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General Discussion and Summary 

Whatever the reasons for antibiotic 

resistance, such traits are apparently 

found in many bacteria and in different 

environments. Any body of water that 

receives human waste products can be 

studied for its content of antibiotic 

resistant bacteria. Earlier studies have 

reported the occurrence of high 

frequencies of antibiotic resistant 

organisms within the SPC populations 

(Armstrong et a/. 1982). Antibiotic 

resistance of the native bacterial 

population other than those of fecal origin 

was also an important consideration for 

the precise assessment of the 

environmental pool of bacterial antibiotic 

resistance. Several groups have 

considered the whole bacterial populations, 

gram-negative bacteria, heterotrophic 

bacteria or viable bacteria and dealt with 

global antibiotic resistance (the frequency 

of cells able to grow on antibiotic 

supplemented media). Incidences of 

antibiotic resistant bacteria in fresh water 

sources have been reported in certain 

parts of the world (Kelch and Lee 1978, 

Niemi et a/. 1983, French et a/. 1987, 

Young 1993, Ogan eta/. 1993, Ash eta/. 
2002, Roe et a/. 2003). Earlier studies 

have shown that rivers in Australia, United 

States of America and South Africa have 

become major reservoirs for antibiotic 

resistant microbes _(Boon et a/. 1999, Ash 

eta/. 2002, Lin eta/. 2004). As river water 

serves as a major source of water for 

direct or indirect consumption by humans 

as well as animals, the presence of 

antibiotic resistant bacteria in river 

waterways offers cause for concern. 

In the present study, an intensive 

bacteriological investigation was made of 
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the incidence and abundance of antibiotic 

resistant copiotrophic bacteria in water 

samples of the river Torsa. Water samples 

were collected from three sampling 

stations, Hashimara (SS 1), Falakata (SS 

II) and Coochbehar (55 III) respectively 

(shown in Figure 1.1). It was found that 

the culturable antibiotic-resistant 

copiotrophic bacteria were widespread in 

water samples from three different 

sampling sites located on river Torsa. A 

wide range of variation in the incidence of 

recovered bacterial population was 

recorded. Time series analysis using the 

SPSS package for determining the trends 

of occurrences of five different 

resistant bacterial fractions 

culturable copiotrophs showed 

antibiotic 

of the 

different 

trends. Wilcoxon signed pair matched 

ranks test and ANOVA analysis with two 

way classified data (with and without 

replication) were performed to score 

whether there exists any significant 

variations in occurrence between the 

antibiotic resistant bacterial populations 

with respect to site and season. It was 

evident from this analysis that percent 

occurrence of ampicillin and 

chloramphenicol differed significantly from 

other antibiotic resistant populations. 

This investigation has also documented the 

occurrence of multiple-antibiotic-resistant 

(MAR) copiotrophic bacterial isolates in 

river water of Torsa. Replica plating 

technique was used to determine the 

Antibiotic-Resistance- Pattern(s) (ARPs) 

[against five different antibiotics] of the 

antibiotic-resistant isolates (that were 

recovered on plates containing single 

antibiotic). It was found that more than 

90% of the antibiotic-resistant bacteria 
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obtained from each sampling station were 

resistant to two or more antibiotics (MAR 

bacteria). The percent . occurrence of 

population exhibiting resistance to only 

one antibiotic (singly-resistant) was in the 

range of 5.04-9.73%. Lin et a/. (2004) 
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highly contaminated with antibiotic 

resistant bacteria. It was found that a 

large proportion of these resistant 

organisms carried conjugative plasmids 

with antibiotic resistant traits (Mukherjee 

et a/. 2005). For copiotrophic bacterial 

studied the antibiotic resistance profiles of isolates exhibiting distinct antibiotic 

the enteric bacteria isolated from the 

Mhlathuze catchment and found that 

94.7% of these isolates were resistant to 

at least one class of antibiotic while 75.2% 

were multi resistant. However, Park et a/. 

(2003) showed that 53.6% of coliform 

isolates of an aquatic environment were 

resistant to one or more antibiotics tested. 

An examination of MAR bacteria isolated 

from three different sampling sites 

revealed striking differences in types and 

frequencies. There was no clear pattern of 

antibiotic resistance in the antibiotic 

resistant bacterial population isolated from 

water samples of the river Torsa, collected 

in different sampling months spanning a 

period from January 2000 to December 

2001. Significant negative correlation was 

scored between the singly and quadruply 

resistant; and doubly and quadruply 

resistant population of SS I. No significant 

correlation was scored between the 

antibiotic resistant populations recovered 

from water samples of SS II. Significant 

negative correlation between doubly and 

triply resistant; and singly and quadruply 

resistant groups was scored among the 

recovered antibiotic resistant population of 

the SS III. 

