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ackground: Increased resistance of microorganisms to commonly prescribed antibiotics has emerged as 

a significant hurdle in contemporary medical practice. The World Health Organization (WHO) has 

declared antibiotic resistance as a " major threat to public health.". In the present study, bacterial isolates 

were selected based on high antibiotic and heavy metal tolerance from a water sample taken from hospital 

sewage.  

Methods: Antibiotic-resistant bacteria were isolated through the disk diffusion method. Gram staining was 

done for morphological identification. For molecular identification, the 16s rDNA PCR amplification was done 

with universal primers.  

Results: The strain BC1 was found resistant to ampicillin (10μg/ml), and cefixime (5μg/ml). While, susceptible 

to kanamycin (30μg/ml), azithromycin (15μg/ml) and intermediate in response to amoxicillin (30μg/ml). The 

strain BC2 was resistant to ampicillin (10μg/ml), cefixime (5μg/ml) and kanamycin (30μg/ml). While, 

Susceptible to amoxicillin (30μg/ml), and intermediate in response to azithromycin (15μg/ml). The strains were 

also found resistant to heavy metals.  

Conclusion: The recent investigation on bacterial strains from hospital effluent found interesting candidates 

for understanding the AMR bacteria and developing novel active biomolecules to combat the antibiotics 

problem. The isolated strains could be a source of novel resistant genes however; a comprehensive molecular 

analysis is needed for advanced studies. 
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Introduction 

Microorganisms are present everywhere in the 

ecosystem. Microorganisms are divided into different 

classes, i.e., bacteria, archaea and fungi. Bacteria are 

present in the human body and play vital roles in our 

body, in digestion and in protecting our skin among 

other important benefits [1]. There is an approximate 

estimation that the Earth harbors around one trillion 

distinct microbial species, the majority of which remain 

unfamiliar to our understanding [2-4]. While certain 

microbial species play a vital role in our survival, a 

minority of bacteria can be responsible for causing 

diseases in humans, animals, and plants. These bacteria 

are known as pathogenic bacteria and have some serious 

effects on human health [5,6]. Antibiotics hold 

significant value as medicinal treatments for bacterial 

infections and serve as essential elements within 

healthcare systems [7]. Over the past 80 years, the 

widespread utilization of antibiotics on a global scale 

has given rise to progressively alarming issues due to the 

emergence of bacteria that are resistant to these drugs 

[8,9]. These challenges result in hundreds of thousands 

of annual fatalities and are anticipated to escalate 

significantly in the future [10,11]. The use of antibiotics 

would introduce complications into various healthcare 

procedures, including surgery, cancer treatment, and 

patient care [12]. Antibiotic resistance develops when 

either antibiotics are overprescribed, or a 

proper/sufficient dose is not prescribed which leads to 

resistance towards antibiotics. Recognizing antibiotic 

resistance as a significant peril to human health, the 

World Health Organization (WHO) has acknowledged its 

significance [13]. The emergence of antibiotic-resistant 

bacteria is influenced by the environment, which holds 

a crucial role in this process. The external surroundings 

serve as a reservoir for resistance genes that can be 

transmitted to human pathogens. Moreover, the 

environment acts as a significant pathway for the 

transfer of antibiotic resistance genes and bacteria 

[12,14]. Hospitals, including their sewage systems, are 

significant pathways through which genes responsible 

for antibiotic resistance are released into the 

environment [15]. There is a suggestion that hospitals 

and their sewage systems act as hotspots for the 

emergence of antibiotic resistance due to their elevated 

levels of antibiotics and the presence of both human-

associated and environmental bacteria. Furthermore, 

complicating the situation further, there is evidence 

indicating that other antimicrobial substances like 

antiseptics and metals can contribute to the 

development of antibiotic resistance [12,16]. The 

identification of the pure culture is done through 

morphological identification by performing Gram 

staining and observing the colony characteristics of the 

pure colony [4]. The 16s rDNA sequence is used for the 

molecular identification of pure strains. By separating 

the genomic DNA, bacteria can be identified 

molecularly. Polymerase chain reaction (PCR) generates 

copies of DNA sequence and then bacterial 

identification based on 16S ribosomal DNA (rDNA). 

