involved in the pathogenesis of the bacteria. This has 
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been proved by gene disruption techniques in animal models or cell lines. The five 

factors directly involved in the pathogenesis of Aeromonas are the enterotoxin (Act), 

aerolysin (AerA) (Chopra et al., 1994; Chopra and Houston, 1999; Xu et al., 1998; 

Sha et al., 2002) enterotoxin (Ast) (Chakraborty et al., 1986; Sha et al., 2002), 

elastase (Cascon et al., 2000), and flagellin (Rabaan et al.,2001). 

2.7.1. Cytotoxic enterotoxin (act), haemolysin (hlyA)/ aerolysin (aerA) 

 The act gene of Aeromonas hydrophila encodes for cytotoxic enterotoxin 

which has cytotoxic, haemolytic as well as enterotoxic roles (Xu et al., 1998; Chopra 

and Houston 1999). Other species of Aeromonas have haemolytic activity due to the 

expression of other genes, namely hlyA and aerA and some strains of Aeromonas may 

have more than one of these genes (Howard et al., 1987; Kozaki et al., 1989; Hirono 

and Aoki 1991; Heuzenroeder et al., 1999). 

 

2.7.2. Cytotonic enterotoxins (ast, alt) 

 The crypts and villi of the small intestine are not degraded by cytotonic 

enterotoxins (Chopra and Houston 1999). But these factors play a role in causing 

diarrhea. Knockout mutations in either of the two genes expressing the cytotonic 

enterotoxins of Aeromonas hydrophila, and administration of these mutated strains 

into mice models showed significantly less collection of fluid in the ligated ileal loop 

of the mice models as compared to the ones administered with the wild type of 

Aeromonas strains (Sha et al., 2002). 

 

2.7.3. Elastase (ahpB) 

 The elastase, a zinc metalloprotease, expressed by the ahpB gene is an 

important virulence factor in the establishment of the pathogenesis of the bacteria 

(Cascon et al., 2000). Three elastase genes have been recorded in the Genbank 

database. Two of them are from Aeromonas caviae (accession nos AB022174 and 

ABO24302) and one from Aeromonas hydrophila (accession no. AF193422). 

 

2.7.4. Flagella 

 Most of Aeromonas species and all of the species of bacteria which are 

recognized as human pathogens are motile due to the presence of polar flagella. 

Motility is a very important virulence factor for Aeromonas (Rabaan et al., 2001). 
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Polar flagella are made up of two flagellin subunits Fla A and Fla B expressed by the 

genes flaA and flaB respectively. The two genes have been cloned and sequenced 

from Aeromonas salmonicida (Umelo and Trust, 1997; Rabaan et al., 2001). 

Mutations in these genes resulted in an absolute loss of motility of Aeromonas and its 

ability to adhere to human HEp-2 cells.  

2.8. Antimicrobial susceptibility 

The overall sensitivity profile for members of the genus Aeromonas shows 

that inducible chromosomal-lactamases are the dominant resistance mechanism for 

most aeromonads. Along with this expression of metallo- -lactamases which are 

active against carbapenems is also a reason for concern (Janda, 2001; Zhiyong et al., 

2002). Pathogenic species of Aeromonas and Plesiomonas which are less abundant 

are identified following the rules given by Clinical and Laboratory Standards Institute 

(CLSI) (Jorgensen and Hindler, 2007). The susceptibility of the aeromonads to 

different antibiotics is not species-specific and it does not depend on their isolation 

sites (Kampfer et al., 1999). However, the sensitivity of anti- -

lactamase–inhibitor combinations, like amoxicillin-clavulanic acid may differ from 

this rule (Zhiyong et al., 2002). The effect of therapeutically active drugs against 

Aeromonas isolates does not seem to be dependent on species designation. 

2.9. Antibiotics and their classification 

The word antibiotic has come from two Greek words, ‘anti’ which means 

against and ‘bio’ which means life. Antibiotics are against life in regard to harmful 

microbes but pro-life with regard to human beings. The term antibiotic was used for the first 

time by Selman Waksman to describe a type of antimicrobial secretion from environmental 

microbes that has antagonistic effect on the growth of other microbes (Clardy et al., 2009). 

However, in the modern era this definition of antibiotic has been updated to include 

antibiotics produced by synthetic means. Although antibiotics or antimicrobials refer to 

antibacterial compounds which means those which have an antagonistic effect on the growth 

of other bacteria, antibiotics can be classified as antibacterials, anti-fungals and anti-virals 

(Brooks et al., 2004; Russell, 2004). 

The period 1940 to 1960 is referred to as the golden era of antibiotics. But research 

has revealed traces of antibiotics from human skeletal remains long before this time. Traces of 

tetracycline have been found from the skeletal remains of the ancient Nubia in Sudan (Bassett 
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et al., 1980; Nelson et al., 2010). Another study revealed tetracycline remains along with 

fluorochrome labelling in histological samples of the late Roman period (Cook et al., 1989). 

There is a possibility of tetracycline intake in the diet during this period which may be the 

cause of less infectious diseases documented during that time and no trace of infection in the 

skeletal samples obtained from Dakhla Oasis (Armelagos, 1969; Cook et al., 1989).  

In Table 2.2, antibiotics are classified based on their chemical structure. A brief 

description of how they work and the medical fields where they are applied are also 

highlighted. 

 

Table 2.2. Classification of antibiotics.

Class of 
Antibiotic 

Chemical 
Structure 

Some members Mode of 
action 

Uses References 

Beta-lactam 3-carbon and 1-
nitrogen ring

Penicillins 
(PenicillinG, 
oxacillin, 
ampicillin, etc ) 
Cephalosporin 
(Cefalexin, 
cephapirim, 
cefovecin, 
ceftaroline, etc  
) 
Monobactam 
(Aztreonam) 
Carbapenems 
(Imipenem, 
meropenem, 
faropenem, etc)

Interferes 
with the 
synthesis of 
peptidoglyc
an layer of 
bacterial 
cell wall 

Treatment of 
skin and soft 
tissue 
infections, 
streptococcal 
pharyngitis, 
bacteraemia, 
endocarditis, 
surgical 
prophylaxis, 
etc

Etebu and 
Arikekpar, 
2016; 
Khan, 2018 

Macrolide 14 to 16-
membered 
macrocyclic 
lactose rings 
attached with 
deoxy sugars L-
cladinose and 
D-desosamine 

Erythromycin, 
azithromycin, 
clarithromycin, 
clindamycin, etc 

Inhibit 
translation 
in bacteria 

Treatment of 
respiratory, 
skin, soft 
tissue and 
some 
sexually 
transmitted 
infections, etc 

Etebu and 
Arikekpar, 
2016;  
Khan, 2018 

Tetracycline 4 hydrocarbon 
rings 

Chlorotetracycli
-n, 
oxytetracycline, 
doxycycline, etc 
 

Inhibit 
translation 
in bacteria 

Treatment of 
malaria, 
elephantiasis, 
amoebic 
parasites and 
rickettisia, etc 

Etebu and 
Arikekpar, 
2016

Quinolone 2 to 3 
hydrocarbon 
rings 

Nalidixic acid,
norfloxacin, 
ofloxacin, 
ciprofloxacin, 

Interferes 
with 
bacterial 
DNA 

Treatment of 
UTI, 
respiratory 
tract 

Etebu and 
Arikekpar, 
2016
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etc
 

replication 
and 
transcriptio
n-n 

infections and 
systemic 
infections, etc 

Aminoglycoside Compounds 
having 3 amino 
sugars bonded 
by glycosidic 
bonds 

Streptomycin, 
kanamycin, 
gentamycin, 
netilmicin, 
amikacin, etc 

Inhibit 
translation 
in bacteria 

Treatment of 
tuberculosis, 
bubonic 
plague, 
tularaemia 
and 
pseudomonas 
infections in 
cyctic fibrosis 
patients, etc 

Etebu and 
Arikekpar, 
2016; 
Khan, 2018 

Sulphonamide Sulphur 
compound 
similar to p-
Amino benzoic 
acid 

Sulphadiazine, 
sulphamethoxaz
-ole, 
trimethoprim, 
etc 

Inhibit the 
production 
of nucleic 
acids 

Treatment of 
septicemia, 
tonsillitis, 
bacillary 
dysentery, 
meningococc
al meningitis, 
and some 
UTIs, etc 

Etebu and 
Arikekpar, 
2016

Glycopeptide 2 sugar 
molecules 
bound to a 
cyclic peptide 
consisting of 7 
amino acids 

Vancomycin, 
etc 

Inhibit 
peptidoglyc
an synthesis

Treatment of 
pseudomemb-
ranous colitis 
and a number 
of life 
threatening 
infections 
caused by 
Gram 
positive 
bacteria, etc 

Etebu and 
Arikekpar, 
2016

Oxazolidinone Organofluorine 
compound 
consisting of a 
fluorine, phenyl 
and 
acetamidomethy
l group 

Linezolid Inhibit 
translation 
in bacteria 

Treatment of 
respiratory 
tract, surgical 
and skin 
infections, etc 

Etebu and 
Arikekpar, 
2016

Antimicrobial substances can be broadly grouped under two categories i.e. 

bacteriostatic and bactericidal. Those antimicrobials that inhibit the growth of other 

bacteria are termed bacteriostatic and those that kill other bacteria are termed 

bactericidal (Walsh, 2003). Antibiotics can be classified in several ways the most 
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common way is based on their chemical structures, mode of action and activity 

spectrum (Calderon and Sabundayo, 2007). Based on the differences in their 

molecular structures, antibiotics can be classified as beta-lactams, tetracyclines, 

macrolides, aminoglycosides, quinolones, glycopeptides, sulphonamides, 

oxazolidinones (Van Hoek et al., 2011; Frank and Tacconelli, 2012; Adzitey, 2015). 

2.10. Sources which add antibiotics to the environment 

Antibiotics hold a significant position in the treatment of infectious diseases in 

agriculture, aquaculture, livestock and humans. The release of effluents from the 

pharmaceutical industries, animal farms, aquaculture units, agricultural lands, 

hospitals and cities are the main sources that add antibiotics and their metabolites to 

our soil and water. This happens due to incomplete metabolism, non-judicious use and 

improper disposal of antibiotics. Effluents from wastewater treatment plants (WWTP) 

and leakage of sewage also contribute to antimicrobial compounds in the terrestrial 

and aquatic ecosystems. Increased use of antibiotics for human, animal and 

agricultural benefits leads to their accelerated release into the environment (Nielsen et 

al., 2018). Antibiotic consumption by humans and the percentage of each antibiotic 

consumed varies in different parts of the world. Also, intake of antibiotics with or 

without prescription also varies from country to country (Molstad et al., 2002). 

Antibiotics are used to promote growth and feeding efficiency in animal husbandry 

(Cowieson and Kluenter, 2019). Antimicrobial compounds have been found in 

effluents from hospitals and WTTP (Barancheshme and Munir, 2018), veterinary and 

pharmaceutical industry discharges (Obayiuwana et al., 2018) soil, WWTP sludge, 

surface water and groundwater (Zhang et al., 2018). Discharge from dairy industries, 

poultry farms, municipal wastes and animal excreta (Pruden et al., 2013). 

Inappropriate ways of discarding unused or expired antibiotics directly into the 

sewage system or dumped into landfills or accidental spills from the pharmaceutical 

industries also contribute to the contamination of water and soil (Akici et al., 2018). 

The antimicrobial compounds persist in the environment and lead to the development 

of resistance against them among the environmental microbes (Kim et al., 2018). Soil 

and water pollution due to the addition of antimicrobials has turned out to be a global 

threat. The unparalleled advantage of antibiotics in the medical field cannot be denied 

(Berger et al., 2018) but antimicrobial residues have become widespread in the 
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aquatic environment which makes water security a matter of concern for the 

policymakers. Even trace amounts of antibiotics found in the surface waters pose a 

great challenge for assessment of water quality because of their noxious impact on 

non-target biota (Vasiliadou et al., 2018). The discovery of antibiotics has 

revolutionized the entire treatment process of infectious diseases but its overuse has 

posed a negative impact on both the terrestrial and aquatic ecosystems (Leung et al., 

2012). The primary failure of antimicrobials is the development of antibiotic 

resistance in bacteria as well as other organisms (Tacconelli et al., 2018). 

 

2.11. Mechanism of antibiotic resistance 

The expression of one or more u -lactamases which is 

-lactam antibiotics including cephalosporins, 

penicillins, and extended-spectrum cephalosporins is a matter of grave concern in 

antimicrobial susceptibility testing of Aeromonas. The three main groups -

lactamases expressed in Aeromonas species, are a class B metallo- -lactamase 

(MBL), a class C cephalosporinase and a class D penicillinase (Libisch et al., 2008). 

Aeromonas strains producing -lactamases can be categorized into five groups i.e. 

complicated A. hydrophila strains which produces class -lactamases, A. 

caviae strains which produces -lactamases, strains of A. veronii group 

which express class B and D lactamases, strains of A. schubertii which produce class 

D lactamases and strains of A. trota -lactamases (Fosse et al., 

2003). Many A. veronii bv. sobria isolates have been reported to express a class C 

cephalosporinase. 

A single strain of bacteria can carry up to three classes of -lactamases which 

work together in a coordinated manner (Walsh et al., 1997). Class C 

cephalosporinases of the AmpC family are mostly resistant to some cephamycins and 

extended-spectrum cephalosporins. They are also not inhibited by -lactamase 

inhibitor compounds either (Fosse et al., 2003). DNA sequence expressing Class D 

penicillinases are homologous to the oxacillinases (OXA) and can hydrolyse 

cloxacillin and carbenicillin better than benzylpenicillin (Rasmussen et al., 1994). 

Rarely, sporadic Aeromonas infection cases have been reported where the causative 

-lactamase of the TEM family of Extended-spectrum 
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-lactamases (ESBLs), a trait typically associated with the family Enterobacteriaceae. 

TEM has been named after the name of an an Athenian patient (Temoneira), from 

whose feces culture E. coli and Salmonella isolates were derived encoding TEM-1 

and TEM-2 in 1963 (Ruiz, 2018). 

The most common metallo-beta-lactamase expressed by Aeromonas is of the 

“CphA” type, whose genes are commonly found in strains of A. hydrophila and A. 

veronii (Walsh et al., 1997). T -lactamases) MBLs known as 

(Verona Integron- encoded Metallo- -lactamase) (VIM) and (imipinimase) (IMP) 

have been detected in strains of A. hydrophila and A. caviae. The gene expressing the 

VIM was found on an integron and the one encoding the IMP was detected on a 

plasmid (Libisch et al., 2008). In both the cases, these MBL-expressing strains were 

-lactam antibiotics, including cefepime, imipenem, ceftazidime, and 

piperacillin-tazobactam; both strains were sensitive to aztreonam when tested in vitro. 

A study has reported NDM-1 (New Delhi Metallo- -Lactamase) gene in 

aeromonads isolated from environmental samples of New Delhi (Walsh et al., 2011). 

The spread of mobile NDM-1, a carbapenemase, among bacterial pathogens is of 

great concern. These enzymes confer resistance -lactam 

antibiotics. Pathogens possessing NDM-1 are resistant to multiple antibiotic classes, 

which renders a very few treatment options amenable (Walsh, 2010; Livermore, 

2009). This concern is certainly warranted for Enterobacteriaceae that produce NDM-

-lactamase (Yong et al., 2009). Plasmids having the sequence expressing for this 

carbapenemase, blaNDM-1, can carry up to 14 other antibiotic resistance genes which 

can transmit this drug resistance to other bacteria, giving rise to multidrug-resistant 

phenotypes (Kumarasamy et al, 2010). The resistance of this scale could have serious 

public health implications because so much of modern medicine is dependent on the 

ability to treat infection (Livermore, 2009; Bonomo, 2011; Moellering, 2010). 

Aeromonas strains are almost universally susceptible to fluoroquinolones. In a 

study strong chromosomal resistance was detected in Aeromonas caviae strains 

against antibiotics like nalidixic acid, ciprofloxacin, and norfloxacin (Sinha et al., 

2004). In a study, two mutations caused in the gyrA gene and one mutation in the 

parC gene was observed to impart resistance to fluoroquinolones in Aeromonas 

isolates. Resistance to quinolone resistance was also reported to be associated with the 

218-amino-acid QnrA protein expressed by genes present in a plasmid. Another 
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quinolone resistance gene qnrS has been reported in A. caviae and A. media isolated 

from natural water bodis and in A. veronii isolated from hospital (Sanchez-Cespedes 

et al., 2008). The A. veronii isolated from clinical source was resistant to multiple 

antibiotics such as nalidixic acid, ciprofloxacin and levofloxacin. 

 

2.12. Role of plamids, integron systems and transposons in disease 

transmission 

 Aeromonas spp have been regarded as "emerging pathogens” that possess 

multi-factorial virulence genes and systems. Bacteria employ various mechanisms of 

antibiotic resistance. These include target substitution, target protection, antibiotic 

detoxification and blocking intracellular invasion of antibiotics. Bacterial conjugative 

plasmids, integron systems and transposable elements are the array of platforms on 

which they rely for their resistance to antibiotics. Plasmids specifically serve as a 

platform on which functional resistance genes are collected and subsequently 

dispersed (Dowson et al., 1989; Bennett, 2008). 

 Plasmid profiling and molecular characterization of aeromonad plasmids were 

undertaken by several research groups in order to address the problems of generation 

and transmission of antibiotic resistance genes (Toranzo et al., 1983; Rhodes et al., 

2000; Majumdar et al., 2006). Toranzo et al. (1983) identified plasmids, with 

molecular weights ranging from 3.4x106 to 30x106, from A. salmonicida and A. 

hydrophila which were isolated from diseased fishes. Twenty-eight (28) out of the 

thirty-eight (38) bacterial isolates obtained during the study carried one or more 

plasmids. Plasmid curing showed loss of tetracycline resistance in A. hydrophila

which proved the role of plasmid in tetracycline resistance. Rhodes et al. (2000) 

obtained oxytetracycline and tetracycline resistant A. hydrophila and A. veronii bv. 

sobria isolates from hospital effluents and fish farm samples. Plasmids obtained from 

the hospital derived isolates were much smaller (5.2 to 5.5 Kb) than those obtained 

from fish-farm isolates. The tetracycline resistant gene was located on a Eco RI 

restriction site of 5.5 Kb which could be transferred to E. coli (JM109) through 

conjugation. Majumdar et al. (2006) identified a 21 Kb plasmid in Aeromonas 

hydrophila isolates and found this plasmid to induce pathogenic potential in these 

bacterial isolates. Research in this area also dealt with the characterization of species 

of Aeromonas isolated from silurid and cyprinid fishes suffering from epizootic 
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ulcerative syndrome (EUS) and a plasmid having low molecular weight has been seen 

to be involved in the cause of EUS in fishes (Pradhan and Pal, 1990; Majumdar et al., 

2006; Majumdar et al., 2007). Thorough research through the past 27 years has 

proved that there is a gradual rise in antibiotic resistance in the aeromonads (Pradhan 

and Pal, 1993; Saha and Pal, 2002; Das et al., 2009). High resistance to antibiotics

like erythromycin, rifampicin, novobiocin, and sulphadiazine in aeromonads obtained 

from fishes affected with ulcerative disease in 2008 (Das et al., 2009) shows a similar 

scenario in environmental Aeromonas isolates (Pal and Bhattacharjee, 2011). Alkaline 

lysis is a very efficient method of plasmid isolation for such studies (Freitas et al., 

2018). Plasmids have been detected in Aeromonas isolated from environmental 

samples such as wastewater treatment plant (Kim et al., 2017), river sediment samples 

(Hu et al., 2019), river water (Ngoci et al., 2012), diseased fishes (Han et al., 2012; 

Freitas et al., 2018), etc in different parts of the world. 

Plasmids are reported to be involved in the transfer of antibiotic resistance 

genes to other bacterial isolates in many studies (Adams et al., 1998; Kim et al., 2017; 

Hu et al., 2019). Bacterial conjugation (Adams et al., 1998) and transformation (Kim 

et al., 2017; Hu et al., 2019) are the commonly used techniques for these experiments. 

Mega-plasmids have been isolated from Aeromonas isolates which are not involved 

with the transfer of antibiotic resistance or heavy-metal resistance transfer to other 

bacterial isolates (Freitas et al., 2018). In contrast to bacterial conjugative plasmids, 

which tend to be larger, mobilizable resistance plasmids tend to be relatively smaller 

(~10 to 20 kb) and encoding only a handful of genes including the resistance gene(s) 

(Bennet, 2008). Therefore, small-sized plasmids with multi-drug resistance genes 

present in environmental Aeromonas isolates may indicate a possible threat to human 

beings and aquaculture (Pal and Bhattacharjee, 2011). 
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3. MATERIALS AND METHODS 

3.1. Study Area 

West Bengal covers an area of 88752 Km2 and has many rivers flowing 

through it. It extends from the Himalayas in the north to the Bay of Bengal in the 

South. The state is now divided into 23 districts. The river Ganga divides the state 

into two unequal parts, the North Bengal and the South Bengal. North Bengal is 

further divided into Dooars and Terai regions. The northern part of West Bengal, also 

known as North Bengal, is known as “Uttarbanga” in the Bengali language. It 

comprises of 8 districts (Alipurduar, Coochbehar, Jalpaiguri, Darjeeling, Kalimpong, 

Uttar Dinajpur, Dakshin Dinajpur and Malda). Among these, Alipurduar, Coochbehar, 

Jalpaiguri and some parts of Darjeeling district fall under the sub-Himalayan region of 

North Bengal. They are in the foothill region of the Himalayas. Siliguri is the centre 

of trade and it is also known for its tea, timber and tourism. The headquarters of the 

Dooars region is Jalpaiguri. Siliguri is the doorway to North-east India which includes 

the seven states (Assam, Meghalaya, Mizoram, Manipur, Arunachal Pradesh, 

Nagaland and Tripura). It is also the gateway to our neighbouring countries (Nepal, 

Bhutan, Bangladesh, Tibet and China). Siliguri is well connected to all the major 

cities of our country.  

The dense forests, rivers flowing down the Himalayas, the lush green crop 

fields and vibrant tea gardens make the Terai and Dooars regions of North Bengal a 

biodiversity hotspot of the country.  This region being the catchment area of several 

snow-fed rivers flowing down the Himalayas is a house for many cold adapted 

bacterial species. Monsoon starts early in North Bengal and the highest rainfall is 

recorded in the months of July and August, leading to a rise in the water level in the 

rivers. The minimum rainfall is experienced by the area in the months of February and 

March. The rivers in this area are replenished by the snow-melt water during the 

summer months of the year. As the rivers of this region (except Teesta and Rangeet) 

are rainfed, they overflow during the monsoon while are left with dry sandy river beds 

during the dry season. 

One of the most important rivers of this region is the river Teesta which 

originates from the Zemu glacier in North Sikkim. After flowing for 25 kms the river 
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Teesta crosses Sevoke before it runs into the plains of North Bengal. A number of 

tributaries like Chel, Neora, Ghish, Karala join the river Teesta in the sub-Himalayan 

region. Two rivulets join to form the river Ghish. One of these rivulets originates from 

below Labha and the other originates from below the Chumang reserve forest (Cajee, 

2018). The river Ghish joins the river Teesta in the jalpaiguri district. The river Chel 

originates in the Pankhasari reserve forest. Rechila chawk at Neora National Park of 

Darjeeling district is the site of origin of the river Neora. The river Neora flows down 

and meets the river Chel in Jalpaiguri district. These two rivers fall in the river Teesta 

with the name of river Dharala. River Karala is a tributary of river Teesta. This river 

originates from Baikunthapur forest and meets the river Teesta at King Saheb’s Ghat 

at Jalpaiguri. 

The origin of the river Torsa is the Chumbi valley in China. Mora Torsa, 

which flows through the town of Coochbehar is a cut from the river Torsa. Another 

important river of this region is the river Balason which arises from the Ghoom saddle 

which runs into the plains dividing into New Balason and Old Balason. It receives 

tributaries from river Rakti, Rohini, Dudhiya, etc.  

The river Mechi, another sample collection site of the study forms the Indo-

Nepal border. This river arises from the Rangbang spur of the Singalila range. The 

river Mechi joins the Mahananda, another important river of the study area. The river 

Mahananda originates from the Mahalidram Hills of the Darjeeling Himalaya near 

Chimali.   

For the present study, water from the several rivers and hospital and domestic 

effluents from the North Bengal region was collected. The table and maps in the 

following section gives a clear picture of the sample collection sites. Table 3.1 shows 

the GPS records of the sample collection sites. In Fig. 3.1 the rivers are marked in 

blue from which water sample was collected and the green spots point the collection 

sites. Fig. 3.2 shows the hospitals marked in red from where drain effluents were 

collected for the study. Fig. 3.3 shows the towns marked in red from where domestic 

drain water was collected for the study and green spots show the towns whose 

municipality drinking water was screened for the Aeromonas bacteria when there was 

diarrhea in these towns. 
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Table 3.1. Sample collection sites with their geographical coordinates. 

 

Serial 
Number 

Site Latitude Longitude 

1 Bairagi Dighi (Coochbehar) 89.44528 26.31917 

2 Chandan Dighi (Coochbehar) 89.44779 26.32174 

3 Rajbari Dighi (Jalpaiguri) 88.72333 26.53858 

4 River Balason (Dudhia) 88.24702 26.80997 

5 River Balason (Near Palpara) 88.37958 26.7183 

6 River Balason (Near Panighata) 88.24701 26.8011 

7 River Brijeshori (Near NJP) 88.43863 26.68886 

8 River Buri Balason (Near Bagdogra 
college) 

88.33435 
 

26.70198 
 

9 River Champta (Near City centre) 88.39553 26.7221 

10 River Chel (Odlabari) 88.63573 26.86246 

11 River Chenga 88.25668 26.69058 

12 River Dharala (Outskirts of Jalpaiguri) 88.69901 26.54106 

13 River Dumria 88.21793 26.72117 

14 River Ghish (Odlabari) 88.60948 26.87294 

15 River Huliya (Bagdogra) 88.3304 26.70094 

16 River Huliya (Bengdubi) 88.36333 26.70617 

17 River Kadma 88.24158 26.75575 

18 River Kaljani (Alipurduar) 89.51614 26.4802 

19 River Karala (At Babu Ghat, 
Jalpaiguri) 

88.72808 26.52345 

20 River Karala (At king Saheber Ghat, 
Jalpaiguri) 

88.73608 26.51688 
 

21 River Karala (Dinbazar, Jalpaiguri) 88.72688 26.52965 

22 River Karala (Near Lota Devi Mandir, 
Jalpaiguri) 

88.68378 26.53547 

23 River Karala (Near Sadar Girls 
School, Jalpaiguri) 

88.73067 26.52465 

24 River Karala (Near Sasan, Jalpaiguri) 88.70742 26.53663 

25 River Karotowa 88.49687 26.59389 

26 River Lalpha 88.27523 26.69303 

27 River Lotchka (Near NBU Campus) 88.34569 26.71094 

28 River Magurmari (NBU campus) 88.35585 26.71209 
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29 River Mahananda (Air view more) 88.41918 26.71952

30 River Mahananda (Champasari) 88.42509 26.74555

31 River Mahananda (Mahananda 
Wildlife Sanctuary)

88.40978 26.80581
 

32 River Mahananda(Near North Bengal 
Medical College and Hospital) 

88.40857 26.68718
 

33 River Manjha (Belgachi) 88.24728 26.68865

34 River Manjha (Manjha T. E.) 88.21785 26.7725

35 River Mechi (Nepal Border) 88.1682 26.64235

36 River Mora Torsa (Coochbehar) 89.46867 26.34372

37 River Nandikhola 88.47342 26.87747

38 River Neora (Malbazar) 88.75085 26.87458

39 River Panchanoi (Near Leprosy colony 
- Darjeeling more)

88.40807 26.73122

40 River Rakti (Simulbari) 88.29887 26.80288

41 River Rohini 88.33925 26.76472

42 River Teesta (Barrage, Gajoldoba) 88.5866 26.75035

43 River Teesta (Coronation bridge, 
Sevoke) 

88.47652 26.90308

44 River Teesta (Hydel project) 88.45659 26.9241

45 River Teesta (Jalpaiguri) 88.73975 26.51838

46 River Teesta (Kalijhora) 88.45282 26.93133

47 River Tepu 88.29818 26.71997

48 Sagar Dighi (Coochbehar) 89.43996 26.32119

49 Tributary of River Chenga (Merry 
View Tea Estate)

88.2549 26.7137
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Figure 3.1. Detailed map of the rivers of the study area with the sampling sites 

marked on it. 
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Figure 3.2. Map of the study area with the hospitals marked on it whose effluents 

was screened for the study. 
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Figure 3.3. Map of the study area with the towns marked on it whose 

municipality drinking water and domestic effluents was screened for the study. 
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3.2 Collection of Water Samples  

3.2.1. Materials required 

1. Sterile capped tubes (Tarsons, India)

2. Thermometer 

3. pH meter (Hanna, USA)  

4. Ice and Ice box 

5. Digital Camera (Nikon DSLR Camera; Model-D3100) 

3.2.2. Methodology 

1. Water samples were collected from rivers in sterile tubes by opening the caps 

of tubes under water, filling them and closing the caps of tubes under water.  

2. Drinking water samples and hospital effluents were also collected in sterile 

tubes. 

3. The water temperature was checked on spot using a thermometer.  

4. The water samples were brought to the laboratory in normal room temperature 

(~ 15°C to 20°C) during winter season and within ice box using ice packs 

during summer season.  

