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INTRODUCTION

Antibiotics can be referred to as substances that
have the ability to inhibit bacterial growth and rep-
lication. Not only are the bacteria harmful to the
human body, but their destruction is the target of
antibiotics. The rest, fungi and viruses are treated
with antifungals and antivirals (1).

The introduction of antibiotics into medical use
has revolutionized the treatment of infectious
pathologies. The beginning of the antibiotic era is
linked to two names: Alexander Fleming and Paul
Ehrlich. Between 1945 and 1972, life expectancy
increased, on average, 8 years after the introduction
of antibiotic treatment in infections that until then
were considered life-threatening. The discovery of
antibiotics was considered a great achievement for
that period, by their effect of destroying the bacte-
ria without affecting the host organism. Fleming
was the first to mention penicillin resistance when
used in small quantities and for a short time (2).

Antibiotics, whether cytotoxic or cytostatic to
microorganisms, allow the human body to trigger
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and unleash its natural defense mechanisms, such
as activating the immune system and eliminating
the causative factor. They usually act by inhibiting
protein synthesis, deoxyribonucleic acid, ribonu-
cleic acid or by the action of an agent on the bacte-
rial membrane (3).

Millions of tons of antibiotics have been pro-
duced in the last 6 decades, and the increased need
for their use has led, due to their irresponsible use,
to the emergence of drug resistance, which is a real
problem today. The causes of the emergence of the
global resistance to antibiotics are represented by
the overcrowding of the planet, the global migra-
tion, the increase of the use of antibiotics in the
food industry, the poor hygiene but also a deficient
health system. With the improvement of technolo-
gy, more and more people are now informed about
the negative effects of antibiotic-resistant germs
and have taken proactive measures to improve the
problem by moderately using these drugs. Until a
few years ago, antibiotics could be bought without
a prescription, being the predominant factor impli-
cated in the occurrence of this phenomenon (4,5).
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MECHANISM OF ANTIBIOTIC RESISTANCE

Antibiotic resistance develops when that drug
loses its ability to inhibit bacterial growth effective-
ly, thus making the bacteria “resistant” and continu-
ing cell multiplication, thus requiring higher doses
of antibiotic than the maximum recommended value
to have the desired effect. The occurrence of this
phenomenon may be the result of a natural selection
process whereby certain bacteria have a lower or
higher degree of resistance to certain drugs. These
microorganisms have developed certain mechanisms
to withstand the antimicrobial effect of antibiotics.
Normally, most antibiotics are produced by sapro-
phytic bacteria or fungi, few of which are complete-
ly synthetic such as fluoroquinolones or sulfona-
mides. Therefore, these microorganisms have
developed defensive mechanisms as alterations of
the target mechanism, inhibition of the penetration
or distribution of the antibiotic at the target organism
or the production of enzymes that play a role in in-
hibiting the antimicrobial effect of antibiotics (6,7).
The main cause of this phenomenon is the excessive
use of antibiotics, which have the role of destroying
the bacteria sensitive to the substance, but also of
multiplying resistant bacteria. Even if overuse of an-
tibiotics is discouraged, they are one of the over-the-
counter classes of drugs (6) (e.g.: Fig. 1).

FIGURE 1. Causes of the phenomenon of antibiotic
resistance

Thus, a study in Thailand showed that the admin-
istration of ampicillin and tetracycline in the treat-
ment of non-holistic infectious diarrhea is no longer
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effective, although it was the first-line treatment in
the past (8). Another study conducted in Bangladesh
highlighted the efficacy of this treatment in patients
with non-diarrheal diarrhea. Another example is sul-
fonamide, the use of which has proven to be a thera-
peutic challenge due to the development of resist-
ance mechanisms right from the beginning of their
introduction on the drug market (9). The resistance
of some bacteria to sulfonamides has been reported
since 1930, pointing out that the same mechanisms
involved in the induction of resistance are still pres-
ent. Resistance to methicillin, introduced in 1961 for
the treatment of staphylococcal gold infection, has
been reported to be rapid after the introduction of
this drug on the market (10). Fluoroquinolones, even
though they were created for the treatment of
gram-negative bacilli, have become resistant to these
bacteria after they have also been used to treat infec-
tions with gram-positive bacilli (11). Recently, the
emergence of vancomycin-resistant golden Stap/y-
lococcus has been cited, almost 44 years after the
introduction of vancomycin into current practice
(12). Also, antibiotics used in the food industry are
often similar to those used in human pathology,
causing the transmission of antibiotic-resistant
germs between animals and humans (13,14). In most
countries, livestock farms use antibiotics in water
and their nutrition, as well as parenteral nutrition,
being responsible for the induction and migration of
pathogens resistant to certain antibiotics (15).

CURRENT ASPECTS OF ANTIBIOTIC
RESISTANCE

Antibiotics have been designed to be able to de-
stroy the bacteria that invade the host organism. At
the same time, bacteria have the ability to stimulate
the emergence of the resistance process through
gene mutations. Bacteria have the ability to transfer
genetic material from one to another, pointing out
that natural selection is not the only mechanism in-
volved in the emergence of the resistance phenom-
enon. Thus, the spectrum of antibiotics used in the
hospital units, for the treatment of nosocomial in-
fections, determines the stimulation of this phe-
nomenon (16). Antibiotics have the ability to re-
move most bacteria from a colony. However, there
may be bacterial colonies that have gene mutations
that make them resistant to certain classes of antibi-
otics (17). The emergence of antibiotic-resistant
bacteria was mainly associated with the degree of
antibiotic use. Another incriminating aspect was re-
lated to the incorrect use of the prescribed treat-
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ment, causing the appearance of bacteria resistant
to several classes of antibiotics (18). For example,
staphylococcus resistance was determined by chro-
mosomal mutations, ineffective in transporting
aminoglycosides to bacteria, but also to enzymatic
modifications (19). A single drug cannot induce a
single antibiotic resistance. For example, tetracy-
cline resistance may cause resistance to its different
subclasses (oxytetracycline, chlortetracycline, dox-
ycycline, minocycline) (20).

The emergence of antibiotic resistant microor-
ganisms is a problem of global interest, responsible
for inducing life-threatening infections. The World
Health Organization has sounded an alarm signal
suggesting the emergence of resistant bacteria, ca-
pable of inducing severe infections and even death
if we fail in the fight with antibiotic resistance. In
Europe, over 25,000 deaths from infections with
multi-drug resistant bacteria are reported annually
(21). The costs resulting from these pathologies
lead to the further increase of the health services
and to the decrease of the productivity of the medi-
cal document. Studies have shown a correlation be-
tween increased use of antibiotics and the emer-
gence of antibiotic-resistant microorganisms, while
moderate use of these drugs is responsible for the
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decrease in this phenomenon. Moreover, the re-ad-
ministration of an antibiotic accelerates the process
of inducing the resistance of microorganisms to an-
tibiotics. Thus, the antibiotics used excessively
cause the bacteria to develop their adaptability
mechanisms, suggesting the important role of the
individual and society in inducing and maintaining
this process (19,22).

CONCLUSIONS

The phenomenon of antibiotic resistance is
equally developed in every continent. Despite the
measures taken by the World Health Organization,
the use of antibiotics in humans, animals and in ag-
riculture is constantly increasing. This aspect has
led to the appearance of significant financial defi-
cits highlighted mainly in the health system by in-
creasing the costs regarding the measures to control
the infections. Leaders in the healthcare system
need to establish urgent measures regarding nation-
al and international control over the use of antibiot-
ics to stop over-use of these drugs.
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