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Abstract
Introduction: The irrational use of medicines leads to a decrease in the quality of care, an increase in treatment costs
and side effects. In the case of antibacterial drugs, in addition to all the above-mentioned consequences, their improper
use can lead to an aggravation of the existing and quite challenging problem of our time – the growth of antibiotic
resistance among pathogenic microorganisms.
The aim of the study: to determine the level of basic knowledge of medical specialists in the field of a rational use of
antimicrobial drugs (AMD).
Materials and methods: The study was based on an analysis of an anonymous multicenter survey in the framework
of the KANT project (the full name of the project is “Physicians’ (Students’) Knowledge of Antimicrobials Usage”). It
was conducted in 2018–2019 in 10 major centers of Russia.
Results and iscussion: According to the results of the study, the respondents showed a low level of knowledge of the
rational use of antibacterial drugs. The best results are obtained for questions No.1 (time interval for evaluating the
effectiveness of the initial antimicrobial therapy (AMT)), No.2 (rationality and period of AMD change with a positive
clinical effect), and No.9 (determining the mode of using the proposed drugs), whereas the worst results were obtained
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for questions No.3 (determining irrational combinations of AMD), No.4 (determining a situation requiring a long
course of AMT), and No.7 (choosing auxiliary drugs for bacterial respiratory infections).
Conclusion: The results obtained in the study indicate the need for additional educational activities among health
professionals.
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Introduction
In the first decade of the XXI century, the consumption
of antibiotics in the world increased by 36%, 76% of
which fell on Brazil, Russia, India, China and South Africa (Van Boeckel et al. 2014). In 2015, according to the
WHO Report on Surveillance of Antibiotic Consumption: 2016–2018 Early Implementation (2018), the rates of
antibiotic use in Russia were 14.82 daily doses per 1000
people; 915.65 tons of antimicrobial drugs were used per
year. In the ranking of 65 countries studied, Russia was in
the middle position, exceeding the indicators of a number
of European countries, such as Germany and the Netherlands (World Health Organization 2018). An increase in
the consumption of antibiotics will inevitably lead to the
development of antibiotic resistance, which, according to
experts, will cause 10 million deaths annually by 2050,
exceeding the mortality rate from cancer (O’Neill 2016).
Massive irrational and unjustified prescription of drugs
is due to the fact that not every medical specialist today
has the necessary knowledge in the field of microbiology
and clinical pharmacology of antibiotics.
The aim of study is to determine the level of physicians’ basic knowledge in the field of the rational antimicrobials usage.

Material and methods
This article presents the results of an anonymous questionnaire within the framework of the multicenter KANT
project (the full name of the project is “Physicians’ (Students’) Knowledge of Antimicrobials Usage”), assessing
the physicians’ basic knowledge of a rational antimicrobial chemotherapy (AMC) and empiric regimen of antibiotics. The study was conducted in 2018–2019, the results
of the survey of 434 specialists from 10 centers of Russia
were obtained and analyzed during this period.
The method of an anonymous survey was used in this
study, for which an original questionnaire was developed.
The questionnaire included multiple choice questions and
open-end questions. The medical professionals were to
indicate their specialties, work experience, and a professional category, if any. In order to determine the statistical
significance of the differences, the respondents were divided into four groups: doctors with work experience from
1 to 5 years, from 6 to 10 years, from 11 to 20 years, and

more than 20 years. The respondent was awarded 0 point
for an incorrect answer; depending on the completeness of
the answer, for an incomplete or partially correct answer
– from 0.25 to 0.75 point; for a true answer – 1 point. Therefore, with all the correct answers, the maximum average
score was 1.0. The average completeness rate for the correct, partially correct and wrong answers was defined as
the average response completeness (ARC) rate, which is
an equivalent for the average level of correct answers. The
average scores of each respondent, the average scores for
individual questions, and the average scores for the entire questionnaire were evaluated. The patterns of answers
to individual questions were also analyzed; statistically
non-systemic question skips were allowed.
In the eighth question of the questionnaire, which consisted in the choice of the first-line drug for therapy of the
proposed infectious diseases, the options of answers were
also taken into account, in which there were alternative
groups and/or drugs of choice according to the regulatory
documents of other countries. Thus, when the specialists
chose the drug(s) belonging to the second or third lines
of therapy, the answer was counted and scored 0.5 point,
and when the respondents chose the main and additional
groups at the same time, the score for the answer did not
decrease and was calculated based on the completeness of
the choice of the first-line drug(s).
Human Rights were not violated, the ethical principles
of the Helsinki Declaration by the World Medical Association were observed during the study.
All the information of the questionnaire was processed and entered into an electronic database and analyzed
using the application programs of Microsoft Excel and
IBM SPSS Statistics 26. The nominal variables were
processed based on the analysis of arbitrary contingency tables, using the Pearson’s chi-square (x2) test. The
significance of the differences was recorded at a bilateral
level of p<0.05. To assess the link strength between the
categorical features, the Cramer’s V was used. To compare the averaged quantitative data from the centers, a nonparametric Kruskal-Wallis test was used (the significance
of differences was recorded at a bilateral level of p < 0.05,
taking into account the Bonferroni correction for the multiplicity of comparisons).
Observing the conditions and restrictions on the use
of arbitrary contingency tables, small centers that did not
have statistical significance of differences when compared with one another (p < 0.05) were combined.
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This method of knowledge evaluation was specially
developed for this study, and it is not an objective indicator of the general level of competence among doctors.
A similar study based on this questionnaire was carried
out in 2018–2019 to assess senior medical students’ knowledge; the final results were submitted to Clinical Microbiology and Antimicrobial Chemotherapy Journal. In addition, the results of studying the knowledge of doctors on
AMT in the previous stages of the project were presented
at the congresses of the European Respiratory Society and
published in the European Respiratory Journal (Bontsevich 2007; Pertseva et al. 2012; Bontsevich et al. 2014).

