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Abstract: Improper use of antibiotics is an extremely worrying trend worldwide. This leads to the
development of resistance to these drugs. As a result, antibiotics stop working and bacteria continue to grow.
The highest levels of resistance, both in our country and worldwide, are to second and third-generation
cephalosporins, some aminoglycosides, and others. The reason is that these antibiotics have been used most
irrationally over the years. The pandemic of COVID-19 and Antimicrobial drug resistance (AMR) are parallel
and interrelated serious health situations, between which there is a causal link, manifested in high mortality
among the human population. This review highlights relations between growth rates of antimicrobial

resistance and the Covid-19 pandemic situations in Bulgaria and Europe in this fast-growing research area.
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Introduction

The severe acute infection caused by SARS-CoV-2 was first identified in Wuhan, China [1]. The first
proven case in Bulgaria was on March 8, 2020. Human-to-human transmission has led to its worldwide spread
and pandemic. The world continues to respond to COVID-19 by adhering to the world's accepted guidelines
for the treatment of the disease. In most cases of post-viral complications, antimicrobial therapy remains the
primary treatment. Widespread and unnecessary use of antibiotics facilitates the emergence and spread of
resistant pathogens [2, 3, 4]. AMR remains a worrying issue as pathogens causing resistant infections thrive in
hospitals and medical facilities, putting all patients at risk, regardless of the severity of their medical condition
[5]. This may further complicate the response to the COVID-19 pandemic [6, 7]. Unfortunately, this hidden
threat from AMR is not receiving the same global attention as the COVID-19 pandemic. An estimate has been
made that the AMR could cause up to 10 million deaths worldwide by 2050 [8]. Undoubtedly, COVID-19
posed enormous challenges for all aspects of healthcare from an economic, social, and medical point of view.
Health systems have triggered policies to prevent infections through COVID-19 and antimicrobial resistance.

Secondary bacterial infections play a crucial role in COVID-19-related mortality. Studies show that a
small proportion of patients with COVID-19 need antibiotics to treat secondary bacterial infections. The
present evidence confirms the need not to administer antibiotic therapy or prophylaxis to patients with mild
COVID-19 or to patients with suspected or confirmed moderate COVID-19 disease unless otherwise
indicated. The pandemic has also highlighted deficiencies in health systems around the world. Despite
advances in medicine, we remain vulnerable to infections with limited or non-standard therapies. It is
important to look at the situation in the context of AMR as well, as resistant pathogens are evolving and
leading us to the era of incurable infections. There is a need for continuous research to detect and control
infectious agents, as well as to develop newer functional antimicrobial agents. Of great importance is the need

to strengthen, expand and enforce a plan and programs for the use of antimicrobials [1].

Exposure

All types of bacteria can build resistance. It is due to a mutation in the cell that helps the bacterium to
survive adverse conditions. This mutation is passed on to offspring and can be transmitted between unrelated
bacteria through various mechanisms. The main factor in the selection of resistant bacteria, in this case are
antibiotics [9, 10]. In many countries, the level of drug resistance has more than doubled in the last three years
[10, 11, 12]. The most common strains are Streptococcus pneumoniae — insensitive to penicillin and resistant
to erythromycin, S. aureus — resistant to ciprofloxacin, strains of Klebsiella pneumoniae, Pseudomonas

aeruginosa, and Escherichia coli is a normal flora of the gastrointestinal tract, and the most common Gram-
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negative bacterium isolated from blood cultures, as well as the most common cause of bacteraemias and
urinary tract infections. Klebsiella pneumoniae is a normal flora of the gastrointestinal tract and a cause of
infections in humans (skin, pharynx, and upper respiratory tract), resistant to third-generation carbapenems
and cephalosporins.

Cause of opportunistic infections in immunocompromised, sepsis, and nosocomial epidemics,
Acinetobacter baumannii is a typical nosocomial pathogen. It is the cause of VAP, sepsis, SSI, and urinary
tract infections [10, 13]. Tends to persist for a very long time in a hospital environment (resistant to drought).
When bacteria of a strain become resistant to three or more groups of antibiotics, they are referred to as
polyresistant.

