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Introduction 
The bacterial antibiotic resistance has been reported as one of 

the most serious threats to the human as well as environmental 
health of this time, though antibiotics had tackled in the past many 
critical situations in clinical practices [1,2]. The occurrence of re-
sistance to multiple antibiotics among bacteria, having the capacity 
to cause many health threats to humans, is not uncommon, in our 
times, in the environment, including aquatic bodies [3-5]. Sidhu., 
et al. [6] demonstrated the presence of coliform bacteria, such as 
Escherichia coli, on bacteriological analysis of drinking water from 
different schools in Northern India. There has been a report on 
the isolation of potential pathogenic bacteria (both gram-negative 

Reports are available in scientific literature on the multiple antibiotic resistances of potential pathogenic bacteria from different 
aquatic environments, globally. This study explores the diversity of bacteria in sewage wastewater and pond water, and assesses the 
antibiotic resistance of the isolated bacteria. Two water samples: sewage wastewater (n = 1) and pond water (n = 1) were collected 
from around the University (Malda, India), and were processed in isolation of bacteria, which were characterized for identification 
following phenotypic techniques. The antibiotic resistance profile was determined based on the disc diffusion method, and the mul-
tiple antibiotic resistance (MAR) indices were calculated for the isolated bacteria. A total of 14 bacteria was isolated from the water 
samples studied, among which 3 were gram-negative, and 11 were gram-positive, either coccus (n = 1) or rods (n = 10). Among the 
isolated bacteria (n = 14), 6 isolates displayed multiple antibiotic resistance to ≥ 3 antibiotics, the MAR indices for which ranged 0.6 
– 0.8, while in 7 isolates that expressed resistance to two antibiotics had MAR indices of 0.4; a single strain had resistance to methicil-
lin. Thus, this is imperative for the regular vigilance of such wastewater bacteria in order to combat the bacterial multiple antibiotic 
resistances.

and gram-positive), from fish pond water in the Niger Delta region, 
Nigeria [7]. Mukhopadhyay., et al. [8] isolated multiple antibiotic 
resistant bacteria, from household water samples, including, Pseu-
domonas aeruginosa, coliforms and Enterococcus spp., in Karnata-
ka, India. Mulamattathil., et al. [9] reported about the isolation and 
identification of bacteria from sewage water samples (Mafikeng, 
South Africa), and determined the antibiotic resistance profiles 
of the isolated bacteria. As has been reported by Ajayi., et al. [10], 
the pond water was contaminated with gram-positive (Streptococ-
cus sp., Staphylococcus aureus, and Bacillus sp.) and gram-negative 
(Escherichia coli, Pseudomonas sp., Klebsiella sp., Enterobacter sp., 
Proteus sp., Cytrobacter sp., and Shigella sp.) bacteria. Different 
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gram-negative bacteria showing resistance to multiple antibiotics 
have been reported as the biological contaminants of natural wa-
ter sources [3]. Several authors from different parts of the world 
demonstrated the fact of bacterial MAR indices as the useful tool 
for determining the level of antibiotic pollution in the given eco-
logical niches [11,12]. In our earlier report, a high range of MAR 
indices among gram-negative and gram-positive bacteria, from en-
vironmental sources, have been demonstrated [13]. The current 
study has, therefore, been undertaken to ascertain the presence 
of potential pathogenic bacteria in sewage and pond wastewater, 
and to determine the antibiotic resistance profiles of the isolated 
bacteria.

Materials and Methods 
The wastewater samples (n = 2; sample I from sewage system 

and sample II from lotus pond) were collected (during the month 
April, 2019) from around the University of Gour Banga, Malda 
(West Bengal, India), and were processed microbiologically for the 
isolation of bacteria, as described before [13]. The morphologically 
distinct bacteria cultures (colonies), as procured by streak-dilution 
method utilizing Mueller-Hinton agar (Hi-Media, India), from the 
wastewater samples were maintained at the ambient temperature 
in cystine tryptone agar (Hi-Media, India) stabs, for further studies.

The isolated bacteria were characterized following phenotypic 
techniques (colony morphology study, gram-staining and biochem-
ical tests, including sugar fermentation) for identification, accord-
ing to Halt [14] and Forbes., et al. [15], as explained elsewhere [13].

The isolated bacteria were subjected to the susceptibility test-
ing to five antibiotics (Hi-Media, India): ampicillin (AMP: 10 µg/
disc), chloramphenicol (C: 30 µg/disc), gentamicin (GEN: 10 µg/
disc), methicillin (MET; 5 µg/disc) and piperacillin (PI: 100 µg/
disc), following disc diffusion [16]. The results, in terms of ZDI 
(zone diameter of the inhibition) values of the test antibiotics, 
were interpreted following the guidelines of the Clinical and Labo-
ratory Standards Institute [17].