Results and discussion
The survey involved 434 medical specialists from 10 centers
of Russia: 29.5% – from the Republic of Tatarstan, 20.4% –
from Primorsky Krai, 10.0% – from Belgorod, 8.7% – from
Voronezh, 14.0% – from Krasnoyarsk and Krasnodar (joint
center No.1) and 17.2% – from Chelyabinsk, Tambov, Novosibirsk, and Lipetsk (joint center No.2).
Depending on work experience, most doctors (28.4%)
have work experience more than 20 years, 26.5% – from
one to five years, 21.2% – from eleven to twenty years,
and 11.7% of the participants have work experience from
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six to ten years. The remaining 12.2% of the doctors did
not indicate their length of service. When assessing the
relationship between the ARC and work experience of
the specialists, no statistically significant correlation was
found (p = 0.502).
According to the results of the study, ARC for all the
questions of the questionnaire was 49.5% (from 38.8%
to 56.4% for different centers), which indicates an insufficient level of knowledge among the respondents
(Figs 1, 2). The best results were shown for questions
No.1 (time interval for assessing the effectiveness of the
initial antimicrobial therapy), No.2 (rationality and period
of AMD change with a positive clinical effect), and No.9
(treatment regimen for the proposed drugs). The minimum level of correct answers was received to questions
No.3 (irrational combinations of AMD), No.4 (indicate
a situation requiring a long course of AMT), and No.7
(auxiliary drugs for bacterial respiratory tract infections).
In the first question of the questionnaire, the specialists
were to determine after what period of time it was possible
to judge the effectiveness of the initial AMT. The following options were presented as answers: after 2–3 days,
after 4–5 days, after 7–10 days from the moment of starting the treatment and “Not sure”. The majority of doctors
(88.1%) know that the initial assessment of the results of
therapy should be carried out in the first 48–72 hours after

Figure 1. Minimum, maximum and ARC for all questions in the field of rational AMT. Note: ARC – average response completeness
rate; AMT - antimicrobial therapy.

Figure 2. Distribution of correct answers in the field of rational AMT among centers. Note: AMT – antimicrobial therapy.
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the start of antibiotic administration, focusing primarily
on the dynamics of the clinical symptoms. About 1.0% of
the respondents answered partially correctly, indicating
both correct and incorrect periods, and 11.0% indicated
an incorrect time interval. ARC was 88.5% (from 62.8 to
100.0% in different centers, p < 0.001, Cramer’s V = 0.31).
The question about correcting the initial regimen of empiric therapy is considered only 2–3 days after the start of
treatment in the absence of a positive clinical effect and/
or isolation of a pathogen resistant to the used drug. In the
second question of the questionnaire, the specialists chose
which of their actions would be most rational with a positive clinical effect from AMT if a long course of therapy was required: to change AMD after 10 days, to change
AMD after 14 days, to change AMD is not required until
the end of the course. When facing difficulties, a respondent could choose the “not sure” option. Unfortunately, not
all the respondents would have done the right thing in the
described situation: only 69.0% decided that the presence
of a positive effect made the intention to change the drug
senseless and irrational; less than 1.0% were uncertain and
answered partially correctly, and 30.8% of the respondents
did not cope with the task. ARC was 69.1%, from 42.4 to
92.3% in different centers (p < 0.05, Cramer’s V = 0.21).
In the third question of the questionnaire, the respondents were offered variants of drugs, from which they were
to choose irrational combinations for prescription in clinical
practice due to a similar spectrum of action on pathogenic
microflora. The following answers were offered: “ceftriaxone + amoxicillin”, ”ampicillin + gentamicin”, ”ofloxacin +
doxycycline”, ”levofloxacin + clarithromycin”, ”azithromycin + ampicillin + amikacin”, and ”not sure”.
Despite practical experience, only 4.7% of the doctors
were able to fully cope with the task, indicating all the
three irrational combinations as an answer: ”ceftriaxone
+ amoxicillin”, ”ofloxacin + doxycycline”, and ”levofloxacin + clarithromycin”. The majority of the specialists
(65.0%) answered partially correctly, defining only some
combinations as irrational or choosing right and wrong
options at the same time, another 27.8% did not cope with
the task, and 2.5% of the respondents left the question
unattended. ARC was 30.6%, from 20.4 to 37.6% in the
centers (p < 0.001; Cramer’s V = 0.25).