Bacterial phylogeny and taxonomy are examined using 

16S rRNA gene sequences . It is present in almost all, 

bacteria. We are able to study morphology, metabolism, 

physiology and can identify bacteria through 16S rDNA 

molecular techniques. The antibiotic resistance is due to 

the presence of genes on plasmid or chromosomal DNA 

in bacteria. Plasmid has different functions. They may 

contain different genes which are important for the 

survival of an organism. The plasmid is due to killing the 

other organism or defending the host cell. Some 

plasmids help in replication. The plasmid is small and 

contains few genes with specific functions [17].  

The main objective of that study was to isolate 

antibiotic-resistant bacterial strains from the govt 

hospitals effluent of Peshawar area. 

Methods 

Study area 

The present study  Associated with antibiotic-resistant 

bacteria from hospital sewage was carried out at the 

Microbiology  Laboratory,  Department of 

Biotechnology,  Institute of  Integrative Biosciences 

(CECOS) University, Peshawar from September 2020 to 

March 2021. 

Sample collection 

The sample was collected from hospital effluent in the 

Peshawar area, KPK. The sample was collected in 50 ml 

sterile falcon tubes and then brought into the lab for 

further analysis. During sample collection some 

important parameters were recorded i.e., pH 7, 

temperature 30°C and GPS coordinates were Lt 33.9966° 

L 71.4860°. The samples were brought to the lab for 

further analysis. 

Isolation of the bacterial strains 

For the isolation of the bacterial strains, Luria Bertani 

(LB) agar media was prepared. 100 µl of water sample 

was inoculated on 20 ml LB/Agar plate via spread plate 

method. The plate was incubated at 37°C, overnight. 

Two colonies were selected for further analysis based on 

shape and color. 

Screening of the isolates in the presence of antibiotics 

Antibiotic tolerance of the selected isolates, BC1 and 

BC2 was checked through the Kirby-Bauer disc diffusion 

method. 20ml LB/Agar plates were prepared. 100 µl 

inoculum from the fresh overnight cultures of BC1 and 

BC2 was used to make a bacterial lawn on the agar plates 

through a glass spreader. Antibiotic discs; ampicillin 

(10μg/ml), azithromycin (15μg/ml), cefixime (5μg/ml), 
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kanamycin (30μg/ml) and amoxicillin (30μg/ml) were 

then placed on the respective agar plates. The plates 

were incubated at 37°C, overnight. Zone sizes were 

measured after 24 hours. 

Heavy metal tolerance of the strains 

Stock solutions of the metals; zinc, cadmium, cobalt and 

chromium were prepared. The working concentrations 

against which the two isolates' tolerance was checked 

were (5 mM, 7 mM, 9 mM, 10 mM 11 mM, 13 mM,14mM, 

15mM, 18mM, 20 mM). 100ul inoculum from the 

overnight cultures of both the isolates was spread on 

20ml LB/Agar plates supplemented with metal salts. The 

plates were incubated at 37°C, overnight. 

Gram Staining and Genomic DNA extraction 

To differentiate and classify the bacterial isolates, Gram 

staining was performed for morphological 

identification. A bacterial smear was prepared on a slide 

from the fresh overnight culture. The prepared slides 

were observed under the microscope. For molecular 

characterization, Genomic and plasmid DNA was 

extracted through CTAB and manual extraction 

methods [18]. 

16S rDNA PCR amplification and Gel electrophoresis 

For DNA amplification, PCR with 16S universal primers 

was performed. The universal primers used were 27F and 

1392R. A PCR master mix was prepared for the DNA 

sample and the positive and negative controls. DNA 

samples were observed through gel electrophoresis. 1% 

agarose gel was made in TAE buffer. 0.5g of agarose was 

added to 50 ml of 1X TAE buffer and heated until the 

agarose was completely dissolved. DNA samples and the 

control DNA samples were loaded. 1ul of 6X loading dye 

was mixed with 5ul of DNA samples. The gel was run at 

80V for 60 minutes. DNA bands were observed in the gel 

documentation system.  

