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Abstract The present study aims to explore the crisis of antibiotic resistance and discover more

about the current challenges related to self-medication. The current challenges related to antibiotic

resistance are unique and differ from the challenges of the past since new bacterial pathogens are

involved and continue to evolve. Strains with resistance to multiple antibiotic classes have emerged

which the discovery of new antibiotics has failed to match. The consequences of antibiotic resistance

are grave with mortality and morbidity continually on the rise. This paper also highlights the pos-

sible interventions that can be effective at the micro or individual level in the prevention of devel-

opment of antibiotic resistance.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Poor infection control practices, negligent antibiotic use and
the consistent dismissal of warnings against overuse of antibi-

otics often result in a condition where the body becomes more
vulnerable to diseases and then treatment becomes difficult as
the pathogens develop immunity against the antibiotic drugs

that are administered more often than required (Gould and
Bal, 2013; Wright, 2014; Sengupta et al., 2013). The Centers
for Disease Control and Prevention (CDC) has classified a
number of bacteria for developing multidrug resistance over-

time against antibiotic drugs as a result of which an individual
is exposed to greater risk of infection and a lack of treatment
options make the recovery process difficult and dangerous

(CDC, 2013). These antibiotic resistant bacteria can spread
to humans or animals (Fig. 1). Some common antibiotic resis-
tant pathogens are Meticillin-Resistant Staphylococcus aureus

(MRSA), Glycopeptide-Resistant S. aureus, Toxin Hyperpro-
ducing Clostridium difficile, Extended-Spectrum b-lactamase-
and carbapenemase-producing coliforms. Such antibiotic resis-

tant pathogens are homogeneous, have increased virulence,
and may spread even within the confines of a hospital or the
community and prove to be a grave threat to health. There
Figure 1 Development and spread
is an urgent need of discovering newer antibiotics to combat
the drug-resistant pathogens and to reduce the mortality asso-
ciated with drug resistance (Gould and Bal, 2013; Spellberg
and Gilbert, 2014). This need can be fulfilled through collabo-

rative research work at the international level and by spreading
more awareness among the general population about self-
medication and the side effects of antibiotic overuse. For

instance, a dramatic decrease in the number of cases related
to MRSA and C. difficile infections were recorded in England
as a result of coordinated efforts at the international level

(French, 2010).
Bacterial resistance is so widespread and fatally dangerous

that it has become a worldwide problem that presents thera-

peutic dilemmas to physicians from all regions. The ignorance
of common people on such a vital subject and a lack of an
alternative to these antibiotic treatments has turned it into a
global crisis. Resistance against antibiotic drugs is an ecologi-

cal phenomenon that results from the bacterial reaction that
stems from the irrational overuse of antibiotic drugs (Nathan
and Cars, 2014; French, 2010; Read and Woods, 2014). Self-

medication is the most common reason for the development
of human pathogen resistance to antibiotic drugs (Michael
et al., 2014). Rampant irrational antibiotic use and ignorance
of antibiotic resistant bacteria.
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of people about the complete knowledge of the course of
antibiotics, their side effects, standard acceptable dosage lim-
its, and antibiotic overdose issues are the potential reasons

for inappropriate or incorrect treatment or even missed diag-
nosis and in most cases can lead to microbial resistance issues
and increased morbidity (Michael et al., 2014). Antibiotic

overdose can also cause some other health threats such as skin
problems, severe allergies, hypersensitivity etc. Improved
knowledge and more awareness among the non-medical popu-

lation about allopathic drugs, especially an understanding of
the usage of antibiotics can help in limiting the microbial resis-
tance issues globally (Bennadi, 2014).
2. Crisis of antibiotic resistance