Erroneous answers were distributed as follows: 5.3%
each accounted for the combinations “ampicillin + gentamicin” and ”azithromycin + ampicillin + amikacin”, 4.2%
accounted for the answer ”not sure”, and the remaining
13.0% were the combinations of correct and incorrect answers, in the structure of which the erroneous judgments
prevailed. The share of the proposed options in the general
structure of specialists’ answers is shown in Figure 3.
In the fourth question of the questionnaire, the respondents were to determine the situation in which they
would decide to continue the AMT course for more than
5–7 days with positive clinical dynamics in a patient with
community-acquired pneumonia (CAP). According to
the current clinical guidelines, the presence of individual
clinical, laboratory symptoms and signs of the disease is
not an absolute indication for continuing the therapy. As a
rule, their disappearance occurs independently or against
the background of a symptomatic therapy (Chuchalin et
al. 2010, 2019). Of the proposed answers – prevalence
of subfebrile condition, prevalence of increased ESR
(the erythrocyte sedimentation rate), prevalence of residual infiltration on radiography of the thoracic region 2
weeks after the start of a pneumonia treatment, in none of
the indicated situations (correct answer) – 32.8% of the
specialists made the right choice, and fewer than 1.0%
answered partially correctly. The majority of the respondents (65.4%) gave an incorrect answer, and 1.1% of the
doctors left the field blank. ARC was 33.6%, from 8.7%
to 54.5% in the centers (p < 0.001; Cramer’s V = 0.34).
The fifth question of the questionnaire also related to
the practical side of doctors’ activities. The respondents
were to determine the most rational algorithm for the diagnosis of acute tonsillitis/pharyngitis at the appointment,
scoring 2 points by McIsaac’s scale. The answer options
were as follows: the appointment of local antiseptics; prescribing the systemic AMD, prescribing local antiseptics
+ systemic AMD, performing express diagnostics for
group A β-hemolytic streptococcus (GABHS), for example, ‘Streptatest’, with the subsequent decision to prescribe systemic AMD; as well as the option ”other”, providing with an opportunity to give one’s own opinion to
the question, and the “not sure” option. Since the patient’s
clinical symptoms scored 2 points by McIsaac’s scale,

Figure 3. Share of the proposed options in the structure of specialists’ answers to the question of choosing irrational AMD combinations. Note: Gray corresponds to correct answers, black – to incorrect answers, AMD – antimicrobial drugs.

Research Results in Pharmacology 6(3): 41–50

which corresponds to only 11–17% of the probability of
streptococcal genesis of the disease, before prescribing
a systemic antimicrobial therapy, it is rational to clarify
the etiology of the inflammatory process by performing
express diagnostics using second generation tests or by
bacteriological studies of the material from the palatine
tonsils and the posterior pharyngeal wall (Polykov et al.
2016). Fewer than half of the surveyed specialists turned
out to be competent in this issue – 46.0%; and 24.2% answered partially correctly. Wrong approaches were chosen
by 29.7% of the respondents, whereas fewer than 1.0%
ignored this task. ARC was 58.0%, from 26.9% to 72.0%
in the centers (p < 0.05; Cramer’s V = 0.22).
Currently, CAP is one of the most common infectious
diseases, the prognosis of which in some cases is rather
poor. Considering not only the medical, but also the social significance of the pathology, a modern doctor needs
to develop the correct approach to treating a patient, taking into account both the parameters of the underlying
disease, and also the concomitant background.
In the sixth question of the questionnaire, the respondents were to indicate the typical mistakes in the initial
AMT for mild CAP in adult patients under 60–65 without
risk factors and comorbidities. The drug of choice for
the treatment of this category of patients is amoxicillin,
which remains highly active against the main causative
agent of CAP – S. pneumoniae, whereas macrolides are
alternative drugs. Each of the proposed options – the use
of doxycycline, the use of ciprofloxacin, the use of cefazolin, the use of ampicillin per os, or the use of respiratory
fluoroquinolones – was erroneous, that is, for the completeness and correctness of the answer it was necessary to
choose all the above options.
To varying degrees, 95.1% of the specialists successfully coped with this task, 89.8% of the respondents answered partially correctly, and only 5.3% of the doctors
indicated all the correct answers. Among the partially correct answers, doxycycline has the highest specific weight
among the proposed options – 60.3% but its use in our
country is irrational due to the high resistance of S. pneumoniae to tetracyclines; the second most frequent choice
is ciprofloxacin – 46.8%, it is ineffective against S. pneumoniae; next came the group of respiratory fluoroquino-