Yearlong study on the Torsa river water 

revealed the occurrence of antibiotic

resistant copiotrophic bacteria. Analysis of 

the antimicrobial resistance patterns of the 

isolates revealed their multi-drug resistant 

nature. A recent study on the river 

Mahananda, in the northern part of West 

Bengal, India, has shown that the river is 

resistance patterns, plasmid contents were 

analyzed and the transferability of the 

resistance determinants were examined. 

The bacterial isolates studied for plasmid 

content and transmissibility of the R 

plasmids, were recovered from the water 

samples collected from the sampling 

station III. Authors of earlier studies have 

reported that urban effluents contain high 

levels of antibiotic residues and antibiotic 

resistant bacteria belonging to the human 

and animal commensal flora, mainly 

Enterobacteriaceae (Halling-Sorensen et 
a/. 1998, Bhattacherjee et a/. 1988). It 

was shown in a previous. study that the 

urban discharge resulted in the increase of 

resistant strains of riverine autochthonous 

and allochthonous bacteria (Goni-Urizza et 
a/. 2000). The average BOD values 

calculated from the water samples 

collected round the year from each 

sampling site, revealed that water samples 

from SS III had more BOD compared to 

the other sites (Bhadra et a/. 2005). 

Biological oxygen demand (BOD) is an 

expression of estimating the organic waste 

load of water. Therefore, the higher BOD is 

an indicative of high organic pollution of 

the water. With higher BOD values for the 

water samples of SS III, it was expected 

that the frequency of bacteria exhibiting 

MAR in the bacterial assemblages would be 

greater among · the population isolated 

from the site with the putatively high 

human impact. 

One hundred MAR isolates, examined for 

their plasmid content and conjugal ability, 
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were chosen from the pool of 4254 

antibiotic-resistant bacteria isolated from 

SS III. The isolates were ampicillin

resistant and exhibited a MAR index 

ranging from 0.40-1.0 (tested against 

twelve different antibiotics). All the 100 

isolates under study were also resistant to 

nitrofurantoin. Twenty nine were resistant 

to amikacin, 73 were resistant to 

cefotaxim, 96 were resistant to cephalexin, 

76 were resistant to chloramphenicol, 57 

were resistant to gentamicin, 70 were 

resistant to kanamycin, 43 were resistant 

to netilmicin, 53 were resistant to 

streptomycin, 89 were resistant to 

tetracycline and 49 were resistant to 

tobramycin. Sixty-four different MAR 

combinations were recorded among them. 

The number of occurrences of different 

antibiotics in ARPs of the MAR isolates 

were as follows: Amikacin in 16, ampicillin 

in 64, cefotaxim in 43, cephalexin in 60, 

chloramphenicol in 43, gentamicin in 36, 

kanamycin in 43, netilmicin in 24, 

nitrofurantoin in 64, streptomycin in 32, 

tetracycline in 55 and tobramycin in 31. 

It was hinted by earlier authors (Hsu eta/. 

1992) that differences in percentage of 

bacterial resistance to various antibiotics 

may reflect the history of antibiotic 

application and hence there is a possibility 

of using bacterial drug resistance as an 

indicator of antibiotic pollution. Plasmids 

were detected in seventy-seven isolates. 

No correlation was scored between the 

number of antibiotic resistance markers 

and the numbers of plasmid bands 

detected. The loss of antibiotic efficacy 

through the emergence and transfer of 

bacterial antibiotic resistance is an 

increasing reality (Kruse and Sorum 1994, 

Salyers 1997). The rapid dissemination of 

antibiotic resistance genes in bacterial 

populations can be partly attributed to 

plasmid mediated horizontal transfer. With 
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the passage of antibiotic resistance genes 

