Study on the Mechanism of Antibiotic Resistance
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A major public health threat that affects humans is recognized worldwide as an occurrence of antibiotic
resistance regarding bacterial pathogen. Multidrug resistant microorganisms appeared in the hospitals and
in the community settings respectively insinuating that the antibiotic-resistant bacteria are present even
outside the hospital environment. First stage of bacterial adaptation and the top of evolution is represented
by the bacterial response to the drug assault. Then, the survival of the fittest is a consequence of the
biochemical and genetically alteration. Therefore, of extreme importance are the innovative methods and
devices for therapeutic approaches against antibiotic-resistant microorganisms.
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A worldwide healthcare problem in last few years is
represented by bacterial infections because of their
resistance to commonly used antibiotics. There are studies
that indicate high rates of microbial resistance in developing
countries. Routine administration of antimicrobial drugs
have become of major importance for medical approaches.
Thus, antibiotics efficacy was jeopardized by a growing
number of pathogens which are antibiotic-resistant.
Antibioresistance is considered a global public health threat
being implicated in elevated mortality and morbidity rates
as a consequence of hospitalization [1-3]. Studies revealed
that between 3% and 5% of hospitalized patients leave the
care unit acquiring healthcare-associated infections [4-13].
The most widely used antibiotics to treat some bacterial
infections by inhibiting cell wall biosynthesis are &- lactam
antibiotics. In the past decades, extensive researches have
focused on discovering novel compounds that inhibit -
lactamase function in order to counteractf-lactam
resistance bacteria [13-15]. Another class of important
antibiotics used to treat various bacterial pathogens is
aminoglycosides. The mechanism of aminoglycoside
resistance is represented by the generation of
aminoglycoside-modifying enzymes [16, 17]. A successful
bacterial strategy to stand up to the presence of antibiotics
is the production of enzymes that inactivate the drug by
attaching specific chemical moieties to that compound or
to destroy the drug itself making thus the antibiotic
incapable to action on its target. Is a mechanism of
acquired antibiotic resistance in both Gram (+) and
Gram(-) bacteria [18-25].

Experimental part
Materials and methods

The present study was conducted in a hospital unit for
children for a three years period, concerning acquired
healthcare associated infections. It is a descriptive and
observational study which involved 461 patients of different
ages hospitalized in a clinical unit. The subjects developed
one or more healthcare associated infections. Data
processing was performed according to various

demographic, etiological and clinical-epidemiological
parameters by using statistical and mathematical methods.

Results and discussions

Between 2014-2016 in the children's hospital considered
in the study there were 461 of healthcare associated
infections. In 2014 and 2015 was registered 0.44 percent
and 0,38 percent of infections respectively. In the last year,
2016 the percent of healthcare associated infections was
0,76 having an important increase due to diarrheal disease
with rotavirus which is specific to cold season and being
contagious to the infant. On the other side, providing
additional data and having a great contribution was the
introduction of screening for multi-resistant antibiotic germ
infection.

Regarding the antibiotic of age-related infections (fig.
1), the study revealed that the group of 1-4 years has an
increased vulnerability of the immune system.
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Fig.1. Distribution of HAI by age group, 2014-2016
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From figure 2 it can be observed that the distribution of
HAl related to clinical entities presents a high incidence of
respiratory infections and surgical wound infections
followed by catheter infections, skin infections (most of
them caused by burns), septicemia, urinary infections, and
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Fig.2. Clinical entities of HAI in 2014-2016 period

digestive infections respectively. On the last place, other
infections are represented by otitis and conjunctivitis.

Considering the etiology of HAI reported in 2014-2016
period, showed in table 1, this reveals that the most of
healthcare associated infections are caused by Klebsiella
pn., Staphylococcus aureus, Pseudomonas sp. and
Acinetobacter baumanii.

According to antibiotic resistance data, Gram(-) germs
involved in HAI etiology proved to be multidrug resistant as
a certainty of pathogenicity.

