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Abstract 

According to WHO, antibiotic resistance has emerged as a serious public health risk in the 21st 

century. To highlight the situation of antibiotic resistance in Dhaka city, Bangladesh, a 

retrospective study was conducted using 100 isolates from the Institute of Child and Mother 

Health (ICMH) Hospital for six months. The isolates obtained from patients' blood and urine 

involved four bacterial species. The data was stratified according to age of the patient and 

antibiotic susceptibility and the distribution of pathogens and their resistant pattern was 

determined. E.coli was found to be the most prevalent pathogen responsible for antibiotic 

resistance. Amoxyclav showed greater resistance in adult patients compared to children. 

Erythromycin has shown significant resistance in both child and adult patients towards three 

pathogenic species. Irrational use of antibiotics and lack of proper knowledge and awareness 

greatly contribute to increasing antimicrobial resistance. It is high time awareness is made and 

necessary steps should be taken before antibiotic resistance becomes incurable. 
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1.1 Antibiotics 

An antibiotic is a chemical substance that is obtained from a living microorganism and that is 

detrimental to other disease-causing microorganisms, such as bacteria. Soil microorganisms 

are usually responsible for producing antibiotics. Fungi and bacteria are examples of 

microorganisms that possess the ability to produce antibiotics and that are helpful in treating 

or preventing illness. In 1941, discovery of penicillin marked the global introduction of 

antibiotics. Since then, they've improved the treatment of bacterial infections in people and 

animals. However, they don't work against viruses (The Editors of Encyclopaedia Britannica, 

2024). 

1.2 History of discovering antibiotics 

In 1928, Alexander Fleming, a Scottish bacteriologist, discovered that colonies of bacteria 

growing on a culture plate had been affected and contaminated by a mold, Penicillium 

notatum. After ten years, British scientist Ernst Chain, Australian pathologist Howard Florey, 

and others identified the active element, penicillin, and demonstrated its exceptional efficacy 

against a variety of dangerous infectious diseases caused by bacteria. Toward the end of the 

1950s, scientists experimented with introducing various chemical groups to the core of the 

penicillin molecule to develop semisynthetic versions. As a result, a wide spectrum of 

penicillins was accessible to treat infectious diseases caused by many types of bacteria, 

including staphylococci, streptococci, pneumococci, gonococci, and syphilis spirochaetes. 

Notably, penicillin had no effect on the tubercle bacteria, also known as Mycobacterium 

tuberculosis. However, it was discovered that this bacterium was extremely susceptible to the 

antibiotic streptomycin, which was isolated from Streptomyces griseus in 1943. Streptomycin 

was shown to be highly efficient not only against tuberculosis but also against a wide range of 

other bacteria, such as the bacillus that causes typhoid fever. The compounds gramicidin and 
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tyrocidine, which are generated by Bacillus bacteria, were two further early discoveries. René 

Dubos, an American microbiologist, made the discovery in 1939. Although they were too toxic 

to be used internally, they were useful in treating outer layer infections. The mold 

Cephalosporium acremonium produces cephalosporins, which are related to penicillins and 

were identified by researchers in the 1950s. After ten years, Scientists identified another 

category of antibiotics called quinolones. Quinolones inhibit DNA replication, a key phase in 

bacterial reproduction, and have been shown to be effective in treating urinary tract infections, 

infectious diarrhea, and a variety of other infections affecting bones and white blood cells (The 

Editors of Encyclopedia Britannica, 2024). 

 

1.3. Classification of antibiotics 

Antibiotics work by either inhibiting bacterial cell division or altering a vital cellular process 

or function inside the bacterial cell. Based on how they affect bacteria in vitro, antimicrobial 

agents are usually divided into two primary groups. One is "bacteriostatic” and the other is 

“bactericidal”. Bacteriostatic antibiotics "prevent the growth" of bacteria, whereas bactericidal 

antibiotics "kill" bacteria (Patel et al., 2023). 