5. The samples were processed within few hours.

6. The pH of the water was checked using a digital pH meter. 

3.3. Selection and Enrichment of Bacterial Isolates 

3.3.1. Materials required 

1. Sterile petriplates (Tarsons, India) 

2. Autoclave machine  

3. Distilled water 

4. Sodium chloride (HiMedia Laboratories, India) 

5. Aeromonas starch DNA agar base (HiMedia Laboratories, India) 

6. Bactotryptone (HiMedia Laboratories, India)  

7. Yeast extract (HiMedia Laboratories, India) 

8. Spreader (Tarsons, India) 

9. Refrigerator (Samsung, India) 

10. Incubator (Diagnos, India) 

11. Orbital shaking incubator (Remi Instruments Ltd, India) 
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12. Laminar hood (Allied Scientific Products, India)

13. Conical flasks (Borosil, India)

14. Measuring cylinder (Borosil, India) 

15. Cotton plugs 

16. Ampicillin supplement (HiMedia Laboratories, India) 

17. Micropipette (Tarsons, India)

18. Microtips (Tarsons, India) 

19. Sterile tubes (Tarsons, India) 

20. Bunsen burner 

21. Ethanol (Merck, India) 

22. Water samples 

23. Autoclavable bags (Tarsons, India) 

24. Digital Camera (Nikon DSLR Camera; Model-D3100) 

25. Weighing machine (Afcoset, India) 

 

3.3.2. Chemicals and media composition and their preparation 

1. Aeromonas starch DNA agar base: 

It was a ready prepared media by Himedia Laboratories, India with a 

composition: 

Peptic digest of animal tissue: 1.5% 

Papaic digest of soyabean meal: 0.5% 

Sodium chloride: 0.5% 

Corn starch: 1% 

Deoxyribonucleic acid: 0.2% 

Agar agar: 1.5% 

pH: 7.5 

To prepare 1 Lt of Aeromonas starch DNA agar base 13 gm of the dehydrated 

medium was weighed and 1 Lt of distilled water was added to it. This was 

then boiled to dissolve the medium completely. This was autoclaved and 

dispensed into sterile petriplates where it was allowed to solidify and used. 
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2. 0.83% Saline: 

            Sodium chloride: 0.83% 

To prepare 1 Lt of 0.83% Saline, 8.3 g of Sodium chloride was mixed with 1 

Lt distilled water and the solution was autoclaved. This was stored at 4°C for 

later use. 

3. Luria Bertani Broth: 

            Bactotryptone: 1 % 

            Yeast extract: 0.5 % 

            Sodium chloride: 1%    

To prepare 1 Lt of Luria Bertani broth, 10 g bactotryptone, 5 g yeast extract 

and 10 g Sodium chloride was weighed and taken in a conical flask. 800 ml of 

distilled water was added to it and mixed. Then this was taken in a measuring 

cylinder and more distilled water was added to it to make the volume up to 1 

Lt. This was then sterilized in an autoclave and stored at 4°C for future use.   

 

3.3.3. Methodology 

1. Water samples brought to the laboratory were serially diluted and transferred 

to culture plates containing Aeromonas Selective Media (Aeromonas Starch 

DNA Agar Base; HiMedia Laboratories, India) with ampicillin supplement. 

2. The collected water samples were diluted (1/1, 1/10, 1/100, 1/1000) using 

0.83% saline and spread on Aeromonas-selective media with supplement.  

3. They were incubated at 30°c for 24 to 48 hours.  

4. Some of the samples collected during the winter were also grown at room 

temperature, and at 20°C, 6°C and 11°C.  

5. The creamy coloured convex round opaque healthy colonies formed were re-

plated on culture plates containing Aeromonas-selective media with 

supplement to get isolated colonies.  

6. Single colonies were selected from each plate in which growth was obtained 

and were grown in 10 ml liquid Luria Bertani broth medium with 100 µg/ml 

ampicillin (Havelaar et al., 1987) overnight with shaking at 30°C or room 

temperature or at 20°C or 6°C or 11°C as the case may be.  
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3.3.4. Protocol for serial dilution of water samples 

Three sterile microcentrifuge tubes were marked serially. In all the three tubes 900 µl 

of sterile saline was added. In the first tube 100 µl of water sample was added and 

mixed thoroughly. This was 1/10th dilution. 100 µl from the first tube was added to 

the second tube and mixed thoroughly. This was 1/100th dilution. 100 µl from the 

second tube was added to the third tube and mixed thoroughly. This was 1/1000th

dilution.   

3.4. Gram Staining 

3.4.1. Materials required 

1. Clean grease free glass slides

2. Ethanol (Merck, India) 

3. Bunsen burner 

4. Bacterial cultures 

5. Platinum loop (HiMedia Laboratories, India) 

6. Crystal violet (HiMedia Laboratories, India) 

7. Gram’s Iodine (HiMedia Laboratories, India) 

8. Gram’s Decolorizer (HiMedia Laboratories, India)

9. Saffranin (HiMedia Laboratories, India)

10. Distilled water

11. Cover slip 

12. DPX (HiMedia Laboratories, India)

13. Compound microscope (Nikon Eclipse E200, Nikon, Tokyo, Japan) 

14. Immersion Oil (HiMedia Laboratories, India)

3.4.2. Methodology 

1. Gram staining of the overnight cultures, in which growth was obtained, was 

done. 

2. A thin smear of each bacterial culture was made in a clean grease free glass 

slide, dried and heat fixed.  

3. The smears were then Gram stained using Gram stains Kit (Himedia 

Laboratories, India) following standard protocol of staining the slides for 1 

minute each with crystal violet and saffranin.
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4. The slides were stained for 1 minute with crystal violet and then washed with 

distilled water. Gram’s Iodine was applied to the slide for 1 minute, washed 

and the excess stain was removed using Gram’s decolourizer and washed. The 

slides were then stained with saffranin for 1 minute and washed. 

5. The slides were dried and mounted using DPX and observed under light 

microscope magnifying it 100, 400 and 1000 times. Immersion oil was used 

while using 100X objective lens. 

6. The slides were photographed and the Gram-negative rods were selected for 

further study.  

7. Bacillus cereus and E. coli were included as positive and negative controls 

respectively in all the experiments.

3.5. Biochemical Characterization of Bacterial Isolates 

3.5.1. Materials required 

1. Bactotryptone (HiMedia Laboratories, India)

2. Yeast extract (HiMedia Laboratories, India)

3. Sodium chloride (HiMedia Laboratories, India)

4. Agar agar (HiMedia Laboratories, India)

5. Peptone (HiMedia Laboratories, India)

6. Beef extract (HiMedia Laboratories, India)

7. Starch (HiMedia Laboratories, India) 

8. Glucose (HiMedia Laboratories, India)

9. di-Potassium hydrogen phosphate (HiMedia Laboratories, India) 

10. Gelatin (HiMedia Laboratories, India) 

11. Peptic digest of animal tissue (HiMedia Laboratories, India) 

12. Meat extract (HiMedia Laboratories, India) 

13. Sodium citrate (HiMedia Laboratories, India) 

14. Dipotassium phosphate (HiMedia Laboratories, India) 

15. Ammonium dihydrogen phosphate (HiMedia Laboratories, India) 

16. Magnesium sulphate (HiMedia Laboratories, India) 

17. Bromothymol blue (HiMedia Laboratories, India)

18. Phenol red (HiMedia Laboratories, India) 

19. Sodium hydroxide pellets (HiMedia Laboratories, India)
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20. Hydrochloric acid (Sisco Reseaech Laboratories Pvt. Ltd., India) 

21. Conical flasks (Borosil, India) 

22. Beakers (Borosil, India) 

23. Weighing machine (Afcoset, India) 

24. Autoclave machine 

25. pH meter (Hanna, USA)

26. Durham’s tubes (HiMedia Laboratories, India) 

27. Cotton plugs 

28. -napthol (HiMedia Laboratories, India)  

29. 1% p-aminodimethylaniline oxalate (HiMedia Laboratories, India) 

30. 3% Hydrogen peroxide (Merck, India) 

31. Kovac’s reagent (HiMedia Laboratories, India) 

32. Methyl red (HiMedia Laboratories, India) 

33. Barritt’s reagent A (HiMedia Laboratories, India) 

34. Barritt’s reagent B (HiMedia Laboratories, India) 

35. Acid Mercuric Chloride solution (HiMedia Laboratories, India) 

36. Lugol’s iodine (HiMedia Laboratories, India) 

37. Digital Camera (Nikon DSLR Camera; Model-D3100) 

38. Incubator (Diagnos, India) 

39. Orbital shaking incubator (Remi Instruments Ltd, India) 

3.5.2. Composition of different media and reagents used and their preparation 

1. Luria Bertani Broth: 

Bactotryptone: 1 % 

Yeast extract: 0.5 % 

Sodium chloride: 1%  

To prepare 1 Lt of LB broth 10 g bactotryptone, 5 g yeast extract and 10 g 

Sodium chloride was weighed in a conical flask. This was dissolved in 800 ml 

of distilled water and then more distilled water was added to it to make the 

volume to 1000 ml. This was dispensed into conical flasks and the flasks were 

cotton plugged. The flasks were then sterilized in an autoclave to be used for 

culture. The media was stored at 6°C for future use. 
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2. Luria Bertani Agar: 

Bactotryptone: 1 % 

Yeast extract: 0.5 % 

Sodium chloride: 1% 

Agar agar: 2% 

To prepare 1 L of LB agar 10 g bactotryptone, 5 g yeast extract and 10 g 

Sodium chloride was weighed in a conical flask. This was dissolved in 800 ml 

of distilled water and then more distilled water was added to it to make the 

volume 1000 ml. Then 20 g agar agar was added to it and then sterilized in an 

autoclave. This was dispensed into sterile petriplates and allowed to solidify to 

be used for culture. These plates were stored at 6°C for future use. 

 

3. Starch Agar:  

Peptone: 0.5% 

Beef extract: 0.3% 

Agar agar: 2% 

Starch: 2% 

pH: 7

To prepare 1 Lt of Starch agar, 5 g peptone and 3 g beef extract was weighed 

into a conical flask. These were dissolved in 800 ml of distilled water and then 

more distilled water was added to it to make the volume up to 1000 ml. The 

pH was checked with a digital pH meter and it was adjusted to 7.0 with 

concentrated HCl or NaOH pellets, whichever was required. Then 20 g starch 

and 20 g agar agar was added to it. This was then sterilized in an autoclave and 

dispensed into sterile petriplates and allowed to solidify. The plates were 

stored at 6 °C for future use. 

 

4. Tryptone Broth: 

Tryptone: 1% 

To prepare 1 Lt Tryptone broth, 10 g tryptone was dissolved in 800 ml 

distilled water and then the volume was made up to 1000 ml by adding more 

distilled water to it. This was dispensed into tubes and the tubes were cotton 

plugged. These were then sterilized in an autoclave to be used for culture. The 

tubes were stored at 6°C for future use. 



67
 

5. Voges Proskauer Broth: 

Peptone: 0.7% 

Glucose: 0.5% 

di-Potassium hydrogen phosphate: 0.5% 

To prepare 1 Lt of Voges Proskeur broth, 7 g peptone, 5 g glucose and 5 g di-

Potassium hydrogen phosphate were weighed in a conical flask. This was 

dissolved in 800 ml of distilled water and then more distilled water was added 

to it to make the volume up to 1000 ml. This was dispensed into tubes and the 

tubes were cotton plugged. These were then sterilized in an autoclave for its 

use in culture. The tubes were stored at 6°C for future use. 

 

6. Gelatin Agar: 

Peptone: 0.5% 

Beef extract: 0.3% 

Agar agar: 1.5% 

Gelatin: 0.4% 

pH: 6.8 to 7 

To prepare 1 Lt of Gelatin agar 5 g peptone and 3 g beef extract was weighed 

in a conical flask. This was dissolved in 800 ml of distilled water and then 

more distilled water was added to it to make the volume 1000 ml. The pH was 

adjusted in between 6.8 to 7 using conc. HCl or NaOH pellets whichever is 

required. Then 15 gm agar agar was added to this mixture and heated to 

dissolve and mix the agar with it. To this 4 gm gelatin softened with 48 ml 

distilled water was added to it. This was then sterilized in an autoclave and 

then dispensed to sterile petriplates and allowed to solidify. The plates were 

kept at 6 °C for future use. 

 

7. Nutrient Broth: 

Peptone: 0.5% 

Sodium chloride: 0.5% 

Beef extract: 0.15% 

Yeast extract: 0.15% 

To prepare 1 Lt of Nutrient broth 5 g peptone, 5 g Sodium chloride, 1.5 g beef 

extract and 1.5 g yeast extract was weighed in a conical flask. This was 
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dissolved in 800 ml of distilled water and then more distilled water was added 

to it to make the volume 1000 ml. This was dispensed into conical flasks and 

the flasks were cotton plugged. These were then sterilized in an autoclave and 

stored at 6 °C for future use. 

 

8. Nutrient Agar:

Peptone: 0.5% 

NaCl: 0.5% 

Beef extract: 0.15% 

Yeast extract: 0.15% 

Agar agar: 2% 

To prepare 1 Lt of Nutrient broth, 5 g peptone, 5 g Sodium chloride, 1.5 g beef 

extract and 1.5 g yeast extract was weighed and poured in a conical flask. This 

was dissolved in 800 ml of distilled water and then more distilled water was 

added to it to make the volume up to 1000 ml. To this 20 g agar agar was 

added. This was then sterilized in an autoclave and dispensed into sterile 

petriplates to be used for culture. The plates were stored at 6°C for future use.

 

9. Tributyrin Agar: 

Peptone: 0.5% 

Yeast extract: 0.3% 

Agar agar: 1.5% 

Tributyrin: 1% 

To prepare 1 Lt of Tributyrin agar 5 g peptone and 3 g yeast extract was 

weighed and poured in a conical flask. This was dissolved in 990 ml of 

distilled water. To this 15 g agar agar and 10 ml tributyrin was added. This 

was sterilized in an autoclave and dispensed into sterile petriplates and 

allowed to solidify. The plates were stored at 6°C for future use.  

 

10. Nutrient Agar for Oxidase (I):

It was a ready prepared media by Himedia with a composition of: 

Peptic digest of animal tissue: 0.1% 

Meat extract: 0.1% 

Sodium chloride: 0.5% 
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Agar agar: 1.5% 

To prepare 1 Lt of Nutrient Agar for oxidase 22 g of the powder was added to 

1000 ml of distilled water. This was boiled to dissolve the medium. This was 

sterilized in an autoclave and dispensed into sterile petriplates and allowed to 

solidify.  Plates were kept at 6°C for future use.  

11. Simmons Citrate Agar (Citrate Agar): 

It was a ready prepared media by Himedia with a composition of: 

Sodium chloride: 0.5% 

Sodium citrate: 0.2% 

Dipotassium phosphate: 0.1% 

Ammonium dihydrogen phosphate: 0.1% 

Magnesium sulphate: 0.02% 

Bromothymol blue: 0.008% 

Agar agar: 1.5% 

pH: 6.9 

To prepare 1 Lt of Simmons citrate agar, 24.28 g of the powder was added to 

1000 ml of distilled water. This was boiled to dissolve the medium. This was 

sterilized in an autoclave and dispensed into sterile tubes and allowed to 

solidify to be used for culture. The tubes were stored at 6°C for future use. 

 

12. Glucose Fermentation Broth: 

Peptone: 1% 

Glucose: 0.5% 

Sodium chloride: 1.5% 

Phenol red: 0.0018% 

pH: 7.3 

To prepare 1 Lt of Glucose fermentation broth, 1 g peptone, 15 g Sodium 

chloride, 5 g glucose and 0.018 g phenol red was weighed in a conical flask. 

This was dissolved in 800 ml of distilled water and then more distilled water 

was added to it to make the volume up to 1000 ml. The pH was adjusted to 7.3 

using concentrated HCl or NaOH pellets, whichever was required. The 

medium was dispensed into tubes and a Durham’s tube was placed in each of 
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the tubes. The tubes were then cotton plugged and sterilized in an autoclave. 

The tubes were stored at 6°C for future use.  

 

13.  

sterile distilled water) and stored at 6°C for future use.

14. 1% p-aminodimethylaniline oxalate:

10 g p-aminodimethylaniline oxalate was dissolved in 1 Lt of sterile distilled 

water and stored at 6°C for future use.  

 

15. Kovac’s Reagent: 

250 ml conc. HCl was added to 750 ml Amyl alcohol. 50 g para dimethyl 

amino benzaldehyde was added to this solution. This was aliquot to single use 

vials and stored at 6°C for future use. 

 

16. Acid Mercuric Chloride solution: 

120 g Mercuric chloride was mixed with 800 ml sterile distilled water. Then 

160 ml concentrated HCl was added slowly and shaken well until the solution 

was complete. This was stored at room temperature for future use. 

 

17. Lugol’s Iodine: 

5 g Iodine and 6.6 g Potassium iodide was mixed with 1 Lt of sterile distilled 

water and stored in a dark brown bottle. This was stored at room temperature 

for future use. 

 

3.5.3. Biochemical tests 

1. Oxidase Test: Nutrient agar plates were prepared and streaked with overnight 

liquid cultures. After 48 hours of incubation, the colonies were flooded with 1% 

-napthol and 1% p-aminodimethylaniline oxalate aqueous solution mixed in ratio 

of 2:3 and observed for colour change of the colonies. If the colour of the colonies 

turned blue the test was considered to be positive for the production of 

cytochrome c oxidase enzyme, i.e., the bacteria produce cytochrome c oxidase and 
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if there was no colour change the test was considered to be negative. The blue 

colour is due to formation of indophenols (Barrow and Feltham, 1993). 

2. Catalase Test: Nutrient agar slants were prepared and streaked with overnight 

liquid cultures. After 48 hours of incubation the colonies were flooded with 3% 

Hydrogen peroxide and observed for the evolution of gas (oxygen). If gas bubbles 

were observed then the test was considered positive for the production of catalase 

enzyme, i.e., the bacteria produces catalase enzyme which breaks down Hydrogen 

peroxide into water and oxygen and bubbles of oxygen gas is liberated during the 

reaction. If there were no gas bubbles then the test was considered as negative 

(Barrow and Feltham, 1993). 

3. Indole Test: Tryptone broths were inoculated with overnight liquid cultures. After 

48 hours of incubation, few drops of Kovac’s reagent was added to the culture and 

observed for the formation of a rosy red ring on the top surface of it. The 

formation of a rosy red coloured ring indicated positive reaction while its absence 

indicated negative reaction. If the reaction is positive it means that the bacteria 

produce tryptophanase which splits the amino acid tryptophan to produce the 

compound indole. The rosy red ring is produced by the reaction between indole 

and 4(p)Dimethylaminobenzaldehyde which is an indicator of this test and present 

in Kovac’s reagent (Barrow and Feltham, 1993). 

4. MR Test: MR-VP test media were prepared and inoculated from overnight liquid 

cultures. After 48 hours of incubation few drops of Methyl red were added to 1ml 

of the cultures and observed for the formation of pink colour. If the culture turned 

pink the reaction was considered to be positive while absence of pink colour 

indicated negative result. In the positive reaction mixed acids are formed due to 

fermentation and when the pH goes below 4.4 the medium turns red (Barrow and 

Feltham, 1993). 

 

5. Voges Proskauer (VP) Test: MR-VP test media was prepared and inoculated 

with overnight liquid cultures. After 48 hours of incubation, few drops of Barritt’s 

reagent A and Barritt’s reagent B were added to it, shaken and kept undisturbed 

for 20 minutes. After 20 minutes the tubes were observed for colour change. If the 
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culture turned red then the test was considered positive, while absence of red 

colour indicated negative result. The organisms which give positive result produce 

acetoin as an end product of glucose metabolism which reacts with 40% KOH in 

the presence of atmospheric oxygen to get converted to diacetyl and the reaction is 

catalyzed by alpha napthol to give a red complex (Barrow and Feltham, 1993). 

6. Lipase Test: Tributyrin agar plates were prepared and streaked with overnight 

liquid cultures. After 48 hours of incubation, the areas around the colonies were 

observed for clear zone formation. Clear zone formation indicated positive 

reaction i.e. the bacteria produces lipase enzyme which hydrolyses the lipids 

present in the medium into fatty acids and glycerol while its absence indicated 

negative reaction (Barrow and Feltham, 1993). 

 

7. Gelatinase Test: Gelatin agar plates were prepared and streaked with overnight 

liquid cultures. After 72 hours of incubation, the colonies were flooded with acidic 

Mercuric chloride solution and the areas around them were observed for clear 

zone formation. Acidic Mercuric chloride precipitated gelatin and it gave a clear 

zone in places where gelatin was hydrolyzed. Clear zone formation indicated 

positive reaction while its absence indicated negative reaction. The organisms 

which give positive reaction for this test produces the proteolytic enzyme 

gelatinase which hydrolyses gelatin present in the medium into polypeptides and 

then amino acids (Barrow and Feltham, 1993). 

8. Glucose Fermentation Test: Glucose broth were prepared and inoculated with 

overnight liquid cultures. After 48 hours of incubation, the tubes were observed 

for colour change and gas formation. The bacteria which could ferment glucose 

present in the medium and produced acid turned the medium yellow as an 

indication of lowering of pH indicated by phenol red present in the medium. The 

gas bubble produced in the Durham’s tube indicates the production of gases 

(Carbon dioxide and hydrogen) during the fermentation reaction and its absence 

indicates that the organism is anaerobic (Barrow and Feltham, 1993). 

 

9. Starch Hydrolysis Test: Starch agar plates were prepared and streaked with 

overnight liquid cultures. After 4 days of incubation, the colonies were flooded 
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with Lugol’s iodine and the areas around the colonies were observed for the 

formation of clear zones. Clear zone formation indicates that the organism 

produces the enzyme amylase which hydrolyses starch by breaking down the 

glycosidic linkages between its subunits (Barrow and Feltham, 1993). 

10. Citrate Utilization Test: Citrate agar slants were prepared and streaked with 

overnight liquid cultures. After 7 days of incubation, the slants were observed for 

colour change. If the medium turned blue it indicated positive reaction. In this test 

citrate is used as the energy source by the organism and it produces alkaline 

carbonates and bicarbonates which increase the pH of the medium to above 7.6 

and the bromothymol blue indicator used in the medium changes the colour of the 

medium from green to blue as an indication of rise in pH (Barrow and Feltham, 

1993).  

Note: B. cereus, E. aerogenes, Streptococcus and E. coli were taken as positive 

and negative controls in the experiments. Most of the members of the genus 

Aeromonas give positive result for oxidase test (Bullock, 1961). They also give 

positive results for indole, gelatinase, starch hydrolysis and glucose fermentation 

tests (Awan et al., 2005). In case of citrate utilization test 50% of the isolates may 

show positive result whereas 50% may show negative result (Awan et al., 2005). 

Most of the isolates show positive result for catalase and Voges Proskauer tests 

while few may show positive result for methyl red test (Minana- Galbis et al, 

2002). Some species of the genus Aeromonas show positive result for the lipase 

test, whereas some show negative result (Kozinska et al., 2002).  

3.6. Genomic DNA Isolation 

3.6.1. Materials required

1. Lysozyme (HiMedia Laboratories, India) 

2. Sodium chloride (HiMedia Laboratories, India) 

3. EDTA- pH 8 (HiMedia Laboratories, India) 

4. Distilled water 

5. Sodium dodecyl sulphate (HiMedia Laboratories, India) 

6. Tris- HCl pH 8 (HiMedia Laboratories, India) 

7. Ethanol (HiMedia Laboratories, India) 
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8. Autoclave machine 

9. Cooling centrifuge machine (Eppendorf, India) 

10. Orbital shaking incubator (Remi Instruments Ltd., India)  

11. Ice 

12. Micropipette (Tarsons, India)

13. Microtips (Tarsons, India)

14. Proteinase K (HiMedia Laboratories, India)

15. CTAB (HiMedia Laboratories, India) 

16. Water saturated Phenol (HiMedia Laboratories, India) 

17. Chloroform (Merck, India)

18. Isoamyl alcohol (Merck, India) 

19. Isopropyl alcohol (Merck, India) 

20. Microcentrifuge tubes (Tarsons, India) 

21. Buffer ATL (Qiagen, India) 

22. Bufer AL (Qiagen, India) 

23. DNeasy mini spin column (Qiagen, India) 

24. Molecular biology grade ethanol (HiMedia Laboratories, India) 

25. Collection tubes (Qiagen, India) 

26. Buffer AW1 (Qiagen, India) 

27. Buffer AE (Qiagen, India) 

28. RNaseA (HiMedia Laboratories, India) 

29. Weighing machine (Afcoset, India) 

 

3.6.2. First protocol: Adopted from “Non-radioactive method to study genetic 

profiles of natural bacterial communities by PCR- single stranded conformation 

polymorphism”, Lee and Kim (1996). 

 

3.6.2.1. Composition of reagents and their preparation 

1. Lysozyme solution: 

Sterile Sodium chloride: 0.15 M 

      Sterile EDTA: 0.1 M (pH 8) 

      Lysozyme: 15µg 

      All were mixed together with sterile distilled water in a sterile container. 

(Stock concentration: 0.05µg/µl) 
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2. SDS buffer: 

Sterile Sodium chloride: 0.1M 

Sterile Tris – HCL (pH 8): 0.5M 

Sodium dodecyl sulphate (SDS): 4%

 All were mixed together with sterile distilled water in a sterile container. 

3. Ethanol 70%: 

Ethanol: 70% 

Sterile distilled water: 30% 

70 ml ethanol and 30 ml sterile distilled water was mixed together in a sterile 

container and stored at 4°C. 

TE Buffer:  

10 mM Tris-Cl pH 8.0 

1 mM EDTA pH 8.0 

The buffer was sterilized in an autoclave and stored at room temperature. 

3.6.2.2. Methodology 

1. 3 ml bacterial culture was centrifuged at 8000 rpm for 2 minutes. 

2. The bacterial cell pellet was resuspended in 300 µl of lysozyme solution 

[0.15 M NaCl, 0.1 M EDTA (pH 8), 15 µg of lysozyme] and incubated at 

37°C for 1 hr with mixing by inversion every 15 minutes. 

3. The sample was cooled on ice. 

4. 300 µl of SDS buffer [0.1 M NaCl, 0.5 M Tris- HCl (pH 8), 4% SDS] was 

added to the sample and incubated in an ice bath for 10 minutes. 

5. The sample was incubated at 55°C for 10 minutes. 

6. The freezing thawing process was repeated 3 times. 

7. Equal volume phenol was added to the sample, mixed gently and 

centrifuged at 8000 rpm for 2 minutes at room temperature. 

8. The aqueous phase was collected in a fresh microcentrifuge tube and equal 

volume (1:1 v/v phenol:chloroform) was added to it, mixed gently and 

centrifuged at 8000 rpm for 2 minutes at room temperature. 
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9. The aqueous phase was collected in a fresh microcentrifuge tube and equal 

volume chloroform was added to it, mixed gently and centrifuged at 8000 

rpm for 2 minutes at room temperature. 

10. The aqueous phase was collected in a fresh sterile microcentrifuge tube 

and the volume was measured. 

11. Then equal volume Isopropyl alcohol was added to it and kept at room 

temperature for 1 hour. 

12. The sample was centrifuged at 12000 rpm for 10 minutes at 4°C. 

13. The pellet was washed with chilled 70% Ethanol. 

14. The pellet was dried.

15. The pellet was resuspended in sterile T10E1 buffer (pH 8) and stored at -

20°C. 

 

3.6.3. Second protocol: Adopted from Current Protocols in Molecular Biology, 

(Ausubel, Kingston, Moore, Seidman, Smith and Struhl) (2003). 

 

3.6.3.1. Composition of reagents and their preparation

1. T100E1 buffer: Prepared as in the previous protocol 

2. SDS (10% w/v): 

100 gm of electrophoresis grade Sodium dodecyl sulphate (SDS) was 

dissolved in 900 ml sterile distilled H2O. The solution was heated to 68°C to 

assist dissolution. The volume was adjusted to 1 lt with sterile distilled H2O 

and stored at room temperature. [Note: Sterilization by autoclaving is not 

required]  

3. Proteinase K: 

20 mg Proteinase K was weighed in a sterile microcentrifuge tube and 1 ml 

sterile Milli Q water was added to it. The solution was divided into small 

aliquots and stored at 4°C. 

 

4. 5M NaCl: 

292.2 g of NaCl was weighed and dissolved in 800 ml distilled water. The 

volume was made up to 1000 ml by adding more distilled water to it. The 

solution prepared was sterilized by autoclaving and stored at 4°C. 
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5. CTAB/ NaCl: 

41 g NaCl was dissolved in 800 ml autoclaved distilled water and slowly 100 

g CTAB was added while heating and stirring. It was heated to 65°C to 

dissolve the CTAB completely if required. The final volume was adjusted to 

1000 ml by adding sterile distilled water. [Note: Sterilization by autoclaving is 

not required]  

   

6. Chloroform (Merck, India) 

 

7. Isoamyl alcohol (Merck, India) 

 

8. Water saturated Phenol (HiMedia Laboratories, India) 

 

9. Isopropanol (Merck, India)

10. 70% Ethanol 

70 ml ethanol and 30 ml sterile distilled water was mixed together in a sterile 

container and stored at 4°C. 

3.6.3.2. Methodology 

1. A 10 ml liquid medium with 100 µg/ml ampicillin was inoculated with the 

bacteria. It was incubated overnight in 30°C with shaking. 

2. 1.5 ml of the culture was centrifuged in a microcentrifuge tube for 2 min and 

the supernatant was discarded. 

3. The pellet was suspended in 567µl T10E1 buffer by repeated pipetting. 30 µl 

SDS (10%) and 3 µl Proteinase k (20 mg/ml) were also added to give a final 

concentration of 100 µg/ml proteinase k in 0.5% SDS. It was mixed 

thoroughly and incubated at 37°C for 1 hr. 

4. 100 µl of 5 M NaCl was added and mixed thoroughly. 

5. 80 µl of CTAB/ NaCl was added, mixed thoroughly and incubated at 65°C for 

10 min. 
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6. An approximately equal volume (0.7 to 0.8 ml) of Chloroform: Isoamyl 

alcohol (24:1, v/v) was added, mixed thoroughly and centrifuged for 5 minutes 

at room temperature. 