45

lones – 40.9%, the appointment of which to patients with
non-severe CAP without risk factors is inappropriate; then
came ampicillin for oral administration – 24.1%, which
has low bioavailability with this route of drug administration (40.0%) compared with amoxicillin (75–93.0%), and,
finally, cefazolin – 23.2%, characterized by a low activity
against pneumococci and the lack of clinically significant
activity against H. influenzae (Russian Respiratory Society 2018, Chuchalin et al. 2010) (Fig. 4). Wrong answers
to this question are equivalent to the “not sure” option,
amounting to 4.0%, and fewer than 1.0% of the respondents left the field blank. ARC was 37.1%, from 30.5 to
63.1% in the cities (p < 0.001; Cramer’s V = 0.32).
In the seventh question of the questionnaire, the specialists were asked to choose ancillary drugs that they
would consider rational to prescribe in addition to the
reasonable prescription of AMD in the treatment of bacterial infections of the respiratory tract, such as CAP,
COPD, and acute sinusitis. There were the following
answers: immunocorrectors (modulators); interferon;
N-acetylcysteine/carbocysteine (correct answer); fenspiride; vitamin C / multivitamins; antihistamine drugs;
bacterial lysates; pre- and/or probiotics, and the “other”
for offering other drugs. Anyway, 52.6% of the respondents coped with the task, 17.8% of them indicated only
one correct answer, and 34.8% in addition to the correct
one chose the wrong drugs. As many as 45.6% of the
doctors made a mistake in their prescription, and 1.7%
of the respondents ignored the task. ARC was 31.0%,
from 17.4% to 53.0% in the different centers (the level
of significance adjusted for the multiplicity of Bonferroni comparisons was p = 0.045).
The absolute percentage of each of the proposed options was analyzed from the total number all the respondents’ answers. The most responses in the total structure
included N-acetylcysteine/carbocysteine – 65.4%, the
next in frequency were immunocorrectors (modulators)
– 31.3%, then pre- and/or probiotics – 30.7%, vitamin
C/multivitamins – 24.2%, antihistamine drugs – 22.0%,
bacterial lysates – 19.4%, fenspiride – 15.7%, interferon
– 4.9%, and the “other” option – 1.7%. The share of each
of the proposed options in the structure of partially correct
and incorrect answers is shown in Figure 5.

Figure 4. Proportion of the proposed options in the structure of respondents’ answers to the question about typical mistakes in the
initial AMT for mild CAP in adult patients under 60–65 without risk factors and concomitant pathologies. Note: AMT – antimi-

crobial therapy, CAP – community-acquired pneumonia.
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In the eighth question, the specialists were asked
among the listed AMD to determine the drug of the first
line of therapy for the following infectious diseases: acute
uncomplicated tracheobronchitis, mild community-acquired pneumonia, acute cystitis, and uncomplicated pyelonephritis. The patient’s category was conditional and the
same for all nosologies: without comorbidity, not having
taken AMD in the last 3 months.
In general, the doctors show a rather low level of knowledge of this issue – ARC is 38.4%, from 28.7 to 50.2% in
the different centers. Completely correct answers, which meant choosing the main and/or the main and alternative AMD
for all four nosologies, were not registered. The majority of
respondents (88.8%) gave a partially correct answer, 7.8%
solved the task incorrectly, and 3.4% ignored the question.
The specialists coped best with the treatment of mild
CAP and acute cystitis, worse – with the choice of AMD
for the treatment of acute uncomplicated forms of tracheobronchitis and pyelonephritis. The structure of the
respondents’ answers is presented below (Fig. 6).
The choice of therapy for acute uncomplicated tracheobronchitis in this question was a kind of provocation
for the specialists, because in most cases this disease has
a viral etiology, so the routine administration of AMD is
completely unreasonable (Smith 2017). The obtained results were unexpectedly low: only 33.9% of the doctors