Moreover, antibiotics can also be classified according to their spectrum of activity—whether 

they are narrow-, broad-, or extended-spectrum. Narrow-spectrum antibiotics (such as 

penicillin) primarily affects gram-positive bacteria. Tetracyclines and chloramphenicol are 

broad-spectrum antibiotics that target both gram-positive and gram-negative bacteria. An 

extended-spectrum antibiotic is one that, as a consequence of chemical alterations, targets a 

wider range of bacteria, commonly that are gram-negative. 
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Figure 1: Classification of Antibiotics (Bayan et al., 2021) 

 

Figure 2: Classification of Antibiotics (Guliy, Zaitsev, & Borodina, 2023) 
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1.4. Mechanism of action of antibiotics 

An antibiotic is a chemical substance that is obtained from a living microorganism and that is 

detrimental to other disease-causing microorganisms, such as bacteria (The Editors of 

Encyclopedia Britannica, 2024). Antibiotics exert their effects via a number of mechanisms of 

action. Antibacterial effect is commonly related to one of four pathways, three of which include 

the prevention or control of enzymes responsible for cell wall formation, nucleic acid 

metabolism and repair, or protein synthesis, respectively. The fourth process employs the 

breakdown of membrane structure. Many antibiotics, known as β-lactams, block bacterial cell 

wall formation ((Kapoor et al., 2017). Floroquinolones, interrupts the DNA breakage-reunion 

phase by binding to DNA-gyrase, topoisomerase II, and topoisomerase IV (“Antibiotics: Mode 

of Action and Mechanisms of Resistance,” n.d.). Daptomycin depolarizes calcium-dependent 

membranes, causing the termination of macromolecular production and breakdown of the 

cellular membrane in bacteria (“Antibiotics: Classification and Mechanisms of Action With 

Emphasis on Molecular Perspectives,” n.d.). Bacitracin inhibits the transport of precursors 

necessary for peptidoglycan (“Mechanism of Action of Antibiotics,” n.d.). Other antibiotics, 

including aminoglycosides, chloramphenicol, erythromycin, and clindamycin, block protein 

synthesis in bacteria. The antibiotics which are selectively toxic disrupt the activity of the 

bacterium's proteins, inhibiting the production of new proteins and bacterial cells. Antibiotics 

such as polymyxin B and polymyxin E (colistin) attach to phospholipids in the bacterium's cell 

membrane and disrupt its function as a selective barrier, allowing vital macromolecules to pass 

out and causing cell death. These antibiotics are toxic in nature. Some antibiotics, such as 

sulfonamides, are competitive inhibitors of the production of folic acid (folate), a necessary 

step in the synthesis of nucleic acids. Sulfonamides can prevent folic acid production because 

they are identical to an intermediate chemical (para-aminobenzoic acid) that an enzyme 

converts to folic acid. Because of their structural similarities, para-aminobenzoic acid and the 
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sulfonamide compete for the enzyme that converts the intermediate to folic acid. This process 

is reversible by eliminating the chemical, which inhibits but does not kill the microbes. 

Rifampin, an antibiotic, inhibits ribonucleic acid (RNA) production in bacteria by attaching to 

a component of the bacterial enzyme that duplicates RNA. Rifampin has a far higher affinity 

for the bacterial enzyme than for the human enzyme, therefore therapeutic doses have no effect 

on human cells. Antibiotics mainly target many of the biological activities that are most active 

when cells proliferate (The Editors of Encyclopaedia Britannica, 2024). 

  

1.5. Pharmacokinetics and Pharmacodynamics of antibiotics 

Pharmacokinetic (PK) and pharmacodynamic (PD) factors are used to enhance the 

effectiveness of antimicrobial treatment in patients by optimizing dose. The four PK 

components that regulate antibiotic concentration over a period of time include absorption, 

distribution, metabolism, and excretion. These mechanisms illustrate how an antibiotic passes 

through the body, from the moment it enters until the parent drug or metabolites are eliminated. 

The PD of an antibiotic explains the drug's action within the body once it reaches the infection 

target.  

Bactericidal action is either concentration or time dependent. If an antibiotic has concentration-

dependent killing, such as fluoroquinolones or daptomycin, the efficiency of bacterial killing 

improves as the antibiotic concentration increases. Penicillins and tetracyclines are time-

dependent, therefore their effectiveness is determined by their duration in the body. After an 

antibiotic is absorbed, its distribution determines its antibacterial action.  