Results 

Isolation of the bacterial strains 

Initially, a total of 50 colonies were observed on LB/Agar 

plates after the inoculation of a water sample. Among 

these colonies, two colonies were selected and purified 

randomly for antibiotic and heavy metal tolerance 

analysis. Optimum growth was examined in LB agar 

media, and LB. The favourable temperature is 37°C and 

pH is 7.5 and the tolerance of the strains towards heavy 

metals is Cd>Zn>Cr = Co, shown in Figure 1a-b. 

Screening of the isolates in the presence of antibiotics 

Through the disc diffusion method, the antibiotic 

resistance of the isolates BC1 and BC2 was checked. 

Based on size of the zone of inhibition, the strain BC1 

was found resistant to ampicillin 10μg/ml and cefixime 

5μg/ml. It was sensitive to kanamycin 30μg/ml and 

azithromycin15μg/ml and intermediate to 

amoxicillin15μg/ml. The strain BC2 was resistant to 

ampicillin 10μg/ml, cefixime 5μg/ml and Kanamycin 

30μg/ml. It was found sensitive to amoxicillin 15μg/ml 

and intermediate to azithromycin15μg/ml. Results are 

shown in Figure 2a-c. the sizes of zone of inhibition are 

shown in Table 1. 

Antibiotics  BC1 BC2 

Ampicillin10μg/ml R R 

Amoxicillin15μg/ml Intermediate S 

Cefixime5μg/ml R R 

Azithromycin15μg/ml S Intermediate 

Kanamycin30μg/ml S R 

Table 1: Antibiotic Resistance, Sensitivity and Intermediate 
behavior of the isolates towards different antibiotics 
concentrations. R: means Resistance, S: means Sensitivity. 

 
Figure 1: A) Different colonies on Agar plate, B) Growth in LB 
Media on 7.5 PH C) Growth on 37°C in an agar plate. 

 
Figure 2: Growth of isolates on antibiotics, their zone of inhibition 
and the control which are without selection.  

Heavy metal tolerance of the isolates 

The strains were checked against varying concentrations 

of heavy metals. The strain BC1 was resistant to 10, 15, 

14, 13, and 10 mM of chromium, lead, cadmium, zinc and 

cobalt respectively. While the strain BC2 was resistant 

to 15, 20, 13, 10 and 11 mM of chromium, lead, 

cadmium, zinc and cobalt respectively. The order of 

tolerance to the heavy metals of the strains is as follows: 

Pb > Cd > Zn > Cr > Co for BC1 and Pb > Cr > Cd > Co > 

Zn for BC2. Different growth is shown in Figures 3a-c 

and 4. 

Morphological  and Molecular analysis 

Genomic and Plasmid DNA extraction 

Gram staining results of both isolates are shown in 

Figure 5a-b and Table 2. The genomic DNA of the 

isolates was successfully extracted through the CTAB 

method and run on 1% agarose gel at 80V and insert the 

gel picture of the genomic DNA of both isolates. Plasmid 

DNA was extracted and the DNA was run on 1% agarose 

gel at 80V for 60 minutes. 

BC 1 BC2 Control 

C B A 

A 

A B C 



 

Advancements in Life Sciences  |  www.als-journal.com  |  September 2023  | Volume 10  |  Issue 3                          455 
 

Morphological Identification and Resistance Profile of Antibiotic and Heavy Metals-Resistant Bacteria in 

Hospital Sewage of Peshawar 
You’re reading 

als 

 
Figure 3a-b): Heavy metal tolerance of the isolates towards the 
selected heavy metals on agar plates, C) Growth without any metal 
taken as a control. 

 
Figure 4: Heavy metals tolerance of the isolates against various 
concentrations. 

  
Figure 5a-b: Gram staining result of the isolates after the careful 
examination of each slide. 

Bacterial strains BC1 BC2 

Species Coco bacillus Bacillus spp. 

Gram nature Positive  Positive 

Colony color White Light Brown  

Cell morphology Oval Rod 

Table 2: Morphological characterization of the Isolates after the 
gram staining. 