The MAR indices for the isolated sewage wastewater bacteria 
were calculated following the formula published earlier [13] and 
the results were interpreted following the criteria of Krumper-
man [11]. The antibiotic resistance phenotypes were determined, 
for the isolates, according to Adefisoye and Okoh [12]; the isolates 
with resistance to ≥ 3 test antibiotics expressed multiple antibiotic 
resistance phenotypes.

Results and Discussion
In the increasingly and injudiciously used ages of antibiotics 

(not only in clinical practices, in veterinary medicine and in agri-

Strain 
code

Biochemical tests

TSI Ci-
trate

In-
dole

Cata-
lase

Oxi-
dase

MR VP DN-
ase

S1W1 Y/Y - - + - - + +
S1W2 Y/Y + - + + - + -
S1W3 Y/Y + - + + - + -
S1W4 P/Y - - + + + + +
S1W5 Y/Y + - + - + - -
S1W6 P/Y - - + + - - +
S1W7 Y/Y - - + + - - +
S1W8 Y/Y - - + + + - -
S1W9 P/Y + - + + - + +
S1W10 P/P + - + + - - -
S2W1 Y/Y + - + + - + -
S2W2 Y/Y - - + + - - -
S2W3 P/Y - - + + + - +
S2W4 P/P + - + + - - -

cultural practices too), there has been an acceleration in the emer-
gence and dissemination of multiple antibiotic resistant (MAR) 
bacteria, restricting the efficacies of the currently available anti-
biotics in curing human diseases (of bacterial infections), world-
wide [1,18]. Obviously, the antibiotic resistances are not limited in 
clinical settings, rather reported in agricultural as well as various 
environmental settings, and foods [19,20]. Previously, we have re-
ported the isolation of potentially pathogenic bacteria from the riv-
erine as well as municipal sewage wastewater receiving polluted 
effluents in Malda, India [21,22].

A total of 14 wastewater bacteria isolated (10 isolates from the 
sample I: S1W1, S1W2, S1W3, S1W4, S1W5, S1W6, S1W7, S1W8, 
S1W9 and S1W10, and 4 isolates from sample II: S2W1, S2W2, 
S2W3 and S2W4), displayed varied morphological features of their 
colonies developed on nutrient agar plates (Figure 1). Among the 
isolated bacteria (Figure 2), 3 were gram-negative rods (S1W6, 
S1W10 and S2W4), and the other 11 isolates were either gram-pos-
itive rods (n = 10; S1W1, S1W2, S1W3, S1W4, S1W5, S1W8, S1W9, 
S2W1, S2W2 and S2W3) or gram-positive cocci (n = 1; S1W7). The 
biochemical and sugar fermentation test results of the isolated bac-
teria have been represented in table 1 and table 2. The bacteria as 
identified, following phenotypic characterization, are depicted in 
table 3. 

Table 1: Biochemical test results for bacteria isolated from waste-
water samples

MR: Methyl red; VP: Voges-Proskaur; P: Pink; Y: Yellow; -: Negative; 
+: Positive; TSI: Triple sugar iron.
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Figure 1: Colony characteristics of bacteria isolated from wastewater samples.
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Figure 2: Gram staining property of bacteria isolated from wastewater samples.
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Strain 
code Sugars

Sorbitol Sucrose Lactose Maltose Mannitol
S1W1 + + + + +
S1W2 + + W - +
S1W3 - W - - -
S1W4 W + + + +
S1W5 + + - - W
S1W6 - - - - -
S1W7 + + + + +
S1W8 + + W + +
S1W9 - W - - -
S1W10 - - - - -
S2W1 W + + + +
S2W2 - - - - -
S2W3 + + W + W
S2W4 - - - - -

Table 2: Sugar fermentation test results for bacteria isolated from 
wastewater samples 

W: Weakly positive; -: Negative; +: Positive.

Strain code Bacterial identity
S1W1 Corynebacterium xerosis

S1W2 Bacillus cereus

S1W3 Bacillus subtilis

S1W4 Bacillus cereus

S1W5 Bacillus megaterium

S1W6 Chryseobacterium indologenes

S1W7 Micrococcus luteus

S1W8 Bacillus circulans

S1W9 Bacillus cereus

S1W10 Pseudomonas aeruginosa

S2W1 Bacillus cereus

S2W2 Bacillus indicus

S2W3 Bacillus circulans

S2W4 Pseudomonas aeruginosa

Table 3: Identity of bacteria isolated from wastewater samples.