thought about the irrationality of AMT, 62.0% of the respondents made a mistake, choosing one or another antibiotic(s) for therapy, and 4.1% ignored this question.
When determining the drug for empirical treatment of
mild CAP, first of all, it was necessary to assess the available parameters of the patient, basing on which he could
be to referred to the group of outpatients without risk factors and concomitant diseases. The drugs of choice for
this category of patients are amoxicillin, which is highly
active against the main causative agent of infection - S.
pneumoniae, and/or a group of macrolides with improved
pharmacokinetic properties (azithromycin, clarithromycin, spiramycin) (Chuchalin et al. 2010, 2018; Gavrilova
2020). Despite a wide spectrum of action of doxycycline
in relation to these pathogens, its use for empirical therapy
in Russia is not contemplated due to the high occurrence
of tetracycline-resistant strains of the pathogen, while in
the USA, according to the updated recommendations of
the American Thoracic Society and the International Society for Infectious Diseases, doxycycline may be used as a
first-line drug for CAP treatment (Metlay et al. 2019). In
the countries of the European Union, in patients who do
not require intensive care, according to the recommendations of the European Society of Clinical Microbiology and
Infectious Diseases, in addition to aminopenicillins and
macrolides, the following groups of drugs can be used:

Figure 5. Proportion of the proposed options in the structure of specialists’ answers to the question of choosing additional drugs for
justified AMD treatment of bacterial respiratory tract infections. Note: AMD – antimicrobial drugs.

Figure 6. Structure of specialists’ answers to the question of determining AMD for the first line treatment of presented infectious
diseases. Note: AMD – antimicrobial drugs.
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inhibitor-protected aminopenicillins, cefotaxime or ceftriaxone (cephalosporins without antipseudomonal activity), benzylpenicillin in combination with macrolides or
without them; levo- or moxifloxacin, among which moxifloxacin is more preferable to use, because it has a higher
antipneumococcal activity (Woodhead et al. 2011). The
correct answers were given by 28.2% of the specialists,
14.2% of them chose only amoxicillin and 14.0% – the
combination of amoxicillin with drugs of the second and/
or third line of therapy. Partially correct answers account
for 42.8%, 40.0% of them involved choosing alternative
groups (the proportion of choosing amoxicillin + clavulanic acid was 58.6%, macrolides – 44.5%, cephalosporins – 36.1%, fluoroquinolones – 29.5%, and doxycycline
– 3.9%). Incorrect answers were given by 19.7% of the
specialists, and 3.9% of the respondents ignored the task.
The leading pathogen of community-acquired urinary
tract infections (UTI) is E. coli, which accounts for 70–
90% of cases of acute cystitis and pyelonephritis; therefore, therapy for this group of diseases is prescribed taking
into account the resistance of this pathogen to different
groups of antibacterial drugs (Sidorenko et al. 2016).
In the case of acute uncomplicated cystitis, the drugs of
choice are fosfomycins (fosfomycin trometamol), furazidine, and nitrofurantoin (Gupta et al. 2011; Grabe et al. 2015;
Sidorenko et al. 2016; Lee 2018; Díez-Aguilar and Cantón
2019; Perepanova et al. 2019; Bonkat et al. 2019). In addition, according to the Eurasian guidelines, cefixime and
ceftibuten can be used as the initial therapy (Sidorenko et
al. 2016); therefore, in the countries of the European Union
these AMD are used in exceptional cases due to the risk
of microbiological collateral damage (Grabe et al. 2015;
Bonkat et al. 2019). Currently, there is no consensus among
experts regarding fluoroquinolones: in the countries of the
European Union, since March 11, 2019, this group of AMD
has been prohibited for treating this pathology due to a high
risk of disablement and the development of long-term side
effects, with the exception of cases when all the recommended basic drugs are ineffective (Bonkat et al. 2019). In
Russia, fluoroquinolones are also limited in use, because as
these drugs play an important role in the treatment of complicated UTIs; they should not be routinely used to treat
uncomplicated forms, except situations when there is no alternative (Perepanova et al. 2019). In the USA, the situation
is less definite: according to the current clinical guidelines,
fluoroquinolones are also considered potentially dangerous
in terms of the development of collateral damage, but they
are allowed to be used in second or third line therapies in
the form of 3-day courses (Gupta et al. 2011). Apprehensive attitude to fluoroquinolones and cephalosporins may
also be associated with a high risk of developing C. difficile
– associated colitis (Knecht et al. 2014).
According to the guidelines, oral fluoroquinolones (levofloxacin, ciprofloxacin) should be used as the first-line
therapy for acute uncomplicated pyelonephritis (Gupta et
al. 2011; Grabe et al. 2015; Chuhareva et al. 2016; Sidorenko et al. 2016; Zaycev et al. 2019; Bonkat et al. 2019).
In addition, according to the recommendations of the European Association of Urology, for empiric therapy, oral and
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parenteral cephalosporins can be used, the latter of which
are more effective, because they reach higher concentrations in blood and urine (Bonkat et al. 2019). The use of
cephalosporins is also indicated with the development of a
number of conditions, for example, with the development
of an allergic reaction or the presence of other contraindications to the use of fluoroquinolones (in this case, cefixime
is preferred), as well as with the development of over 10%
resistance to this group of drugs, when the use of long-term
intravenous cephalosporins (ceftriaxone) or aminoglycosides in a stable 24-hour dose (gentamicin, amikacin + ampicillin) is allowed (Gupta et al. 2011; Zaycev et al. 2019).
The group of aminopenicillins and inhibitor-protected
penicillins cannot be used for empirical therapy of UT infections, with the exception of certain cases (for example,
the proven gram-positive nature of the disease), due to
the high resistance of E. coli throughout the world (on the
territory of the Russian Federation it is more than 20%).
In addition, the use of these drugs increases the risk of
developing microbiological collateral damage (Gupta et
al. 2011; Grabe et al. 2015; Sidorenko et al. 2016; Zaycev
et al. 2019; Bonkat et al. 2019; Pitout and Finn 2020).
The correct choice of a therapy for the treatment of acute
cystitis was made only by 7.5% of the specialists, 6.3% of
whom indicated the main drugs, and the remaining 1.2%
chose their combinations with the alternative groups. Partially correct answers made up 44.5%, including 27.5%,
which involved the indication of second/third line therapies
(the proportion of fluoroquinolones – 16.2%, cephalosporins – 8.4%, amoxicillin + clavulanic acid – 4.2 %).
The empiric therapy for acute uncomplicated pyelonephritis was correctly indicated by 10.2% of the doctors,
1.3% of them indicated both the main and alternative line
of drugs. About 40.1% of the doctors answered partially
correctly, 17.4% of them chose AMD of the second/third
line of therapy (the proportion of cephalosporins – 30.2%,
amoxicillin + clavulanic acid – 17.5%, gentamicin – 3.2%).
As many as 43.7% of the respondents could not cope with
the task, another 6.0% left the question unanswered.
The ninth question of the questionnaire was an openend question. The specialists needed to determine the
main parameters of the AMD regimen, namely, the daily
dosage of the drug, the route(s) of administration and the
frequency of administration. The most “popular” antibiotics were suggested in this question: ampicillin, amoxicillin, ceftriaxone, cefixime, azithromycin, and levofloxacin.
According to the results, the level of doctors’ knowledge
of this task is average. ARC is 58.5%, from 48.0 to 63.5%
in the centers (the level of significance adjusted for the
multiplicity of Bonferroni comparisons was p < 0.001).
After analyzing the most frequent errors in specifying
the parameters of the AMD regimen among the proposed drugs, the following conclusion were made: the
largest number of incorrect judgments concerned the
determination of frequency of administration of AMD
(70.5%), the wrong choice of the route(s) of administration of AMD (54.3%) and fewest number of errors
(33.5%) were made when indicating wrong daily dosages of the drug (Fig. 7).
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Figure 7. Proportion of errors of specialists when selecting parameters of AMD regimen in the structure of partially correct and
incorrect answers. Note: AMD – antimicrobial drugs.