The volume of distribution is calculated by comparing the total amount of medication in the 

body to the serum concentration. The amount of protein binding determines the availability of 

the active medication at the site of infection. If an antibiotic is heavily protein-bound, there will 
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be less free drugs available for antibacterial action, as demonstrated in individuals with 

hypoalbuminemia. Increased adipose tissue in a patient increases the volume of distribution of 

a medication with high lipophilicity properties (Patel et al., 2023). 

 

1.6. Resistant Bacteria 

Every time an antibiotic is taken, bacteria are killed. Sometimes the bacteria that cause 

infections are already resistant to recommended medications. Bacteria may potentially develop 

resistance throughout the progression of a disease. Resistant bacteria do not react to drugs and 

continue to cause infections. These bacteria are called superbugs. "Superbug" is the term used 

to describe pathogens that are resistant to several antibiotics (Key, 2017). A prevalent myth is 

that a person's body develops resistance to certain medications. However, microorganisms are 

the main reason behind this resistance. If an antibiotic is taken unnecessarily or incorrectly, the 

risk of getting antibiotic-resistant pathogens is increased. As a result, it is vital to only use 

antibiotics whenever needed. Because of these resistant bacteria, several diseases that were 

once relatively easy to cure are now difficult to treat.  

Bacteria may acquire resistance due to certain reasons. They are: 

1. Antibiotic resistance occurs when pathogens evolve ways to withstand the use of drugs 

designed to kill or weaken them. 

2. If a pathogen develops resistance to many medications, treating infections can become 

difficult. 

3. Resistance may occur if a bacterial disease is only partially cured. To avoid this, it is 

vital to complete the whole antibiotic dose as directed, even if the patient feels better. 

(Antibiotics, n.d.)     
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1.7. Antibiotic Resistance 

Antibiotic resistance is a global concern with substantial morbidity and death (Frieri et al., 

2017). Bacteria are extremely small inhabitants. They can go into a person's body. Several of 

them are safe and can be beneficial. However, some of these microorganisms can cause disease. 

When they proliferate throughout a person's body, they might cause an infection. Antibiotics 

are medications designed to eliminate pathogens. Particular types of these microorganisms may 

eventually adapt to these medications. They may mutate in such a manner that antibiotics 

cannot kill them (Cedars-Sinai, n.d.). A genetic mutation may allow bacteria to develop 

enzymes that deactivate antibiotics (“Antibiotics and Antibiotic Resistance,” n.d.). As time 

passes, bacteria mutate and transform into "super bacteria" or "superbugs." "Superbug" is the 

term used to describe pathogens that are resistant to several antibiotics (Key, 2017). Resistance 

is more common when the concentration needed to inhibit or kill microorganisms exceeds what 

a patient can achieve. Microorganisms might be intrinsically resistant to an antibiotic or 

develop resistance after exposure to it (acquired resistance). Resistance can occur as a result of 

a mutation or the direct transfer of genes that encode resistance mechanisms. Resistance genes 

can be transferred by a variety of modes, including conjugation (transmission of genes carried 

on plasmids), transformation (direct transfer of naked DNA), and transduction (transfer of 

identical DNA by bacteriophages). 

(Antibiotic resistance: what, why, where, when and how? n.d.) 
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1.8 Mechanism of Antibiotic Resistance 

Antibiotic resistance is when bacteria develop resistance to the antibiotics meant to destroy 

them or stop their growth. Bacteria can have mainly 2 types of resistance. One is Intrinsic 

resistance and another one is Acquired resistance. If a bacteria lacks an appropriate receptor 

for a certain antibiotic, it is called intrinsic resistance. For example, some microorganisms are 

automatically immune to specific antibiotics. There are some antibiotics that destroy the 

bacteria's cell wall. If a bacterium lacks a cell wall, the antibiotic is ineffective. This is intrinsic 

resistance. If a bacterium potentially develops resistance by inheriting resistance genes from 

other bacteria or generates an alteration that reduces or eliminates antibiotic effectiveness, it is 

called acquired resistance (Patel et al., 2023). 

 

 

Figure 3: Antibiotic resistance mechanism flowchart (Bonna et al., 2022) 

 

Bacteria can not only spread from one individual to another but also from one species to another 

because they employ a wide variety of complicated transmission methods. Touching hands, 
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coming into close contact with an infected person, and coming into contact with contaminated 

surfaces seem to be the most prevalent ways that germs are spread (Bonna et al., 2022). 