7. The aqueous, viscous supernatant was collected in a fresh microcentrifuge 

tube, leaving the interphase behind. An equal volume of Phenol: Chloroform: 

Isoamyl alcohol (25:24:1, v/v/v) was added, mixed thoroughly and centrifuged 

for 5 minutes. 

8. The supernatant was collected in a fresh tube and 0.6 vol Isopropanol was 

added to precipitate the nucleic acids. 0.6 vol Isopropanol was used instead of 

equal volume because DNA is less soluble in Isopropanol (Green and 

Sambrook, 2017). The tube was shaken back and forth until a white DNA 

precipitate became clearly visible. At this point the DNA was precipitated by 

centrifugation at room temperature.  

9. The DNA was washed with 70% ethanol to remove residual CTAB and 

centrifuged again for 5 min at room temperature to re-precipitate it. The 

supernatant was removed and the pellet was dried. 

10. The pellet was dissolved in 100 µl T10E1 buffer. 

 

3.6.4. Third protocol: Bacterial genomic DNA isolation using DNeasy Blood and 

Tissue Kit (Qiagen, India). 

1. A maximum of 2 X 109 cells (2 ml from each culture) was harvested by 

centrifuging at 5000 g (7500 rpm) for 10 minutes.   

2. The pellet was resuspended in 180 µl buffer ATL. 

3. 20 µl Proteinase K was added and mixed thoroughly by vortexing and 

incubated at 56°C until the cells were completely lysed. The tubes were 

vortexed occasionally during incubation. Incubation time varies from 1 to 3 

hours or may be kept overnight. Our sample was kept overnight. 

4. 2 µl RNase A from its 10 mg/ml stock was added to each tube and incubated 

at 37°C for 2 hrs.  

5. The tubes were vortexed for 15 seconds and then 200 µl buffer AL was added 

to the samples and mixed thoroughly by vortexing. Then 200 µl Ethanol (96-

100%) was added and mixed thoroughly by vortexing. 
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6. The mixture was pipetted into the DNeasy mini spin column placed in a 2 ml 

collection tube (provided). This was centrifuged in 8000 rpm for 1 min. The 

flow- through and collection tube was discarded. 

7. The DNeasy mini spin column was placed in a new 2 ml collection tube 

provided and 500 µl buffer AW1 was added and centrifuged for 1 min at 8000 

rpm. The flow- through and collection tube was discarded.  

8. The DNeasy mini spin column was placed in a new 2 ml microcentrifuge tube 

and centrifuged for 1 min at 14000 rpm to remove any residual ethanol. 

9. The DNeasy mini spin column was placed in a clean 1.5 ml or 2 ml 

microcentrifuge tube (not provided) and 100 µl buffer AE was pipette directly 

onto the DNeasy membrane. This was incubated at room temperature for 1 

min, and then centrifuged for 1 min at 8000 rpm to elute the DNA. 

10. For maximum DNA yield, elution was repeated. 

 

3.7. Spectrophotometric Analysis of Genomic DNA 

1. The UV-VIS Spectrophotometer (Rayleigh UV- 2100, Beijing, China) was 

initialized. 

2. Quartz cuvettes were cleaned with distilled water and dried. 

3. Milli Q water was used to set the instrument to autozero position. 

4. Genomic DNA was diluted 600 times and its optical density was measured 

at 260/280 nm wavelength. 

5. The average optical density was noted down. 

6. Concentration of the stock DNA was determined by software available 

online or by using the following formula: 

Concentration of DNA= Optical density at 260 nm x dilution x 50 /1000 

µg/µl 

7. Purity of the stock DNA was checked by calculating the ratio of optical 

density at 260 nm / optical density at 280 nm and analyzed according to 

the Table 3.2. 
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Table 3.2. Parameter for checking purity of DNA. 

Ratio of optical density at 260 / 280 

nm 

Purity of DNA 

< 1.7 Protein contamination 

1.7 – 1.8 Pure DNA 

> 1.8 Phenol / RNA contamination 

3.8. PCR amplification 

3.8.1. Materials required 

1. Oligonucleotide primers (Imperial Life Science, India) 

2. dNTPs (Sigma-Aldrich, India) 

3. MgCl2 (Sigma-Aldrich, India) 

4. Sterile Milli Q water 

5. Taq DNA polymerase (Sigma-Aldrich, India) 

6. Standard Taq polymerase buffer (Sigma-Aldrich, India) 

7. Genomic DNA 

8. Thermal cycler (Mini TM gradient thermal cycler, PTC- 1148, Bio- Rad, 

Singapore and Applied Biosystems 2720, Life Technologies, USA)  

9. Micropipettes (Tarsons, India)

10. Sterile microtips (Tarsons, India) 

11. PCR tubes (Tarsons, India) 

3.8.2. Selection of primers: Two primers (forward and reverse) were selected from 

Lee et al. (2002). The primers were purchased from Imperial Life Science Pvt. Ltd., 

India. They were used to amplify a 953 bp fragment out of 16S rDNA of the 

Aeromonas isolates. On the basis of the result of PCR the bacterial isolates were 

identified to be Aeromonas or not. The GC content of the primers was 65% (ARDF) 

and 60% (ARDR). The selected primer names and sequences for the identification of 

Aeromonas are given in the Table 3.3. 
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Table 3.3. Details of primers used in PCR. 

Sl. 

No.

Primer Sequence (5’        3’) G + C Content 

(%)

1 ARDF CTACTTTTGCCGGCGAGCGG 65 

2 ARDR TGATTCCCGAAGGCACTCCC 60 

3.8.3. PCR reaction mixture: PCR amplifications were performed in a 96 well 

Eppendorf® thermal cycler (USA Scientific, USA), or a 96 well thermal cycler (Mini 

TM gradient thermal cycler, PTC- 1148, Bio- Rad, Singapore) or a 96 well Peltier 

Thermal Cycler (Applied Biosystems 2720, Life Technologies, USA) in a final 

reaction volume of 50 µl, each containing a final concentrations of 50 ng of isolated 

gDNA, 0.2 µM of oligonucleotide primers, standard Taq polymerase buffer (10mM 

Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl2), 200 µM of each dNTPs (dATP, 

dTTP, dCTP, dGTP) (NEB, USA), and two units of Taq DNA Polymerase. After the 

standardization of the reaction regime, all PCR amplifications were replicated to 

verify reproducibility and authenticity of the DNA bands. 

 

3.8.4. PCR Program: PCR cycling parameters were according to the Table 3.4. 

Table 3.4. PCR program  

Step Temperature Time 

Initial denaturation 94ºC 4 min 

Denaturation 94ºC 1 min 

Primer annealing 69ºC 30 sec

Elongation 72ºC 45 sec

Final extension 72ºC 10 min 

The above cycle of PCR was continued for 35 cycles.   
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3.9. Purification of PCR product from gel by using PureLink 

quick gel extraction kit (Invitrogen, USA) 

3.9.1. Materials required 

1. L3 buffer (Invitrogen, USA) 

2. Isopropanol (Merck, India) 

3. Wash buffer (W1) (Invitrogen, USA) 

4. Elution buffer (E1) (Invitrogen, USA) 

5. Sodium acetate (Sigma-Aldrich, India)

6. Spin column (Invitrogen, USA) 

7. Wash tube (Invitrogen, USA) 

8. Ethanol (Merck, India) 

9. Elution tube (Invitrogen, USA) 

10. Micropipette (Tarsons, India)

11. Microcentrifuge tube (Tarsons, India) 

12. Cooling centrifuge (Eppendorf, India) 

13. UV transilluminator (Spectroline BI-O-Vision, NY, USA)

14. Water bath (Riviera Glass Private Limited, India) 

15. Sterile microtips (Tarsons, India) 

16. Weighing machine (Afcoset, India) 

 

3.9.2. Methodology 

1. 5 X 50 µl PCR products were pooled into one tube after amplification. 

1/10th volume Sodium acetate and equal volume Isopropanol was added to 

it. This was incubated at 4°C for 1 hour.  

2. This was centrifuged at 4°C for 10 min at 12000 rpm.  

3. The supernatant was discarded. The pellets were dried and dissolved in 50 

µl sterile Milli Q water.

4. The entire 50 µl concentrated PCR product was divided, mixed with gel 

loading dye and loaded into two lanes of 1 % agarose gel. 

5. Electrophoresis was carried on at 90V voltage for 30 min and then the gel 

piece having the DNA band was excised with the help of a sterile gel slicer 

under low energy UV Transilluminator. 
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6. The gel pieces were weighed in microcentrifuge tubes and the weight of 

the tubes were subtracted from them. 

7. L3 buffer was added to the tubes (1 Vol gel: 3 Vol L3). 

8. The tubes were incubated at 50°C for 10 min and inverted occasionally. 

After the gel was dissolved, the tubes were incubated at 50°C for 

additional 5 min. (Note: 1 gel volume of isopropanol was added in excess 

to dissolve the gel properly, if required.) 

9. The dissolved gel slurry was added to a column inside a wash tube 

(provided).  

10. The columns were centrifuged at 12000 rpm for 1 min at room 

temperature. 

11. The flow-through was removed and the column was placed into the wash 

tube once again.  

12. 500 µl wash buffer (W1) with ethanol was added to the column. 

13. The columns were centrifuged at 12000 rpm for 1 min at room 

temperature. 

14. The flow through was removed and the column was placed into the wash 

tube once again.  

15. The columns were centrifuged at 15000 rpm for 3 min at room 

temperature. 

16. The flow through and wash tubes were discarded. 

17. The columns were placed in recovery tubes. 

18. 50 µl elution buffer (E1) was added to the column and incubated at room 

temperature for 1 min. 

19. The columns were centrifuged at 12000 rpm for 1 min at room 

temperature. 

20. The DNA was stored at -20°C till further use. 

 

3.10. Restriction Fragment Length Polymorphism 

3.10.1. Materials required 

1. DNA (Cleaned up PCR product) 

2. Restriction endonucleases (AluI and MboI) (New England Biolabs, 

USA)
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3. Sterile Milli Q water 

4. 100X Bovine serum albumin (New England Biolabs, USA) 

5. 10X Buffer B (New England Biolabs, USA) 

6. Micropipettes (Tarsons, India) 

7. Sterile microcentrifuge tubes (Tarsons, India) 

8. Orbital shaking incubator 

9. Sterile microtips (Tarsons, India) 

10. Digital Camera (Nikon DSLR Camera; Model-D3100) 

 

3.10.2. Methodology 

1. Three reaction mixtures were prepared consisting of the cleaned-up 

PCR product, 1X BSA, 1X Buffer B and sterile Milli Q water to make 

the volume 20 µl.  

2. In one tube 1 unit AluI enzyme was added, in another tube 1 unit MboI 

enzyme was added and in another tube 1 Unit each of AluI and MboI 

enzymes were added. 

3. The mixtures were mixed properly, briefly centrifuged and incubated 

at 37°C overnight. 

 

3.11. Sequencing of 16S ribosomal DNA of the Aeromonas isolates 

and Sequence Analysis 

The 953 bp 16S rDNA of 16 Aeromonas isolates obtained after polymerase chain 

reaction were sequenced. 15 Aeromonas sp isolates were obtained from rivers and 

1 isolate was obtained from hospital effluent. 50 µl of concentrated and purified 

PCR product (concentration: 200 -500 ng/µl) was sealed with parafilm in sterile 

microcentrifuge tubes and 100 µl of each of the primers (concentration: 100 ng/µl) 

(forward and reverse) were packed in the same way in separate tubes and sent for 

sequencing to Agrigenome (Kerala, India). Sequencing was done by Sanger di-

deoxy sequencing method. The sequences obtained were aligned using BIOEDIT 

(Hall, 1999) and CLUSTAL X (Thompson et al., 1997) was used for multiple 

sequence alignment. The sequences that were obtained were compared and 

aligned with the sequences available in the NCBI GenBank (National Centre for 

Biotechnology Information, Bethesda, USA) database (Pruitt et al., 2007) using 
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BLAST (Basic Local Alignment Search Tool) (Altschul et al., 1990) for 

identification of the species of the Aeromonas isolates. The regions of the 

sequences which were highly variable were excluded. MEGA X (Kumar et al., 

2018) was used to construct the phylogenetic tree. The evolutionary history was 

inferred by using the Maximum Likelihood method based on the Kimura 2-

parameter model (Kimura, 1980). Initial tree(s) for the heuristic search were 

obtained automatically by applying Neighbor-Join and BioNJ algorithms to a 

matrix of pairwise distances estimated using the Maximum Composite Likelihood 

(MCL) approach, and then selecting the topology with superior log likelihood 

value. A discrete Gamma distribution was used to model evolutionary rate 

differences among sites [5 categories (+G, parameter = 0.4647)]. The tree is 

drawn to scale, with branch lengths measured in the number of substitutions per 

site. The analysis involved 46 nucleotide sequences. All positions containing gaps 

and missing data were eliminated. There were a total of 763 positions in the final 

dataset. The sequences were also submitted in NCBI GenBank nucleic acid 

sequence repository.

3.12. Study of the antibiotic resistance/ susceptibility status of the 

Aeromonas isolates 

3.12.1. Materials required 

1. Sterile petriplates (Tarsons, India) 

2. Sterile spreader (Tarsons, India) 

3. Mueller Hinton agar (HiMedia Laboratories, India)

4. Autoclave machine 

5. Incubator (Diagnos, India) 

6. Micropipettes (Tarsons, India)

7. Ampicillin (HiMedia Laboratories, India)  

8. Laminar hood (Allied Scientific Products, India)

9. Orbital shaking incubator (Remi Instruments Ltd, India) 

10. Luria Bertani broth (HiMedia Laboratories, India) 

11. Antibiotic discs (HiMedia Laboratories, India) 

12. Scale for measuring diameter of clear zones (HiMedia Laboratories, 

India) 
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13. Zone size interpretative chart (HiMedia Laboratories, India) 

14. Digital Camera [Nikon DSLR Camera (Model-D3100 with WF-S-18-

55 VR Kit] 

15. Weighing machine (Afcoset, India) 

 

3.12.2. Composition of the media and their preparation

1. Luria Bertani Broth: 

Bactotryptone: 1 % 

Yeast extract: 0.5 % 

Sodium chloride: 1%  

To prepare 1 Lt of LB broth, 10 gm Bactotryptone, 5 gm Yeast extract and 10 

gm Sodium chloride was weighed in a conical flask. This was dissolved in 800 

ml of distilled water and then more distilled water was added to it to make the 

volume up to 1000 ml. This was dispensed into conical flasks and the flasks 

were cotton plugged. These were then sterilized in an autoclave and then 

stored to be used for culture. 

 

2. Mueller Hinton Agar: 

It was a ready prepared media by Himedia (HiMedia Laboratories, India) with 

a composition of: 

Meat, infusion from: 30% 

Casein acid hydrolysate: 1.75% 

Starch: 1.5% 

Agar: 1.7% 

To prepare 1 Lt of Mueller Hinton agar 38 g of the powder was added to 1 Lt 

of distilled water. This was boiled to dissolve the medium. This was 

autoclaved and dispensed into sterile petriplates and allowed to solidify to be 

used for culture. 

 

3.12.3. Methodology 

1. Single colonies from each of the Aeromonas cultures were used to inoculate 

Luria Bertani broth with 100 µg/ml ampicillin and allowed to grow overnight 

at 37°C with shaking. 
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2. The cultures were spread on Mueller Hinton agar plates and allowed to stand 

for 30 minutes. Then the extra media was drained off carefully. 

3. Himedia antibiotic combination modules (G-XIX-minus, Hexa UTI-1, Combi 

IV, Combi 94, Combi 71, G-XVIII-minus and UTI-VII) were used for the 

experiments. 

4. The petriplates were incubated at 37°C overnight. 

5. The diameters of the clear zones were measured using scale provided by 

Himedia and they were interpreted following zone size interpretative chart 

mentioned in Himedia catalogue (HiMedia Laboratories, India). 

 

3.13. Plasmid isolation 

3.13.1. Materials required 

1. Alkaline lysis solution 1

2. Lysozyme (HiMedia Laboratories, India) 

3. Lysis solution 2 

4. 3M Sodium acetate (HiMedia Laboratories, India) 

5. Isopropyl alcohol (Merck, India) 

6. Distilled water 

7. RNaseA (HiMedia Laboratories, India) 

8. Water saturated phenol (HiMedia Laboratories, India)

9. Chloroform (Merck, India)

10. 70% Ethanol 

11. Milli Q water 

12. Oakridge tubes (Tarsons, India) 

13. Microcentrifuge tubes (Tarsons, India) 

14. Cooling centrifuge machine (Eppendorf, India) 

15. STET Solution (8% sucrose, 50 mM Tris.HCl, 50 mM EDTA, pH 8.0, 

5% Triton X-100,) 

16. Micropipette (Tarsons, India)

17. Microtips (Tarsons, India) 

18. Float (Tarsons, India)

19. Water bath (Riviera Glass Private Limited, India) 
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20. Ice

21. Resuspension buffer (R3) (Invitrogen, USA) 

22. RNaseA (Invitrogen, USA)  

23. Lysis buffer (L7) (Invitrogen, USA) 

24. Precipitation buffer (N4) (Invitrogen, USA) 

25. Spin column with wash tube (Invitrogen, USA) 

26. Wash buffer (W9) (Invitrogen, USA) 

27. TE buffer (Invitrogen, USA) 

28. Recovery tube (Invitrogen, USA) 

3.13.2. First protocol: Modified Midiprep Alkaline Lysis method adopted from 

Molecular Cloning: A laboratory Manual (Third edition, Vol 3) by Joseph Sambrook 

and David W. Russell (Sambrook and Russel, 2001). 

1. 20 µl overnight bacterial cultures were centrifuged at 7000 rpm for 10 min 

at 4°C. 

2. Pellets were resuspended in 2 ml alkaline lysis solution 1 (pH 8) (25 mM 

Tris HCl pH 8.0, 10 mM EDTA). 

3. 2 µl of lysozyme (Stock concentration: 10 mg/ml) was added to each tube. 

4. The Oakridge tubes were kept on ice for 10 mins.  

5. 2 ml freshly prepared lysis solution 2 (0.2 N NaOH, 0.5% SDS) was added 

to each cell suspension with shaking for cell lysis for 1 minute. 

6. Immediately after that, it was neutralized with 2 ml 3 M Sodium acetate 

(pH 5.2) and centrifuged at 10000 rpm for 10 min at 4°C. 

7. The supernatant was collected in fresh tubes and equal volume of 

Isopropyl alcohol was added to each tube and the tubes were kept at room 

temperature for 30 min. 

8. The tubes were centrifuged at 10000 rpm for 10 min at 4°C. 

9. The supernatant was discarded and the pellets were dried. 

10. The pellets were dissolved in small volume (1 ml) in sterile distilled water. 

11. 10 µl RNAse A was added in each tube (Stock concentration: 10 mg/ml) 

and incubated at 37°C water bath for 2 hr. 

12. Equal amount of water saturated Phenol was added to each tube and mixed 

properly. 
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13. The tubes were centrifuged at 8000 rpm for 2 min. 

14. The upper aqueous phase was collected in a separate tube. Equal volume 

(1:1, v/v Phenol:Chloroform) was added to each tube, mixed properly and 

centrifuged at 8000 rpm for 2 min.  

15. The aqueous phase was collected in fresh tubes and equal volume 

Chloroform was added to each tube and mixed properly. The tubes were 

centrifuged at 8000 rpm for 2 min. 

16. The upper aqueous phase was collected in a separate tube and 1/10th the 

volume of the supernatant 3 M Sodium acetate (pH 5.2) was added to each 

tube. Then equal volume of isopropyl alcohol was added to each tube and 

the tubes were kept at room temperature for 1 hr.

17. The tubes were centrifuged at 12000 rpm for 10 minutes at 4°C. 

18. The supernatant was discarded and 500 µl chilled 70% Ethanol was added 

to each tube. The tubes were centrifuged at 12000 rpm for 10 min at 4°C. 

19. The supernatant was discarded and the pellets were dried. 

20. The pellets were resuspended in 50 µl sterile Milli Q water. Then the tubes 

were stored at – 20 °C. 

3.13.3. Second protocol: Boiling Miniprep method for plasmid isolation adopted 

from Molecular Cloning: A laboratory Manual (Third edition, Vol 3) by Joseph 

Sambrook and David W. Russell (Sambrook and Russel, 2001). 

Single isolated colony of the bacteria was inoculated in 10 ml Luria Bertani broth 

with 100 µg/ml ampicillin. This was incubated overnight at 37°C with shaking. 

1. 1.5 ml overnight bacterial culture was taken into a sterile centrifuge tube 

aseptically and centrifuged at 8000 rpm for 2 min at 4°C. 

2. The media was discarded and pellets were resuspended in 300 µl STET. 

3. 20 µg (2 µl from 10 mg/ml stock) of freshly prepared lysozyme was added to 

each tube and incubated in ice for 2 min. 

4. The tubes were placed in boiling water bath for exactly 2 min and then 

immediately chilled on ice for 10 min. 

5. The lysate was centrifuged at 12000 rpm for 10 min at 4°C. 

6. The pellets were picked up with the help of a sterile toothpick. 
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7. 20 µl of the supernatant with 3 µl 6X DNA loading dye was electrophoresed 

in 1% Agarose gel containing Ethidium bromide (0.5 µg/ ml). 

3.13.4. Third protocol: Plasmid isolation using PureLink Quick Plasmid DNA 

Miniprep Kit (Invitrogen, USA). 

1. 4 ml overnight liquid culture of bacteria was centrifuged and the medium was 

removed. 

2. 250 µl Resuspension buffer (R3) with RNaseA was added to the cell pellet and 

it was resuspended until it was homogeneous. 

3. 250 µl lysis buffer (L7) was added to it and mixed gently by inverting the 

capped tube five times. The tube was incubated at room temperature for 5 

minutes. 

4. 350 µl Precipitation buffer (N4) was added and mixed immediately by 

inverting the tube, or for large pellets, vigorously shaking the tubes until the 

mixture was homogeneous. It was not vortexed. The lysate was centrifuged at 

> 12000g for 10 min. 

5. The supernatant from the previous step was loaded onto a spin column in a 2 

ml wash tube. It was centrifuged at the column at 12000 g for 1 min. The 

flow-through was discarded and the column was placed back into the wash 

tube. 

6. 700 µl Wash buffer (W9) containing ethanol was added to the column. The 

column was centrifuged at 12000 g for 1 min. The flow-through was discarded 

and the column was placed back into the wash tube. The column was 

centrifuged at 12000 g for 1 minute. The wash tube along with the flow 

through was discarded. 

7. The spin column was placed in a 1.5 ml sterile recovery tube. 75 µl of TE 

buffer was added to the centre of the column and it was incubated at room 

temperature for 1 min.   

8. The column was centrifuged at 12000 g for 2 min. The recovery tube 

contained purified plasmid DNA. The column was discarded. The plasmid 

DNA was stored at 4°C for short term or they were stored in aliquots at -20°C 

for future use. 
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3.13.5. Restriction digestion of plasmids 

The natural plasmids isolated from the Aeromonas isolates were subjected to 

restriction digestion by using EcoRI, BamHI and HindIII restriction 

endonucleases to check whether the plasmids show clear bands or smears (Brown 

et al., 1997). If the digestion pattern showed clear bands then the DNA was 

considered to be plasmid whereas, if the digestion pattern showed smears in gel, 

this indicated that the DNA obtained was not plasmid. Supercoiled DNA ladder 

and Lambda Hind III digest were used as DNA markers to check the size of the 

natural plasmids obtained from the Aeromonas isolates. 

3.14. Agarose gel electrophoresis 

3.14.1. Materials required

1. Ethidium bromide (Stock: 10 mg/ml) (Sigma-Aldrich, India).

2. Agarose (0.8% for genomic DNA analyses, 1% for PCR products and plasmid 

analyses and 4% for RFLP analyses) (Lonza, Basel, Switzerland). 

3. TAE Buffer (50X) (242 gm Tris base, 57.1 ml glacial acetic acid and 100 ml 

of 0.5M EDTA mixed with distilled water to make the volume 1 Lt). 

4. Electrophoretic apparatus with power pack (BenchTop Labsystems BT-MS- 

300, Taiwan). 

5. Standard 100 bp DNA size marker (100-1500 bp, New England Biolabs, 

USA) for checking the size of PCR products. 

6. Lambda Hind III digest (New England Biolabs, USA) 

7. Supercoiled DNA ladder (for checking the size of plasmids) (Sigma-Aldrich, 

India) 

8. DNA loading dye (6X) 

Buffer type I: 0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol FF 

and 40% (w/v) sucrose in H2O. 

9. Buffer type III: 0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol FF 

and 30% (v/v) glycerol in H2O. 

Digital Camera (Nikon DSLR Camera; Model-D3100) 

10. UV-Transilluminator (Spectroline BI-O-Vision, NY, USA) 

11. Weighing machine (Afcoset, India) 
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3.14.2. Preparation of agarose gel

0.8 g (0.8%) or 1 g (1%) or 4 g (4%) agarose was added to 98 ml distilled H2O.  

2ml TAE buffer was added from 50X stock solution. The solution was heated in 

microwave oven or electric heater to dissolve the agarose. 0.5 µl of Ethidium 

Bromide was added from the stock solution (10 mg/ml) to ensure the final 

concentration of 0.5µg/ml in the final gel solution. The molten cooled gel was 

poured into appropriate gel casts to prepare the gel slabs. 

3.14.3. Preparation of 50X TAE buffer (Stock solution) 

186.1 g of Disodium EDTA was dissolved in 800 ml of distilled water. The 

solution was stirred continuously and the pH was adjusted to 8 by adding NaOH 

pellets. 100 ml from this 0.5 M EDTA solution was mixed with 57.1 ml glacial 

acetic acid and 242 g Tris Base (HiMedia Laboratories, India). This was mixed 

properly and the volume was made 1 litre and sterilized by autoclaving. 

 

3.13.4. Preparation of Ethidium Bromide 

10 mg Ethidium bromide was dissolved in 1 ml sterile distilled water taken in a 

microcentrifuge tube. The tube was wrapped in aluminium foil to block light from 

reaching the solution. 

 

3.14.5. Methodology 

The agarose gel electrophoresis was carried out in BenchTop Labsystems BT-MS-

300, Taiwan. The integrity and size of the DNA was checked by loading 10 µl 

extracted DNA or 20 µl of eluted plasmid or 25 µl of plasmids digested with 

restriction endonucleases with 6X DNA loading dye in Ethidium bromide (0.5 

µg/ml) pre-stained agarose gel (Lonza, Basel, Switzerland) in 1X TAE tank 

buffer.  The required marker was also loaded in the gel to check the size of DNA, 

wherever required. The gel was subjected to electrophoresis in constant voltage 

(70 V) when checking genomic DNA and voltage (90 V) when checking PCR 

product or RFLP products. The gels were examined on UV-Transilluminator 

(Spectroline BI-O-Vision, NY, USA) and then photographed using Nikon D3100 

digital Camera. For RFLP, the gel was observed under the UV transilluminator 

after 15 min, 30 min, 1 hr, 2 hr and 3 hr. The gel was then stained by submerging 

it in a solution of Ethidium bromide (1µg/ml) for 30 minutes with occasional 



93
 

shaking. Then the gel was washed for 5 minutes in distilled water and observed 

over the UV Transilluminator and photographed. 

3.15. Transformation 

3.15.1. Materials required

1. LB agar plates (Himedia Laboratories, India) 

2. LB broth (Himedia Laboratories, India) 

3. Oakridge tubes (Tarsons, India) 

4. 0.1 M Calcium chloride (Himedia Laboratories, India) 

5. Cooling centrifuge (Eppendorf, India) 

6. Ice 

7. Microcentrifuge tubes (Tarsons, India) 

8. Eluted natural plasmid 

9. pBR322 

10. pUC19 

11. Water bath (Riviera Glass Private Limited, India) 

12. Float (Tarsons, India)

13. Laminar hood (Allied Scientific Products, India)

14. LB agar plates with ampicillin (Himedia Laboratories, India)

15. Spreader (Tarsons, India)

16. Incubator (Diagnos, India) 

17. Orbital shaking incubator (Remi Instruments Ltd, India) 

18. Digital Camera [Nikon DSLR Camera (Model-D3100 with WF-S-18-55 VR 

Kit] 

19. Weighing machine (Afcoset, India) 

3.15.2. Methodology 

      3.15.2.1. Preparation of competent E. coli (Strain JM109): 

1. JM109 glycerol stock was taken out from -20°C and streaked on LB agar 

plate. 

2. The plate was incubated at 37°C overnight. 
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3. A healthy colony was selected and grown overnight in 10 ml Luria Bertani 

broth at 37°C with shaking. 

4. After about 16 hr, 500 µl of culture was diluted to 50 ml Luria Bertani broth 

and grown at 37°C with shaking for exactly 2 hr and 30 min. 

5. The culture was then centrifuged in ice cold, sterile centrifuge tubes at 4000 

rpm for 10 min at 4°C. 

6. The pellets were resuspended in 10 ml ice cold 0.1 M Calcium chloride and 

pooled together. 

7. This was kept on ice for 1 hr. 

8. Then it was centrifuged at 4000 rpm for 5 min at 4°C. 

9. The pellets were resuspended in 2 ml ice cold 0.1 M Calcium chloride and 

kept at 4°C.  

3.15.2.2. Transformation by plasmids: 

1. 200 µl of competent cells were taken in ice cold microcentrifuge tubes. 

2. 10 µl of eluted plasmid was added and mixed properly. This was kept on ice 

for 30 min. 

3. Then it was put on water bath at 42°C for exactly 90 sec. 

4. The tubes were quickly taken out and plunged in ice and kept for 1 to 2 min. 

5. 800 µl of Luria Bertani broth was added and kept at 37°C for recovery for 45 

min. 