The best results were achieved when determining the
regimen for cefixime, ceftriaxone, and azithromycin, while the worst – when indicating the regimen for amoxicillin, ampicillin, and levofloxacin.
With regard to amoxicillin, levofloxacin, and ceftriaxone, the most popular wrong option is an incorrect
and/or incomplete indication of the frequency of administration of the drug; in the general structure of the
responses, this error accounted for 30.0%, 21.0% and
28.6%, respectively (for the correct answer means the
frequency of administration of amoxicillin being 2–3
times a day, ceftriaxone – once a day, levofloxacin – 1–2
times a day). Quite often the doctors incorrectly or incompletely indicated the route(s) of administration of
ampicillin and azithromycin. Since ampicillin has a low
oral bioavailability (35–40%), this route of administration was an incorrect answer (23.6% of the total answers).
The existing dosage forms of azithromycin currently
allow it to be used both enterally and parenterally (for
example, if the drug cannot be administered orally or
in severe forms of bacterial infections). In the structure
of the responses, the choice of only one of two possible
routes of macrolide administration was 23.2%. In the
case of cefixime, the most difficult parameter is the daily
dosage of the drug; the respondents either ignored the
answer, or recommended taking 500, 1000 or 2000 mg
of the antibiotic (whereas the prescribed dose for adults
is 400 mg per day). This erroneous opinion accounts for
17.0% of the responses in the general structure.
A health care professional, regardless of work experience and the existing category, must be able to objectively
assess the level of his knowledge and strive to improve
the achieved results. At the end of the questionnaire, the
respondents were asked to answer whether they feel the
need to take some educational courses on the rational antibiotic therapy. Fortunately, only 1.0% of the specialists
answered negatively, the majority of the doctors, namely
86.2%, would like to become more informed and answered affirmatively, with 12.8% of the specialists not wishing to share their opinions.