Risk factors for infection with resistant bacteria are the hospital stay of more than five days, extreme
age, chronic diseases, recurrent infections, treatment in the last 90 days with antibiotics, the appointment of
low doses of antibiotics, irrational courses (very short or too long), improper intake, the appointment of an
unnecessary antibiotic (for viral infections), travel, etc. Infections caused by such bacteria are treated longer,
with a combination of several antibiotics, often these patients are subject to hospitalization. AMR complicates
the treatment of infections and increases the risk of spreading the disease, greater severity of disease, and
death [11, 14]. Also, many chronic infections are due to bacterial biofilms. Biofilms and their inherent
resistance to antibiotics are responsible for different health issues [15]. Patients with severe Covid 19 disease
typically require supplemental oxygen and should be monitored closely for worsening respiratory status,
because some patients may progress to acute respiratory distress syndrome (ARDS) [16]. The continuous
application of oxygen mask could lead to the some major drawbacks. One of these is the possible occurrence
of biomaterial-centered infections (BCI). Subsequent surface growth of the microorganisms will lead to a
mature biofilm and infection, which is difficult to eradicate by antibiotics [17]. The antibiotic binds to
structures only in the bacterial cell that is unique and unparalleled in human and animal cells, so they are
effective and relatively low toxic. There are 61 authorized types of antibiotics in Bulgaria, which are sold
under 197 trade names and 375 dosage forms [10, 11].

Hospitalized patients are more likely to be prescribed antibiotics (10) and approximately 50% of all
antibiotics used in hospitals may be inappropriate [14, 18]. The emergence, spread, and selection of resistant
bacteria in Europe is a threat to patient safety in hospitals [13, 19] because:

* Infections with resistant bacteria lead to an increase in morbidity and mortality of patients, as well as
to an increase in the length of hospital stay;

* Antibiotic resistance often leads to delays in appropriate antibiotic therapy;
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* Inadequate or delayed antibiotic therapy in patients with severe infections has been associated with
poorer patient outcomes and sometimes death [20, 21].

Combating AMR is a comprehensive approach that brings together all stakeholders in order to
effectively reduce and limit the emergence and spread of resistance by permanently and sustainably reducing
the overall volume of antimicrobials used. The use of antibiotics for the EU in the last year has averaged 15.0
DDD per 1000 people per day, ranging from Austria by 7.1 to Greece by 26.4. In Bulgaria, the use of
antibiotics increased to 22.7 DDD per 1000 people per day in the hospital system, and in outpatient care, the
daily consumption was 20.0 DDD per 1000 people. The use of antibiotics in our country has increased
significantly in recent years associated with the COVID-19 pandemic [10,11]. At its lowest levels of use, it
was 17.00 per 1000 people per day. There is a decline in consumption in the hospital sector. During the
pandemic, we receive information about the illegal and excessive use of antibiotics. According to EARS, in
several European countries, 6% to 46% of the population has self-treated with antibiotics. At the same time,
79% to 86% of them were not infected and used antibiotics “for prevention”, i.e. without any benefit. Only
8% — 10% of those taking the antibiotic had a severe COVID-19 infection [18, 22].

AMR levels for Bulgaria are extremely high, with data showing that the relative share of resistance to four
antimicrobial groups is the highest in Europe. Table 1 shows comparative data on established antimicrobial
resistance between Finland, Italy, and Bulgaria from 2017 to E. coli, K. pneumoniae and Acinetobacter
species. The distribution of isolates is as follows: fully sensitive and resistant to one, two, three, and four, and
five antimicrobial groups - third-generation  cephalosporins,

aminopenicillins, fluoroquinolones,

aminoglycosides, and carbapenems [23].

Table 1. Distribution of E. coli, K. pneumoniae and Acinetobacter species isolates: fully sensitive and

resistant to one, two, three, four, and five antimicrobial groups [23]

Resistant to Resistant to Resistant to Resistant to
Country Ifl?lly - o.ne | | t\-/vo - .th-ree | . f(?ur |
Sensitive (%) | antimicrobial | antimicrobial | antimicrobial | antimicrobial
group (%) groups (%) groups (%) groups (%)
E. coli
Bulgaria 26 24 4 13 27
Finland 60 26 10 4 3
Italy 29 27 14 17 15
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K. pneumoniae
Bulgaria 22 8 19 38 13
Finland 88 8 1 3 -
Italy 42 6 10 28 14
Acinetobacter spp.
Bulgaria 4 7 13 76 -
Finland 100 - - - -
Italy 19 5 6 72 -

Table 2 presents the total number of P. aeruginosa and S. aureus isolates tested, as well as resistant
combinations of invasive isolates tested against at least three antimicrobial groups - piperacillin + tazobactam,
ceftazidime, fluoroguinolones, aminoglycosides, and carbapenems, presented as percentages for countries
across Europe in 2017 [23].