6. This was given a quick spin at 4000 rpm for 5 minutes at room temperature. 

7. The medium was discarded. 

8. The pellet was resuspended in minimal medium. 

9. This was spread on Luria Bertani agar plates containing 100µg/ml ampicillin 

and incubated overnight at 37°C. 

3.16. Antibiotic Resistance/Susceptibility status of the Transformed 

E. coli 

A single isolated healthy colony was chosen and a 25 ml Luria Bertani broth was 

inoculated with it. Ampicillin was added to culture broth in the concentration 100 

µg/ml. The culture was grown overnight at 37°C with shaking. The culture was spread 

in Mueller Hinton Agar plates. Antibiotic sensitivity/resistance status of the JM109 

isolates transformed with the natural plasmids isolates from aeromonads were studied 
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using Himedia antibiotic combination modules (G-XIX-minus, Hexa UTI-1, Combi 

IV, Combi 94, Combi 71, G-XVIII-minus and UTI-VII) following the same method 

used to study the antibiotic resistance/ susceptibility status of the Aeromonas isolates 

(Table 3.5). The diameters of the clear zones were measured using scale provided by 

Himedia and they were interpreted following zone size interpretative chart mentioned 

in Himedia catalogue (Himedia Laboratories, India). The results were then compared 

with the results of the antibiotic susceptibility/ resistance status of the corresponding 

Aeromonas isolates. 

 

Table 3.5. The antibiotics along with their dose present in the combination 

modules of Himedia. 

Antibiotic Combination 
Module 

Antibiotic Dose (µg) 

UTI- VII Nitrofurantoin 50

Ticarcillin 75

Tetracyclin 100

Nalidixic acid 30

Trimethoprim 2.5

Sulphamethoxazole 50

Gentamycin 10

Ampicillin 25

Hexa UTI- 1 Amoxyclav 30

Cefuroxime 30

Oxytetracyclin 30

Norfloxacin 10

Co-Trimoxazole 25

Gentamycin 10

Combi 71 Co-Trimoxazole 25

Ciprofloxacin 5

Norfloxacin 10

Nalidixic acid 30

Cefazolin 30

Ampicillin 10
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Nitrofurantoin 50

Levofloxacin 5

G- III minus Co-Trimazine 25

Ciprofloxacin 10

Carbenicillin 100

Amikacin 10

Tetracyclin 30

Streptomycin 10

Nitrofurantoin 300

Kanamycin 30

Combi 94 Amikacin 30

Amoxyclav 30

Ceftazidime 30

Azithromycin 15

Ampicillin/Sulbactum 10/ 10 

Cefoperazone/Sulbactum 75/ 30 

Cefepime 30

Cefpirome 30

G- XVIII minus Nitrofurantoin 300

Norfloxacin 10

Netillin 30

Ofloxacin 5

Ceftazidime 30

Ciprofloxacin 5

Cefotaxime 30

Nalidixic acid 30

Combi IV Ampicillin 10

Cephalothin 30

Chloramphenicol 30

Clindamycin 2

Erythromycin 15

Gentamycin 10
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Oxacillin 1

Vancomycin 30

3.17. Plasmid isolation from the Transformed E. coli and their 

Restriction Digestion 

A single isolated healthy colony was chosen and a 10 ml Luria Bertani broth was 

inoculated with it. Ampicillin was added to this culture broth in the final 

concentration of 100µg/ml. This was grown overnight at 37°C with shaking. Next 

day, boiling miniprep method was applied to isolate plasmid from this culture and 

the plasmid was digested with EcoRI and PstI.  10 µl of the plasmid was mixed 

with 1X Buffer D, 1 Unit EcoRI/PstI enzyme in the medium and sterile Milli Q 

water. This was mixed well, quickly centrifuged and incubated at 37°C for 

overnight. 1% agarose gel, prestained with Ethidium bromide (0.5 µ/ml), was used 

to study the result of plasmid digestion. Uncut plasmid and its digestion products 

were both checked through agarose gel electrophoresis. Supercoiled DNA ladder 

and Lambda Hind III digest were used as markers for checking the size of the 

plasmid bands. pBR322 and pUC19 were used as positive controls. 
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4. RESULTS AND DISCUSSION 

4.1. Collection of Water Samples 

In the present study, water samples were collected in sterile tubes from 

different districts of the sub-Himalayan region of West Bengal. The sampling sites 

included rivers Panchanoi, Champta, Balason, Mahananda, Huliya, Chenga, Lotchka, 

Teesta, Buri Balason, Brijeshori, Manjha, Magurmari, Nandikhola, Rohini, Kadma, 

Dumria, Lalpha, Mechi, Rakti and Tepu from the Darjeeling district. River Mechi 

flows through the border area separating India from Nepal. The water samples were 

also collected from Bairagi dighi, Chandan dighi, Sagar dighi and river Mora Torsa of 

the Coochbehar district; rivers Teesta, Karala, Dharala, Chel, Ghish, Neora, Kartowa 

and Rajbari dighi of the Jalpaiguri district; and river Kaljani of the Alipurduar district 

of West Bengal.Water samples were collected both at summer and winter months of 

the year and from similar sites of these rivers. 

Water samples were also collected from hospital effluents of North Bengal 

Medical College and Hospital, Siliguri District Hospital, Jalpaiguri District Hospital, 

Alipurpuar Hospital and Jalpaiguri District Hospital and Maharaja Jitendra Narayan 

(MJN) Hospital of Coochbehar. Water samples were also collected from municipality 

drinking water supplies and domestic effluents of the towns Siliguri, Shivmandir and 

Bagdogra of the Darjeeling District of West Bengal. Some of the sampling sites are 

represented in the Fig.s 4.1, 4.2 and 4.3. 

Aeromonas are ubiquitous and are found in almost all types of aquatic

environments. Aeromonas have been isolated from sea (Sarkar et al., 2012), rivers 

(Pettibone, 1998; Kivanc et al., 2011; Sarkar et al., 2012), ponds (Sarkar et al., 2012), 

sedimentation pond (Lee et al., 2002), wells (Massa et al., 2001), artesian water 

(Scoaris et al., 2008), fish farm (Lee et al., 2002), aquaculture tanks (Tacao et al., 

2005), lakes (Bello et al., 2016), boreholes (Bello et al., 2016), sewage effluents 

(Dorsh et al., 1994), municipality tap water (Demarta et al., 1999; Scoaris et al., 

2008) and bottled mineral water (Scoaris et al., 2008). In our study we have screened 

rivers, ponds, lakes, hydel project, municipality drinking water, hospital and domestic 

effluents. We have found Aeromonas isolates in rivers, hydel project, hospital and 

domestic effluents.
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Figure 4.1. Some sample collection sites in Rivers Chenga, Tepu, Balason, 
Panchanoi and Mahananda in different administrative blocks, districts and 
town of North Bengal. GPS locations are depicted within parentheses.  
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 Figure 4.2. Some sample collection sites in Rivers Mahananda and Teesta 
in different administrative blocks, districts and towns of North Bengal and 
Siliguri government hospital. GPS locations are depicted within 
parentheses.  
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Figure 4.3. Some sample collection sites in Rivers Karala and Ghish in 
different administrative blocks of Jalpaiguri District of North Bengal and 
Rajbari dighi at Jalpaiguri town. GPS locations are depicted within 
parentheses.
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The temperature of the river water varied from 17°C to 33°C (Table 4.1). As 

observed in Table 4.1, it was evident that the water temperature of the rivers ranged 

from a maximum summer temperature of 33°C to a minimum winter temperature of 

17°C. Similar water temperatures were observed by Mandal et al. (2011) in river 

Kaljani, Alipurduar, by Goswami et al. (2018) in river Torsa, Coochbehar and by 

Patra et al. (2011) in river Karala, Jalpaiguri. These results also corroborate with the 

findings of Saha et al. (2017), where river Teesta, Jalpaiguri was chosen for 

investigation. Also, it was found that average temperature of the hilly regions was 

lesser than the plain regions. 

The pH of the river water at the sampling sites varied from 7.5 to 8.7. This 

range of pH is similar to the observations found by Mozumder et al. (2015), where 

water quality of river Mahananda was assessed; Mandal and Das (2011), where 

physico-chemical characteristics and quality of river Torsa was assessed; Mandal et 

al. (2011) where pollution status of river Kaljani was studied; Susma et al. (2015), 

where physico-chemical variations of water samples from different sites of river 

Teesta in Sikkim was analysed; and also Saha et al. (2017), where physico-chemical 

properties of river Teesta in the Jalpaiguri district was studied. Table 4.1 also shows a 

relation between temperature of water and its pH. As the temperature of the water 

increased, the pH decreased. In the same site it was observed that the pH was more in 

the winter season than during the summer season. 

One hundred and twenty (120) water samples collected from 45 rivers, 6 

hospitals and 3 town sites were screened for the presence of Aeromonas. The Fig.s 

4.1, 4.2 and 4.3 show glimpses of some of the sample collection sites of the study 

area. From the present study, it was seen that running water was more likely to 

promote growth of the Aeromonas bacteria than in the stagnant water bodies. This 

data is in congruence with the findings by Hazen et al. (1978), in which the density of 

Aeromonas bacteria was found to be more in lotic than lentic natural water bodies 

from 30 states and Puerto Rico region of the United States. More bacterial isolates 

were obtained from the water bodies during the summer season when the temperature 

was moderate. Similar observation was also recorded by Pettibone (1998) while 

analyzing the density of Aeromonas bacteria in the river Buffalo, New York, where it 

was found that the density of Aeromonas was more in this river in the summer season 

than in winters.  A similar conclusion was drawn by Hazen et al. (1978) where 

Aeromonas bacteria was isolated from a temperature ranging from 4°C to 45°C, the 
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highest density being found at a moderate temperature of 35°C. Aeromonas was 

observed to be present in river water, hospital and domestic effluents, but none could 

be found in municipality drinking water supplies. 

 

Table 4.1. Details of water samples collected from rivers. 

Serial 

Numbers 
Site of Collection 

Date of 

Collection 

Water 

Temperature 

pH of 

Water 

1 Panchanoi (Near Leprosy 

colony, Darjeeling More, 

Siliguri) 

 

25-01-2012 22°C 8.4

13-11-2014 25°C 8.2

22-03-2016 28°C 7.9

18-11-2016 26°C 8.0

2 River Champta (Near Bartaman 

Newspaper Office, Matigara, 

Siliguri) 

25-01-2012 21°C 8.2

13-11-2014 24°C 8.1

22-06-2016 32°C 7.7

18-11-2016 23°C 8.0

3 River Balason (Near Palpara-

Matigara, Siliguri) 

25-01-2012 18°C 8.5

22-06-2016 32°C 7.5

25-04-2017 28°C 7.9

4 River Teesta (Barrage, 

Gajoldoba, District Jalpaiguri) 

05-02-2012 18°C 8.2

09-10-2013 22°C 8.0

22-03-2016 23°C 8.0

5 River Karala (Jalpaiguri Town, 

Jalpaiguri) 

05-02-2012 20°C 8.1

27- 09-2013 28°C 7.7

6 Rajbari Dighi (Jalpaiguri Town, 

Jalpaiguri) 

15-03-2012 26°C 7.8

7 River Mahananda (Near Air 

View More- Siliguri) 

03-05-2012 33°C 7.5

03-08-2013 30°C 7.6

22-03-2016 28°C 7.9

18-11-2016 25°C 8.1

8 River Teesta (Coronation 

Bridge, District Darjeeling)  

15-05-2012 22°C 8.1

01-02-2013 18°C 8.4

12-02-2014 18°C 8.5
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25-01-2016 17°C 8.6

01-02-2018 17°C 8.7

9 River Huliya (Bagdogra, District 

Darjeeling)

15-05-2012 25°C 8.3

31-12-2015 19°C 8.6

10 River Chenga (Merry view Tea 

Estate, District Darjeeling) 

07-04-2017 31°C 7.9

19-01-2018 22°C 8.5

11 River Balason (Panighata, 

District Darjeeling) 

05-02-2013 19°C 8.5

12 River Lotchka (Near NBU 

Campus, District Darjeeling) 

19-06-2013 30°C 7.8

18-08-2014 29°C 7.9

13 River Buri Balason (Near 

Bagdogra college, District 

Darjeeling)

29-07-2013 31°C 7.8

25-01-2016 20°C 7.5

14 River Mahananda (Champasari, 

Siliguri town) 

03-08-2013 32°C 7.8

15 Sagar Dighi (Coochbehar Town) 25-09-2013 26°C 7.7

16 Chandan Dighi (Coochbehar 

Town) 

25-09-2013 27°C 7.8

17 Bairagi Dighi (Coochbehar 

Town) 

25-09-2013 26°C 7.8

18 River Teesta (Kalijhora, District 

Darjeeling)

27-09-2013 23°C 8.1

19 River Ghish (Odlabari, District 

Jalpaiguri) 

27- 09-2013 25°C 7.9

20 River Chel (Odlabari, District 

Jalpaiguri) 

27- 09-2013 26°C 8.0

21 River Neora (Malbazar, District 

Jalpaiguri) 

27- 09-2013 25°C 8.0

22 Rajbari Dighi (Jalpaiguri town) 27- 09-2013 27°C 7.8

23 River Dharala (Outskirts of 

Jalpaiguri town) 

09-10-2013 26°C 7.9

24 River Teesta (Jalpaiguri town) 09-10-2013 24°C 7.9

25 River Kartowa (District 09-10-2013 25°C 8.0
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Jalpaiguri)

26 River Kaljani (Alipurduar Town, 

District Alipurduar) 

23-01-2014 19°C 8.4

27 River Mora Torsa (Coochbehar

Town, District Coochbehar) 

06-05-2014 29°C 7.8

28 River Manjha (Manjha Tea 

Estate, District Darjeeling) 

17-09-2014 27°C 7.6

29 River Manjha (Belgachi, District 

Darjeeling)

19-01-2018 21°C 7.7

30 River Brijeshori (Near NJP, 

Siliguri Town) 

13-11-2014 24°C 7.5

31 River Magurmari (NBU 

Campus, District Darjeeling)

02-07-2015 29°C 8.5

32 River Teesta (Hydel Project, 

Kalijhora, District Kalimpong) 

25-01-2016 18°C 8.3

33 River Nandikhola (District 

Darjeeling) 

25-01-2016 20°C 8.0

01-02-2018 21°C 7.7

34 River Rohini (District 

Darjeeling) 

22-03-2016 24°C 7.5

35 River Mahananda (Mahananda 

Wildlife Sanctuary, District 

Darjeeling) 

26-10-2016 20°C 7.9

36 River Huliya (Bengdubi, District 

Darjeeling) 

19-01-2018 17°C 8.1

37 River Mahananda (Near North 

Bengal Medical college and 

Hospital, District Darjeeling) 

18-05-2017 31°C 7.9

38 River Kadma (District 

Darjeeling) 

19-01-2018 25°C 7.4

39 River Dumria (District 

Darjeeling) 

19-01-2018 24°C 7.4

40 River Mechi (Nepal Border) 19-01-2018 20°C 8.1

41 River Lalpha (District 19-01-2018 18°C 8.7
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Darjeeling)

42 River Rakti (Simulbari, District 

Darjeeling)

01-02-2018 19°C 8.3

43 River Balason (Dudhia, District 

Darjeeling)

01-02-2018 17°C 7.8

44 River Rohini (District 

Darjeeling)

01-02-2018 18°C 7.7

45 River Tepu (District Darjeeling) 25-04-2018 28°C 7.5

4.2. Identification of Aeromonas Isolates 

4.2.1. Colony Morphology and Characterization 

Colonies of Aeromonas on selective culture plates were creamy coloured, 

convex, round and opaque. The colonies also produced a typical foul odour. Similar 

colony morphology was reported in a study done by Cahill and MacRae (1992), 

where they isolated Aeromonas strains from freshwater ecosystems in Australia. 

Similar characteristics of Aeromonas salmonicida was also described by Hunter and 

Kuykendall (2006). Bacteria grown at lower temperatures (6°C, 11°C, 20°C and at 

room temperature) took longer time to grow than when grown at 30°C. The number of 

bacterial colonies grown was found to be more when the culture was done at 30°C 

than at other temperatures. Observed difference can be ascribed to low metabolic 

activity of Aeromonas at low temperatures (Cavari et al., 1981). From the research 

work of Cavari et al. (1981) it can be concluded that the nutrient uptake of Aeromonas

decreases significantly at temperatures below 15°C and thus their rate of growth 

decreases. The bacterial growth was highest at 1/1 dilution followed by 1/10, 1/100 

and the least being at 1/1000 dilution. Some of the representative culture plates are 

presented in Fig.s 4.4, 4.5 and 4.6. The healthy colonies which were selected from the 

more dilute cultures and subsequently cultured on fresh selective (Aeromonas Starch 

DNA agar base, HiMedia laboratories, India) plates are shown in Fig. 4.7. These 

bacterial colonies were chosen for further stydy. 
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Figure 4.4. Growth of bacteria obtained after spreading water samples after 
collecting from different locations and sites (river Chenga, Naxalbari-Matigara 
block and North Bengal Medical College sewage line, Siliguri), spread in 
different dilutions on Aeromonas Selective media. Dilutions used: Raw, 1/10 
dilution, 1/100 dilution and 1/1000 dilution. 
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Figure 4.5. Growth of bacteria obtained after spreading water samples after 
collecting from different locations and sites (North Bengal Medical College 
sewage line and river Balason, Palpara), spread in different dilutions on 
Aeromonas Selective media. Dilutions used: Raw, 1/10 dilution, 1/100 dilution 
and 1/1000 dilution.
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Figure 4.6. Growth of bacteria obtained after spreading water samples after 
collecting from different locations and sites (river Balason, Palpara and river 
Chenga Naxalbari-Matigara block), spread in different dilutions on Aeromonas 
Selective media. Dilutions used: Raw, 1/10 dilution, 1/100 dilution and 1/1000 
dilution. 
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Figure 4.7. Representative Aeromonas starch DNA agar plates showing isolated 
single colonies of Aeromonas sp. obtained from hospital effluents.  
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4.2.2. Microscopic Characterization

According to the data of International Commission on Microbiological Specifications 

for Foods, Aeromonas are Gram-negative and small, rod-shaped bacteria (ICMSF, 

1996). The bacteria which were found to be Gram-negative, small rods were chosen 

for further study. Eight-hundred and ninety-four (894) bacterial colonies were 

screened in total. Fig. 4.8 represents two Gram-stained slides prepared during the 

present study. The slides were observed under oil immersion at 100 X magnification. 

 

 

Figure 4.8. Representative Gram-stained slides of Aeromonas sp isolated from 
rivers and hospital effluents observed under oil immersion at 100 X 
magnification.
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4.2.3. Biochemical Characterisation

The Fig. 4.9 presents few catalase test results. The appearance of bubbles 

indicates positive result. In Fig. 4.10, some of the starch hydrolysis test plates are 

presented. Clear zones around the bacterial cultures indicate positive result for 

hydrolysis of starch present in the medium. In Fig. 4.11, some of the gelatinase test 

plates are presented. Clear zones around the bacterial growth shows the production of 

gelatinase enzyme by the bacterial isolate. In Fig. 4.12, some of the tubes showing 

results of glucose fermentation tests are shown. The yellow colouration of the 

medium indicates that acid has been formed and the bubbles in the Durham’s tubes 

show the formation of gas. In Fig. 4.13, the result of Indole test is represented. Indole 

formation is indicated by the presence of rosy red ring on the top surface of the 

medium. In Fig. 4.14, Methyl red test result is represented with pink colour formation 

showing the positive result. In Fig. 4.15, Voges Proskauer test result is shown where 

red colour formation shows positive result. In Fig. 4.16, some representative plates of 

Oxidase test are represented where blue colouration shows the formation of 

cytochrome c oxidase. In Fig. 4.17, the result of Citrate utilization test is represented 

where blue coloration shows positive result. In Fig. 4.18, the result of lipase test is 

represented where a clear zone formation around the bacterial culture indicates 

production of lipase enzyme by the bacterial isolate which hydrolyses the free fats 

present in the culture medium to fatty acids and glycerol (Barrow and Feltham, 1993).  

The production of these enzymes by the Aeromonas isolates indicate towards 

their virulence potential as the expression of these genes are directly or indirectly 

involved in virulence properties of bacterial species (Mandell, 1975; Sterh et al., 

2003; Brzostek et al., 2007; Shelburne et al., 2008; Thurlow et al., 2010; Mendez et 

al., 2012; Melander et al., 2014).  

Out of the 21 Aeromonas isolates 12 (57.14%) showed positive reaction for 

Catalase test, 14 (66.67%) showed positive result for Indole test, 11(52.38%) isolates 

could utilize citrate compounds, 8 (38.09%) isolates were positive for Methyl Red 

test, 13 (61.90%) isolates were positive for Voges Proskauer test, 18 (85.71%) isolates 

could hydrolyze gelatin, 19 (90.48%) isolates showed the presence of lipase and 

oxidase enzymes. Twenty (20) (95.23%) isolates could ferment glucose. Out of these 

20 isolates 13 (61.90%) of them also produced gas. Twenty (20) (95.23%) isolates 

could hydrolyse starch. The summary of the biochemical test results has been 

presented in Table 4.2. 
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Figure 4.9. Catalase test. Bubble formation indicates positive result; absence of 
bubbles indicates negative result. Black arrows indicate the formed bubbles.  



117 
 

 

Figure 4.10. Starch hydrolysis test. Clear zones around the bacterial growth indicate 
the positive results; absence of clear zone indicates negative result. Arrow heads 
indicate clear zones formed. 
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Figure 4.11. Gelatinase Test. Clear zones around the bacterial growth 
indicate positive results; absence of clear zones indicate negative results. 
Black arrow-heads in the lower panel indicate clear zones formed. 
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Figure 4.12. Glucose fermentation Test; Yellow colourations indicate positive 
results; absence of yellow colours indicates negative results. Black arrow heads 
indicate occurrence of fermentation.  
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Figure 4.13. Indole test. Formation of rosy-red rings indicate positive 
results; absence of rosy-red rings indicates negative result. Black arrow-
heads indicate formation of indole. 
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Figure 4.14. Methyl Red test. Formation of red colouration indicates positive 
result; absence of red colour indicates negative result. Black arrow-heads 
indicate formation of acid. 
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Figure 4.15. Voges Proskauer test. Formation of red colouration indicates 
positive result; absence of red colour indicates negative result. Black arrow-
heads indicate formation of the red coloured end-product of the reaction. 
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Figure 4.16. Oxidase test. Formation of blue colouration indicates positive 
result; absence of blue colour indicates negative result. Black arrow-heads 
indicate production of Cytochrome c oxidase enzyme by the bacteria. 
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Figure 4.17. Citrate test. Formation of blue colouration indicates positive result; 
absence of red colour indicates negative result. Black arrow-heads indicate 
production of citrase enzyme by the bacteria. 
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Figure 4.18. Lipase test. Clear zone around bacterial growth indicates 
positive result; absence of clear zone indicates negative result. Black arrow 
heads indicate clear zones formed around the bacterial isolates due to 
hydrolysis of lipid by the enzyme lipase produced by the bacterial isolates. 



126 
 

According to Minana-Galbis et al. (2002) and Das et al. (2012) more than 

90% Aeromonas strains are catalase positive. According to a study done by Abbott et 

al. (2003), except Aeromonas sobria, all Aeromonas species show 90% to 100% 

positive result for catalase test, whereas, 50% strains of Aeromonas sobria are found 

to be catalase positive.  According to Minana-Galbis et al. (2002), Abbott et al. 

(2003), Carson et al. (2001) and Das et al. (2012), 80 to 100% of Aeromonas strains 

show positive reaction in case of indole test. Aeromonas schubertii does not produce 

indole (Awan et al., 2005). According to Minana-Galbis et al. (2002), Abbott et al. 

(2003) and Carson et al. (2001) on an average 50% of the Aeromonas strains can 

utilize citrate. A. eucrenophila, A. schurbertii, A. jandaei, A. bestiarum and A. 

encheleia cannot utilize citrate (Abbott et al., 2003; Awan et al., 2005; Kozinska et 

al., 2002). The positive result for methyl red test may vary from as low as 20% to as 

high as 80% of the strains (Minana-Galbis et al., 2002). 15% to 100% of the strains 

show positive result for Voges Proskauer test (Minana-Galbis et al., 2002, Kozinska 

et al., 2002, Abbott et al., 2003 and Das et al., 2012). Many species of Aeromonas 

such as A. caviae, A. media, A. eucrenophila, A. encheleia give negative result for VP 

test (Kozinska et al., 2002 and Abbott et al., 2003). Most of the isolates can hydrolyze 

gelatin (Awan et al., 2005). Production of the enzyme lipase may vary in Aeromonas 

from as low as 20% to as high as more than 90% of the strains (Kozinska et al., 2002, 

Abbott et al., 2003). A. encheleia does not produce lipase enzyme (Kozinska et al., 

2002). Most of the Aeromonas strains (86% to 100%) can produce cytochrome 

oxidase enzyme (Bullock et al., 1961, Awan et al., 2005 and Das et al., 2012). Almost 

all Aeromonas can ferment glucose and produce acid (Awan et al., 2005), whereas 

hydrogen or carbon dioxide gas can be produced in as few as 1% to 100% of the 

starins (Carson et al., 2001, Minana-Galbis et al., 2002 and Abbott et al., 2003). A. 

caviae and A. media do not produce gas from glucose (Abbott et al., 2003). Almost all 

the strains of Aeromonas can hydrolyze starch due to the production of diastase 

enzyme by them (Bullock et al., 1961, Minana-Galbis et al., 2002 and Awan et al., 

2005). 

The results of the biochemical test largely approximate the above findings 

except in the catalase and indole tests. Different strains of even the same species of 

bacterium show variable results for the catalase and indole tests (Abbott et al., 2003). 

Studies showed that reproducibility of the same biochemical test result in the same 

strain of bacteria is also not 100% (Butler et al., 1975).  
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Ten biochemical tests were performed in total. Out of the twenty-one (21) 

isolates, one (1) isolate showed positive result for four (4) biochemical tests, one (1) 

isolate was positive in five (5) tests, two (2) isolates were positive for six (6) tests, 

eight (8) isolates gave positive result for seven (7) tests, four (4) isolates were positive 

for eight (8) tests and five (5) isolates showed positive result for nine (9) biochemical 

tests. The isolates obtained from the hospital drains were positive against 90% of the 

biochemical tests. The one isolated from domestic drain was positive against 70% of 

the biochemical tests. Those isolated from rivers were positive against 40 to 90% of 

the biochemical tests. A summary of the results obtained in the ten (10) biochemical 

tests as performed for each of the twenty-one (21) bacterial isolates is presented in 

Table 4.2.  

 

Table 4.2. Summary of the results of the biochemical tests. 

Bacterial 

Isolates 

Biochemical Tests Total 

number of 

tests 

for which 

the isolate 

is positive 
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AR1 - + + Acid (+) 
Gas (+) 

+ + + + - + 8 

AR2 - + + Acid (+) + + + + - + 8 

AR3 - + + Acid (+) + + + + - + 8 

AR4 - - - Acid (+) - + + + - + 5 

AR5 - - + Acid (+) 
Gas (+) 

+ + - - + + 6 

AR6 - - + Acid (+) 
Gas (+) 

- - + - + - 4 

AR7 + + + Acid (+) 
Gas (+) 

+ + + - + + 9 

AR8 + + + Acid (+) 
Gas (+) 

+ + + - + + 9 

AR9 - + + Acid (+) + + - + - + 7 

AR10 + - + Acid (+) 
Gas (+) 

+ + - - + + 7 

AR11 + - + Acid (+) 
Gas (+) 

+ + - - + + 7 

AR12 + - + Acid (+) 
Gas (+) 

+ + - - + + 7 

AR13 + + + Acid (+) 
Gas (+) 

+ + - + - - 7 
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AR14 - + + Acid (+) + + - - + + 7

AR15 - + + Acid (+) + + - - + + 7

AR16 + + + Acid (+) 
Gas (+) 

+ + + + - + 9

AR17 + + + Acid (+) 
Gas (+) 

+ + - - + + 8

AR18 + + - - - + + + - + 6

AH1 + + + Acid (+) 
Gas (+) 

+ + + - + + 9

AH2 + + + Acid (+) 
Gas (+) 

+ + + - + + 9

AD1 + - + Acid (+) + + - - + + 7

Total 
positive 
isolates

12 14 19 20 18 20 11 8 13 19  

+ Positive reaction 

- Negative reaction 

AR1, AR2, AR3, AR4, AR5, AR6, AR7, AR8, AR9, AR10, AR11, AR12, AR13, AR14, 

AR15, AR16, AR17 and AR18 were isolated from rivers. A- Aeromonas; R- River. 

AH1 and AH2 were isolated from hospitals. A- Aeromonas; H- Hospital effluent. 

AD1 was isolated from domestic effluent. A- Aeromonas; D- Domestic effluent. 

4.2.4. Molecular Characterization 

4.2.4.1. Isolation of Genomic DNA 

Three different methods were used for isolating genomic DNA from the bacterial 

isolates which gave positive results for four or more biochemical tests. The first 

method was adopted from Lee and Kim (1996), the second method was adopted from 

the Current Protocols in Molecular Biology, Ausubel (Ed) (2003) and the third 

protocol was undertaken using a commercial kit, following manufacturer-provided 

methodology. Among the three methods the most efficient one was by using the 

DNeasy blood and tissue kit manufactured by Qiagen (Qiagen, Germany). The 

genomic DNA isolated was stored in small aliquots in sterile tubes at 4°C, when used 

in short intervals and at -20°C, when stored after a long interval. Some representative 

gels showing the bands of genomic DNA isolated are presented in Fig 4.19. All the 

gels i.e., A (lane 1 to 5), B (lane 1 to 5), C (lane 1 to 7) and D (lane 1 to 4), show 

bands of genomic DNAs isolated from some of the bacterial isolates which were 

chosen for further study after performing the biochemical tests. 
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Figure 4.19. Representative agarose gels showing the isolated genomic DNA of 
Aeromonas isolates. 
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4.2.4.2. Quantification and purity checking of genomic DNA 

Quantification of genomic DNA was done using a spectrophotometer at 260 nm and it 

was found that 50 ng DNA in a 50 µl PCR reaction mixture gave the best 

amplification. The purity of the DNA was checked by calculating the ratio between 

the optical density values found at 260 and 280 nm. The DNA which had less protein 

or RNA contamination gave better amplification results than others.