from resistant to formerly sensitive 

bacteria, maintenance of antibiotic 

resistance in pathogenic native bacteria 

could provide a reservoir for antibiotic 

resistance genes. These antibiotic resistant 

bacteria are significant environmental 

contaminants. The results of earlier works 

suggested that antibiotic resistant bacteria 

survive better than the sensitive bacteria 

in surface waters (Kelch and Lee 1978). It 

was observed that R factor mediated 

antibiotic resistance increased- the survival 

ability of those antibiotic resistant 

bacteria. It was apparent from the present 

study that copiotrophic bacterial isolates 

harbored R plasmid DNA. Some of the 

donor isolates, TR 01, TR 02, TR 100, 

exhibited very high rate of conjugal 

transfer frequency. The donor isolate TR 

02 transferred its antibiotic resistance 

determinants to E. coli DH5a with a 

frequency of 1.44 x 10-3
• In an earlier 

study, R plasmid transfer frequencies were 

estimated by conjugation of drug resistant 

E. coli strains isolated from river water 

with E. coli DHSa recipient marked with 

chromosomal resistance to nalidixic acid. 

In another study, conjugation between 

rifampicin resistant E. coli K12 and MRE 

(multidrug resistant Enterobacteriaceae) 

clinical strains resulted in the transfer of 

complete resistance patterns at 

frequencies ranging from 10-4 to 10-2 

(Leverstein van Hall et a/. 2002). A fairly 

high rate of transfer (10-3
) of an antibiotic 

resistance plasmid from an E. coli donor to 

Yersinia pestis was observed in the flea 

midgut (Hinnebusch et a/. 2002). The 

abundance of antibiotic resistant strains in 

an environmental setting where bacteria 

presumably do not come into contact with 

antibiotics, suggests that resistance genes 

can also be stably maintained in the 

absence of antibiotic selection. 
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Characterization of naturally occurring 

antibiotic resistance plasmids and 

understanding their self-transmissible 

nature enables to address the long term 

problem of increasing prevalence of 

antibiotic resistance and strategies aimed 

against conjugative gene transfer. The 

construction of gene banks for naturally 

occurring resistance plasmids (R plasmids) 

has tremendous biotechnological potential. 

Novel gene cassettes characterized from 

the naturally occurring R plasmids like 

antibiotic resistance genes against newer 

antibiotics and antimicrobial agents, may 

help us in designing and construction of 

novel vectors. 

Furthermore, the bacteria identified as 

resistant to multiple antibiotics were 

investigated for the presence of antibiotic

resistance gene cassettes in their genetic 

material. Integron gene sequences had 

been identified as a primary source of 

resistance 

populations. 

genes within microbial 

Although gram-positive 

organisms may be important as reservoir 

of resistance genes, only those antibiotic

resistant isolates shown to be gram-
' negative were used for further analysis. 

The ampicillin-resistant isolates were 

selected for integron-assay. Earlier 

reports have shown that presence of class 

1 integrons were most frequent among 

ampicillin-resistant MAR isolates (White et 
a/. 2001). Antibiotic ampicillin has been 

found to be the most abused antibiotic in 

this region of study (Mukherjee et a/. 

2005). Forty, out of 100 MAR isolates 

(40%), were found to carry detectable 
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contained class 1 integrons [Levesque et 
a/. 1995, Jones eta/. 1997, Martinez-Freijo 

eta/. 1998, Chang et al. 2000, Jones eta/. 
2003], while non-selected gram-negative 

bacteria from an estuarine environment 

revealed the presence of int1 1 gene 

among 3.6% of the isolates [Rosser and 

Young 1999]. A study conducted on Rio 

Grande River (which separates the United 

States from Mexico) showed that 10% of 

the E. coli isolates were MAR and 13% of 

MAR contained class 1 integron sequences 

[Roe et a/. 2003]. It was mentioned that 

the MAR index of the 100 isolates assayed 

for presence of class 1 integrons ranged 

from 0.41-1.0. The rationality behind the 

selection criterion lay in the fact that the 

calculated MAR indices exhibited by 82-

100% of the class 1 integron bearing 

isolates in different studies were in the 

range of 0.4-0.9 [Guerra et a/. 2000, 

Mazel et a/. 2000, Thungapathra et a/. 
2002]. 