A bacteria can develop resistance against antibiotics through several processes. They can: 

➢ Prevent the antibiotic from achieving the target at a sufficient concentration. 

➢ Alter or bypass the target that the antibiotic works on. 

 

Prevent the antibiotic from achieving the target at a sufficient concentration: 

1. Pump the antibiotic outside of the bacterial cell: efflux pumps are relatively widespread 

in bacteria and can transfer a wide range of substances, including signal molecules and 

nutrients. Some of these pumps can also move antibiotics out from the bacterium, 

reducing antibiotic concentrations within the bacterial cell.  

2. Reduce the permeability of the membrane that covers the bacterial cell: Certain 

modifications in the bacterial membrane make it harder to pass through. This method 

ensures that less antibiotic is ingested into the bacterial membrane. 

3. Deactivate the antibiotic: There are bacterial enzymes that can deactivate antibiotics. 

One example is β-lactamase, which degrades the active component (the β-lactam ring) 

of penicillins. 

4. Modify the antibiotic: Sometimes bacteria can develop such enzymes that are capable 

of adding new chemical groups to antibiotics. This prevents the antibiotic from 

attaching to its target in the bacterial cell. 
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Figure-04: Mechanism of antibiotic resistance (Resistance Mechanisms – Antibiotic Resistance – ReAct, 

2021) 

Alter or bypass the target that the antibiotic works on: 

1. Change the target structure: If changes are done in the structure of the target in the 

bacterium (caused by mutations in the bacterial DNA), it will prevent the antibiotic 

from interacting with it. Moreover, bacteria might add alternative chemical groups to 

the target structure, protecting it from the antibiotic. 

2. Generate alternative proteins: Some bacteria can create alternative proteins that can 

replace those that are blocked by the antibiotic. For example, Staphylococcus aureus 

can develop the resistance gene and generate a novel penicillin-binding protein. The 

novel penicillin-binding protein has limited affinity for β-lactam antibiotics, making it 

resistant to these medicines. 

3. Reprogram the target. Bacteria may eventually develop a distinct form of the structure 

they require. For example, Vancomycin-resistant bacteria produce a different cell wall 

than susceptible bacteria. The antibiotic fails to interact  with this form of cell wall 

(Resistance Mechanisms – Antibiotic Resistance – ReAct, 2021). 
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1.9. Antibiotic resistance situation in the world 

In 2019, 1.27 million deaths were directly related to resistance. It was projected that antibiotic 

resistance was responsible for 4.95 million deaths globally in 2019 (World Health 

Organization: WHO, 2023). In 2019, the main six pathogens responsible for resistance-related 

deaths were Escherichia coli, Staphylococcus aureus, Streptococcus pneumoniae, 

Acinetobacter baumannii, and Pseudomonas aeruginosa. These pathogens accounted for 929 

000 deaths related to antibiotic resistance (Murray et al., 2022). The effectiveness of standard 

antibiotics against common bacterial infections is being threatened by the global growth of 

antibiotic resistance. Alarming rates of resistance among common bacterial infections are 

highlighted in the 2022 Global Antimicrobial Resistance and Use Surveillance System 

(GLASS) report. A major issue is the median reported rates of 35% for methicillin-resistant 

Staphylococcus aureus and 42% for third-generation cephalosporin-resistant E. Coli across 76 

nations (World Health Organization: WHO, 2023). 

 

1.10. Antibiotic Resistance situation in Bangladesh 

The antibiotic resistance situation in Bangladesh is also getting worse nowadays. As per 

information from the World Health Organization, almost 90% of patients in Bangladesh 

become resistant to ciprofloxacin, compared to the United Kingdom where only 11.5% of 

patients are resistant to Ciprofloxacin. According to a professor at Bangabandhu Sheikh Mujib 

Medical University, 70 percent of ICU deaths are caused by AMR (Islam, 2023b). According 

to a study, there has been a 11% rise in antibiotic resistance rate in Bangladesh over the last 

five years. In 2023, the efficiency of many frequently taken antibiotics has decreased by up to 

82%, compared to 71% which was five years ago. Drugs such as carbapenem possess an 
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alarming resistance rate of 84%. Laboratory testing also identified drug-resistant bacteria in 