 

4.2.4.3. Amplification of 16Sr DNA

Polymerase chain reaction was used to amplify 16S ribosomal DNA using Aeromonas

specific primers (5’-CTACTTTTGCCGGCGAGCGG-3’ forward primer and 5’-

TGATTCCCGAAGGCACTCCC-3’ reverse primer) (Lee et al., 2002). This was done 

to confirm the biochemical annotations of the endemic Aeromonas isolates. The PCR 

program was followed according to Lee et al. (2002) with a 1°C rise in the annealing 

temperature. In total, 90 samples were screened and the amplicons size was 953 bp. 

The visualization of these amplicons was done by agarose gel electrophoresis. 1% 

agarose gel pre-stained with Ethidium bromide was used for the visualization of the 

PCR fragments. The identity of twenty-one (21) Aeromonas isolates was confirmed at 

the molecular level by this method. In Fig. 4.20 (A, B, and C) the lane M represents 

the 100 bp ladder. In all the three gel photographs white arrow heads indicate 

amplified products of 16S rRNA gene of the Aeromonas isolates identified during the 

study. A. hydrophila was used as positive control and Milli Q water as negative 

control in all the experiments.  

The molecular level characterization of Aeromonas have been done in 

environmental samples by amplifying 16S rDNA using Aeromonas specific primers 

(Demarta et al., 1999; Lee et al., 2002; Tacao et al., 2005; Nawaz et al., 2006; Scoaris 

et al., 2008; Sarkar et al., 2012; Nadhirah and Salwany, 2016). Different groups of 

researchers have amplified different regions of the 16S rDNA. Demarta et al. (1999) 

amplified a 1.4 Kb region of the 16S rDNA while Tacao et al. (2005) and Nadirah and 

Salwany (2016) targeted a 1.5 Kb region of the 16S rDNA of the Aeromonas isolates. 

Sarkar et al. (2012) amplified a 1.2 Kb region of the 16S rDNA of the Aeromonas 

isolates. Lee et al. (2002) amplified a 953 bp fragment of the 16S rDNA of the 

Aeromonas isolates. The same genomic region was targeted for DNA amplification, 

as done by Lee et al. (2002), in the current work.  
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Figure 4.20. 16S rDNA Polymerase Chain Reaction. A. Lanes M: 100 bp ladder; 
1 to 6: PCR product (953 bp). B. Lanes M: 100 bp ladder; 1 to 9: PCR product 
(953 bp). C. Lanes M: 100 bp ladder; 1 and 3 to 20: PCR product (953 bp). White 
arrow-heads indicate 953 bp PCR products.  
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4.3. Species identification of Aeromonas isolates 

4.3.1. PCR-Restriction fragment length polymorphism (PCR-RFLP) 

Aeromonas species identification was done by subjecting PCR amplified rDNA 

products to Restriction fragment length polymorphism. The restriction endonucleases 

used were AluI and MboI. Restriction digestion using the enzyme AluI was done and 

the size of the fragments was compared with Lee et al. (2002) to identify the species 

of the Aeromonas isolates. Double digestion using AluI and MboI was also set up to 

see the size of fragments obtained in case of different species. The digested products 

were visualized in 4% agarose gel pre-stained with Ethidium bromide.  

In Fig.s 4.21 (A, B and C) and 4.22 the molecular size marker used was 100 

bp ladder. Lane M of all the 4 gels depicted the 100 bp ladder. In Fig. 4.21 (A) lane 1 

shows uncut PCR product of 16S rRNA gene of Aeromonas hydrophila and lane 2 

shows the AluI digested product. The restriction fragments of the size 361, 211, 177, 

162 bps were visible (Fig. 4.21 A). The restriction fragment of the size 42 bp was 

very faintly visible.  

 In Fig. 4.21 (B), the lane 1 shows uncut PCR product of 16S rRNA gene of 

Aeromonas hydrophila and lane 2 shows the AluI digested product. Lane 3 shows 

AluI plus MboI digested product. The size of the restriction fragments obtained after 

single digestion with AluI enzyme was same like the previous gel. After double-

digestion of the PCR product, one fragment of approximately 350 bp, two fragments 

in between 150 to 200 bp, and two faint bands below 100 bp were visible. 

 In Fig. 4.21 (C), lane 10 shows uncut PCR product of 16S rRNA gene of 

Aeromonas hydrophila. Lanes 1 to 6 represent AluI plus MboI digested 16S rDNA 

amplification products of Aeromonas isolates collected from the rivers Huliya (lanes 1 

and 2), Mahananda (lanes 3 and 4), Manjha (lane 5) and Laalpool (lane 6). The lanes 

7 and 8 represent AluI plus MboI digested 16S rDNA amplification products of 

Aeromonas isolates obtained from Siliguri hospital effluent and the lane 9 represents 

AluI plus MboI digested 16S rDNA amplification product of Aeromonas hydrophila 

which was used as positive control of the experiment. The isolates in lane numbers 4 

and 7 showed restriction digestion pattern similar to Aeromonas hydrophila which 

indicated that they belonged to the same group. All other isolates showed a different 

pattern of restriction digestion which was similar to A. caviae, A. media, A. 
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eucrenophila, A. sobria, A. jandaei, A. veronii and A. allosaccharophila. This showed 

that these Aeromonas isolates belonged to any of these species.  

 In Fig. 4.22, lanes 1 and 5 represent 16S rDNA amplification products of two 

different Aeromonas isolates obtained from river Huliya. Lanes 2 and 6 represent AluI 

digested 16S rDNA amplification products of these Aeromonas isolates. Lanes 3 and 

7 represent MboI digested amplification products of 16S rDNA of these Aeromonas

isolates. Lanes 4 and 8 represent AluI plus MboI digested 16S rDNA amplification 

products of the same Aeromonas isolates. The digestion patterns of both the isolates 

were similar to each other and also similar to A. caviae, A. media, A. eucrenophila, A. 

sobria, A. jandaei, A. veronii and A. allosaccharophila. From this it can be concluded 

that these Aeromonas isolates belonged to any of these species. 

The size of the restriction fragments obtained after digestion of the 16S rDNA 

PCR products by the enzyme AluI were compared with the size of the restriction 

fragments of different species of Aeromonas reported by Lee et al. (2002). The size of 

the restriction fragments of different Aeromonas species have been presented in Table 

4.3 (Lee et al., 2002). This method was employed for the identification of the species 

of the Aeromonas isolates. 
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Figure 4.21. Restriction fragment length polymorphism of 16S rRNA gene
amplification product; A. Lanes M: 100 bp ladder; 1: uncut PCR product (953 bp); 
2: AluI digest (361, 211,177 and 162 bp). B. Lanes M: 100 bp ladder; 1: uncut PCR 
product; 2: AluI digest (361, 211,177 and 162 bp); 3: AluI+MboI digest (346, 
195,165, 54 and 33 bp). C. Lane M: 100 bp ladder; lanes 1, 2, 3, 5 and 8:  
AluI+MboI (195, 165 and 157 bp); lane 4: AluI+MboI digest (346, 165, 157 and 
138 bp); lane 6: AluI+MboI digest (165 and 157 bp); lanes 7 and 9: AluI+MboI 
digest (346, 165 and 157 bp); lane10: Uncut PCR product (953 bp). White arrow 
heads indicate DNA bands. 
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The digestion of amplified products of the 16S rRNA gene using the enzymes 

Alu I and Mbo I allowed discrimination between the species belonging to this genus 

[Fig.s 4.21 (B, C) and 4.22]. But these enzymes cannot differentiate between A. 

salmonicida, A. encheleia and Aeromonas spp (DHG11) (Borrell et al., 1997). 

Phenotypic and biochemical methods can sometimes be misleading as they can be 

modified due to variability of expression of the same characters. So, molecular 

biology tools are often applied for correct identification of Aeromonas. 16S rDNA-

based identification is a very useful tool for the identification of Aromonas species 

(Hossain, 2008). Different researchers have reported restriction fragments from 

double digestion of different parts of 16S rDNA with the enzymes AluI and MboI. 

Nawaz et al. (2006) obtained 7 restriction fragments of A. hydrophila ranging from 50 

to 210 bp after double digestion of the 1.4 Kb 16S rDNA PCR products with AluI and 

MboI. The same study reported 5 fragments of A. caviae from double digestion of the 

1.4 Kb 16S rDNA PCR products with AluI and MboI. The double digestion of 16S 

rDNA of A. hydrophila and A. caviae revealed 11 restriction fragments, A. sobria 

revealed 13 restriction fragments ranging from 33 to 346 bp in a study done by 

Borrell et al. (1997). 

Figure 4.22. Restriction fragment length polymorphism of 16S rRNA gene; Lanes M: 100 
bp Ladder; Lanes1 and 5: uncut PCR product (953 bp); lanes 2 and 6: AluI digests (211, 
188, 177 and 173 bp); lanes 3 and 7: MboI digests (400, 350 and 200 bp); lanes 4 and 8: 
AluI+MboI digests (188, 177 and 173 bp); white arrow heads indicate DNA bands. 
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Table 4.3. Restriction fragments obtained in case of different Aeromonas species 

isolates after 16S rDNA PCR product-AluI-RFLP (Lee et al., 2002). 

Sl.No. Aeromonas species Size of restriction fragments in bp 

1 A. Hydrophila 42, 162, 177, 211, 361

2 A. Salmonicida 42, 162, 177, 211,361

3 A. Caviae 42, 162, 173, 177, 188, 211

4 A. Media 42, 162, 173, 177, 188, 211

5 A. Eucrenophila 42, 162, 173, 177, 188,211

6 A. Sobria 14, 42, 162, 173, 174, 177, 211

7 A. Popoffii 42, 162, 177, 211, 361

8 A. Jandaei 42, 79, 84, 173, 177, 188, 211

9 A. Veronii 14, 42, 79, 84, 173, 174, 177, 211

10 A. Schubertii 42, 79, 84, 177, 187, 385

11 Aeromonas HG 11 42, 162, 177, 211, 361

12 A. Trota 42, 162, 173, 177, 399

13 Aeromonas Group 501 42, 162, 177, 361

14 A. Allosaccharophila 42, 162, 173, 177, 188, 211

15 A. Encheleia 42, 162, 177, 211, 361

16 A. Bestiarum 42, 162, 177, 211, 361

The fragments of AluI digest of the 953 bp 16S rDNA PCR product 

obtained in this study is similar to the results reported by Lee et al. (2002). Many 

species could not be discriminated by digestion with AluI only. Therefore, double 

digestion with AluI and MboI was performed and the results were compared with 

previous reports. The fragments obtained were similar to the ones reported by 

different research groups but since most of them have digested larger fragments of 

16S rDNA further work was required to confirm the results. Therefore, PCR product 

sequencing was performed to confirm the identity of the Aeromonas species obtained 

during the study. 
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4.3.2. Sequencing of 16S ribosomal DNA 

PCR amplification of 16S rDNA using specific primers from sixteen selected 

Aeromonas isolates produced about 953 bp long fragment. These PCR products were 

gene cleaned and were sequenced at least twice, using Sangers’s method. The 

sequences that were obtained were curated manually and compared with the 

sequences of Aeromonas species available at NCBI using MegaBlast programme. It 

was seen that the 16 Aeromonas isolates belonged to 4 Aeromonas species: eight (8) 

Aeromonas caviae, two (2) Aeromonas sobria, five (5) Aeromonas hydrophila and 

one (1) Aeromonas popoffii. Only one (1) Aeromonas hydrophila was isolated from 

hospital effluent. Rest of the Aeromonas species were isolated from river waters. The 

sequences that were obtained could be grouped under six groups having two (2) 

Aeromonas caviae, two (2) Aeromonas hydrophila, one (1) Aeromonas sobria and 

one (1) Aeromonas popoffii. These six sequences were submitted to GenBank 

repository maintained at National Library of Medicine, Bethesda, USA. The 

sequences submitted to Genbank along with their accession numbers are mentioned in 

the following section: 

 

 

>MK301540.1 Aeromonas caviae strain ACNB1 16S ribosomal RNA gene, partial 

sequence 

GCGAGCGGCGGACGGGTGAGTAATGCCTGGGAAATTGCCCAGTCGAGGG

GGATAACAGTTGGAAACGACTGCTAATACCGCATACGCCCTACGGGGGAA

AGCAGGGGACCTTCGGGCCTTGCGCGATTGGATATGCCCAGGTGGGATTA

GCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACGATCCCTAGCTGGTCT

GAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACG

GGAGGCAGCAGTGGGGAATATTGCACAATGGGGGAAACCCTGATGCAGC

CATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGA

GGAGGAAAGGTCAGTAGCTAATACCTGCTGGCTGTGACGTTACTCGCAGA

AGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGC

AAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTGGATA

AGTTAGATGTGAAAGCCCCGGGCTCAACCTGGGAATTGCATTTAAAACTG

TCCAGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAA

ATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGAC
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AAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGAT

ACCCTGGTAGTCCACGCCGTAAACGATGTCGATTTGGAGGCTGTGTCCTTG

AGACGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACG

GCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGT

GGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGCCTTG

ACATGTCTGGAATCCTGTA 

>MK301543.1 Aeromonas caviae strain ACNB2 16S ribosomal RNA gene, partial 

sequence 

GCGAGCGGCGGACGGGTGAGTAATGCCTGGGAAATTGCCCAGTCGAGGG

GGATAACAGTTGGAAACGACTGCTAATACCGCATACGCCCTACGGGGGAA

AGCAGGGGACCTTCGGGCCTTGCGCGATTGGATATGCCCAGGTGGGATTA

GCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACGATCCCTAGCTGGTCT

GAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACG

GGAGGCAGCAGTGGGGAATATTGCACAATGGGGGAAACCCTGATGCAGC

CATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGA

GGAGGAAAGGTCAGTAGCTAATATCTGCTGGCTGTGACGTTACTCGCAGA

AGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGC

AAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTGGATA

AGTTAGATGTGAAAGCCCCGGGCTCAACCTGGGAATTGCATTAAAACTGT

CCAGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAA

TGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACA

AAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATA

CCCTGGTAGTCCACGCCGTAAACGATGTCGATTTGGAGGCTGTGTCCTTGA

GACGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGG

CCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTG

GAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGGCCTTG

ACATGTCTGGAATC 

>MK301541.1 Aeromonas hydrophila strain AHNB1 16S ribosomal RNA gene, 

partial sequence 

CGGCGGACGGGTGAGTAATGCCTGGGAAATTGCCCAGTCGAGGGGGATA

ACAGTTGGAAACGACTGCTAATACCGCATACGCCCTACGGGGGAAAGCAG

GGGACCTTCGGGCCTTGCGCGATTGGATATGCCCAGGTGGGATTAGCTAG

TTGGTGAGGTAATGGCTCACCAAGGCGACGATCCCTAGCTGGTCTGAGAG
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GATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGG

CAGCAGTGGGGAATATTGCACATGGGGGAAACCCTGATGCAGCCATGCCG

CGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGAGGAGGAA

AGGTTGATGCCTAATACGTATCAACTGTGACGTTACTCGCAGAAGAAGCA

CCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTT

AATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTGGATAAGTTAGA

TGTGAAAGCCCCGGGCTCAACCTGGGAATTGCATTTAAAACTGTCCAGCT

AGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTA

GAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACT

GACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGG

TAGTCCACGCCGTAAACGATGTCGATTTGGAGGCTGTGTCCTTGAGACGT

GGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGGCCGCA

AGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCA

TGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGCCTTGACATGTC

TGGAATCCTGCAGAGATG 

>MK301542.1 Aeromonas hydrophila strain AHNB2 16S ribosomal RNA gene, 

partial sequence 

TCTGCCCAGTCGAGGGGGATAACAGTTGGAAACGACTGCTAATACCGCAT

ACGCCCTACGGGGGAAAGGAGGGGACCTTCGGGCCTTTCGCGATTGGATG

AACCCAGGTGGGATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGAC

GATCCCTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACAC

GGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGG

GAAACCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGT

AAAGCACTTTCAGCGAGGAGGAAAGGTTGGCGCCTAATACGTGTCAACTG

TGACGTTACTCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCG

GTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCA

CGCAGGCGGTTGGATAAGTTAGATGTGAAAGCCCCGGGCTCAACCTGGGA

ATTGCATTTAAAACTGTCCAGCTAGAGTCTTGTAGAGGGGGGTAGAATTC

CAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGA

AGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGA

GCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGATT

TGGAGGCTGTGTCCTTGAGACGTGGCTTCCGGAGCTAACGCGTTAAATCG

ACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGG
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GGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGA

ACCTTACCTGG 

>MK301544.1 Aeromonas popoffii strain APNB1 16S ribosomal RNA gene, 

partial sequence

CGGCGAGCGGCGGACGGGTGAGTAATGCCTGGGGATCTGCCCAGTCGAG

GGGGATAACAGTTGGAAACGACTGCTAATACCGCATACGCCCTACGGGGG

AAAGGAGGGGACCTTCGGGCCTTTCGCGATTGGATGAACCCAGGTGGGAT

TAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGACGATCCCTAGCTGGT

CTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTA

CGGGAGGCAGCAGTGGGGAATATTGCACAATGGGGGAAACCCTGATGCA

GCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGC

GAGGAGGAAAGGTTGTTGGCTAATACCCAGCAACTGTGACGTTACTCGCA

GAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGG

TGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTGG

ATAAGTTAGATGTGAAAGCCCCGGGCTCAACCTGGGAATTGCATTTAAAA

CTGTCCAGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGT

GAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTG

GACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTA

GATACCCTGGTAGTCCACGCCGTAAACGATGTCGATTTGGAGGCTGTGTC

CTTGAGACGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAG

TACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGC

GGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACC 

>MK301539.1 Aeromonas sobria strain ASNB1 16S ribosomal RNA gene, partial 

sequence 

GCGAGCGGCGGACGGGTGAGTAATGCCTGGGGATCTGCCCAGTCGAGGG

GGATAACTACTGGAAACGGTAGCTAATACCGCATACGCCCTACGGGGGAA

AGCAGGGGACCTTCGGGCCTTGCGCGATTGGATGAACCCAGGTGGGATTA

GCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACGATCCCTAGCTGGTCT

GAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACG

GGAGGCAGCAGTGGGGAATATTGCACAATGGGGGAAACCCTGATGCAGC

CATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGA

GGAGGAAAGGTTGGTAGCTAATAACTGCCAGCTGTGACGTTACTCGCAGA

AGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGC
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AAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTGGATA

AGTTAGATGTGAAAGCCCCGGGCTCAACCTGGGAATTGCATTTAAAACTG

TCCAGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAA

ATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGAC

AAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGAT

ACCCTGGTAGTCCACGCCGTAAACGATGTCGATTTGGAGGCTGTGTCCTTG

AGACGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACG

GCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGT

GGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGCCTTG

ACATGTCTGGAATCCTGC 

Aeromonas caviae and Aeromonas hydrophila have been reported from the 

North Bengal region prior to this study (Das et al., 2009). In this study Aeromonas 

sobria and Aeromonas popoffii were reported for the first time from North Bengal.

A phylogenetic tree was constructed based on 16S rRNA gene sequences of 

the Aeromonas species found in the present investigation and 16S rRNA gene 

sequences of some of the Aeromonas species obtained from GenBank database, and is 

represented in Fig. 4.23. The tree with the highest log likelihood (-2429.71) based on 

the Kimura 2-parameter model is shown. The proportion of tree in which the 

correlated taxa assembled together is reflected next to the branches. 
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Figure 4.23. Molecular Phylogenetic analysis based on Aeromonas rDNA sequences 

by Maximum Likelihood method. The tree is based on a comparison of 953 

nucleotides using the neighbour-joining method. Sequences enclosed in red boxes are 

of the Aeromonas isolates found during the study.  
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Aeromonas popoffii (Accession number MK301544) isolated from river 

Huliya was 100% identical to Aeromonas popoffii (Accession number NZ CDB10 

1000096.1) isolated from a Scottish drinking water reservoir (Huys et al., 1997). The 

sequence was also similar to Aeromonas popoffii strains isolated from France and 

Belgium. Aeromonas hydrophila (Accession number MK301541) isolated from river 

Mahananda was 100% similar to Aeromonas hydrophila (Accession number 

MT409620) isolated from diseased fishes of an aquaculture unit in Brazil (Gallani et 

al., 2020). The sequence was also similar to Aeromonas hydrophila strains isolated 

from Iraq (Accession number LC201807) and USA (Accession number EU932956) 

(Fatlawy et al., 2016; Mishra et al., 2008). A. hydrophila was also isolated from river 

Teesta and Siliguri hospital sewage. Aeromonas caviae (Accession numbers 

MK301540 and MK301543) isolated from rivers Mahananda and Buri Balason were 

100% and 99.89% similar, respectively, to Aeromonas caviae (Accession number 

JTBH 02000001) isolated from human stool samples in USA (Campos et al., 2017). 

The sequence was also similar to A. caviae isolated from Iran (Accession number 

KR905056), China (Accession numbers MG737579 and MG737580), USA 

(Accession number NR029252) and Spain (Accession numbers NR104824) 

(Alborzian-Deh-Sheikh et al., 2015; Shi et al., 2019; Ruimy et al., 1994; Yarza et al., 

2013). A. caviae was also isolated from river Manjha. Aeromonas sobria (Accession 

number MK301539) was 98.58% similar to Aeromonas sobria (Accession number 

NZ CDBW 01000046) (Sophie et al., 2014). A. sobria was also isolated from 

Laalpool (Naxalbari block) of the study area. Aeromonas caviae was the most 

predominant species in the riverine environment of North Bengal region, followed by 

Aeromonas hydrophila, Aeromonas sobria and Aeromonas popoffii. Aeromonas 

hydrophila was found in hospital sewage of Siliguri. The data obtained after 

sequencing was in accordance with the PCR-RFLP results of 16S rRNA gene of the 

Aeromonas species obtained during the study. 

 Data obtained after rDNA sequencing of Aeromonas is explicit and can be 

reproduced in same as well as different laboratories (Hossain, 2008). At present rRNA 

is the most accurate molecular tool for studying the phylogenetic relationships 

between different species of bacteria (Woese, 1987). 16S rRNA sequencing results 

have revealed that the members of the genus Aeromonas are genetically very compact 

group (Martinez-Murcia et al., 1992a). Besides rRNA gene sequencing, other 

housekeeping genes such as rpoD and gyrB are also sequenced for phylogenetic 
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analysis of Aeromonas species (Puthucheary et al., 2012; Yi et al., 2013; Chen et al., 

2019). 

 

4.4. Study of the antibiotics resistance 

4.4.1. Study of antibiotic resistance of the Aeromonas isolates

The Aeromonas isolates obtained during the study were tested for the 

susceptibility to commonly used antibiotics in the treatment of infectious diseases. 

Aeromonas cultures were spread on Mueller Hinton Agar plates and Himedia discs 

impregnated with specific doses of antibiotics were used to check the susceptibility 

status of the bacterial isolates against that particular antibiotic. Diameters of the 

inhibition zones were compared with the standard chart provided by Himedia (India) 

to interpret the results. In Fig.s 4.24, 4.25 and 4.26, some of the representative plates 

are presented to show the results of the antibiotic resistance and susceptibility tests 

done on Mueller Hinton agar plates. Fig. 4.24 (A) shows Aeromonas isolate resistant 

to ampicillin and ticarcillin. Fig. 4.24 (B) shows Aeromonas isolate resistant to 

ampicillin and nalidixic acid. Fig. 4.24 (C) shows Aeromonas isolate resistant to 

nalidixic acid, ampicillin, trimethoprim and sulfamethoxazole. Fig. 4.24 (D) shows 

Aeromonas isolate resistant to ampicillin and ticarcillin. Fig. 4.25 (A) shows 

Aeromonas isolate resistant to netillin. Fig. 4.25 (B) shows Aeromonas isolate 

resistant to nalidixic acid. Fig. 4.25 (C) shows Aeromonas isolate resistant to 

ampicillin and amoxyclav. Fig. 4.25 (D) shows Aeromonas isolate resistant to 

amoxyclav. Fig. 4.26 (A) shows Aeromonas isolate resistant to ampicillin, cefazolin 

and nalidixic acid. Fig. 4.26 (B) shows Aeromonas isolate resistant to ampicillin, 

nitrofurantoin and cefazolin. Fig. 4.26 (C) shows Aeromonas isolate resistant to 

cephalothin, clindamycin, oxacillin and ampicillin. Fig. 4.26 (D) shows Aeromonas 

isolate resistant to ampicillin. 
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Figure 4.24. Mueller Hinton agar plates showing resistance-vs-susceptibility (clear 
zones) patterns in different Aeromonas natural isolates (AR7, AR10, AR12 and AD1 
in plates A, B, C and D respectively) against ampicillin (25 µg) (1), nitrofurantoin (50 
µg) (2), ticarcillin (75 µg) (3), tetracycline (100 µg) (4), nalidixic acid (30 µg) (5), 
trimethoprim (2.5 µg) (6), sulphamethoxazole (50 µg) (7) and gentamycin (10 µg) (8) 
(Himedia UTI-VII). Clear zones indicate zones of inhibition (black arrow heads) 
against a particular antibiotic; absence of clear zone was observed in cases of isolates 
(white arrow heads) resistant to a particular antibiotic. Refer to Table 4.4 for a 
complete picture of antibiotic resistance/susceptibility shown by different natural 
Aeromonas isolates.  
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Figure 4.25. Mueller Hinton agar plates showing resistance-vs-susceptibility 
(clear zones) pattern in different Aeromonas natural isolates [AR8 (plates A and 
C), AR9 (plate B) and AH1 (plate D)] against [cefotaxime (30 µg) (1), nalidixic 
acid (30 µg) (2), nitrofurantoin (300 µg) (3), norfloxacin (10 µg) (4), netillin (30 
µg) (5), ofloxacin (5 µg) (6), ceftazidime (30 µg) (7) and ciprofloxacin (5 µg) (8) 
(Himedia G-XVIII-minus)], [ceftazidime (30 µg) (1), azithromycin (15 µg) 
(2),ampicillin/sulbactum (10/10 µg) (3), cefoperazone/sulbactum (75/30 µg) (4), 
cefepime (30 µg) (5), cefpirome (30 µg) (6), amikacin (30 µg) (7) and 
amoxyclav (30 µg) (8) (Himedia Combi 94)] and [amoxyclav (30 µg) (1), 
gentamycin (10 µg) (2), co-trimoxazole (25 µg) (3), norfloxacin (10 µg) (4), 
oxytetracycline (30 µg) (5) and cefuroxime (30 µg) (6) (HimediaHexa UTI-I)]. 
Clear zones indicate zones of inhibition (black arrow heads) against a particular 
antibiotic; absence of clear zone was observed in cases of isolates (black arrow 
heads) resistant to a particular antibiotic. The Table 4.4 presents a complete 
picture of antibiotic resistance/susceptibility as shown by different natural 
Aeromonas isolates from the study region. 
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Figure 4.26. Mueller Hinton agar plates showing resistance-vs-susceptibility 
(clear zones) patterns in different Aeromonas natural isolates [AR6 (plates B and 
D) and AR9 (plates A and C)] against [co-trimoxazole (25 µg) (1), levofloxacin (5 
µg) (2), nitrofurantoin (50 µg) (3), ampicillin (10 µg) (4), cefazolin (30 µg) (5), 
nalidixic acid (30 µg) (6), norfloxacin (10 µg) (7) and ciprofloxacin (5 µg) (8) 
(Himedia Combi 71)], [cephalothin (30 µg) (1), chloramphenicol (30 µg) (2), 
clindamycin (2 µg) (3), erythromycin (15 µg) (4), gentamycin (10 µg) (5), 
oxacillin (1 µg) (6), vancomycin (30 µg) (7) and ampicillin (10 µg) (8) (Himedia 
Combi IV)] and [streptomycin (10 µg) (1), chloramphenicol (30 µg) (2), 
ampicillin (10 µg) (3), tetracycline (30 µg) (4), gentamycin (10 µg) (5), 
kanamycin (30 µg) (6), co-trimoxazole (25 µg) (7), amikacin (30 µg) (8) (Himedia 
G-XIX-minus)]. Clear zones indicate zones of inhibition (black arrow heads) 
against a particular antibiotic; absence of clear zone was observed in cases of 
isolates (white arrow heads) resistant to a particular antibiotic. Refer to Table 4.4 
for a complete picture of antibiotic resistance/susceptibility shown by different 
natural Aeromonas isolates. 
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The Aeromonas isolates were resistant to a number of antibiotics, intermediate 

to some, while sensitive to others. Among the twenty-one (21) isolates eighteen (18) 

were isolated from different rivers, two (2) from hospital effluents and one (1) from 

domestic effluent. All the twenty-one (21) isolates were resistant to amoxyclav, 

ampicillin/ sulbactum and ampicillin. All the eighteen (18) isolates from rivers and 

the two (2) isolates from hospitals were resistant against cephalothin and oxacillin. 

Only the isolate found from domestic effluent was intermediate against cephalothin 

and sensitive to oxacillin. Except two (2), all the river isolates were resistant to 

cefazolin. Both the hospital isolates were resistant to cefazolin. But the domestic 

isolate was sensitive to cefazolin. Except one (1) river isolate, all others were resistant 

to clindamycin. The hospital isolates showed intermediate resistance towards 

clindamycin and the domestic isolate was resistant to it. Four (4) river isolates were 

intermediate against ticarcillin and fourteen (14) were resistant to ticarcillin. Both the 

hospital isolates and domestic ones were also resistant to ticarcillin. Two (2) river 

isolates were intermediate against vancomycin and one (1) river isolate was sensitive 

against it. Rest of the fifteen (15) river isolates were resistant against vancomycin. 

