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ABSTRACT 

Objective: The present review targets to shed light on the crisis of developing the 

antibiotic resistance and specify the contemporary challenges associated with the 

misuse of the antibiotics. 

Methods: The present challenges correlated to the development of the antibiotic 

resistance are distinctive and vary from the previous challenges because novel 

bacterial strains are continuously emerging and persist to evolve. Additionally, 

bacterial strains resistant to various antibiotic classes have arisen for which the use 

of recent antibiotics have not been reviewed thoroughly.  

Results: The outcomes of antibiotic resistance are serious with morbidity and 

mortality incessantly on the rise. This review also underlines the feasible 

interventions that can be effective at the individual or micro level, as well as at the 

national or macro level in the prevention of antibiotic resistance.  

Conclusion: To conclude, the rapid emergence of antibiotic-resistant bacteria 

threatens the astonishing health gains that have been attained since the invention of 

the antibiotic medications. 

Keywords: Antibiotics Resistance, Self-medication, Antimicrobial Resistance, 

Antimicrobial Stewardship. 
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 سوء استخدام المضادات الحيوية وتطور المقاومة البكتيرية: هل نحن نخسر المعركة؟ 

 بحث مرجعي 

 الخالصة

المضادات الحيوية  تهدف المراجعة الحالية إلى تسليط الضوء على أزمة تطوير مقاومة الغاية من الدراسة: 

 بسوء استخدام المضادات الحيوية  وتحديد التحديات المعاصرة المرتبطة

إن التحديات الحالية المرتبطة بتطور مقاومة المضادات الحيوية مميزة وتختلف عن تحديات طريقة العمل: 

نشأت سالالت  فقد  الى ذلك باإلضافة .التطورألن هنالك انواع بكتيرية جديدة متورطة وتستمر في  السابقة،

 بكتيرية مقاومة لمختلف فئات المضادات الحيوية والتي فشل اختراع المضادات الحيوية الحديثة في معالجتها.  

نتائج مقاومة المضادات الحيوية خطيرة مع ارتفاع معدالت االعتالل والوفيات بشكل مستمر. تؤكد  النتائج:

وكذلك   الجزئي،تي يمكن أن تكون فعالة على المستوى الفردي أو  هذه المراجعة أيًضا على التدخالت الممكنة ال

 .في منع تقدم مقاومة المضادات الحيوية الشموليعلى المستوى الوطني أو 

 المدهشة   الصحية   المكاسب   يهدد   الحيوية  للمضادات   المقاومة  للبكتيريا  السريع  الظهور  نستخلص ان  الخالصه:  

 . الحيوية للمضادات  المضادة األدوية اختراع منذ  تحقيقها  تم التي

مقاومة المضادات الحيوية، التطبيب الذاتي، مقاومة مضادات الميكروبات، إدارة المضادات   الكلمات المفتاحية:

 الحيوية 

 

   

rior to the invention of penicillin 

by Sir Alexander Fleming, in 

1928, bacterial infections were the 

main cause of death in human. Before 

the penicillin time, a minor wound 

infection could develop into a fatal 

severe bacterial infection. (1) The 

humanity lost hundreds of thousands 

of lives due to bacterial infection 

during World War I. However, the 

story changed radically with the 

invention of penicillin, which was 

called the magical shot or wonder drug 

at that time, and the subsequent 

invention of the rest of the antibiotics. 