70% of urine samples whereas 10% in blood samples (IEDCR, 2023). Aside from people, 

Antibiotic residue compounds are also clearly present in animals and water surfaces (Islam, 

2023b). 
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The aims & objectives of this study are to highlight the alarming situation of antibiotic 

resistance in Bangladesh, especially in Dhaka city, highlighting the possible causes of 

antibiotic resistance and making people aware of this issue. According to WHO, antibiotic 

resistance has emerged as a serious public health risk in the 21st century. In developing 

countries like Bangladesh, the rate of antibiotic resistance is increasing day by day. It’s a matter 

of irony that people are not so much aware of this issue. Even now, there are children being 

born who are suffering from incurable diseases due to resistance to antibiotic therapy. There 

will come a time when it will be impossible to cure any bacterial disease. If this issue is left 

uncontrolled, bacteria will slowly develop resistance against all antibiotics. This means that no 

antibiotics will work against any bacterial infection in the near future. It is therefore crucial to 

raise awareness about this issue. 

 

 

 

 

 

 

 

 

 

 

 



16 
  

 

 

 

 

 

 

 

 

 

Chapter 3 
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A retrospective study was conducted using 100 isolates from Institute of Child and Mother 

Health (ICMH) Hospital between 17/08/2023 and 14/02/2024. Data of the antibiotic sensitivity 

test of the isolates for different diagnostic purposes were used. The results of the antibiotic 

sensitivity test contained patient information, including their age group. The isolates obtained 

from patients' blood and urine involved bacterial species, namely Escherichia coli, Salmonella 

typhi, Acinetobacter sp. and Enterobacter sp. After data collection, an excel sheet was created 

with the patient's name, age, sample collection date and antibiotics susceptible or resistant to. 

The data was stratified by age and antibiotic susceptibility. Patients were divided into three 

groups based on their age: A (0-13 years old), B (14-30 years old), and C (31-52 years old). 

Then the distribution of pathogens and their resistant pattern were studied in the different age 

groups. The resistant pattern of these four pathogens in percentage was also prepared. Then the 

common resistant pattern of were analyzed from the Excel Sheet 
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Chapter 4 

Results and Observations 
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4.1 Distribution of Pathogens                          

Table 1: Percentage distribution of pathogens 

Name of bacterial species Number Percentage 

E.Coli 71 71% 

Salmonella typhi 21 21% 

Acinetobacter sp. 05 05% 

Enterobacter sp. 03 03% 

 Total= 100  

 

 

Figure 5: Percentage distribution of pathogens 

In this study, a total of 100 data of pathogens were included. Among them, E.coli is the most 

common, which is 71%. This means, the maximum number of patients are infected by E.coli. 
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Then, the second most common pathogen is Salmonella typhi which is 21%. After that, 

Acinetobacter sp. (5%) and Enterobacter sp. (3%) are also found.  

 

4.2 Distribution of Pathogens according to age  

               

Table 2:  Pathogens distribution according to age 

Name of bacterial 

species 

Age Total 

0-13 years 14-30 

years 

31-52 years 

E. Coli 17 (22.53%) 38 

(53.52%) 

16 (23.94%) 71 

Salmonella typhi 09 (42.86%) 10 

(47.62%) 

02 (09.52%) 21 

Acinetobacter sp. 05 (100%) 00 

(0.00%) 

00 (0.00%) 05 

Enterobacter sp. 00 (0.00%) 03 00 03 

 

In case of patients infected by E.coli,Salmonella typhi and Enterobacter sp., patients aged (14-

30y) are most in number. Only exception is in patients infected by Acinetobacter sp. where 

child patients who aged (0-13y) are most in number. 
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4.3 Resistance pattern of different classes of antibiotics against 

E.coli 

Table 3: Resistance pattern of different classes of antibiotics against E.coli 

Antibiotic Name Percentage of resistance 

Amoxyclav 76% 

Erythromycin 62% 

Azithromycin 13% 

Nitrofurantoin 08% 

Cefixime 44% 

Ceftazidime 14% 

Ceftriaxone 4% 

Ciprofloxacin Not shown 
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Figure 6: Resistance pattern of different classes of antibiotics against E.coli 