Both the hospital isolates showed intermediate resistance against vancomycin. The 

domestic isolate was resistant against it (vancomycin). Except four (4), all the river 

isolates were resistant to cefuroxime. Both the hospital isolates were sensitive to 

cefuroxime but the domestic effluent was resistant to it. Nine (9) river isolates were 

resistant, five (5) sensitive and four (4) intermediates to nalidixic acid. Both the 

hospital isolates and the domestic isolate was sensitive to nalidixic acid. Nine (9) river 

isolates were resistant to nitrofurantoin, whereas nine (9) others were sensitive to it. 

Both the hospital isolates and the domestic isolate was sensitive to nitrofurantoin. 

Among the eighteen (18) river isolates, seven (7) were resistant, two (2) were 

intermediate and nine (9) were sensitive to ceftazidime. Both the hospital isolates 

were sensitive to ceftazidime, whereas the domestic isolate was resistant to it. Six (6) 

river isolates were resistant to erythromycin, nine (9) were intermediate and three (3) 

were sensitive to it. One (1) hospital isolate was resistant and one (1) was intermediate 

to erythromycin. The domestic isolate was resistant to it. Only three (3) river isolates 

were resistant to co-trimoxazole, rest of the fifteen (15) were sensitive to it. Both the 

hospital isolates and the domestic isolate were sensitive to co-trimoxazole. Three (3) 

river isolates were resistant, one (1) intermediate and fourteen (14) sensitive to 

norfolxacin. The hospital and domestic isolates were sensitive to it. Two (2) river 
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isolates were resistant to cefotaxime, four (4) were intermediate and twelve (12) were 

sensitive to it. Both the hospital isolates were sensitive to cefotaxime and the domestic 

isolate was intermediate to it. Two (2) river isolates were resistant, one (1) 

intermediate and fifteen (15) sensitive to chloramphenicol. Both the hospital isolates 

and the domestic isolate was sensitive to chloramphenicol. Two (2) river isolates were 

resistant, one (1) intermediate and fifteen (15) sensitive to tetracycline. The hospital 

and domestic isolates were sensitive to tetracycline. All the river and hospital isolates 

were sensitive to amikacin. Only the domestic isolate was resistant to it. One (1) river 

isolate was resistant, three (3) intermediate and fifteen (14) sensitive to azithromycin. 

The hospital and domestic isolates were intermediate to it. One (1) river isolate was 

resistant, three (3) intermediate and fourteen (14) sensitive to ciprofloxacin. One (1) 

hospital isolate was intermediate, one sensitive and the domestic isolate was also 

sensitive to it. One (1) river isolate was resistant, one (1) intermediate and sixteen (16) 

sensitive to streptomycin. One (1) hospital isolate was intermediate, one sensitive and 

the domestic isolate was also sensitive to it. Only the domestic isolate and two (2) 

river isolates were intermediate against cefepime, rest all the sixteen (16) river isolates 

and both the hospital isolates were sensitive to it. Only the domestic isolate and one 

(1) river isolate and one(1) hospital isolate were intermediate against kanamycin, rest 

all the seventeen (17) river isolates and one (1) hospital isolate were sensitive to it. 

Only the domestic isolate was intermediate to levofloxacin. All the river isolates and 

both the hospital isolates were sensitive to it. All the twenty-one (21) Aeromonas

isolates were sensitive to gentamycin, netillin and ofloxacin (Table 4.4).

The first Aeromonas isolate which was from river Huliya was resistant to 

sixteen (16) antibiotics, intermediate to three (3) and sensitive to eleven (11). The 

second Aeromonas isolate which was collected from the same site was also resistant 

to sixteen (16) antibiotics, intermediate to two (2) and sensitive to twelve (12). The 

third and the fourth Aeromonas isolates were collected from the same site of river 

Buri Balason and they were resistant to twelve (12) antibiotics, intermediate to one (1) 

and sensitive to seventeen (17). The fifth Aeromonas isolate was collected from river 

Teesta and it was resistant to ten (10) antibiotics, intermediate to one (1) and sensitive 

to nineteen (19) antibiotics. The sixth Aeromonas isolate was collected from another 

site of river Teesta and it was resistant to fifteen (15) antibiotics, intermediate to two 

(2) and sensitive to thirteen (13) antibiotics. The seventh and the eighth (8) 

Aeromonas isolates were collected from the same site of river Mahananda and they 
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were resistant to ten (10) antibiotics, intermediate to two (2) and sensitive to eighteen 

(18). The ninth Aeromonas isolate was collected from river Panchanoi and it was 

resistant to eleven (11) antibiotics, intermediate to three (3) and sensitive to sixteen 

(16) antibiotics. The tenth, eleventh and twelfth Aeromonas isolates were collected 

from another site of river Mahananda and they were resistant to twelve (12) 

antibiotics, intermediate to two (2) and sensitive to sixteen (16). The thirteenth 

Aeromonas isolate which was collected from a tributary of river Chenga was resistant 

to eighteen (18) antibiotics, intermediate to four (4) and sensitive to eight (8). The 

fourteenth Aeromonas isolate was collected from another site of river Teesta and it 

was resistant to fourteen (14) antibiotics, intermediate to two (2) and sensitive to 

fourteen (14) antibiotics. The fifteenth Aeromonas isolate was collected from the 

same site of river Teesta and it was resistant to fourteen (14) antibiotics, intermediate 

to four (4) and sensitive to twelve (12) antibiotics. The sixteenth Aeromonas isolate 

was collected from river Laalpool and it was resistant to thirteen (13) antibiotics, 

intermediate to three (3) and sensitive to fourteen (14) antibiotics. The seventeenth 

Aeromonas isolate was collected from another site of river Huliya and it was resistant 

to twelve (12) antibiotics, intermediate to one (1) and sensitive to seventeen (17) 

antibiotics. The eighteenth Aeromonas isolate was collected from another site of river 

Manjha and it was resistant to eleven (11) antibiotics and sensitive to nineteen (19) 

antibiotics. The nineteenth Aeromonas isolate was collected from Siliguri hospital and 

it was resistant to eight (8) antibiotics, intermediate to five (5) and sensitive to 

seventeen (17) antibiotics. The twentieth Aeromonas isolate was collected from 

another site of Siliguri hospital and it was resistant to nine (9) antibiotics, intermediate 

to five (5) and sensitive to sixteen (16) antibiotics. The twentyfirst Aeromonas isolate 

was collected from Siliguri domestic effluent and it was resistant to eleven (11) 

antibiotics, intermediate to six (6) and sensitive to thirteen (13) antibiotics (Table 

4.4). 

The Aeromonas isolates were 100% resistant to ampicillin, amoxyclav and 

ampicillin/sulbactum irrespective of whether they were collected from rivers, 

hospitals or domestic effluents. 95% of the Aeromonas isolates were resistant to 

cephalothin and oxacillin which includes all the river and hospital isolates. All the 

twenty-one (21) Aeromonas isolates in this study have shown a full range (0 to 100%) 

of resistance to thirty (30) antibiotics which are commonly used in the treatment of 

bacterial infections in human beings and in animals. Maximum resistance of the 
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isolates was observed against ampicillin and oxacillin which are classified under the 

penicillin group of antibiotics, cephalothin which is classified under the first-

generation cephalosporin group, ampicillin/sulbactum (sulbactum being in the class of 

beta lactamase inhibitors) and amoxyclav being a combination of amoxicillin and 

clavulanic acid (amoxicillin in the penicillin-like antibiotic group and clavulanic acid 

in the class of beta lactamase inhibitors). These five antibiotics work by inhibiting 

Aeromonas 

inactivate both ampicillin and cephalothin (Walsh et al., 1995). A tabular form of the 

data obtained during the antibiotic resistance and susceptibility tests are represented in 

Table 4.4. 
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The Aeromonas isolates collected from hospital and domestic effluents were 

resistant to less number of antibiotics as compared to the ones isolated from rivers. 

Similar results were obtained by Jones et al. (1986) who reported a higher incidence 

of antibiotic resistance in bacterial isolates obtained from lakes than from sewage 

effluents. Fish farms also contribute many resistant varieties of bacteria in the aquatic 

environments (Gordon et al., 2007). 

The Aeromonas isolates obtained from the hospital and domestic sewage were 

resistant against eight (8) to eleven (11) antibiotics. Those obtained from the upstream 

sites of rivers were resistant to ten (10) to fourteen (14) antibiotics on an average 

whereas, those isolates obtained from downstream rivers were resistant to twelve (12) 

to sixteen (16) antibiotics on an average, the highest being nineteen (19) antibiotics. A 

detailed representation of this data is given in the Table 4.5. This data can be related 

to the higher population and thus higher use of antibiotics in the areas around the 

downstream sites of rivers than around the upstream sites of the rivers. Also, a 

correlation can be drawn between the higher environmental temperature in the low 

elevation areas and thus higher chances of development of antibiotic resistance. 

Population density, application of antibiotics and ambient temperature are some of the 

important factors in influencing the occurence of antibiotic resistant bacteria in an 

area. This fact has been reported by several researchers all over the world. Kouyos et 

al. (2011) has reported higher incidence of antibiotic resistance in larger hospitals 

where patient population density is higher than in smaller hospitals of Zurich. In 

another study done by McGough et al. (2020), antibiotic resistance has been seen to 

increase in E. coli and K. pneumonia with the rise in population density, consumption 

of antibiotics and rise in ambient temperature in different European countries over a 

span of 16 years. Resistance to antibiotics has also increased 4.2% in E. coli, 2.2% in 

K. pneumonia and 2.7% in S. aureus with a 10ºC rise in environmental temperature 

across different parts of the United States (MacFadden et al., 2018). These studies 

indicate that the global rise in environmental temperature is raising the threat of 

antibiotic resistance on earth.

The highest incidence of antibiotic resistance in isolate AR13 could be related 

to the higher use of pesticides in that area as this site (Tributary of river Chenga near 

Merry View Tea Estate) was in a tea garden, where indiscriminate use of pesticide is 

practised. Bacterial population in environments having higher concentration of 

pesticides develop a natural functional character of resistance to antimicrobial 
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substances (Ramakrishnan et al., 2019). This may be explained through the 

development of pescitide-antibiotic cross-resistance in bacterial strains. Kurenbatch et 

al. (2015) have observed change in the response of Escherichia coli and Salmonella 

enterica serovar Typhimurium to antibiotics after these bacterial strains were exposed 

to three commonly used herbicides dicamba, glyphosate and 2, 4, D. Use of pesticides 

can thus be a threat to the environment in inducing multiple antibiotic resistance 

within common bacterial pathogens. 

 

Table 4.5. A comparative data of the antibiotic resistance developed in the 

Aeromonas isolates obtained from the hill areas, plain areas, hospital and 

domestic sewage-lines. 

Sampling 

Area 

Bacterial 

Isolates 

Antibiotics 

Higher 

elevation/ 

hill areas 

AR5 
Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cephalothin, clindamycin, 
oxacillin, ticarcillin and vancomycin = 10 antibiotics 

AR6 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, ceftazidime, cefuroxime, 
cephalothin, clindamycin, erythromycin, nitrofurantoin, 
oxacillin, tetracycline, ticarcillin and vancomycin = 15 
antibiotics 

AR7 
Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cephalothin, clindamycin, 
oxacillin, ticarcillin and vancomycin = 10 antibiotics 

AR8 
Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cephalothin, clindamycin, 
oxacillin, ticarcillin and nitrofurantoin = 10 antibiotics 

AR14 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefuroxime, cephalothin, 
clindamycin, chloramphenicol, co-trimoxazole, 
nitrofurantoin, norfloxacin, ticarcillin, oxacillin and
vancomycin = 14 antibiotics

AR15 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cefuroxime, cephalothin, 
clindamycin, chloramphenicol, co-trimoxazole, 
nitrofurantoin, ticarcillin, oxacillin and vancomycin = 14 
antibiotics 

Lower 

elevation/ 

plain 

areas 

AR9 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cefuroxime, cephalothin, 
clindamycin, oxacillin, nalidixic acid and ticarcillin = 12 
antibiotics 

AR1 Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cefotaxime, ceftazidime, 
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cefuroxime, cephalothin, clindamycin, nitrofurantoin, 
norfloxacin, nalidixic acid, oxacillin, streptomycin and 
ticarcillin = 16 antibiotics 

AR2 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cefotaxime, ceftazidime, 
cefuroxime, cephalothin, clindamycin, nitrofurantoin, 
nalidixic acid, oxacillin, ticarcillin and vancomycin = 15 
antibiotics

AR3 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, ceftazidime, cefuroxime, 
cephalothin, clindamycin, nitrofurantoin, oxacillin, 
ticarcillin and vancomycin = 12 antibiotics 

AR4 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, ceftazidime, cefuroxime, 
cephalothin, cefazolin, nalidixic acid, oxacillin, ticarcillin 
and vancomycin = 12 antibiotics 

AR10 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cefuroxime, cephalothin, 
clindamycin, erythromycin, nalidixic acid, oxacillin, and 
vancomycin = 12 antibiotics

AR11 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cefuroxime, cephalothin, 
clindamycin, erythromycin, nalidixic acid, oxacillin, and 
vancomycin = 12 antibiotics

AR12 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cefuroxime, cephalothin, 
clindamycin, erythromycin, nalidixic acid, oxacillin, and 
vancomycin = 12 antibiotics

AR13 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, azithromycin, cefazolin, ceftazidime, 
cefuroxime, cephalothin, clindamycin, ciprofloxacin, co-
trimoxazole, erythromycin, nitrofurantoin, norfloxacin, 
nalidixic acid, oxacillin, vancomycin and tetracyclin = 19 
antibiotics

AR16 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, ceftazidime, cefuroxime, 
cephalothin, clindamycin, nitrofurantoin, ticarcillin, 
oxacillin and vancomycin = 13 antibiotics 

AR17 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cephalothin, clindamycin, 
erythromycin, nalidixic acid, ticarcillin, oxacillin and 
vancomycin = 12 antibiotics

AR18 

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cefuroxime, cephalothin, 
clindamycin, ticarcillin, oxacillin and vancomycin = 11 
antibiotics

Hospital 

effluents 
AH1

Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cephalothin, ticarcillin and 
oxacillin = 8 antibiotics 
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AH2 
Amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefazolin, cephalothin, erythromycin, 
ticarcillin and oxacillin = 9 antibiotics

Domestic 

effluent AD1 

Amikacin, amoxyclav, ampicillin (10 and 25 mcg), 
ampicillin/sulbactum, cefuroxime, ceftazidime, 
clindamycin, ticarcillin, erythromycin and vancomycin = 
11 antibiotics 

The percentage of Aeromonas isolates having the property of resistance to 

certain antibiotics was compared with the data presented by other researchers 

(Pradhan and Pal, 1993; Saha and Pal, 2002; Das et al., 2009; Pal and Bhattacharjee 

2011) reported through 26 years in North Bengal (Northern West Bengal), India. A 

comparative chart of these data has been represented in the Table 4.6. According to 

this data obtained, resistance to tetracycline, gentamycin, kanamycin, co-trimoxazole, 

amikacin, streptomycin and erythromycin have decreased with time. On the other 

hand, the resistance to chloramphenicol, nalidixic acid, norfloxacin and ampicillin has 

increased drastically. When this data was compared with the data obtained in this 

study in a small number of isolates a difference is observed in the resistance-pattern of 

streptomycin and chloramphenicol. Resistance to streptomycin has decreased, 

whereas the resistance to chloramphenicol has risen in two years. 

Antimicrobial resistance is a serious cause of concern for the society, more so 

in the current times. The decreasing antibiotic resistance may be the result of less use 

of these antibiotics and the rise in antibiotic resistance is the indication of their 

indiscriminate use. McGough et al. (2020) has reported a decline in methicillin 

resistant S. aureus over a span of 16 years which they have related to the decline in 

use of this antibiotic in Europe during the study period. This is due to the various 

health programs targeting the reduction of MRSA (Methicillin resistant 

Staphylococcus aureus)-induced infectious diseases. Rest of the antibiotics 

(aminoglycosides, penicillins, third generation cephalosporins and fluoroquinolones) 

studied by this group showed a rise in antibiotic resistance in E. coli and K. 

pneumonia over the same study period. This shows the effect of differential use of 

antibiotics. Another study done in Italy during a span of four years from 2013 to 2016 

has reported rising trend of resistance of Aeromonas against apramycin and neomycin 

whereas a decreasing trend against erythromycin, tetracycline and thiamphenicol was 

reported (Borella et al., 2020). Antibiotics should be used judiciously and alternate 

ways of treatment is the only answer to this rising problem. 
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Table 4.6. Antibiotic-resistance trends in Aeromonas through 26 years in North 

Bengal. 

Antibiotics 

(Disc 

concentration) 

1993 

(1 Isolate) 

1998 

(16 Isolates) 

2008 

(15 Isolates) 

2010/2011 

(83 Isolates) 

2015/2018 

(21 isolates) 

Chloramphenicol 
0% 6% 20% 6% 

9.52% 

Ampicillin 
--- 81% 100% 70% 

100% 

Oxy-tetracyclin 
0% 6% --- --- 

--- 

Tetracyclin 
--- --- 7% 34% 

9.52% 

Gentamycin 
--- 25% 20% 3% 

0%

Kanamycin 
--- 0% 33% 13% 

0%

Co-trimoxazole 
(

0% 31% --- 42% 
14.28% 

 --- --- --- 7% 4.76% 

Streptomycin 
0% 6% 0% 5% 

4.76% 

Penicillin (10U) 100% 75% --- --- --- 

Amoxycillin 
--- 12% --- --- 

--- 

Erythromycin 
--- 56% 100% --- 

38.09% 

Nalidixic Acid 
--- 6% 0% --- 

42.85% 

Norfloxacin 
--- 6% --- --- 

14.28% 

Novobiocin 
--- --- 93% --- 

--- 

Rifampicin 
--- --- 80% --- 

--- 

Sulphadiazine 
--- --- 93% --- 

--- 

1993, 1998 and 2008 data are obtained from fishes affected with EUS. The data collected 

in 2010/2011 are obtained through research on environmental Aeromonas isolates from 

aquatic habitats of Jalpaiguri and Darjeeling districts of North Bengal, India. The data in 

1993, 1998 and 2008 are adopted from Pradhan and Pal (1993), Saha and Pal (2002) and 

Das et al. (2009) respectively. 2015/2018 data was obtained in this study. 

--- = Not Tested 
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In the present study, 21 Aeromonas isolates were found from the aquatic

environments of the North Bengal region which were resistant to more than one 

antibiotic. Aeromonas is both a fish and human pathogen. Therefore, presence of 

multi-drug resistant Aeromonas in rivers and drains of hospitals and towns can pose a 

serious threat to the society. 

Multidrug resistant Aeromonas has been isolated from different habitats from 

various parts of the world. A study shows 95% of Aeromonas hydrophila isolated 

from rural groundwater supplies used as drinking water sources to be resistant to 

multiple antibiotics specially ampicillin, cephalothin and novobiocin (McKeon et al., 

1995). A study in India also reported the presence of multi drug resistant bacteria 

from agricultural soil irrigated with wastewater (Ansari et al., 2008). Several studies 

have reported the presence of multidrug resistant bacteria from the aquatic 

environment of West Bengal, India (Mukherjee and Chakraborty, 2006; Chakraborty 

et al, 2013; Roy et al., 2013; Chakraborty et al 2018). Multidrug-resistant bacteria 

have also been reported from fishes captured from the rivers (Saha and Pal, 2002; Roy 

et al., 2013) and sea coast (Ghosh and Mandal, 2010) of West Bengal, India. Studies 

in other parts of India identified antibiotic resistance gene blaNDM in bacteria isolated 

from Cauvery river sites, polluted with hospital and urban sewage (Devarajan et al., 

2016), from drinking water supplies, rivulets and small water pools in streets of New 

Delhi (Walsh et al., 2011). Thus, it can be said that multi-drug resistance genes are 

widely distributed in the aquatic environment of India. Multidrug-resistant Aeromonas 

hydrophila have also been isolated from fishes obtained from retail markets of Indore 

and Mhow. All the bacterial isolates were resistant to ampicillin and colistin 

(Kaskhedikar and Chhabra, 2010).  

Multidrug-resistant Aeromonas are not only present in India but also found 

worldwide. A large number of multidrug-resistant bacteria were also reported from 

the aquatic environment of Bangladesh including rivers, lakes and ponds (Zahid et al., 

2009). Aeromonas is also known to infect ornamental fishes. Zebrafish-borne 

Aeromonas species resistant to multiple antibiotics were isolated from Korea (Hossain 

et al., 2019). The Aeromonas isolates obtained during this study were resistant to 

several antibiotics including ampicillin, amoxicillin, tetracycline, nalidixic acid, 

oxytetracycline, rifampicin and imipenem. In another study most of the Aeromonas 

isolates obtained from water samples of three carp ponds situated in North Poland 

were resistant to ampicillin, amoxicillin, peneicllin and clindamycin (Zdanowicz et 
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al., 2020). Many of the antibiotics reported in these two research articles mentioned 

above have also been studied in this current research work and resistance against 

ampicillin, tetracycline, nalidixic acid and clindamycin was observed. Another study 

based on Aeromonas species isolated from Alice and Fort Beaufort wastewater 

treatment plants, situated in the Eastern Cape Province of South Africa, showed all 

strains of Aeromonas found during the study being resistant to penicillin, oxacillin, 

ampicillin and vancomycin (Igbinosa and Okoh, 2012). Multidrug-resistant 

Aeromonas species have been isolated from treated wastewater ready to be released in 

a riverine body, a tributary of Mississippi river (Skwor et al., 2020). Multidrug 

resistant Aeromonas species have been isolated from farmed as well as wild fishes in 

an area of Italy with high anthropogenic impact (Borella et al., 2020). Another study 

in China has reported almost 50% of the Aeromonas strains resistant against at least 

three different classes of antibiotics, isolated from farmed freshwater animals. Most of 

the Aeromonas isolates were resistant to ampicillin, rifampicin, streptomycin and 

nalidixic acid (Deng et al., 2016). The results were similar to the result found during 

the current study. 

Resistance to multiple antibiotics have also been identified in other clinically 

important Gram-negative bacteria (Enterobacter kobei, Klebsiella pneumoniae, 

Escherichia coli and Pseudomonas aeruginosa) isolated from surface waters of 

Germany (Falgenhauer et al., 2019). In another study in Greece, susceptibility status 

of E. coli isolated from wells, boreholes and untreated drinking water was tested 

against norfloxacin, ciprofloxacin, amoxicilin, levofloxacin and cefaclor. 26.3% of the 

strains were found to be resistant to more than one antibiotic (Efstratiou et al., 2018). 

Gram-negative bacteria resistant to multiple antibiotics were isolated from the aquatic 

environment of Minnesota, United States (Bollin, 2014). The occurrence of antibiotic 

resistance genes in the environment is a matter of grave concern because antibiotic 

resistance genes can be disseminated to other bacteria through mobile genetic 

elements horizontally. 

Discharge of untreated sewage in the aquatic environment, indiscriminate use 

of antibiotics in aquaculture and agricultural run-offs into the water bodies may be the 

main causes for the prevalence of multidrug-resistant bacteria in the environment of 

India. The water from these aquatic ecosystems is used by the local people directly for 

household purposes, agriculture or may be recycled for recreational and drinking 
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purposes. So the occurrence of multidrug-resistant bacteria in these water bodies is a 

reason for rising concern for the local people and the health sector. 

4.4.2. Study of the natural plasmids from the Aeromonas isolates obtained during 

the study 

Plasmids were isolated from the Aeromonas isolates using three different 

methods. The third method i.e., the one using PureLink quick plasmid DNA miniprep 

kit (Invitrogen, USA) gave the best yield and quality of natural plasmids. The 

visualization of the plasmid was done by agarose gel electrophoresis using 1% 

agarose gel pre-stained with ethidium bromide, two of which are represented in Fig. 

4.27. The supercoiled DNA ladder was used to decipher the size of the plasmids 

obtained from Aeromonas isolates. Fig. 4.27 (A) shows plasmid isolated from an 

Aeromonas isolate obtained from river Panchanoi in lane 1. M1 denotes supercoiled 

DNA ladder. From this Aeromonas isolate plasmids of approximately 2000 bp, 2600 

bp and 8066 bp were obtained. Fig. 4.27 (B) shows plasmids isolated from two 

different Aeromonas isolates obtained from river Huliya in lanes 1 and 2. M1 denotes 

supercoiled DNA ladder and M2 denotes lambda DNA digested with Hind III 

enzyme.  Both show similar size of plasmids. Plasmids of 16,200 bp, 10,000 bp, 5000 

bp, 3000 bp, 2067 bp approximately were obtained and the smallest one being less 

than 2000 bp.  
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The plasmids having smaller size, around 4000 bp or less, are easily 

transferred from one bacterium to another by transformation than the ones having 

large size like 9000 bp or more (Ohse et al., 1995). According to Bennett (2008), 

plasmids of size less less than 10 Kb are easily mobilizable and carry a handful of 

resistance genes. Occurrance of plasmids of size less than 10 Kb in the bacterial 

isolates obtained from the aquatic environment of the study area raises the risk of 

dissemination of antibiotic resistance and virulence genes to other clinically relevant 

bacterial strains. 

Das et al. (2009) reported the presence of plasmids of size, ranging from 23 to 

64 Kbp, from Aeromonas isolated from EUS-affected (Epizootic Ulcerative 

Syndrome- affected) fishes of North Bengal region. In another study, pathogenic

Aeromonas isolates from West Bengal were found to harbour a 21 Kb plasmid 

(Majumdar et al., 2006). A 21 Kb plasmid was also detected in multidrug resistant 

Aeromonas hydrophila isolated from river Njoro, Keniya (Ngoci et al., 2012). 

Chaudhury et al. (1996) has reported the presence of plasmids ranging from 85.6 to 

Figure 4.27. Natural plasmids obtained from Aeromonas isolates. A. Lanes 
M1: supercoiled DNA ladder; lane 1: Natural plasmids (8066, 2600 and 2000 
bp approximately indicated by white arrow heads). B. Lane M1: Supercoiled 
DNA ladder; lanes 1 and 2: natural plasmids (10102, 6030, 2972, 2067 and 
1900 bp approximately; indicated by white arrow heads); M2: Lambda HindIII 
digest. 
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150 Kb in Aeromonas strains isolated from clinical and environmental samples 

including from diarrheal patients and from river Ganga in Varanasi. Plasmid-mediated 

tetracycline resistance has been reported by Toranzo et al. (1983) in Aeromonas 

isolates isolated from diseased fish in USA. The study revealed plasmids ranging 

from 1 X 106 to 110 X 106 molecular weight from Aeromonas strains isolated from 

diseased fishes of Japan, USA, Ireland, England, Spain, Scotland and Denmark. 

Oxytetracyclin (Adams et al., 1998) and tetracycline resistance plasmids have been 

reported from environmental and clinical Aeromonas isolates (Rhodes et al., 2000). 

Adams et al. (1998) obtained the Aeromonas isolates from infected fishes, fish farm 

water, guinea pig, faeces and human abscess of Scotland, Canada, United States and 

Norway.

Plasmids ranging from smaller than 2 Kb to larger than 23 Kb were obtained 

from these Aeromonas isolates. The oxytetracycline resistant gene was located on a 

5.4 Kb EcoRI fragment on resistant plasmids (Adams et al., 1998). Rhodes et al. 

(2000) obtained the Aeromonas isolates from untreated hospital effluents and fish 

farm hatchery-tanks of England. The tetracycline resistance gene was located in a 5.5 

Kb EcoRI restriction fragment of the plasmids. Plasmid-mediated quinolone 

resistance has been reported in Aeromonas (Han et al., 2012; Kim et al., 2017). Han et 

al. (2012) has reported the presence of quinolone resistance gene in 6900 bp plasmids 

isolated from Aeromonas strains obtained from diseased fishes in Korea. Kim et al. 

(2017) has reported the presence of the quinolone resistance gene in a 15,872 bp 

plasmid isolated from Aeromonas strain isolated from a waste water treatment plant. 

Hu et al. (2019) reported the presence of plasmid of approximately 54 Kb in 

Aeromonas taiwanensis isolated from river sedimemt samples from China. The 

plasmids harboured Klebsiella pneumonia carbapenemase and quinolone resistance 

genes. Plasmid-encoded antibiotic resistance is commonly observed against the 

clinically significant antibiotics such as fluoroquinolones, cephalosporins and 

aminoglycosides (Bennett, 2008). Several researchers such as Kumasamy et al. (2010) 

and Walsh et al. (2011) reported the presence of blaNDM-1 in plasmids, which is posing 

greater challenge to the medical community. Multidrug-resistant plasmids have also 

been reported in Aeromonas from a Tilapia farm in Thailand by Castillo et al. (2012) 

and different geographical locations of Northern Europe and North America by 

Schmidt et al. (2001).  
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Antimicrobial substances, being water soluble, readily dissolve in aquatic 

environment. They are added to the aquatic ecosystems through human excretion via 

domestic and hospital sewage. They also enter the aquatic bodies through agicultural 

land run-offs, landfills and effluent from animal husbandry (Daughton and Ternes, 

1999). Resistance to the commonly used antibiotics is an indication of indiscriminate 

antibiotic use posing challenge to treatment of infectious diseases using antibiotics. 

Therefore, antibiotics should be used judiciously and alternate ways of treatment must 

be used. 