Conclusions
The results of the study, obtained after statistical processing and analysis of the respondents’ answers, indicate
the need to optimize the physicians’ knowledge, because
the degree of their awareness of all the issues of the rational antibiotic therapy is rather low. In a number of situations the level of doctors’ knowledge is insufficient for the
correct management of patients with diseases requiring
AMT. The questions of determining irrational drug combinations, indicating a situation requiring a long course
of antibiotic therapy for CAP, as well as the choice of
auxiliary drugs for bacterial respiratory tract infections
against the background of rationally prescribed antibiotic therapy turned out to be difficult for the respondents.
There are also significant gaps in knowledge of rational
antibiotic regimens.
The comparative analysis of the specialists’ answers,
ranked according to doctors’ work experience – from 1
to 5 years, from 6 to 10 years, from 11 to 20 years, and
over 20 years, showed that all groups of the respondents
equally need additional educational courses to improve
their awareness of modern antimicrobial chemotherapy,
the quality of medical care and reducing the risk of developing antibiotic resistance.

Conflict of interest
The authors declare no conflict of interests. This study
was not sponsored.

Acknowledgments
The authors express their special gratitude to I.A. Guchev, D.A. Kostina, O.U. Stetsyuk and Andreeva I.V. for
participating in the design of the current version of the
questionnaire.

Research Results in Pharmacology 6(3): 41–50

49

References
 Bonkat G, Bartoletti R, Bruyere F, Cai T, Geerlings SE, Koves B,
Schubert S, Wagenlehner F (2019) EAU Guidelines on Urological
Infections. European Association of Urology, 60 pp.
 Bontsevich R (2007) Antimicrobial agents-level of general practitioners’ knowledge. European Respiratory Journal 30(51): 1–690.
 Bontsevich R, Vlasova K, Alekhina L (2014) General practitioners
and medical interns’ level of knowledge assessment and their commitment to prescribing antibiotic therapy in the treatment of respiratory infections. European Respiratory Journal 44(58): 1–2801.
 Chuchalin AG, Sinopalnikov AI, Avdeev SN, Tyrin IE, Rudnov VA,
Rachina SA, Fesenko OV, Zaycev AA, Dekhnich AV (2018) Draft
Clinical Guidelines for Community-acquired Pneumonia. Russian
Respiratory Society, 98 pp. [in Russian]
 Chuchalin AG, Sinopalnikov AI, Strachunsky LS, Kozlov RS (2010)
Community-acquired pneumonia in adults: practical recommendations for diagnosis, treatment and prevention. Clinical Microbiology
and Antimicrobial Chemotherapy [Klinicheskaya Mikrobiologiya i
Antimikrobnaya Khimioterapiya] 12(3): 186–225. [in Russian]
 Chuhareva NA, Bontsevich RA, Shchurovskaya KV, Denisova

 Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, Crothers K,
Cooley LA, Dean NC, Fine MJ, Flanders SA, Griffin MR, Metersky
ML, Musher DM, Restrepo MI, Whitney CG (2019) Diagnosis and
treatment of adults with community-acquired pneumonia. An Official Clinical Practice Guideline of the American Thoracic Society
and Infectious Diseases Society of America. American Journal of
Respiratory and Critical Care Medicine 200(7): 45–67. https://doi.
org/10.1164/rccm.201908-1581ST [PubMed]
 O’Neill J (2016) The Review on Antimicrobial Resistance. Antimicrobial Resistance: Tackling a Crisis for the Health and Wealth of
Nations. HM Government Publishers, London, 20 pp.
 Perepanova TS, Sinyakova LA, Lokshin KL (2019) Draft Clinical
Guidelines for Bacterial Cystitis in Adults. Russian Society of Urology, 32 pp. [in Russian]
 Pertseva T, Bontsevich R, Bontsevych R (2012) The general practitioners’ knowledge and educational programs efficiency in antibiotic
use. European Respiratory Journal 40(56): Р1285.
 Pitout JDD, Finn TJ (2020) The evolutionary puzzle of Escherichia
coli ST131. Infection, Genetics and Evolution 81:104265. https://