Amoxyclav(76%) is the most resistant antibiotic against E.coli. The second most resistant 

antibiotic is Erythromycin(62%). Followed by Cefixime(44%), Ceftazidime(14%), 

Azithromycin(13%), Nitrofurantoin(8%) and Ceftriaxone(4%). Ciprofloxacin showed no 

resistance towards E.coli. 
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4.4 Resistance pattern of different classes of antibiotics against       

S. typhi 

Table-04: Resistance pattern of different classes of antibiotics against S. typhi 

Antibiotic Name Percentage of resistance 

Amoxyclav 38% 

Erythromycin 95% 

Azithromycin Not shown 

Nitrofurantoin 5% 

Cefixime 43% 

Ceftriaxone Not shown 

Ciprofloxacin 5% 

Metronidazole 52% 

Imipenem Not shown 

Amikacin 52% 

Gentamicin Not shown 
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Figure 7: Resistance pattern of different classes of antibiotics against S. typhi 

Erythromycin(95%) is the most resistant antibiotic against Salmonella typhi. The second most 

resistant antibiotics are Metronidazole(52%) and Amikacin(52%). Followed by 

Cefixime(43%), Amoxyclav(38%), Nitrofurantoin(8%) and Ciprofloxacin(5%). 

Azithromycin, Ceftriaxone, Imipenem and Gentamicin showed no resistance towards S. typhi. 
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4.5 Resistance pattern of different classes of antibiotics against 

Acinetobacter sp. 

Table-05: Resistance pattern of different classes of antibiotics against Acinetobacter sp. 

Antibiotic Name Percentage of resistance 

Ampicillin 20% 

Erythromycin 20% 

Amikacin 60% 

Gentamicin Not shown 

Cefixime 80% 

Ceftriaxone 20% 

Ciprofloxacin Not shown 

Metronidazole 20% 

Imipenem Not shown 
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Figure 8: Resistance pattern of different classes of antibiotics against Acinetobacter sp. 

Cefixime (80%) is the most resistant antibiotic against Acinetobacter sp. The second most 

resistant antibiotic is Amikacin(52%), followed by ampicillin (20%), erythromycin (20%), 

ceftriaxone (20%) and metronidazole (20%). Ciprofloxacin, imipenem and gentamicin showed 

no resistance towards Acinetobacter sp. 
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4.6 Resistance pattern of different classes of antibiotics against 

Enterobacter sp. 

Table 6: Resistance pattern of different classes of antibiotics against Enterobacter sp. 

Antibiotic Name Percentage of resistance 

Ampicillin 67% 

Erythromycin 67% 

Amikacin Not shown 

Gentamicin Not shown 

Cefixime Not shown 

Ceftriaxone Not shown 

Ciprofloxacin 33% 

Metronidazole Not shown 

Imipenem Not shown 
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Figure-09: Resistance pattern of different classes of antibiotics against Enterobacter sp. 

 

Ampicillin (67%) and Erythromycin (67%) are the most resistant antibiotic against 

Enterobacter sp. The second most resistant antibiotic is Ciprofloxacin (33%). amikacin, 

gentamicin, cefixime, ceftriaxone, metronidazole and imipenem showed no resistance towards 

Enterobacter sp. 
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4.7 Resistance pattern of different classes of antibiotics against 

E.coli according to age 

Table-07: Resistance pattern of different classes of antibiotics against E.coli according to age 

Antibiotic Name Age (0-13 

years) 

Age (14-30 years) Age (31-52 

years) 

Amoxyclav 00 38 16 

Erythromycin 12 19 15 

Azithromycin 04 04 01 

Nitrofurantoin 01 04 01 

Cefixime 06 19 07 

Ceftazidime 04 05 01 

Ceftriaxone 03 00 00 

Ciprofloxacin 00 00 00 
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Table 8: Significance difference in resistance pattern of different classes of antibiotics against E.coli 

according to age in percentage 

Antibiotic Name Child 

Age (0-13) 

Adult 

Age (14-52) 

  

Amoxyclav Not shown 76.06%   

Erythromycin 16.90% 47.89%   

Azithromycin 5.63% 7.04%   

Nitrofurantoin 1.41% 7.04%   

Cefixime 8.45% 36.62%   

Ceftazidime 5.63% 8.45%   

Ceftriaxone 4.22% Not shown   

Ciprofloxacin Not shown Not shown  

 