There have been various reports published about the potential

risks of antibiotic resistance in pathogens, for some time now.
However, the current situation is dangerous as the present
antibiotic-resistance crisis is different from the ones that have
occurred in the past. Recent studies reveal that several differ-

ent microbials are involved in antibiotic resistance and the
available medicines to treat these new infections are limited.
It is also important to note that there have not been many

new discoveries of antibiotics to combat the antibiotic resistant
pathogens (Piddock, 2012; Bartlett et al., 2013). One of the rea-
sons could be that investment in the development of new

antibiotics is no longer a wise investment for the pharmaceuti-
cal industries, compared to drugs for chronic diseases (Golkar
et al., 2014; Gould and Bal, 2013; Wright, 2014; Piddock, 2012;
Bartlett et al., 2013). The rise in antibiotic resistant bacteria is

causing greater morbidity and higher mortality rates all over
the world. An example of this can be observed among the chil-
dren suffering from meningitis who may incur neurologic dam-

age as the first line of antibiotic therapy is not of much
consequence. An infection that involves antibiotic resistant
microbial agents can slow down the recovery process and

induce greater medical expenses (Murray, 1994).
Antibiotic resistance has turned into a severe global health

crisis and yet people are not completely aware of the threat it

poses at the individual level as well as the community level.
Each year, in a developed country such as the Unites States,
thousands of people are hospitalized with problems involving
antibiotic resistant microbial infections out of which an esti-

mated 23,000 patients die because of the lack of treatment
options available for such patients and the complicated and
fatal symptoms that these drug resistant microbials cause, that

are difficult to diagnose. In the United States, alone, the direct
healthcare expenditure involving the treatment of antibiotic
resistant infections is about $20 billion a year (CDC, 2013).

The costs are comparatively high in the developing countries
where the healthcare system is not as advanced and the econo-
mies are not as powerful. In India, it is estimated that more
than 58,000 infants died in the year 2013 as a result of antibi-

otic resistant bacteria infections, and over 40% of the world’s
antibiotics are produced in India (Laxminarayan et al., 2013).
The researchers and doctors from all over the world agree

upon the severity of this crisis; however, the causes and solu-
tions to antibiotic misuse are complicated. Many developing
countries have poor antibiotic dispensing laws. Moreover,

the provider and patient roles and contributions are inter-
twined in several cases that give rise to a need to understand
different motivating factors in different populations, in a better
way to solve this ever growing health issue (Barker et al.,
2016).

A cause that is identified internationally as the most com-
mon and obvious contributing factor of antibiotic resistant
pathogens is self-medication. The taking of medicines on one’s

own initiative or on another person’s suggestion who is not a
certified medical professional is termed as Self-medication.
The most common and primary reason for people to start

using medicines without professional help are advertisements
on television, radio and print media in addition to advice from
friends and family. People seem to have the innate desire to
play an informed and self-sufficient role and demonstrate their

independence by managing and treating their own illnesses.
Another primary reason for people to indulge in self-
medication is the expensive healthcare system. Some people

are not economically strong and cannot afford to pay the con-
sultation fees of the doctors. While some others think that
going to a doctor’s clinic or to the hospital is too much of a

hassle and must be avoided if the disease is not of a serious
nature. Some governments in the developing countries are also
encouraging people to try to treat minor health problems on

their own to reduce the cost of treatment and to save the coun-
try’s limited economic resources and manpower (Nathan and
Cars, 2014).

Wastage of economic resources and serious health hazards

including prolonged illnesses and adverse reactions are few of
the many problems that are related to self-medication. Anti-
microbial resistance is a major crisis all over the world, espe-

cially in developing countries where antibiotics are sold as over
the counter (OTC) medications. To combat this global crisis it
is mandatory that the national governments show interest in

this issue and formulate proper healthcare policies to combat
the problem and regulate responsible self-medication. The gen-
eral population should also be educated about the use, advan-

tages and disadvantages of the common antibiotic drugs that
are used most often. Antibiotics and other prescription medi-
cine packages should have proper instructions about their
usage and side effects so that people can be educated about

the harmful effects of their overuse (Bennadi, 2014;
Berendonk et al., 2015).