For example, the mortality rate due to 

lower extremities wounds plummeted 

from 7.7 percent during World War I 

to around two percent during World 

War II, in part as a result of using 

penicillin.1 Nevertheless, the positive 

impact of penicillin on suppressing the 

P 



3 
 

spread of the bacteria infections did 

not last long due to the rapid 

appearance of bacterial resistance 

against the known antibiotics.2  

In the beginning, antimicrobial 

resistance occurs when 

microorganisms such as fungi, 

parasites, viruses, and bacteria develop 

immunity against the commonly 

utilized antimicrobial medications 

such as antifungal, anthelmintic, 

antiviral, and the antibiotic 

medications. Therefore, antibiotic 

resistance can be described as the 

capability of bacteria to flourish and 

multiply even in the presence of 

medications that are considered to 

have the capacity to kill the bacteria, or 

at least, halt the reproduction of the 

bacteria.3 

Infections by a variety of resistant 

microbial infections such as bacterial, 

viral, or fungal are have an intimate 

hazard to the human life and 

wellbeing.2  Yet, at this time, the 

antibiotic-resistant bacteria are 

perceived to be the biggest challenge 

due to the extremely high mortality 

rate imposed by the antibiotic-resistant 

infections, and the subsequent health 

and economic burden.3 As the 

antibiotic medications lose their 

therapeutic efficacy, the anti-bacterial 

resistant infections are expected to 

spread more fiercely within the various 

communities and the risk of death, 

from what is currently labeled as a 

minor bacterial infection, will become 

extremely elevated. The treatment 

protocols for the multidrug-resistant-

bacterial infections includes 

hospitalization for long periods and the 

use of the latest generations of the 

broad-spectrum antibiotics—which 

are many folds more expensive than 

the traditional antibiotics, and are 

usually associated with more side 

effects.2 Therefore, the specialized 

clinicians believe that the 

dissemination of antibiotic-resistant 

bacterial infections in a certain 

community will enormously impact 

the economy and the health facilities in 
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that country 4& 5 For instance, the 

additional healthcare expenses due 

resistant bacterial infections are more 

than 20 billion USD in the US, 

whereas the additional healthcare 

expenses within the EU countries is 

expected to be more than 1.6 € billion 

6-8. Therefore, this review article will 

principally be focused on the influence 

of antibiotic misuse in the 

development of antibiotic-resistant 

bacterial infections and its negative 

impacts on the health of the general 

public.  

The “American Centers for Disease 

Control and Prevention” (CDC), in 

2013,  published its first report 

concerning the hazards of antibiotic-

resistant bacterial infections in the 

United States (U.S.), which involved a 

synopsis of the economic and health 

burdens of the most important 

antibiotic-resistant bacteria such as 

Methicillin-Resistant Staphylococcus 

Aureus (MRSA ), Escherichia coli, 

Clostridium difficile, and 

Carbapenem-Resistant Acinetobacter. 

The approximate estimates for the 

CDC’s 2013 report showed that no less 

than two million Americans acquired 

antibiotic-resistant bacterial 

infections, and no less than 23,000 

annually reported deaths due to 

antibiotic-resistant bacterial 

infections.9 The intimate danger was 

sensed more intensely, in 2019, when 

the “American Centers for Disease 

Control and Prevention” (CDC) 

released its second report on the 

hazards of antibiotic-resistant bacterial 

infections in the United States (U.S.). 

As stated by the 2nd CDC’s report, the 

yearly incidents of the antibiotic-

resistant bacterial infections in the 

U.S. magnified by more than 35 %, 

from 2 million in 2013 to 2.8 million. 

Whereas, the number of deaths 

elevated by 12 thousand cases.3 

In addition to the warnings of the CDC 

and the European Center for Disease 

Prevention, the World Health 

Organization (WHO) has shown in 
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many occasions that there is compiling 

evidence of constant increase in the 

numbers of bacterial infections that are 

resistant to the currently available 

antibiotics. Each of these specialized 

agencies has demonstrated, beyond 

any doubt, that bacterial resistance to 

antibiotics is a tangible risk to human 

health. Indeed, the World Health 

Organization (WHO) has predicted 

that, by 2050, 10,000,000 people will 

die, annually, due to the development 

of bacterial resistance to the 

commercially available antibiotics 10-

13. To make matters even worse, the 

number of invented antibiotics in the 

last two decades is the lowest since the 

invention of penicillin in the first 

quarter of the last    

century. Consequently, this leaves the 

healthcare professionals with very 

limited options if we considered the 

treatment of patients with resistant 

bacterial infections. 

In Iraq, the exceptional circumstances 

that the country has experienced over 

the past four decades have greatly 

affected the absence of accurate 

studies assessing the extent of misuse 

of antibiotics and the prevalence of 

bacteria resistant to antibiotics. If we 

take into consideration the low extent 

of authorian monitory in various life 

aspects—including that related to the 

restriction of dispensing the antibiotics 

without prescription. Therefore, we 

could assume that the apparent part of 

the problem of resistant bacteria in Iraq 

is only the tip of the iceberg. For 

instance, in the city of Mosul, the 

Médecins Sans Frontières (MSF) 