Amoxyclav showed no significant resistance in child patients against E.coli but it showed 

76.06% resistance in adult patients. From table-08, we can observe that almost all antibiotics 

showed maximum resistance in adult patients. This means antibiotics are less susceptible to 

E.coli in child patients. Ceftriaxone showed no significant resistance against E.coli in adult 

patients but it showed 4.22% resistance against E.coli in child patients. Ciprofloxacin didn’t 

show any significant resistance in both child and adult patients. 
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4.8 Resistance pattern of different classes of antibiotics against       

S. typhi according to age 

Table-09: Resistance pattern of different classes of antibiotics against S. typhi according to age 

Antibiotic Name Age (0-13) Age (14-30) Age (31-52) 

Amoxyclav 00 06 02 

Erythromycin 09 09 02 

Azithromycin 00 00 00 

Nitrofurantoin 01 00 00 

Cefixime 07 02 00 

Ceftriaxone 00 00 00 

Ciprofloxacin 01 00 00 

Metronidazole 07 04 00 

Imipenem 00 00 00 

Amikacin 08 03 00 

Gentamicin 00 00 00 
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Table-10: Significance difference in resistance pattern of different classes of antibiotics against S.typhi 

according to age in percentage 

Antibiotic Name Child 

Age (0-13) 

Adult 

Age (14-52) 

Amoxyclav Not shown 38.10% 

Erythromycin 42.86% 52.38% 

Azithromycin Not shown Not shown 

Nitrofurantoin 4.76% Not shown 

Cefixime 33.33% 9.52% 

Ceftriaxone Not shown Not shown 

Ciprofloxacin 4.76% Not shown 

Metronidazole 33.33% 19.05% 

Imipenem Not shown Not shown 

Amikacin 38.10% 14.29% 

Gentamicin Not shown Not shown 

Azithromycin,Ceftriaxone,Imipenem and Gentamicin showed no significant resistance 

towards S. typhi in both child and adult patients. Erythromycin showed maximum resistance 

(52.38%) towards S. typhi in adult patients. Other antibiotics such as Amikacin (38.10%), 

Cefixime (33.33%), Metronidazole (33.33%), Nitrofurantoin (4.76%) and Ciprofloxacin 

(4.76%) also showed significant resistance towards S. typhi in child patients. That means 

children are getting more prone to antibiotic resistance against S. typhi. Lastly, Amoxyclav 
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showed no significant resistance in child patients whereas it showed 38.10% resistance in Adult 

patients. 

 

4.9 Resistance pattern of different classes of antibiotics against 

Acinetobacter sp. according to age 

Table-11: Resistance pattern of different classes of antibiotics against Acinetobacter sp. According to age 

Antibiotic Name Age (0-13) Age (14-30) Age (31-52) 

Ampicillin 01 00 00 

Erythromycin 04 00 00 

Amikacin 03 00 00 

Gentamicin 00 00 00 

Cefixime 04 00 00 

Ceftriaxone 01 00 00 

Ciprofloxacin 00 00 00 

Metronidazole 04 00 00 

Imipenem 00 00 00 
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Table-12: Significance difference in resistance pattern of different classes of antibiotics against 

Acinetobacter sp. according to age in percentage 

Antibiotic Name Child 

Age (0-13) 

Adult 

Age (14-52) 

Ampicillin 20% 0% 

Erythromycin 80% 0% 

Amikacin 60% 0% 

Gentamicin 0% 0% 

Cefixime 80% 0% 

Ceftriaxone 20% 0% 

Ciprofloxacin 0% 0% 

Metronidazole 80% 0% 

Imipenem 0% 0% 

 

No antibiotic showed any significant resistance towards Acinetobacter sp. in adult patients but 

almost all antibiotics showed significant resistance in child patients. Among them, 

Erythromycin, Cefixime and Metronidazole showed maximum resistance (80%) towards 

Acinetobacter sp. Amikacin showed 60% resistance. Ampicillin and Ceftriaxone showed 20% 

resistance. Gentamicin, Ciprofloxacin and Imipenem showed no resistance towards 

Acinetobacter sp. in child patients. 
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4.10 Resistance pattern of different classes of antibiotics against 