A trend that has become a common practice in some coun-

tries is ‘Rx-to-OTC’ switch where prescription medicines are
given OTC status after a definite period of time. This switch
usually happens after accumulating information about the

use of the medicine, experience of different patients, and on
the basis of some other scientific information. However, this
is a dangerous switch as it encourages people to use potentially
harmful drugs without any professional help, and correct

knowledge for long periods of time (Piddock et al., 2016).
Recently, screening of 3537 articles published from Europe,

Asia, and North America, were roughly 55,225 people partic-

ipated to help researchers systematically assess quantitative
and qualitative public beliefs and knowledge about antibiotic
resistance (McCullough et al., 2016). It was seen that about

70% of the participants had heard about antibiotic resistance
in the past, 88% of the participants believed that it referred
to some sort of physical changes in the body while the rest

of them believed that excessive use of antibiotics and not com-
pleting antibiotic courses led to the resistance problem
(McCullough et al., 2016). A shocking 84% suggested that
antibiotic resistance could be reduced by limiting the use of
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antibiotics and seeking help from a clinician (McCullough
et al., 2016). The qualitative data indicate that people consid-
ered the emerging antibiotic resistance crisis development as

the consequence of other people’s actions and suggested that
clinicians should find a remedy to this growing crisis. The
researchers concluded that the public is not fully aware of what

exactly the antibiotic resistance crisis entails and have an
incomplete knowledge about antibiotic use. The results of this
study clearly indicate that the public needs to be updated on

the antibiotic resistance crisis and the safe use of antibiotic
drugs (McCullough et al., 2016).
3. Current challenges of antibiotics resistance

The infections related to antibiotic resistant pathogens gener-
ally occur in hospitals as highly vulnerable patients are clus-

tered together and there is a high use of antibiotics in such
settings along with invasive procedures. Data suggest that as
many as 50,000 Americas died in the year 2006 alone, due to
two common antibacterial-resistant pathogen infections, sepsis

and pneumonia and it cost the U.S government around $8 bil-
lion (Ventola, 2015).

A trend of indulging in self-medication has also been

noticed among the educated population of some developing
countries such as India (Verma et al., 2010; Shveta and
Jagmohan, 2011). In a study that was conducted to evaluate

this trend, a surprising 73% of the population of Punjab (a
state in India) resorted to self-medication for the treatment
of minor health problems to chronic and recurrent illnesses
(Joshi and Shalini, 2011; Sharma et al., 2005; Phalke et al.,

2006). These reports suggest that even after the diagnosis of
a chronic ailment, patients seek only occasional professional
advice, and consider them competent to manage and maintain

their own health. Apart from the frequent use of antibiotics, a
large part of the population is estimated to be using drugs such
as histamine H2-receptor blocker, topical corticosteroid, anti-

fungal, and oral contraceptive without taking advice from clin-
icians. This trend demonstrates a lack of understanding,
knowledge about the use of antibiotics, and other drugs to

escape the inconvenience of visiting the doctor (Barker et al.,
2016).

Recent studies suggest that self-medication is especially
prevalent in economically deprived communities. In many

developing countries the health care facilities do not meet the
standard benchmark and are even quite expensive, making
self-medication an easy and necessary medical choice. Another

factor that contributes to the promotion of self-medication in
developing countries is the availability of prescription drugs as
OTC medicines and can be easily purchased from any pharma-

ceutical store. Moreover, lax medical regulations lead to a pro-
liferation of counter free drugs that are available for the
treatment and management of prevalent diseases (Bennadi,
2014).