Table 2. The total number of tested isolates of P. aeruginosa and S. aureus, as well as resistant combinations
between invasive isolates, tested against at least three antimicrobial groups [23]

Eul Resistant to Resistant to Resistant to Resistant to Resistant to
u
Clinical ) y one two three four five

. Sensitive

isolate %) antimicrobial antimicrobial | antimicrobial | antimicrobial | antimicrobial

0
group (%) groups (%) groups (%0) groups (%) groups (%)
P. aeruginosa 69,2 12,5 7 4 34 3,9
S. aureus 81,1 8 10,5 0,4 - -

These data were purposefully selected to be in the period before the Covid-19 pandemic. They clearly
show the link between high mortality from complications of Covid-19 infection and low or high levels of
established antimicrobial resistance. For Finland, for example, a study was conducted to compare the early
impact of infection and mortality from COVID-19 from February to July 2020 in the Nordic countries,
including Finland, using available public data sources and descriptive analysis of potential factors leading to
different epidemiological results. The established mortality rates are low — 0.06 deaths per 1000 people [24].

The level is low and correlates with the low levels of antimicrobial resistance in these countries.
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Data for Italy in March 2020 identify it as the country with the highest mortality rate of 12% [25].
Again, the relationship between the high levels of antimicrobial resistance is directly proportional to the high
mortality rates of Covid-19.

The situation in Bulgaria is slightly different, the first wave of Covid-19 (March — June 2020) did not
affect Bulgaria to the same extent as other countries in Europe (Italy, Spain, Belgium, United Kingdom). The
severe second wave of the pandemic in Bulgaria was in November — December 2020, and the third wave in
March — April 2021, but still Bulgaria, despite the later development and delayed increased incidence of
Covid-19, is the second and even first with the highest mortality rate in Europe [26].

The low levels of vaccination and the high levels of antimicrobial resistance define Bulgaria as a risk
zone for the spread of Covid-19, as well as are a prerequisite for the reported high mortality.

AMR remains a major challenge for the pharmaceutical and health sectors, despite efforts to reduce
antibiotic consumption during the COVID-19 pandemic. This shows the need for adequate measures and
global action by public health. Another worrying fact is the lack of new antimicrobials. The latest class of
antibiotic was discovered in the 1980s. This necessitates the search for new antimicrobial agents, such as
therapeutic peptides, which have enhanced metabolic stability, high selectivity, efficacy, and low toxicity [27,
29]. These characteristics, combined with advances in solid-phase peptide synthesis and purification methods,
have led to the increasing penetration of peptide-based drugs in clinical practice [28, 29]. In the human
organism, peptides perform various functions - biologically active hormones, neurotransmitters and
neuromediators, growth factors, signal molecules and antibiotics [30]. Another investigation has relied on the
antimicrobial potential of inulin acetate against seventeen microorganisms (Gram-positive and Gram-negative
bacteria, yeasts and fungi). It is worth noting that inulin acetate demonstrated antimicrobial activity at
concentration 1 mg/ml against Listeria monocytogenes 863, Escherichia coli 3398, Candida albicans 8673,
Fusarium oxysporum, and Aspergillus niger [31].

EU efforts to mitigate the threat of antimicrobial resistance are linked to the European Commission's
single action plan against antibiotic drug resistance. As a result, many Member States are focusing on
reducing the use of antibiotics. The European Antimicrobial Resistance Surveillance Network (EARS-Net),
formerly known as the European Antimicrobial Resistance Surveillance System (EARSS), provides analyzes
of antimicrobial susceptibility trends over time and between all EU Member States and two EEA countries
(Iceland and Norway). The data are based on routine results from antimicrobial susceptibility tests collected
from a network of clinical laboratories. Currently, the pathogens included in the surveillance network are the

following: Streptococcus pneumoniae, S. aureus, Enterococcus faecalis, E. faecium, Escherichia coli,
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Klebsiella pneumoniae, Pseudomonas aeruginosa, and Acinetobacter spp. EARS-Net is administered and
coordinated by the European Center for Disease Prevention and Control (ECDC) [32, 33].

In hospitals and other healthcare facilities, infection control practices need to be improved in order to
reduce the spread of resistant bacteria. In outpatient care, infections can be prevented or reduced through
vaccination, physical distance, and good hygiene.

Conclusion

Antimicrobial resistance continues to increase, causing significant morbidity and mortality.
Pharmaceutical companies are constantly being challenged to engage with new pharmaceutical forms in the
fight against antimicrobial resistance. New (but also old) antimicrobials must be used wisely so that they can

be used longer in practice.
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