Enterobacter sp. According to age 

Table-13: Resistance pattern of different classes of antibiotics against Enterobacter sp. According to age 

Antibiotic Name Age (0-13) Age (14-30) Age (31-52) 

Ampicillin 00 02 00 

Erythromycin 00 02 00 

Amikacin 00 00 00 

Gentamicin 00 00 00 

Cefixime 00 00 00 

Ceftriaxone 00 00 00 

Ciprofloxacin 00 01 00 

Metronidazole 00 00 00 

Imipenem 00 00 00 
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Table-14: Significance difference in resistance pattern of different classes of antibiotics against Enterobacter 

sp. according to age in percentage 

Antibiotic Name Child 

Age (0-13) 

Adult 

Age (14-52) 

Ampicillin 0% 66.67% 

Erythromycin 0% 66.67% 

Amikacin 0% 0% 

Gentamicin 0% 0% 

Cefixime 0% 0% 

Ceftriaxone 0% 0% 

Ciprofloxacin 0% 33.33% 

Metronidazole 0% 0% 

Imipenem 0% 0% 

 

No antibiotics showed any significant resistance towards Enterobacter sp. in child patients. 

Among them, Amikacin, Gentamicin, Cefixime, Ceftriaxone, Metronidazole and Imipenem 

showed no significant resistance in both child and adult patients. Both Ampicillin and 

Erythromycin showed 66.67 % resistance towards Enterobacter sp. in adult patients. Lastly, 

Ciprofloxacin showed 33.33% resistance towards Enterobacter sp. in adult patients. 
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We observed that maximum patients are susceptible to E.coli. In table 4.1, we can see that 71 

patients among 100 isolates are susceptible to E.coli which is the highest. About 21 patients 

among the rest are susceptible to Salmonella typhi which is the second highest. That means 

these two microorganisms are now top leading resistance causing pathogens nowadays (Akter 

et al., 2020 & Polash et al., 2021). From table 4.2, we can observe that adult patients are most 

infected by E.coli,Salmonella typhi and Enterobacter sp. Child patients are less susceptible 

towards these pathogens. Child patients are mostly infected by Acinetobacter sp. If we 

thoroughly observe the resistance pattern of different classes of antibiotics, we can observe that 

Amoxyclav, Erythromycin, cefixime and amikacin are the top leading antibiotics that have 

showed significant resistance towards E.coli, S. typhi and Enterobacter sp. One reason behind 

this can be these antibiotics are very common and easily available. As a result, irrational and 

misuse of antibiotics can lead to antibiotic resistance. Amoxyclav showed significant resistance 

in adult patients rather than child patients (from table-10). The reasons behind this can be 

people’s food habits, misuse and overuse of antibiotics, lack of proper knowledge, irrational 

use of antibiotics by health care providers and over the counter sales of antibiotics. Maximum 

patients want symptomatic relief. As soon as they get relief from these symptoms, they stop 

taking antibiotics and do not complete the dosage. This can be another reason why adult 

patients are more susceptible to antibiotic resistance compared to child patients. Another 

finding is that both child and adult patients are becoming more Erythromycin resistant towards 

pathogens (from table- 08, 10, 12, 14). This is also a matter to be concerned about. If no 

awareness is made as soon as possible and left uncontrolled, this resistance rate will increase 

and will be impossible to cure in near future. So, this is high time awareness is made and 

necessary steps should be taken before antibiotic resistance becomes incurable. 
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In this study it is found that E.coli is the most prevalent pathogen responsible for antibiotic 

resistance (Akter et al., 2020 & Polash et al., 2021). Amoxyclav shows more resistance towards 

pathogenic bacteria in adult patients compared to child patients. Moreover, Erythromycin has 

shown significant resistance in both child and adult patients towards E.coli, S. typhi, 

Acinetobacter sp. and Enterobacter sp. This is also an alarming issue. The reasons behind 

increased antibiotic resistance rate in Bangladesh can be people’s food habits, misuse and 

overuse of antibiotics, lack of proper knowledge, lack of awareness, irrational use of antibiotics 

by health care providers, over the counter sales of antibiotics and easy availability of antibiotics 

etc (Cars & Nordberg, 2005). It is high time awareness is made and necessary steps should be 

taken before antibiotic resistance becomes incurable. 
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