4.4.3. Restriction digestion of the natural plasmids 

The natural plasmids isolated from the Aeromonas isolates were digested with 

different restriction endonucleases to characterize the natural plasmids. The DNA 

which produced smears after digestion was not considered as plasmid. They must be 

genomic DNA because genomic DNA has numerous restriction digestion sites which 

form smears after digestion by restriction endonucleases. The DNA which produced 

definite bands proved to be plasmid. Fig. 4.28 shows two of the representative 

agarose gels of this experiment.  

 In Fig. 4.28 (A) and 4.28 (B) both M1 and M2 are DNA markers to decipher 

the size of the plasmids and their products. M1 and M2 denote supercoiled DNA 

ladder and lambda Hind III digest respectively. Fig. 4.28 (A) shows uncut plasmid 

DNA isolated from an Aeromonas strain collected from river Chenga in lane 1, the 

EcoRI digest of the plasmid in lane 2, BamHI digest of the plasmid in lane 3 and 

HindIII digest of the plasmid in lane 4. A faint band less than 2000 bp was observed 

in BamHI digest. 

 Fig. 4.28 (B) shows uncut plasmid DNA from two different Aeromonas 

isolates collected from river Huliya in lanes 1 and 3 and the EcoRI digests of these 

plasmids in lanes 2 and 4. After digestion 5 fragments of 9416, 5500, 3500, 2027 bp 

and another less than 2 kb was obtained. 

 



169 
 

  

 

 

 

 

Plasmids were obtained from only 5 out of the 21 Aeromonas isolates which 

makes it 23.80% of the Aeromonas isolates harbouring plasmids in the aquatic

environment of the study area. These plasmids were recovered from bacterial isolates 

obtained from rivers Huliya, Buri Balason and Panchanoi. Two isolates were from 

river Huliya, two from river Buri Balason and one from river Panchanoi. No plasmid 

was obtained in our study from Aeromonas isolated from hospital and domestic 

sewage. A similar observation was reported where the prevalence of plasmid was 

found to be more frequent in environmental than in clinical isolates (Brown et al., 

1997). Brown et al. (1997) had also found a much lower incidence of plasmid (16%) 

in the Aeromonas isolates found during the study. Prevalence of plasmid in 

Aeromonas isolates is reported to be within 15 to 30% (Cumberbatch et al., 1979; 

Figure 4.28. Restriction endonuclease digestion of natural plasmids obtained from 
Aeromonas isolates. A. Lane M1: Supercoiled plasmid DNA ladder; lane 1: uncut 
plasmid; black arrow indicates a plasmid of 12138 bp; lane 2: EcoRI digest; lane 3: 
BamHI digest; lane 4: HindIII digest; lane M2: Lambda HindIII digest. B. Lane M2:
Lambda HindIII digest; lanes 1 and 3: Uncut natural plasmids; lanes 2 and 4: Eco RI 
digest (9416, 5500, 3500, 2027 bp and another less than 2 kb. 
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Chang and Bolton, 1987; Alabi and Odugbemi, 1990; McNicol et al., 1990; Morena 

et al., 1993). These studies correspond with the data found during the current reasech 

work. Some other researchers have reported a higher incidence of plasmids in 

Aeromonas isolates. Borego et al. (1991) has reported the presence of plasmid in 67% 

of the Aeromonas isolates found during their study from environmental samples 

whereas, Vadivelu et al. (1995) has reported the presence of plasmid in 94% of 

Aeromonas isolates obtained from clinical samples from patients with bacteraemia 

during their study. However, the lower recovery rate of resistance gene-containing 

plasmids from the endemic Aeromonas isolates from hospital and domestic sewage 

does not preclude the possibiity of genomic intergration of the relevant 

resistance/virulence genes. This observation needs to be investigated in detail by 

others. 

Restriction digestion of plasmids isolated from environmental and clinical 

Aeromonas isolates was also done by several researchers such as Belland and Trust 

(1989) and Brown et al. (1997). Belland and Trust (1989) has reported 

indistinguishable pattern of the BamHI digests of the plasmids isolated from typical 

Aeromonas salmonicida strains during their study. Plasmids from the atypical strains 

produced different restriction digestion pattern and differed from each other too. 

During the current study similar restriction digestion pattern was observed in plasmids 

isolated from Aeromonas strains obtained from the same site. Brown et al. (1997) 

used EcoRI, BamHI and HindIII for restriction digestion of the plasmids obtained 

from the Aeromonas strains obtained during their study. The restriction digestion 

pattern analysis confirmed that the different bands obtained were different plasmids 

and not different forms of the same plasmid. A similar conclusion can be drawn from 

the restriction digestion pattern obtained in this work that used the same restriction 

enzymes (EcoRI, BamHI and HindIII) for digestion of the plasmids obtained from 

natural Aeromonas isolates. 

 

4.4.4. Transformation of E. coli with the natural plasmids obtained from 

Aeromonas 

Plasmids obtained from Aeromonas isolates obtained during the study were 

used to transform E. coli (JM109) to check the transferability of these plasmids from 

Aeromonas to other bacteria. This is important from the stand point of 

virulence/resistance transferabilities among the same or other bacterial groups 
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horizontally. After transformation of E. coli (JM109) with the natural plasmids 

isolated from the five (5) Aeromonas isolates, they were grown on Luria-Bertani agar 

plates with 100 µg/ml ampicillin. Transformation was successful with plasmids from 

four (4) among the five (5) Aeromonas isolates. These four (4) Aeromonas isolates 

were collected from rivers Huliya and Buri Balason, two bacterial isolates from each 

river. Very few colonies of transformed E. coli were obtained on the plates. Some of 

the culture plates have been represented in Fig.s 4.29 and 4.30. pBR322 and pUC19 

were taken as positive controls and distilled water as negative control. Dense growth 

was obtained when transformation was done using pBR322 and pUC19. Fig. 4.29 (A) 

represents four (4) plates showing result of transformation using plasmids from four 

(4) Aeromonas isolates and the negative control. In Fig. 4.29 (B) four (4) positive 

controls (2 pBR322 and 2 pUC19) and one (1) negative control have been shown. Fig. 

4.30 (A, B and C) represent three (3) plates showing result of transformation of E. 

coli with plasmids isolated from 3 different Aeromonas isolates. Fig. 4.30 (D) is 

negative control and plate E and F are positive controls of the experiment. 

From this experiment it could be concluded that plasmids having ampicillin 

resistant gene could be transferred from Aeromonas to E. coli. In this manner the 

antibiotic resistance genes may travel from one species to others and make other 

bacteria in the environment also resistant to antibiotics. Similarly, several researchers 

from India and abroad, have reported the transfer of genes conferring antibiotic 

resistance harboured by plasmids from one bacterium to another (Belland and Trust, 

1989; Dowson et al., 1989; Chaudhury et al., 1996; Son et al., 1997; Adams et al., 

1998; Rhodes et al., 2000; Schmidt et al., 2001; Cattoir et al., 2008; Hu et al., 2019). 

The spread of antibiotic resistance in the environment is making the treatment of 

infectious diseases difficult for the entire world today. 
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Figure 4.29. Ampicillin plates showing the growth of transformed E. coli 
JM109 colonies; A: experimental plates and negative control. B: negative 
and positive controls. 



173 
 

 

 

 

 

 

 

Figure 4.30. Ampicillin plates showing the growth of transformed bacterial 
colonies; C, D and E: experimental plates; F: negative control; G and H: positive 
control. 



174 
 

4.4.5. Plasmid isolation from the transformed E. coli and their restriction 

digestion 

Plasmids were isolated from the colonies of E. coli that were successfully 

transformed using natural plasmids obtained from natural Aeromonas isolates. These 

isolated plasmids were loaded in 1% agarose gel and checked. These plasmids were 

then digested with restriction endonucleases (EcoRI and PstI) and checked in 1% 

agarose gel to confirm their integrity. Definite and characteristic bands were obtained 

after restriction digestion with these enzymes. Fig. 4.31 represents two of the gel 

photographs of this experiment.  

 In Fig. 4.31 (A) M1 is lambda Hind III digest. Lanes 1, 2, 3, 4 and 5 show 

EcoRI digests of natural plasmids isolated from transformed JM109. These plasmids 

were isolated from five (5) different E. coli isolates transformed with plasmids 

isolated from Aeromonas isolates collected from river Huliya and river Buri Balason. 

First two (2) isolates were from river Huliya and next three (3) were from river Buri 

Balason. Lanes 6, 7, 8, 9 and 10 show PstI digests of these plasmids. Lanes 11 and 12 

show uncut pBR322 and PUC 19 plasmids that were used as positive controls for the 

experiment. Lanes 13 and 14 show EcoRI digests of pBR 322 and PUC 19. Lanes 15 

and 16 show PstI digests of pBR 322 and PUC 19. These were taken as positive 

controls for the experiment. 

In Fig. 4.31 (B) M2 is the supercoiled DNA ladder to compare the size of the 

plasmid DNA. Lanes 1 to 14 show PstI digests of plasmids isolated from JM109 

transformed with natural plasmids obtained from Aeromonas species isolated from the 

aquatic environment of North Bengal during the study. Lanes 15 and 16 show positive 

controls of the experiment (PstI digests of pBR322 and PUC19 respectively). 
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Figure 4.31. Plasmids obtained from E. coli previously transformed with 
natural plasmids, isolated from Aeromonas and their restriction digestion 
patterns. A. Lanes 1 to 5: EcoRI digests (23130, 6557 and 4361 
approximately indicated by white arrow heads); lanes 6, 7 to 10: PstI digests 
(23130, 6557, 4361 and 2686 bp approximately indicated by white arrow 
heads); lane 11: pBR322 (uncut); lane 12: pUC19 (uncut); lane 13: pBR322-
EcoRI digest; lane 14: pBR322-PstI digest; lane 15: pUC19-EcoRI digest; 
lane 16: pUC19-PstI digest; lane 17: Lambda HindIII digest. B. Lane 1: 
supercoiled DNA ladder; lanes 2 to 15: PstI digests (14174, 7500 and 4361 
bp approximately indicated by white arrow heads); lane 16: pBR322-PstI 
digest; lane 17: pUC 19-PstI digest. 



176 
 

The bands of plasmid DNA obtained after restriction digestion with Eco RI 

and Pst I were sharp and prominent. This confirms these bands to be of plasmid DNA. 

In a study done by Adams et al. (1998), a high molecular weight plasmid and some 

low molecular weight plasmids were isolated from Aeromonas salmonicida and 

transferred to E. coli through conjugation. 66% of the plasmids got transferred from 

A. salmonicida to E. coli. Detection of the plasmid content of the transcongugated E. 

coli revealed the presence of the high molecular weight plasmid along with some of 

the low molecular weight plasmids from E. coli. The plasmids were then digested 

using the restriction endonucleases EcoRI, BamHI, HindIII, SalI and PvuI which 

generated restriction fragments of different sizes. Belland and Trust (1989) detected 

the presence of three plasmids ranging from 5 to 5.4 Kb in A. salmonicida which 

produced different restriction maps when digested with EcoRI, HindIII, BamHI and 

BglII. These plasmids were also transferred to E. coli through conjugation technique. 

Chaudhury et al. (1996) has reported the size of the plasmids trasferable from 

Aeromonas to E. coli found during their study to be in between 85.6 to > 150 Kb. Son 

et al. (1997) has reported the transfer of resistance plasmids ranging from 3 to 63.4 

Kb from Aeromonas to E. coli. Oxytetracycline resistance plasmids isolated from 

clinical Aeromonas strains were transferred to E. coli and the plasmids were then 

subjected to RFLP. RFLP revealed same patterns in the plasmids isolated from all the 

clinical strains suggesting that the plasmids share homology with each other (Rhodes 

et al., 2000). Schmidt et al. (2001) has reported the transfer of resistance plasmids 

ranging from 13 to 160 Kb from clinical A. salmonicida to E. coli. Quinolone 

resistance gene has been identified in plasmids harboured by environmental 

Aeromonas isolates (Cattoir et al., 2008). Hu et al. (2019) has reported a 53,205 bp 

resistance plasmid from A. taiwanensis which could be transferred to E. coli 

through genetic transformation. 

 

4.4.6. Study of the transfer of antibiotic resistance from Aeromonas to E. coli 

Resistance to some of the antibiotics was transferred from Aeromonas to E. coli when 

plasmid isolated from Aeromonas was used to transform E. coli. The Fig.s 4.32, 4.33, 

4.34 and 4.35 represent some representative Mueller Hinton agar plates showing 

transfer of antibiotic resistance from Aeromonas to E. coli (JM109). Fig. 4.32 (A) 

shows an Aeromonas isolate showing its antibiotic resistance status. The Aeromonas 

isolate was resistant to cefuroxime, amoxyclav and Co-trimoxazole. Fig. 4.32 (B) 
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shows JM109 transformed with plasmid isolated from this Aeromonas isolate. It 

shows that resistance to amoxyclav has been transferred from Aeromonas to JM109. 

The Fig. 4.33 (A) also shows another Aeromonas isolate showing its antibiotic 

resistance status. The Aeromonas isolate was resistant to clindamycin, oxacillin, 

ampicillin and cephalothin. Fig. 4.33 (B) shows JM109 transformed with plasmid 

isolated from this Aeromonas isolate. It shows that resistance to ampicillin, oxacillin 

and cephalothin has been transferred from Aeromonas to JM109. Similarly, Fig. 4.34 

(A) shows an Aeromonas isolate showing its antibiotic resistance status. The 

Aeromonas isolate was resistant to ampicillin and co-trimoxazole. Fig. 4.34 (B) shows 

JM109 transformed with plasmid isolated from this Aeromonas isolate. It shows that 

resistance to ampicillin has been transferred from Aeromonas to JM109. The Fig. 4.35 

(A) also shows an Aeromonas isolate showing its antibiotic resistance status. The 

Aeromonas isolate was resistant to cefpirome, amoxyclav, ceftazidime and 

ampicillin/sulbactum. Fig. 4.35 (B) shows JM109 transformed with plasmid isolated 

from this Aeromonas isolate. It shows that resistance to amoxyclav and ampicillin/ 

sulbactum has been transferred from Aeromonas to JM109. 
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Figure 4.32. Mueller Hinton agar plates showing antibiotic resistance transfer from 
Aeromonas to E. coli through transformation; A: Aeromonas; B: E. coli (JM109) 
transformed with plasmid from A; 1: Oxytetracycline (30 µg); 2: Cefuroxime (30 
µg); 3: Amoxyclav (30 µg); 4: Gentamycin (10 µg); 5: Co-trimoxazole (25 µg); 6: 
Norfloxacin (10µg); resistance to amoxyclav got transferred from Aeromonas to E. 
coli (JM109).
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 Figure 4.33. Mueller Hinton agar plates showing antibiotic resistance transfer 
from Aeromonas to E. coli through transformation; A: Aeromonas; B: E. coli
(JM109) transformed with plasmid from A; 1: Chloramphenicol (30 µg); 2: 
Clindamycin (2 µg); 3: erythromycin (15 µg); 4: Gentamycin (10 µg); 5: 
Oxacillin (1 µg); 6: Vancomycin (30 µg); 7: Ampicillin (10 µg); 8: Cephalothin 
(30 µg). Resistance to 3 antibiotics (Cephalothin, ampicillin and oxacillin) got 
transferred from Aeromonas to E. coli (JM109). 
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Figure 4.34. Mueller Hinton agar plates showing antibiotic resistance transfer 
from Aeromonas to E. coli through transformation; A: Aeromonas; B: E. coli 
(JM109) transformed with plasmid from A; 1: Streptomycin (10 µg); 2: 
Chloramphenicol (30 µg); 3: Ampicillin (10 µg); 4: Tetracycline (30 µg); 5: 
Getamycin (10 µg); 6: Kanamycin (30 µg); 7: Co-Trimoxazole (25 µg); 8: 
Amikacin (30 µg). Resistance to ampicillin got transferred from Aeromonas to 
E. coli (JM109). 
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Figure 4.35. Mueller Hinton agar plates showing antibiotic resistance transfer 
from Aeromonas to E. coli through transformation; A: Aeromonas; B: E. coli 
(JM109) transformed with plasmid from A; 1: Cefepime (30 µg); 2: Cefpirome 
(30 µg); 3: Amikacin (30 µg); 4: Amoxyclav (30 µg); 5: Ceftazidime (30 µg); 
6: Azithromycin (15 µg); 7: Ampicillin/Sulbactum (10/10 µg); 8: 
Cefoperazone/sulbactum (75/30 µg). Resistance to 2 antibiotics (Amoxyclav 
and ampicillin/sulbactum) got transferred from Aeromonas to E. coli (JM109). 
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The data of antibiotic resistance or susceptibility status of the Aeromonas 

isolates and that of E. coli which have been transformed using the natural plasmid 

isolated from the Aeromonas isolates has been represented in Table 4.7. The data 

indicated that resistance to nine (9) antibiotics (ampicillin, ampicillin/sulbactum, 

amoxyclav, cefuroxime, cephalothin, clindamycin, oxacilin, ticarcillin and 

vancomycin) was transferred through plasmid from Aeromonas to E. coli. This 

suggests the occurrence of these resistance genes in the plasmids present in the 

Aeromonas isolates. Resistance to rest of the six (6) antibiotics (cefazolin, 

ceftazidime, nalidixic acid, nitrofurantoin, norfloxacin and streptomycin) did not get 

transferred to E. coli during transformation. This suggests that the genes conferring 

resistance to these six (6) antibiotics may or may not be present in the mobile genetic 

elements of the Aeromonas isolates. E. coli (JM109) was used in the transformation 

experiments to check the transferability of antibiotic resistance from Aeromonas to E. 

coli because this laboratory strain of E. coli does not have any background antibiotic 

resistance (Baumgartner et al., 2013). 

 

Table 4.7. Comparative of antibiotic resistance/ susceptibility status between 

Aeromonas and E. coli (JM109) transformed with plasmid isolated from 

Aeromonas isolates. 

S
l. 

N
o. Antibiotics  with 

dose 

Diameters of clear zones in mm 

A
R

1 

A
R

2

A
R

3 

A
R

4 

A
R

1(
JM

10
9)

 

A
R

2(
JM

10
9)

A
R

3(
JM

10
9)

 

A
R

4(
JM

10
9)

P
B

R
32

2 

JM
10

9 

1 Amikacin (Ak) 30 µg 22 
(S) 

23 
(S) 

24 
(S) 

24
(S) 

36 
(S)

30 
(S)

32
(S) 

28 
(S) 

23 
(S) 

23 
(S) 

2 Amoxyclav (AMC) 
30 µg 

0 
(R) 

0 
(R)

0 
(R) 

0 
(R) 

0 
(R) 

0 
(R) 

0 
(R) 

0  
(R)

8  
(R)

20 
(S) 

3 Ampicillin (A) 10 µg 0 
(R) 

0 
(R)

0 
(R) 

0 
(R) 

0 
(R) 

0 
(R) 

0 
(R) 

0 
(R)

12 
(R)

17 
(S) 

4 Ampicillin (AMP) 25 
µg

8 
(R) 

0 
(R)

0 
(R) 

0 
(R) 

8 
(R) 

0 
(R) 

0 
(R) 

0 
(R)

12 
(R)

20 
(S) 

5 Ampicillin/ 
Sulbactum (A/S) 
10/10 µg

0 
(R) 

0 
(R) 

 0 
(R) 

0 
(R) 

0 
(R) 

 0 
(R) 

 0 
(R) 

0 
(R) 

8
(R) 

17 
(S) 

6 Azithromycin (AZM) 
15 µg 

30 
(S) 

30 
(S) 

24 
(S) 

24 
(S) 

22 
(S)

32 
(S)

24 
(S) 

23 
(S) 

23 
(S) 

23 
(S) 

7 Cefazolin (CZ) 30 µg 0 
(R) 

0 
(R)

24 
(S) 

10 
(R) 

20 
(I)

24 
(S)

25 
(S) 

24 
(S) 

23 
(S) 

24 
(S) 

8 Cefepime (CPM) 30 
µg

32 
(S) 

26 
(S) 

20 
(S) 

22 
(S) 

30 
(S)

26 
(S)

20 
(S) 

27 
(S) 

23 
(S) 

23 
(S) 

9 Cefotaxime (CTX) 30 11 10 36 26 36 35 36 44 25 25 



183 
 

µg (R) (R) (S) (S) (S) (S) (S) (S) (S) (S)
10 Ceftazidime (CAZ) 

30 µg
8 
(R)

10 
(R)

12 
(R) 

10 
(R) 

36 
(S)

33 
(S) 

30 
(S) 

32 
(S) 

22 
(S)

24 
(S) 

11 Cefuroxime (CXM) 
30 µg

0 
(R)

0 
(R)

0 
(R) 

0 
(R) 

12 
(R) 

10 
(R)

12 
(R) 

14 
(R) 

13 
(R) 

15  
(I) 

12 Cephalothin (Ch or 
CEP) 30µg 

10 
(R)

0 
(R)

0 
(R) 

0 
(R) 

0 
(R) 

10 
(R)

0 
(R) 

0 
(R) 

0 
(R) 

8   
(R) 

13 Chloramphenicol (C) 
30 µg

34 
(S)

30 
(S) 

32 
(S) 

20 
(I) 

30 
(S)

30 
(S) 

34 
(S) 

32 
(S) 

22 
(S)

22 
(S) 

14 Ciprofloxacin (CIP) 5 
µg 

20 
(I)

18 
(I)

36 
(S) 

24 
(S) 

30 
(S)

28 
(S) 

38 
(S) 

28 
(S) 

24 
(S)

28 
(S) 

15 Clindamycin (Cd) 2 
µg 

10 
(R)

10 
(R)

12 
(R) 

22 
(S) 

13 
(R) 

12 
(R)

12 
(R) 

22 
(S) 

12 
(R) 

14 
(R) 

16 Co- Trimoxazole 
(Co) 25 µg 

23 
(S)

22 
(S) 

30 
(S) 

16 
(S) 

28 
(S)

25 
(S) 

32 
(S) 

30 
(S) 

20 
(S)

22 
(S) 

17 Erythromycin (E) 15 
µg 

20 
(I)

20 
(I)

22 
(S) 

26 
(S) 

16 
(I)

20 
(I) 

24 
(S) 

26 
(S) 

10 
(R) 

10 
(R) 

18 Gentamycin (G) 10 
µg

24 
(S)

23 
(S)

26 
(S)

26 
(S)

25 
(S)

24 
(S)

26 
(S)

24 
(S)

24 
(S)

24 
(S)

19 Kanamycin (K) 30 µg 28 
(S)

23 
(S) 

20 
(S) 

26 
(S) 

26 
(S)

28 
(S) 

26 
(S) 

32 
(S) 

22 
(S)

20 
(S) 

20 Levofloxacin (LE) 5 
µg 

22 
(S)

20 
(S) 

42 
(S) 

30 
(S) 

32 
(S)

20 
(S) 

42 
(S) 

32 
(S) 

21 
(S)

21 
(S) 

21 Nalidixic acid (NA) 
30 µg

10 
(R)

0 
(R)

14 
(I) 

8 
(R) 

15 
(I)

15 
(I) 

16 
(I) 

18 
(I) 

12 
(R) 

12 
(R) 

22 Netillin (NET) 30 µg 18 
(S)

21 
(S) 

24 
(S) 

22 
(S) 

26 
(S)

22 
(S) 

24 
(S) 

28 
(S) 

22 
(S)

36 
(S) 

23 Nitrofurantoin (NIT) 
300 µg 

13 
(R)

13 
(R)

14 
(R) 

20 
(S) 

30 
(S)

30 
(S) 

30 
(S) 

32 
(S) 

24 
(S)

23 
(S) 

24 Norfloxacin (NX) 10 
µg 

11 
(R)

15 
(I)

25 
(S) 

24 
(S) 

30 
(S)

32 
(S) 

30 
(S) 

31 
(S) 

20 
(S)

20 
(S) 

25 Ofloxacin (OF) 5 µg 18 
(S)

20 
(S) 

34 
(S) 

34 
(S) 

32 
(S)

31 
(S) 

30 
(S) 

36 
(S) 

26 
(S)

24 
(S) 

26 Oxacillin (Ox) 1 µg 0 
(R)

0 
(R)

0 
(R) 

0 
(R) 

0 
(R) 

0 
(R)

0 
(R) 

0 
(R) 

0   
(R) 

0   
(R) 

27 Streptomycin (S) 10 
µg 

11 
(R)

17 
(S) 

26 
(S) 

16 
(S) 

30 
(S)

20 
(S) 

30 
(S) 

32 
(S) 

20 
(S)

20 
(S) 

28 Tetracyclin (T) 30 µg 26 
(S)

27 
(S) 

26 
(S) 

30 
(S) 

22 
(S)

26 
(S) 

26 
(S) 

30 
(S) 

12 
(R) 

20 
(S) 

29 Ticarcillin (TI) 75 µg 9 
(R)

0 
(R)

12 
(R) 

12 
(R) 

14 
(R) 

0 
(R)

18 
(I) 

18 
(I) 

15  
(I)

17        
(I) 

30 Vancomycin (Va) 30 
µg 

16 
(I)

14 
(R)

8 
(R) 

0 
(R) 

16 
(S)

14 
(R)

10 
(R) 

14 
(R) 

0   
(R) 

0         
(R) 

 

NOTE: S= Sensitive; R= Resistant; I= Intermediate. 
Reference: Zone size interpretative chart, Himedia catalogue 2011-12, page No. 364- 368. 
Media used: Mueller Hinton Agar. 
Antibiotic combination modules used: Himedia (G-XIX- minus, Hexa UTI-1, Combi IV, 
Combi 94, Combi 71, G- XVIII- minus, UTI- VII,) 
AR1, AR2, AR3 and AR4: Aeromonas isolated from rivers. A- Aeromonas; R- River. 
AR1 and AR2: from river Huliya; AR3 and AR4: from river Buri Balason. 
AR1 (JM109): E. coli (JM109) transformed with plasmid isolated from AR1. 
AR2 (JM109): E. coli (JM109) transformed with plasmid isolated from AR2. 
AR3 (JM109): E. coli (JM109) transformed with plasmid isolated from AR3. 
AR4 (JM109): E. coli (JM109) transformed with plasmid isolated from AR4. 
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Several studies have reported the spread of antibiotic resistance from one 

bacteria group to another. In a study done by Das et al. (2009), transfer of antibiotic 

resistance genes present in plasmids isolated from Aeromonas to E. coli strains 

through conjugation has been reported.  

In another study a 21 Kb plasmid isolated from pathogenic Aeromonas isolates 

were reported to show virulence and disease-causing ability when transformed into 

plasmid cured isolates once again (Majumdar et al., 2006). Rhodes et al. (2000) 

reported the transfer of tetracycline and oxytetracyclin resistance to E. coli through 

plasmids. In a separate study Adams et al. (1998) have reported the transfer of 

oxytetracyclin resistance from environmental and clinical Aeromonas isolates to E. 

coli through plasmids. Chaudhury et al. (1996) has reported the occurrence of genes 

encoding ampicillin, furazolidone, cefoxitin, erythromycin and cephalexin resistance 

in transferable resistance plasmids of Aeromonas. Resistance to nalidixic acid could 

not be transferred to E. coli but plasmid curing experiment showed loss of resistance 

of the Aeromonas isolates to nalidixic acid suggesting the linkage of nalidixic acid 

resistance gene to plasmid. Son et al. (1997) has reported the transfer of ampicillin 

and tetracycline resistance from Aeromonas to E. coli. Cattoir et al. (2008) has 

reported the transfer of quinolone resistance from Aeromonas to E. coli through 

electroporation and conjugation. Transfer of carbapenem and quinolone resistance has 

been reported from A. taiwanensis to E. coli et 

al., 2019). Kumarasamy et al. (2010) has reported the transfer of blaNDM-1 through 

conjugation in Enterobacteriaceae isolates. Walsh et al. (2011) reported the transfer of 

blaNDM-1 from Aeromonas to E. coli and Salmonella isolates. The spread of multi-drug 

resistant plasmids through horizontal gene transfer have also been reported in 

Aeromonas by Castillo et al. (2012) and Schmidt et al. (2001).

Resistance to a number of antibiotics are usually transferred from one 

bacterium to another through transformation. During this investigation, many multi-

drug resistant Aeromonas isolates were found in the aquatic environment of the North 

Bengal region and resistance to some of these antibiotics have also been seen to be 

transferred to other bacteria. A multidrug-resistant pathogenic bacterium is difficult to 

fight with and when these multidrug resistant genes spread in the environment as it 

can pose a difficult challenge to the medical department. Plasmids transfer antibiotic 

resistance genes to bacterial chromosomes and also accumulate genes conferring 

antibiotic-resistance which can lead to the production of bacterial resistance to 
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multiple antibiotics (Stratev and Odeyemi, 2016). Low transferability of antibiotic-

resistance from Aeromonas natural isolates to E. coli (JM109) via plasmids may 

indicate possible integration of the plasmid-borne genes in the bacterial genomes 

(Heap et al., 2012; Goswami et al., 2020), as found in this study. Antibiotic resistance

genes integrated in bacterial chromosomes are more stable (David et al., 2020). This 

can further enhance the threat of spread of antibiotic resistance genes in the 

environmental aeromonads of the study area. Further investigation is required to come 

to a concrete conclusion regarding the integration of plasmids in the chromosomal 

DNA of the Aeromonas isolates found in the aquatic environment of the study area.  
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5. COMPREHENSIVE DISCUSSION 

Aeromonads are an important group of bacteria being both human and animal 

pathogen. There is a huge loss in aquaculture round the world every year due to 

infection caused by Aeromonas spp. Therefore there is a need to study this clinically 

significant group of bacteria in detail. Aeromonas is ubiquitous and autochthonous in 

aquatic environments. They have been isolated from various types of habitats in both 

India and abroad. Aeromonas is Gram negative bacillus showing variable result in 

biochemical reactions. Therefore, molecular characterization is necessary to confirm 

their identity. In the current study after performing a set of 10 biochemical tests, 

attempt was made to amplify a 953 bp fragment of 16S rRNA gene using Aeromonas

specific primers (Lee et al., 2002) for screening the bacterial isolates to isolate 

Aeromonas.  