stated that more than 90 % of the 

patients who were admitted to one of 

its centers, due to bacterial infections, 

were found to be suffering from 

infection due to a multidrug-resistant 

microorganism(s).14 

One of the main reasons for the 

emergence of bacterial strains resistant 

to the commercially available 

antibiotics is the unjustified use of 
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antibiotics and self-medication with 

antibiotics (SMA).(15 With regard to 

the unjustified use of antibiotics, many 

doctors tend to over-prescribe the 

antibiotics without a valid medical 

reason but rather in response to the 

patient demand. 16Additionally, the 

lack of adherence to the Iraqi Law of 

Pharmacy Practice of 1970 and the 

dispensing of the antibiotics to the 

layman without a prescription 

magnifies the abuse of antibiotics, and 

accelerates the emergence of 

antibiotic-resistant bacteria. 17 On the 

other side of the equation, the public 

has a great role to play in the 

emergence of resistant bacteria by not 

adhering to the instructions of the 

physician and pharmacist regarding 

the method of taking antibiotics 

correctly. For instance, many patients 

do not adhere to the specified period of 

antibiotic treatment, and usually stop 

taking the antibiotic as soon as they 

feel better. In addition, another group 

of the patients do not adhere to the 

proper number of times it is necessary 

to take the antibiotic per day, or it may 

replace the antibiotic after only two or 

three days because they feel their 

health condition does not improve 

rapidly. 18 To sum up, the main causes 

for the development of the bacterial 

resistance are attributed to several 

factors and as shown below
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After the discussion of the negative 

consequences of the ability of bacteria 

to develop resistance against the 

commercially available antibiotics, 

and the subsequent negative effects on 

the health and economy. Along with 

the most important reasons for 

accelerating the emergence of resistant 

bacteria. Let us now summarize the 

most important measures to be 

followed, both at the national and 

personal levels, to reduce the 

emergence and spread of antibiotic-

resistant bacteria, as shown below: 

 

A- At the national level: 

• Implementation of an “Antibiotic 

Stewardship Program” to monitor 

antibiotic prescription the by doctors. In 

addition,  implementing training 

courses for the healthcare providers 

concerning the rational use of 

antibiotics. 19  

• The excessive clinical use, and the irrational prescribing of the antibiotics 

by the physicians. 

 

• The practice of self-medication among the patients suffering from 

general symptoms such as fever or cough.  

 

 

• The poor compliance of the patients with the instructions of the 

prescribing doctors and the dispensing pharmacist. 

 

• The Iraqi pharmaceutical market is not free from counterfeit and poor-

quality antibiotics. 
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• Activating the Iraqi Law of Pharmacy 

Practice for 1970, especially the aspect 

that is related to the prohibition of 

dispensing the antibiotics without a 

prescription. 

• Spreading health awareness among 

community. This is can be achieved via 

conducting awareness campaigns, for 

example by the Iraqi Ministry of 

Health, about the dangers of practicing 

the self-medication with the antibiotics 

and the possible consequences of 

accelerating the emergence of resistant 

bacterial strains.  

• Appropriate hospital infection control 

may minimize the spread of nosocomial 

antibiotic-resistant bacteria. 

 

B- At the Personal level: 

• Adhere to the advice of your doctor and 

pharmacist regarding the use of 

antibiotics. 

• Do not use antibiotics without a proper 

prescription to avoid the emergence of 

resistant bacterial strains. 

• Maintain the sanitation and personal 

hygiene, such as ensuring regular hand-

washing with soap to reduce the spread 

of the antibiotic-resistant bacteria. 

 

Conclusion   

To conclude, the rapid emergence of 

antibiotic-resistant bacteria threatens 

the astonishing health gains that have 

been attained since the invention of the 

antibiotic medications. From one side, 

the number of newly invented 

antibiotics over the last 20 years is very 

limited and did not cope with big 

challenge rapid emergence of 

antibiotic-resistant bacteria. On the 

other hand, the misuse and the overuse 

of antibiotics, world-widely, is 

transforming the antibiotic-resistant 

bacteria into a global health crisis. The 

government have to implement new-

fangled policies to confront this 

crisis—particularly, the antibiotic 

stewardship program. The general 

public's contribution as an involved 

participant to the development of the 
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antibiotic-resistance crisis needs to be 

solved via appropriate awareness 

projects about this extremely 

important public health problem.  
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