It has been reported, the occurrence of bacterial contamination 
of natural resources of water with different bacteria (from rural 
areas of East Sikkim, India), such as Pseudomonas aeruginosa, Kleb-
siella pneumoniae, Escherichia coli, Proteus sp., Acinetobacter sp., 
Citrobacter sp., and Enterobactor sp., showing resistance to AMP, 
trimethoprim-sulfamethoxazole, cefixime, tetracycline, ceftazi-

dime, amikacin and GEN [3]. The antibiotic susceptibility test re-
sults, in terms of ZDIs, for the bacteria isolated are shown in figure 
3. The antibiotic resistance phenotypes and the MAR indices of the 
isolated bacteria are represented in table 4. Apenteng., et al. [23] 
demonstrated the isolation of gram-negative bacteria, from the 
fish pond, that included Pseudomonas aeruginosa, Escherichia coli 
and Salmonella typhi showing resistance phenotypes: ‘tetracycline-
erythromycin’, ‘cefuroxime-tetracycline-erythromycin’ and ‘cefu-
roxime-tetracycline-erythromycin-ciprofloxacin’, respectively.

The bacterial isolates, in the current study, showed resistance 
to one or more antibiotic tested; the lowest resistance to a single 
antibiotic (MET; MAR index: 0.2) was recorded for S2W2 strain, 
while the highest resistance to four antibiotics (resistance pattern: 
AMP-GEN-MET-PI; MAR index: 0.8) was displayed by S2W1 strain. 
Among 14 isolated bacteria, 6 displayed MAR phenotypes with re-
sistance to 3 or more antibiotics, for which MAR indices ranged 0.6 
- 0.8, while 7 isolates having resistance to two antibiotics had MAR 
indices of 0.4 (Table 4); the intermediate susceptibility was record-
ed for S2W1 strain to chloramphenicol, and for S1W9 and S2W4 
strains to piperacillin. Poonia., et al. [3] expressed the concern of 
high antibiotic load in the natural water resources demonstrat-
ing the MAR indices of > 0.2, among most of the bacterial isolates. 
As per the criteria reported earlier [11,24,25], the instant study, 
wherein the MAR indices for the bacterial isolates ranged 0.2 - 0.8, 
suggested their (isolated bacteria) association with niches having 
high levels of antibiotic contamination as well as the ‘human fecal-
source of origin’ for most of the isolates.

Figure 3: Antibiogram of isolated bacteria (n=14). S1W1: Coryne-
bacterium xerosis; S1W2: Bacillus cereus; S1W3: Bacillus subtilis; 
S1W4: Bacillus cereus; S1W5: Bacillus megaterium; S1W6: Chryseo-
bacterium indologenes; S1W7: Micrococcus luteus; S1W8: Bacillus 
circulans; S1W9: Bacillus cereus; S1W10: Pseudomonas aeruginosa; 
S2W1: Bacillus cereus; S2W2: Bacillus indicus; S2W3: Bacillus cir-
culans; S2W4: Pseudomonas aeruginosa.
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Isolated Bacteria
Antibiotic resistance 

profile MAR 
index

AMP C GEN MET PI
C. xerosis S1W1 R S S R S 0.4
B. cereus S1W2 R S S R R 0.6
B. subtilis S1W3 R S S R R 0.6
B. cereus S1W4 R S S R S 0.4
B. megaterium S1W5 R S S R S 0.4
C. indologenes S1W6 R S S R R 0.6
M. luteus S1W7 R S S R S 0.4
B. circulans S1W8 R S S R S 0.4
B. cereus S1W9 R S S R I 0.4
P. aeruginosa S1W10 R R S R S 0.6
Bacillus cereus S2W1 R I R R R 0.8
B. indicus S2W2 S S S R S 0.2
B. circulans S2W3 R S S R S 0.4
P. aeruginosa S2W4 R R S R I 0.6

Table 4: Antibiotic resistance profiles and MAR indices for the iso-
lated wastewater bacteria (n=14)

AMP: ampicillin; C: chloramphenicol; GEN: gentamicin; MET: 
methicillin; PI: piperacillin.

Conclusions
The sewage wastewater, as demonstrated in the current study, 

supported the growth of gram-positive rods as well as cocci, and 
gram-negative rods too; wherein the diversity of gram-positive 
bacteria was greater, as compared to the gram-negative bacteria. 
The bacteria isolated are potential to cause human infections and 
possessed varied antibiotic resistances and MAR indices. There-
fore, there is an urgent and imperative need to the regular vigi-
lance of such environmental bacteria of clinical relevance, and to 
prepare effective Indian guidelines for judicious use of antibiotics 
in order to tackle the bacterial multiple antibiotic resistances.
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