For studying the species diversity of the Aeromonas in the aquatic 

environment of the study area RFLP was performed using the restriction 

endonucleases AluI and MboI. Since the fragments smaller than 100 bp were not 

clearly distinguished by agarose gel electrophoresis it was difficult to discriminate 

between the closely related species of Aeromonas. Therefore, the 953 bp fragment of 

the 16S rDNA was sequenced. Four species of Aeromonas were found i.e. A. 

hydrophila, A. caviae, A. sobria and A. popoffii among which A. hydrophila and A. 

caviae was reported earlier from the aquatic environment of North Bengal (Das et al., 

2009). Our study is the first report of A. sobria and A. popoffii from the aquatic 

environment of North Bengal. Both Aeromonas sobria and Aeromonas popoffii are 

clinically very important as they cause infections in humans. Aeromonas sobria can 

cause necrotising fasciitis and sepsis in immunocompromised patients (Spadaro et al., 

2014). Association of Aeromonas sobria with human infections is known since long 

ago in patients who undergo immunosuppressive treatments (Daily et al., 1981). 

Aeromonas popoffii has been reported to cause urinary tract infections in humans 

(Hua et al., 2004). Aeromonas popoffi harbour most of the virulence genes such as 

lipase, DNAse, serine protease and aerolysin/hemolysin known to be present in 

Aeromonas (Soler et al., 2002). This makes them a potent pathogen. Isolation of A. 

sobria and A. popoffii from the aquatic environment of North Bengal indicate chances 

of enhanced gastrointestinal and extraintestinal Aeromonas infections in humans of 

the study area. 
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Rising antibiotic-resistance among the clinically important bacterial species is 

a serious problem for the human society. Therefore, regular screening of the antibiotic 

resistance status of Aeromonas in the North Bengal area is of utmost importance. In 

this study resistance status of the commonly used antibiotics was checked and 

compared with the data available since the last 26 years in North Bengal. Resistance 

to some antibiotics had decreased, probably due to the decrease in their usage. 

Resistance to some antibiotics have been seen to increase dramatically in this study, 

which can be attributed to their indiscriminate use. Multidrug resistant aeromonads 

have been isolated from India and abroad. All the twenty-one (21) Aeromonas isolates 

found in our study were resistant to more than one antibiotic which indicates the 

presence of multidrug resistant Aeromonas in the aquatic environment of North 

Bengal.  

Plasmids are mobile genetic elements which can easily get transferred to 

bacteria of the same as well as different genus. Plasmids of small size are more freely 

transferable to other bacteria in the environment (Ohse et al., 1995; Bennett et al., 

2008). In this study, we have found few plasmids of quite small size which got 

experimentally transferred to E. coli laboratory strain through DNA transformation. 

Antibiotic resistance genes present in the plasmids can spread antibiotic resistance in 

the environment which can be even more alarming for the entire human society. In the 

current study, resistance to a number of antibiotics have been shown to be transferred 

from Aeromonas natural isolates to E. coli through plasmids using the procedure of 

transformation. Spreading of the antibiotic resistance genes among the clinically 

important bacteria can make it more difficult for the bacterial infections to fight with. 

We have found a low transferability of few antibiotic-resistance from the Aeromonas 

natural isolates to naïve E. coli JM109 via plasmid transformation. This can be 

attributed to the events of integration of the antibiotic-resistance genes from the 

plasmids to the bacterial genome (Vries and Wackernagel, 2002; Heap et al., 2012; 

Stratev and Odeyemi, 2016; Goswami et al., 2020). This can further enhance the 

problem of spread of the antibiotic resistance genes in the environment through 

bacterial cell division as genes integrated in the chromosomal DNA are more stable. 

Antibiotic resistance is a worldwide problem of today. It can only be solved through 

judicious use of antibiotics and alternate ways of treating infectious diseases. 
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6. SUMMARY AND CONCLUSION 

6.1. Summary 

 Aeromonads have been detected, isolated and characterized from varied sources 

such as brackish, fresh, estuarine, marine waters, chlorinated and un-chlorinated 

water supplies, heavily polluted waters, cold and warm-blooded animals worldwide 

and humans alike. Aeromonas infections in fishes cause a great economic loss every 

year all over the world. It also causes many gastrointestinal and extraintestinal

infections in humans. Therefore, it caught my interest to investigate the presence of 

new species of this genus or species with novel disease potential(s). A meticulous 

survey was undertaken to find new Aeromonas species from the aquatic bodies 

(rivers and lakes), domestic sewage, hospital sewage and municipality drinking 

water supplies of the Himalayan foothill region. One hundred and twenty (120) 

water samples collected from 45 rivers, 6 hospital and 3 town-sewage sites were 

screened to find twenty-one (21) Aeromonas natural isolates. A. hydrophila and A. 

caviae were found from the rivers, hospital and domestic sewage of this region 

which have been reported earlier from this region by other researchers. Two species 

of Aeromonas, A. sobria and A. popoffii were revealed by this study which, to the 

best of our knowledge, was not reported earlier from the water bodies of this region. 

 

 Aeromonads are phenotypically and genotypically heterogenous bacterial group. 

In contrast to traditional morphological and biochemical differentiation, 

identification of aeromonads from clinical and environmental sources are presently 

based on ribotyping and analysis of gyrB (gene encoding the B-subunit of DNA 

gyrase) (Yanez et al., 2003), sequencing of housekeeping genes like 16S rRNA 

(Hossain, 2008), gyrB (Yi et al., 2013; Chen et al., 2019), rpoD (Yi et al., 2013) 

gyrA, atpD, recD, dnaJ and dnaX (Martinez-Murcia et al., 2011) in order to 

differentiate natural bacterial isolates. In the present study, Gram negative bacillus 

was chosen among all the bacterial colonies grown from the different dilutions of the 

collected water samples, for further study. These Gram-negative bacilli were 

subjected to conventional biochemical characterization recommended for 

Aeromonas spp. The biochemical tests performed were catalase, indole, lipase, 

glucose fermentation, gelatinase, diastase, citrate utilization, methyl red, Voges 
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Proskauer and oxidase tests. The bacterial isolates which showed positive result for 

40% of the biochemical tests and above were chosen for further analysis.  

A PCR-based genotyping approach was undertaken in order to identify 

endemic Aeromonas isolates. PCR-based RFLP of the 16S rRNA gene was done and 

bacterial isolates were confirmed through sequencing of this gene and comparing the 

sequences from the data available in the NCBI database. This study has generated 

information regarding existing diversity of this medically important bacteria group 

in the sub-Himalayan North Bengal, a region which falls within one of the 

biodiversity hotspots of the country. The region being catchment area of several 

rivers flowing down the Himalaya, cold-adapted (usually more virulent) Aeromonas 

strains may be discovered. Therefore, a periodic screening of this area is of utmost 

importance. 

 

 In the post-World War II period, rapid development and extensive use (or abuse) of 

a variety of antibiotics have given rise to resistant varieties of bacteria, owing much 

to the success and speed of bacterial adaptation. Bacteria apply a number of 

mechanisms to show antibiotic resistance. These resistance genes get accumulated in 

plasmids and are horizontally spread among other bacteria through them (Bennett, 

2008). In order to find solution to this problem many researchers have undertaken 

plasmid profiling and molecular characterization of aeromonad plasmids (Toranzo et 

al., 1983; Majumdar et al., 2006; Rhodes et al., 2000). 

Therefore, antibiotic resistance evaluation and the detection of probable 

association of bacterial plasmids in antimicrobial resistance in this agriculturally and 

clinically important group of bacteria isolated from the Himalayan foothill region 

were undertaken in the present study. This study has generated information 

regarding the present status of antibiotic drug-resistance in the clinically important 

Aeromonas: Aeromonas hydrophila, A. caviae, A. sobria and A. popoffii, isolated 

from the freshwater bodies of this region. All the twenty-one (21) Aeromonas 

isolates were found to be resistant to ampicillin, amoxyclav and 

ampicillin/sulbactum with varying degrees of resistance shown against rest of the 

twenty (20) antibiotics among all the twenty-nine (29) antibiotics tested. Quite high 

resistance was obtained against cefazolin, cefuroxime, ceftazidime, clindamycin, 

cephalothin, erythromycin, nalidixic acid, oxacillin, nitrofurantoin, ticarcillin and 

vancomycin. Some isolates were also resistant to tetracycline, streptomycin, 
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norfloxacin, co-trimoxazole, ciprofloxacin, chloramphenicol, cefotaxime, 

azithromycin and amikacin. The incidence of antibiotic resistance is found to be 

more intense in the Aeromonas isolates obtained from the densely-populated 

downstream regions of the rivers, than that from sparsely populated upstream areas 

of the same rivers. This finding indicates escalated uses of antibiotic in densely 

populated part of the river hinterlands. The data obtained has also been compared 

with that of the drug-resistance status of Aeromonas isolated from this region by 

previous researchers. It has been found that resistance against some drugs such as 

ampicillin, chloramphenicol, tetracycline, nalidixic acid and norfloxacin has risen 

significantly over the years in this bacterial group which may make the treatment of 

the infections caused by this bacteria group difficult. The information obtained in 

this study will be helpful in the treatment of the gastrointestinal and extraintestinal

diseases caused due to Aeromonas infection in humans. 

 

 In order to understand fully the virulence potential of any pathogen, it is imperative 

to understand pathogenic factors and/or mechanisms that are involved in their 

virulence. This is crucial since the expression of different virulence genes could 

contribute to infection depending upon the anatomical niche where the pathogenic 

organisms colonize and the micro-environment that dictates the differential 

expression of genes. Till date, numerous virulence factors expressing genes have 

been located and characterized from the aeromonads, especially from Aeromonas 

hydrophila, the pathogenic bacterium which causes wound infections, septicemia 

and diarrhea in humans and in animals. The production of enzymes like lipase, 

gelatinase, diastase, oxidase, catalase and production of acid by the fermentation of 

glucose have been observed in the Aeromonas isolates obtained during the study. 

The expression of these genes contributes to the virulence potential of the bacterial 

isolates.  

 

 Transfer of genes horizontally via the plasmids are supposed to be one of the means 

of adaptation by which aeromonads obtain genes that may be helpful in fighting 

environmental pressures such as resisting potentially hazardous antimicrobial 

substances like antibiotics (Bennett, 2008). Nature probably selects the beneficial 

genes and keeps them persistent as they bestow upon their carriers better 

adaptability to microbes. Plasmid profiling in pathogenic isolates of Aeromonas 
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hydrophila from fishes with ulcers, had been done to investigate plasmid-mediated 

virulence potential of the bacterium by other researchers. Plasmid characterization, 

plasmid-mediated transfer of antibiotic resistance and virulence genes in Aeromonas 

has been explored by several research groups and also in the present study. The 

current study revealed the presence of 2000 bp to 10000 bp plasmids in this bacterial 

group which is alarming because small plasmids are easily transferable to other 

bacteria. 

 

The transfer of antibiotic-resistance from Aeromonas to E. coli through natural 

plasmids by using the process of transformation has also been studied. Novel 

presumptive virulence factors such as the multidrug resistant NDM-1 gene and 

mobile genetic elements which transfer these genes are being discovered frequently 

from this heterogeneous and ubiquitous bacteria group. In the present study, 

resistance to multiple antibiotics have been seen to be transferred to E. coli 

laboratory strain (JM109) from natural isolates of Aeromonas through 

transformation proving the presence of these antibiotic-resistance genes in the 

plasmids present in those Aeromonas isolates. Resistance to ampicillin, 

ampicillin/sulbactum, amoxyclav, cefuroxime, cephalothin, clindamycin, oxacilin, 

ticarcillin and vancomycin are found to be transferred to E. coli through 

transformation. This is quite hazardous as it can spread fast to other bacterial species 

of the environment through horizontal transfer of resistance, making it more difficult 

for us to fight any kind of bacterial infections. Further research in this field may be 

helpful in enhancing knowledge of involvement of plasmid in the transfer of 

antibiotic resistance and virulence in this bacterial group. 

 

6.2. Conclusion 

The development of resistance to multiple antibiotics in many bacterial 

species in our hospitals is posing a great challenge to medical science and 

agriculture. Aeromonas isolates found from the rivers of this region are found to be 

resistant to multiple antibiotics in the current research undertaken. The discovery of 

NDM-1 gene from this agriculturally and clinically important group of bacteria calls 

for a thorough inspection of anti-microbial resistance and also method of 

transferability of multi-drug gene in this group of bacteria. Accordingly, 
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understanding how antibiotic resistance develops and is spread by mobile genetic 

elements is necessary for designing and developing prevention strategies intended to 

minimize the threat of bacterial infections. Considering the highly adaptable nature 

of Aeromonas vis-a-vis the environmental pressures, and the rising abuse of 

antibiotics in combating pathogenesis caused by Aeromonas, newer genes 

responsible for virulence may be acquired by these bacteria. Research undertaken 

for mapping putative virulence genes present in Aeromonas species of this region 

may be rewarding. This survey of diversity of Aeromonas in this part of sub-

Himalayan West Bengal and their drug resistance profiles may further help to design 

proper control measures against these pathogens in future. Considering the rise in 

antibiotic resistance, in not only these but also other microbes too, it is high time to 

resort to other means for combating microbial infections instead of using 

antimicrobials. Antibiotics that were once useful in fighting deadly infectious

diseases seem to be no more rewarding and efficacious. Modern health science is 

trying to find out alternate ways of fighting infectious diseases. Application of 

predatory bacteria, competitive exclusion of bacteria, bacteriocins and bacteriophage 

therapy is some of the new rays of hope. 
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Biological Activity and Variation of Toxicity of Probenecid in Diverse Solvent 
Systems Probed by Physicochemical Investigation

Niloy Roy1, Koyeli Das1, Uttara Dey Bhowmick2, Soumen Bhattacharjee2, Mahendra Nath Roy1*

1Department of Chemistry, University of North Bengal, Darjeeling-734013, India, 2Department of Zoology, University of North 
Bengal, Darjeeling-734013, India

1. INTRODUCTION

Probenecid (PB) also known as Probalan, molar mass 285.36 g/mol, 
IUPAC name: 4-(dipropylsulfamoyl) benzoic acid, CAS number: 57-66-
9 is a commonly employed uricosurics drug, which increases uric acid 
exclusion in the urine. It is used to prevent gout as well as gouty arthritis. 
PB also reduces the renal tubular excretion of various other drugs and 
increases their plasma concentration. To have biological activity, drug 
molecules should be able to penetrate the lipophilic cell membrane but 

serum. Hence, the mechanical elasticity known in the anti-hyperuricemia 
drug probenecid has been extended into multi-component systems using 
active solvent sites and studied in the present work.

Drug interactions can be broadly be divided into pharmaceutical 
interaction which denotes dissolving the drug in diverse solvents. 
Experimental determination of the solubility of drug molecules in 
(aqueous + organic cosolvent) systems is desired to design effective 

table pharmaceutical 
drug delivery systems. PB equilibrium solubility in water at room 

drug. Added cosolvents often provide a convenient means to increase 
the solubility of the slightly soluble drug molecule. Researchers have 
measured the solubility of PB in several {(EtOAc) (1) + hydroxyl-co-
solvent (2)} mixtures to provide useful information that is needed to 
develop some pharmaceutical dosage forms and/or to understand the 
main mechanisms involved in the drug solubilization. For example, 
the solubility and solution thermodynamics of PB has been studied in 
{ethyl acetate (EtOAc) (1) + ethanol (EtOH) (2)}, {ethyl acetate(1) + 
ethoxyethanol(2)}, and {ethyl acetate (EtOAc) (1) + water(H2O) (2)} 
[…] binary mixtures. The main goals of this research study are the 
following: (i) To determine the equilibrium solubility of PB in several 
{ethyl acetate (EtOAc) (1) + ethanol (EtOH) (2)} mixtures at three 
temperatures from 298.15 to 308.15 K, (ii) to calculate the respective 
thermodynamic quantities of solution and mixing of this drug in this 
binary (aqueous + organic cosolvent) system, and (iii) to estimate the 
respective preferential solvation parameters of SMT as a function 
of binary solvent composition. In this present work, we attempt to 

ascertain the formation and nature of interactions with (PB) in diverse 
solution environment by spectroscopic and physicochemical studies, 
so that, the drug may be released in a controlled fashion without any 

2. EXPERIMENTAL SECTION

2.1. Source and Purity of Samples

Probenecid of the pure grade was bought from Sigma-Aldrich, and 
other solvents used were bought from Thomas Baker (Chemicals) Pvt. 
Ltd. The mass fraction purity of probenecid and other chemicals was 

2.2. Apparatus and Procedure

The solubility of PB is less in pure water. Thus, all the working 
solutions have been prepared by taking 1:1 molar ratio of PB in various 
pure solvents including the cosolvents and also in triply distilled 
and degassed water maintaining pH of the solution at 7.0. All stock 
solutions were prepared by mass (weighed by Mettler Toledo AG-285 
with uncertainty 0.0003g) at 298.15K.

Infrared spectra were recorded in 8300 FT-IR spectrometer (Shimadzu, 
Japan) and the particulars about this instrument have been illustrated 
previously [8].

UV–visible spectra were taken by JASCO V-530 UV/VIS 
spectrophotometer, with uncertainty in wavelength as ±2 nm. The 
temperature during the experiment is kept constant using a digital 
thermostat.
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Probenecid has an extended and storied history in medicine that has been characterized by unexpected usefulness and a very 
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analog (±10 volts).

The conductance measurements were taken in a Systronic-308 
conductivity meter (accuracy ± 0.01) using a dip-type immersion 
conductivity cell, CD-10, having a cell constant of approximately (0.1± 
0.001) cm . Measurements were made in a water bath maintained 
within T = (298.15 ± 0.01) K, and the cell was calibrated by the 
technique proposed by Lind et al. The conductance data were obtained 
at a frequency of 1 kHz.

Antimicrobial activity assay: Gram-negative Escherichia coli and 
Aeromonas hydrophila and Gram-positive Bacillus cereus and 
Lactobacillus sp. were considered as the model organisms. The 
experiments were done following the Agar cup method (Vesterdal, 
1946). In brief, each organism was separately inoculated on Mueller-
Hinton agar plates following the spread plate technique, and the 
compounds were dispensed in wells cut in the agar plates. The 
plates were incubated at 37°C for 24 h. Probenecid (5 mg/ml) was 
dissolved in three solvents, namely water, ethoxyethanol, and ethyl 
acetate separately. The experiments were done in three separate sets. 
Different doses of probenecid ranging from 10 to 500 µg were used 
to check the antimicrobial property of the compound if any. 100 µg 
ampicillin (10 mg/ml) and 50 µg tetracyclin (5 mg/ml) were used as 
positive controls, and the solvents, namely water, ethoxyethanol, and 
ethyl acetate were used as negative controls. The antimicrobial activity 
was determined by measuring the diameter of the zones of inhibition 
formed if any around the agar cups. All the experiments were repeated 
thrice.

3. RESULTS AND DISCUSSION

3.1. UV-study

The absorption spectra of pure solvents used in work such as H2O, 
ethoxyethanol, and ethanol and their mixtures with EtOAc in binary 
and ternary mixtures with probenecid (PB) are depicted in Figure 1. 
The absorption spectrums of pure solvents are almost analogous, but in 
their mixtures, the spectrums are slightly different. Absorbance versus 

max value is 
380 nm in the mixture of PB and diverse solvent solutions. The shifting 

max value is greater for the mixture of PB and EtOAc + EtOH 
than the other studied systems. Thus, these UV-Visible spectra study 
supports the fact which is discussed later in the section of density, 
viscosity, and refractive index study [8,9].

3.2. Fluorescence Study

In former studies, absorbance values were observed at 380 nm at 
298.15 K for a series of solutions. Here, the excitation was affected 
at 385 nm and emission was observed at 435 nm. Moreover, the 

(Figure 2). Therefore, according to our observation in the binary 
solvent mixture of (EtOAc + Ethoxyethanol) superior interactions with 
PB compared to the mixture of EtOAc + EtOH [2,10].

3.3. Infrared Spectra

FTIR spectra were obtained for PB in pure as well as for cosolvents 
in various concentrations. Alcohols used in the present study have 
characteristic IR absorptions associated with both O-H and the C-O 
stretching vibrations. The spectrum of pure ethanol shows very broad, 
strong band of the O–H stretch (3391), and the C–O stretches (1102, 
1055) are observed. Spectra of [EtOAc + EtOH] with PB is shifted to 
lower frequency; they may be due to (a) the free C=O group of ethyl 

acetate, (b) 1:1 bonding interaction R2 2H5, and (c) 1:2 
H bonding as in Figure 3.

The spectrum of pure ethoxyethanol is shown at 1450, 1150, and 
2900 cm  for both the C-O, O-H stretches were observed. Spectra of 
(EtOAc + ethoxy ethanol) with PB are not shifted to lower frequency 
region but to higher frequency region showing blue shift, thereby 
showing strong interaction as shown in Figure 4. The shift in peak 
position usually means the electron distribution in the molecular bond 
has changed, i.e., change in vibrational frequency which may be either 
due to the change in bond strength or change in reduced mass, can 
occur in interacting systems [8,11].

3.4. Conductivity

The Onsager equation for entirely dissociated electrolytes is

0 0) C
1/2 (1)

Where A and B are independent of the concentration of used 
electrolytes. It satisfactorily accounts from a change in equivalent 

0 can be 
made by extrapolating to zero concentration of the line obtained 

1/2. However, the method of extrapolation has 
been reported to be unreliable in case of a number of electrolytes 
concerning incomplete dissociation or ion association. The 
extended Onsager’s equation tabulated dissociation constants 

Figure 1: UV–visible absorption spectra of PB (1×10  M in 
diverse solvents) at 298.15 K.

Figure 2: Fluorescence emission spectra of diverse solvents in 
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of a variety of salts, especially higher valency type. Electrolytic 
conductivities have been used to study ion-solvent interaction 
and solvents of various cations and anions in aqueous and non-
aqueous solution. The equivalent conductance of PB investigated 

by weight percentage of water, ethoxyethanol, (ethyl acetate + 
ethoxyethanol), ethyl acetate (EtOAc), ethanol, ethyl acetate 
(EtOAc) + ethanol mixtures (0.01M) at 298.15K, 303.15K, and 
308.15K found to be almost linear with C1/2. The conductance 

Table 1: The concentrations (c) and molar conductance ( ) 
of PB in binary solvent mixture EtOH+EtOAc at 298.15 K, 
303.15K, 308.15K.

c * 104/mol/dm At 298.15K At 303.15K At 308.15K

/S cm2/mol /S cm2/mol /S cm2/mol

0.3525 11.071 11.086 11.092

0.3684 10.880 10.965 10.987

0.4534 10.653 10.957 10.963

Figure 3: Infrared spectra for (EtOAc + EtOH + PB) solution system.

Figure 4: Infrared spectra for (EtOAc + ethoxy ethanol + PB) solution system.

Table 2: The concentrations (c) and molar conductance ( ) 
of PB in binary solvent mixture Ethoxyethanol+EtOAc at 
298.15 K, 303.15K, 308.15K.

c * 104/mol/dm At 298.15K At 303.15K At 308.15K

/S cm2/mol /S cm2/mol /S cm2/mol

0.3829 0.215 0.234 0.256

0.4284 0.211 0.223 0.253

0.4534 0.196 0.218 0.234
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Figure 6: Antimicrobial activity of probenecid dissolved in ethyl acetate. Amp: Ampicillin (100 µg), Tet: Tetracyclin (50 µg), 
Pro_10: Probenecid (10 µg), Pro_50: Probenecid (50 µg), Pro_100: Probenecid (100 µg), Pro_250: Probenecid (250 µg), Pro_500: 
Probenecid (500 µg).

Table 3: Limiting ionic conductance ( 0) and the 
corresponding concentration (c) of the studied drug (PB) in 
different solvents at T=298.15 K, 303.15K, 308.15K.

EtOH+EtOAc Ethoxyethanol+EtOAc

T/K 0±104/ S m2/mol T/K 0±104/S m2/mol

298.15K 11.343 298.15K 0.226

303.15K 12.212 303.15K 0.239

308.15K 12.731 308.15K 0.240

Figure 5: Antimicrobial activity of aqueous solution of probenecid Amp: Ampicillin (100 µg), Tet: Tetracyclin (50 µg), Pro_10: 
Probenecid (10 µg), Pro_50: Probenecid (50 µg), Pro_100: Probenecid (100 µg), Pro_250: Probenecid (250 µg), Pro_500: Probenecid 
(500 µg). 

of an electrolyte solution increases with rise in temperature 
due to enhancement in the extent of ionization (Tables 1 and 
2). From the equivalent conductance measurements, we can 
tell that in (ethoxyethanol + EtOAc) the value decreases due 
to the more interionic attraction with PB, which has also been 
proved by spectroscopic techniques in this work. The limiting 
equivalent conductance of PB leads to the conclusion that 
with the increase in temperature the ionic size becomes much 
more effective to be entirely associated in the solute-solvent 
interaction (Table 3) [12,13].
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3.5. Cell-viability and Cytotoxicity

In case of aqueous solution of probenecid no zone of inhibition was 
observed in all the four bacterial isolates. This may be ascribed to 
partial solubility of probenecid in water. Ampicillin and Tetracyclin 
(positive controls) showed the expected zones of inhibition (30 to 40 
mm and 22 to 37 mm respectively) whereas water (negative control) 
showed no zone of inhibition at all. The result of this experiment is 
represented graphically in Figure 5. In case of probenecid dissolved in 
ethyl acetate zones of inhibition ranging from 13 to 19 mm were found 
whose diameters increased with increasing dose (Figure 6). Ampicillin 
and tetracycline showed zones of inhibition (29 to 40 mm and 14 to 
40 mm respectively), whereas ethyl acetate (negative control) showed 
no zone of inhibition at all. The best zones of inhibition ranging from 
12 to 28 mm were shown by probenecid dissolved in ethoxy ethanol 
whose diameter increased with increasing doses. Positive and negative 
controls showed zone of inhibition (20 to 40 mm) and no zone of 
inhibition respectively (Figure 7). Figure 8 represents a Mueller-

inhibited by probenecid dissolved in ethoxy ethanol, ampicillin and 
tetracyclin.

4. RESULTS

In the case of the aqueous solution of probenecid, no zone of inhibition 
was observed in all the four bacterial isolates. This may be ascribed 
to partial solubility of probenecid in water. Ampicillin and tetracyclin 
(positive controls) showed the expected zones of inhibition (30–40 mm 
and 22–37 mm, respectively) whereas water (negative control) showed 
no zone of inhibition at all. The result of this experiment is represented 
graphically in Figure 5. In the case of probenecid dissolved in ethyl 
acetate, zones of inhibition ranging from 13 to 19 mm were found 
whose diameters increased with increasing dose (Figure 6). Ampicillin 
and tetracycline showed zones of inhibition (29–40 mm and 14–
40 mm, respectively), whereas ethyl acetate (negative control) showed 
no zone of inhibition at all. The best zones of inhibition ranging from 

12 to 28 mm were shown by probenecid dissolved in ethoxy ethanol 
whose diameter increased with increasing doses. Positive and negative 
controls showed a zone of inhibition (20–40 mm) and no zone of 
inhibition, respectively (Figure 7). Figure 4 represents a Mueller-
Hinton agar plate showing growth of E. coli 
probenecid dissolved in ethoxy ethanol, ampicillin, and tetracycline.

5. DISCUSSION

Our results showed that probenecid dissolved in ethoxyethanol showed 
the maximum cytotoxic activity. This goes in unison with the result 

of this mixture among probenecid dissolved in water, ethyl acetate, 
and ethoxyethanol separately and also with its mixtures. Better 

Figure 7: Antimicrobial activity of probenecid dissolved in ethoxyethanol. Amp: Ampicillin (100 µg), Tet: Tetracyclin (50 µg), 
Pro_10: Probenecid (10 µg), Pro_50: Probenecid (50 µg), Pro_100: Probenecid (100 µg), Pro_250: Probenecid (250 µg), Pro_500: 
Probenecid (500 µg).

Figure 8: Mueller-Hinton agar plate showing growth of 
Escherichia coli 
dissolved in ethoxyethanol, ampicillin, and tetracycline.
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antimicrobial property of probenecid was observed against Gram-
negative bacteria (A. hydrophila and E. coli) than against Gram-
positive bacteria (B. cereus and Lactobacillus). Probenecid used along 
with other antibiotics has been shown to extend the plasma half life 
of beta-lactam antibiotics in the treatment of gonorrhea (Jensen et al., 
1963). Our results prove that probenecid itself has some antimicrobial 
property [14-18].

6. CONCLUSION

This work authenticates that probenecid shows ion-solvent 
interaction with various types of solvents in both pure and mixed 
states. Probenecid which is a very important drug having various 
pharmaceutical applications used in this paper, to increase its 
novelty using various cosolvents. The interaction of PB with 

conductivity, and IR measurements. These data depict that the 
interaction is more in the case of ethoxyethanol in both pure 
and mixed states. Furthermore, the drug showed the maximum 
cytotoxic activity with ethoxyethanol. PB is a water-insoluble drug 
that, when administered orally, is roughly completely absorbed into 
the bloodstream by means of the intestinal tract where it readily 
binds to plasma proteins, most prominently albumin. Hence, it can 
be inferred that ethoxyethanol and also their mixtures with ethyl 
acetate are better solvents in the miscibility and applicability of 
the drug.
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1. Clinical uses and side effects of uricosuric drug is studied 
in this paper.

2. The slight preference of drug for ethoxyethanol in ethyl 
acetate-rich mixtures could be explained in terms of the 
common participation of basic sites in both solvents and/
or the acidic site of ethoxy-ethanol with the respective 
counterparts of PB.

3. The experimental solubility results, cytotoxicity and 
models presented in the present work are essential in the 
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