FTIR spectroscopy shows that when sample molecules
absorb energy only vibrational energy transitions undergo
in the mid-IR region. Infrared radiation inducing vibrations
contains tensions and strains of inter-atomic bonds and
modification of bonds angles. The molecules absorb only
selected frequencies in the IR domain, therefore will absorb
those corresponding to their natural vibrational frequency
causing an amplitude increase of chemical bonds vibration.
Thus is possible an association between vibration
frequency and a particular bond type. Typical infrared

spectra for ampicillin, amoxicillin, tetracycline and
chloramphenicol are shown in figure 3.

Amoxicillin belongs to B-lactam class being effective
for bacterial infections treatment. Its action inhibits the
cross-linkage between polymer chains of gram(+) cell
wall bacteria and gram(-) bacteria.

FTIR spectroscopy was used to highline the intaractions
between the molecules at functional groups level.
Ampicillin is a semi-synthetic penicillin preserving
antibacterial spectrum against gram(+) bacteria and
having an enhanced action against gram(-) ones due to its
great skill to penetrate the outer membrane of these
microbes.

Chloramfenicol and tetracycline are structurally
dissimilar and broad-spectrum antibiotics. These drugs
commonly act by stopping the protein synthesis in
microorganisms being used in several infections caused
by gram(+) and gram(-) bacteria, rickettsiae and
chlamydiae.

IR spectra of these antibiotics reveal the presence of all
characteristics peaks of them.

Multidrug resistance occurs when bacteria produce
enzymes that inactivate the anbtibiotic molecule rendering
the antibiotic incapable to destroy for its target. The
mechanism of acquired antibioresistance implies the
production of bacterial enzymes capable to produce
chemical changes to the active molecule.

In case of aminoglycosides the presence of
aminoglycoside modifying enzymes covalently modify the
amino groups or hydroxyl of the antibiotic molecule. The
mechanism of B-lactam resistance is related to the
destruction of the drug molecule by the action of (3-
lactamases which destroy the amide bond of the 3-lactam
ring making the antibiotic inefficient.

Table 1
ETIOLOGY OF HAI REPORTED IN 2014-2016 PERIOD

2014 2015 2016 TOTAL
Etiological agent
Nr. L] Nr. b4 Nr. L] Nr. %0
Klebsiella pn. 2 no | 27 235 22 196 o8 213
Pseudomonas sp. 18 136 | 20 | 174 ] 30 14.0 a8 148
S"’Pf;ﬂ‘fm"““‘* 24 182 | 20 | 174 | 48 124 (1)) 0.0
ANFEUs
Aﬁf‘“"“‘f‘“’ 12 | o1 | 18 | 157] 13 | 61 4 93
AHHTaRIL
Enterococcus sp. L] 4.3 7 7 33 2 4.4
Enterobacter sp. 14 106 16 3 28 pE] 50
E Coli 2 91 4 33 13 6.1 29 6.3
Stenotrophomonas N -
iraphylia 3 23 6.1 9 42 19 41
Proteus mirabilis 2 15 1 ) 4 10 7 15
Serratia sp. 2 15 0 0.0 4 19 6 13
Candida sp. 6 43 3 16 7 33 16 15
Rotavirus 2 15 2 17 29 136 13 72
Measles virus 2 15 2 17 2 0.9 6 13
TOTAL 132 115 214 461
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Fig. 3. FTIR spectra for amoxicillin, ampicillin, chloramphenicol and tetracycline

Conclusions

Mechanism of antibiotic resistance implies the ability
of different microorganisms to multiply in the presence of
an antimicrobial drug that normally limit or destroy the
pathogen agent. Various bacterial pathogens are being
reported developing multidrug resistance as a result of
cumulative acquirement of resistance features against
different antibiotics. Multidrug resistance is a serious health
threat because of infections caused by resistant bacteria
knowing that some pathogens struggle to multiple types
of antibiotics.

According to these, multidrug resistant infections can
be prevented in many ways such as hand washing, safe
food preparation, immunization and administrating
antibiotics only when necessary. Moreover, avoiding
infections also stops prevalence of resistant bacteria.
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