16S rDNA PCR 

16S PCR of the isolates was done and the positive, 

negative control and bacterial isolates DNA bands are 

1500 bp DNA band were observed after 16S PCR with 

universal primers 1500 base pairs apart. 

 

Discussion 

In this study, a hospital effluent water sample was 

collected from Khyber Teaching Hospital Peshawar. 

Antibiotic-resistant bacteria were isolated through the 

disk diffusion method on LB/ Agar plate. The bacterial 

isolate that showed the highest resistance was selected 

from the Agar plates and supplemented with different 

antibiotic disks. Gram staining was done for 

morphological identification, and according to Bergey’s 

Manual, the bacteria identified from the hospital 

effluent sample were Bacillus specie here in referred to 

as BC1, and BC2. For molecular identification, the 16s 

rDNA PCR amplification was done with universal 

primers. Antibiotics play a crucial role as essential 

medications employed in the treatment of bacterial 

infections and serve as vital components within 

healthcare systems [12]. Antibiotics inhibit the growth 

of bacteria. They diffuse from the disc into the 

surrounding agar medium and inhibit the growth of 

bacteria. Different antibiotics differ in their effect on 

different bacteria. It is useful to check the sensitivity of 

different bacteria for antibiotics. People who use 

antibiotics frequently have bacteria that are resistant to 

antimicrobial drugs. Since an antibiotic's interaction 

with a target molecule is very selective, even little 

variations in the target molecule can affect an 

antibiotic's ability to bind to the target [19]. 

Azithromycin can occasionally change a particular 

target when RNA polymerase is present to carry out the 

transcriptional modification. Amoxicillin binds to the 

50S ribosomal subunit and inhibits protein synthesis, 

whereas Kanamycin binds to the 30S ribosomal subunit 

[20]. To defend themselves, bacteria employ both 

inherent and evolved resistance mechanisms. 

Mutations, gene transfer via conjugation or 

transformation, transposons, integrons, and 

bacteriophages are all sources of acquired resistance. 

Bacteria use biochemical resistance strategies such as 

metabolic route "bypass," target alteration, altered 

permeability, and antibiotic inactivation. It's important 

to identify the kinds of antibiotics and mutations that 

bacteria are resistant to to develop effective therapies 

[5]. A plasmid that mediates Resistance is disseminated 

throughout the world by horizontal plasmid-borne 

migration [2]. Most resistance plasmids are mobilizable 

or conjugative. Both a wide and a limited host range are 

displayed by conjugative plasmids. A process called 

conjugation is used to transfer genes from donor to 

recipient cells that have undergone homologous 

recombination, integration, and excision from the host 

chromosome. These plasmid-encoded complexes assist 

the donor by binding to potential recipients, which 

results in the creation of secured associations, which are 

necessary before the translocation of DNA. Mobilizable 

plasmids have DNA transfer genes necessary for the 

structure of all or a portion of the relaxasome, but they 

lack the genes important for the production of the 

mating pore. They can use conjugative plasmids for 

horizontal expansion, but they are immovable in cells 

lacking mobile elements carrying suitable mating-pore 

genes [21]. The recent investigation on bacterial strains 

from hospital effluent found interesting candidates for 

understanding the evolution of environmental 

resistomes and developing novel active bio-molecules to 

combat the antibiotics problem. In hospitals, the 

A 

BC2 

B 

BC1 
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wastewater has no proper treatment and this water  

directly impacts the food chain which is the main reason 

for the multidrug-resistant bacteria. 

The risk with antibiotic resistance is that it is 

contagious. After administration, the bulk of antibiotics 

is only partially digested and discharged via patient 

excretion into the hospital sewage system. According to 

earlier findings, antibiotic-resistant bacteria from the 

environment could spread to humans and infect them 

with diseases that cannot be cured with regular 

antibiotics. Questions have arisen over the best way to 

address the issue of antibiotic resistance. In developing 

countries, improved sewage infrastructure and general 

public health initiatives can help avoid infection. This 

study shows the high prevalence of resistant bacteria 

spread in the environment. Further studies on molecular 

screening and genomic analysis may be conducted to 

identify specific genes related to antimicrobial 

resistance. 
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