The presence of class 1 integrons in six 

Pseudomonas spp. and two Acinetobacter 
spp. is significant in the context of gene 

transfer and dissemination of resistance 

gene cassettes in the environment. A 

significant association between integron 

carriage and higher MAR index was 

observed. Similar results were noted in 

earlier studies where significant 

relationship between multiresistance and 

presence of integrons was found (Martinez 

Freijo et a/. 1998, Schmitz et a/. 2001, 

Leverstein van Hall et a/. 2003). Yielding 

two amplicons of different sizes with 

primers 5' CS and 3' CS (Table 3.3) have 

class 1 integron structures. The proportion also been noted by earlier authors where 

of strains, in this collection of antibiotic. they have confirmed by sequence analysis 

resistant bacteria, carrying integrons has 

been found comparable to that of other 

studies. It was reported earlier that 43-

75% of antibiotic-resistant clinical bacteria 

the co-existence of two distinct integrons 

carrying different gene cassettes in such 

isolates [Chang et a/. 2000, Peters et a/. 
2001, Leverstein van Hall et a/. 2002]. All 
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the isolates, positive for class 1 integrons, 

were resistant to multiple antibiotics. 

Characterization of gene cassettes 

revealed a significant association between 

the nature of the gene cassettes and the 

corresponding antibiotic resistance 

phenotype of the isolate. The dfrA1, dfrAS, 

dfrA7, dfrA12 and dfrA17 gene cassettes 

encoding trimethoprim resistance were 

found among the isolates included in this 

study. However, dfrA1 gene cassette 

obtained from TR 90 was an extended 

version of the normal dfrA1. Analysis of 

the partial nucleotide sequence of the CS

PCR product of TR 17 revealed the 

presence of an unpunctuated ORF of 154 

amino acids of which only 120 amino acids 

from the N-terminal end bears 100% 

identity with the typical dfrA12 protein 

sequence. A stretch of 34 amino acids 

from the C-terminal end did not match 

with existing sequences of the protein 

database. The polypepetide sequence of 

the dfrA17 protein obtained from TR 48 

was 23 amino acids shorter than the 

normal dfrA17 and 30 amino add residues 

from the c-terminal end of the typical 

dfrA17 was not present in the translated 

product obtained from partial sequencing 

of TR 48 amplicon. Aminoglycoside 

adenyltransferase (aadA1 and aadA6) and 

aminoglycoside acetyltransferase (aac-6'

Ib) gene cassettes were also detected 

(Table 3.4). 
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dfrA17 gene cassettes was found to be 

located on the conjugative plasmids of 

some MAR bacterial isolates. The 

horizontal transfer of such plasmids 

enabled the rapid spread of the gene 

cassettes among a wide variety of 

bacterial species (Girlich et a/. 2001, White 

eta/. 2001, Fluit eta/. 2004). 

Taxonomic characterization of the class 1 

integron bearing isolates was deemed. 

necessary. Thirty-two integron-positive 

isolates belonged to the family 

Enterobacteriaceae, of which two were 

tentatively identified as Escherichia spp., 

two as Kluyvera spp., three as Proteus 

spp., five as Serratia spp., nine as 

Citrobacter spp., five as Providencia spp., 

two as Salmonella sp., one as Morganella 

sp., one as Yersinia sp., and two as 

Enterobacter spp. Eight integron-positive 

isolates did not bear any similarity with the 

members of the family Enterobacteriaceae. 

Among them, six isolates were tentatively 

identified as Pseudomonas spp. and two 

were the representatives of the genus 

Acinetobacter. Phylogenetic analysis of the 

isolate TR 90 bearing a novel ORF, 

showing partial homology with dfrA1, was 

performed. On the basis of 165 rRNA gene 

sequence similarity, strain TR 90 was 

shown to belong to the y-Proteobacteria 

and to be related to Morganella morganii 

(99%). 

Several studies have addressed the role of Exploring antibiotic resistance and its 

integrons in the spread of antibiotic 

resistance genes by lateral gene transfer 

(Leverstein van-Hall et a/. 2002, Chen et 

a/. 2004, Aubert et a/. 2004). The spread 

of resistance genes is greatly enhanced 

following the movement of conjugative 

plasmids containing integrons among 

different bacterial species. In this study, 

class 1 integron borne dfrAS, dfrA12 and 

various causes requires a multidisciplinary 
and cross-sectoral approach. National 

initiatives are not enough to reduce the 
risks and to effectively prevent 
microorganisms from becoming resistant 
to antibiotics used in different fields. The 
rates of antibiotic resistance for specific 
organisms are often significantly different 
from country to country and debate has 
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centered on potential implications of 

recognized diversities in antimicrobial 
utilization both in terms of volume and 
routes of administration (Morris et a/. 
2002). As the problem of antibiotic 
resistance is a global one, coordinated 

global surveillance programs are needed to 
track the changing patterns of 
antimicrobial resistance. The ecological 
nature of the problem has to be identified 
with an aim to recognize the nature of the 
resistance story. 
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