The biggest challenge for the healthcare sector is to educate
people about antibiotics, its side effects, and to encourage
them to stop the misuse of antibiotics. The lack of knowledge

about self-medication is the prime reason for mass scale antibi-
otic resistance tragedy. To curb it from emerging as an even
bigger global crisis it is important to educate people about

the emergence of antibiotic resistance in bacterial pathogens
and the limited treatment options available for infections
related to drug resistance. Antibiotic resistance crisis is not just
a concern related to the health care industry, but the emerging
crisis if not controlled can be potentially harmful to a coun-

try’s economic growth as well (Woolhouse et al., 2016).
Another important challenge that the pharmaceutical

industry needs to overcome is a lack of new drug development

to treat bacterial infections. The efficacy of currently available
antibiotic drugs is in grave danger as the resistance crisis is
growing and bacterial infections are on the verge of becoming

fatal again. Stringent regulatory requirements and a lack of
monetary incentives for research are two major reasons why
there has not been any new discovery of drugs to treat life-
threatening bacterial infections (Ventola, 2015).

4. Prevention of antibiotic resistance

If resistance gene frequency is decreased at the local level and
antibiotic use is regulated, it can prevent the global antibiotic
crisis from growing even bigger (Littmann et al., 2015). Incom-
plete knowledge and misperceptions about the use of antibiotic

and the subsequent consequences of its misuse must be high-
lighted to successfully tackle the issue (McCullough et al.,
2016). Health professionals can play a vital role in prevention

by educating people about the potential risks of antibiotic use
as people are more likely to trust and consider their therapeutic
advice and medical knowledge. When a patient is diagnosed

with an infection that needs to be treated with antibiotic drugs,
the medical professional should provide proper instructions on
its usage such as dose, frequency of dose, treatment course and
the harmful effects of its misuse. Lack of compliance to the

antibiotic treatment course and improper self-medication are
major reasons for the increase in drug-induced diseases and
development of antibiotic resistance crisis. (Bennadi, 2014).

Health professionals should also educate their patients and
caregivers about the psychological factors that can assist them
in enhancing the adherence to medication such as enhancing

motivation, patient education, formulating health goals and
increasing social support.

5. Future prospects

Research studies and popular mass media articles have raised
alarm about the crisis of antibiotic resistance time and again.

Researchers have expressed concern over the increase in the
number of patients who are developing untreatable invasive
infections due to multidrug-resistant bacteria (MDR) each
year, and the increase in the mortality rate resulting from such

conditions. It is therefore important to highlight that there is
an imminent need to develop new antibiotics since there has
been an increase in pan-drug-resistant bacteria worldwide

which is a dangerous crisis leading to millions of death
worldwide.

However, there is another side to this debate since the level

of resistance to some classes of antibiotics of the MDR pheno-
type has been found to be consistently stable and relatively low
over the years and some options are available for older antibi-

otics. The death rates that can be attributed to MDR bacteria
are controversial since all cases are not reported and mortality
is high due to non-MDR infections as well. Some experts assert
that the currently available antibiotics are sufficient for tack-

ling the menace of emerging bacterial resistance if the disease
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is managed on a non-profit basis and as per international
regulations.

6. Conclusion

The fast emerging antibiotic resistance crisis threatens the
extraordinary health benefits that have been achieved through

antibiotic medication. The pharmaceutical companies are fail-
ing to address the challenge with the discovery of new drugs to
treat microbial infections, while the antibiotics continue to be

overused and misused throughout the world, turning the
antibiotic resistance problem into a global health crisis. This
crisis is not only a health threat and a grave challenge for

the pharmaceutical and the healthcare industry, but also an
economic burden for both developed and developing econo-
mies (Ventola, 2015). A major reason responsible for antibiotic

resistance crisis is over dosage and self-medication. Factors
such as limited health education, poverty and inadequate
access to a doctor are the determinant cause for people to seek
advice from a local pharmacist or to indulge in self-medication

instead of taking advice from a certified medical professional
(Piddock et al., 2016). The government needs to implement
new policies to tackle this issue. There is a need for more col-

laborative research efforts to manage the crisis. The general
public’s involvement as an active contributor to antibiotic
resistance crisis needs to be solved through proper awareness

initiatives. The cries for progress in new drug development in
this area should not be ignored (Ventola, 2015).
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