DS (2016) The choice of antimicrobial therapy among physicians
in the treatment of gestational pyelonephritis. Research Result:
Pharmacology and Clinical Pharmacology 2(3): 46–50. https://doi.
org/10.18413/2500-235X-2016-2-3-46-50
Díez-Aguilar M, Cantón R (2019) New microbiological aspects of
fosfomycin. Revista Espaňola Quimioterapia 32 (Suppl 1): 8–18.
[PubMed] [PMC]
Gavrilova AA, Bontsevich RA, Cherenkova OV, Goncharova NYu,
Pokrovskaya TG (2020) Dynamics of students’ knowledge in the
management of patients with community-acquired pneumonia after
additional educational events. Consilium Medicum 22 (3): 87–93.
https://doi.org/10.26442/20751753.2020.3.200080 [in Russian]
Grabe M (Chair), Bartoletti R, Johansen BTE, Cai T, Çek M, Köves
B, Naber KG, Pickard RS, Tenke P, Wagenlehner F, Wullt B (2015)
Guidelines on Urological Infections. European Association of Urology, 115 pp.
Gupta K, Hooton TM, Naber KG, Wullt B, Colgan R, Miller LG,
Moran GJ, Nicolle LE, Raz R, Schaeffer AJ, Soper DE (2011) International clinical practice guidelines for the treatment of acute uncomplicated cystitis and pyelonephritis in women: A 2010 update
by the Infectious Diseases Society of America and the European Society for Microbiology and Infectious Diseases. Clinical Infectious
Diseases 52(5): 103–120. https://doi.org/10.1093/cid/ciq257
Knecht H, Neulinger SC, Heinsen FA, Knecht C, Schilhabel A,
Schmitz RA, Zimmermann A, Santos VM, Ferrer M, Rosenstiel C,
Schreiber S, Friedrichs AK, Ott SJ (2014) Effects of β-lactam antibiotics and fluoroquinolones on human gut microbiota in relation
to clostridium difficile associated diarrhea. PLoS ONE 9(2): 89417.
https://doi.org/10.1371/journal.pone.0089417 [PubMed] [PMC]
Lee SJ (2018) Recent advances in managing lower urinary tract
infections. F1000Research 7: F1000. https://doi.org/10.12688/
f1000research.16245.1 [PubMed]

doi.org/10.1016/j.meegid.2020.104265 [PubMed]
 Polykov DP, Karneeva OV, Ryazancev SV, Garashenko TI, Gurov
AV, Kazanova AV, Maksimova EA (2016) Federal Clinical Guidelines for Acute Tonsillopharyngitis. National Medical Association of
Otorhinolaryngologists, 24 pp. [in Russian]
 Sidorenko SV, Yakovlev SV, Spichak TV (2016) Strategy and tactics of the rational use of antimicrobial drugs in outpatient practice. Eurasian clinical guidelines. Consilium Medicum. 4: 10–20
[in Russian]
 Smith SM, Fahey T, Smucny J, Becker LA (2017) Antibiotics for
acute bronchitis. Cochrane Database of Systematic Reviews 6:
CD000245. https://doi.org/10.1002/14651858 [PubMed]
 Van Boeckel TP, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin
SA, Laxminarayan R (2014) Global antibiotic consumption 2000 to
2010: an analysis of national pharmaceutical sales data. The Lancet
Infectious Diseases 14(8): 742–750. https://doi.org/10/1016/S14733099(14)70780-7 [PubMed]
 Zaycev AV, Kasyan GR, Spivak LG (2019) Draft Clinical Guidelines for Acute Pyelonephritis. Russian Society of Urology, 29 pp.
[in Russian]
 World Health Organization (2018) WHO Report on Surveillance of
Antibiotic Consumption: 2016–2018 Early Implementation. Department of Essential Medicines and Health Products Innovation, Access
and Use, Geneva, 127 pp.
 Woodhead M, Blasi F, Ewig S, Garau J, Huchon G, Ieven M, Ortqvist A, Schaberg T, Torres A, Heijden G, Read R, Verheij TJM
(2011) Guidelines for the management of adult lower respiratory
tract infections – jointly written by the European Respiratory Society and European Society of Clinical Microbiology and Infectious
Diseases. Clinical Microbiology and Infection 17(6): 1–59. https://
doi.org/10.1111/j.469-0691.2011.03602.x













50

Bontsevich RA et al.: Rational antimicrobial chemotherapy. Final results of the KANT project

Author Contributions
 Roman A. Bontsevich, MD, PhD, Associated Professor, pulmonologist, clinical pharmacologist and therapist;
e-mail: dr.bontsevich@gmail.com, ORCID ID https://orcid.org/0000-0002-9328-3905. The author of the idea and
the project coordinator analyzed the general results and provided the final conclusions, finalizing the article.
 Anna V. Adonina, MD, pediatrician; e-mail: fisenko.ann@yandex.ru, ORCID ID https://orcid.org/0000-00029735-7270. The author was engaged in the design of the database, statistical calculations, discussing, editing and
finalizing the article.
 Anna A. Gavrilova, MD, therapist; e-mail: g.annaa@yandex.ru, ORCID ID https://orcid.org/0000-0002-43355165. The author conducted an analysis of the results, suggested the conclusions, was engaged in the discussing
and editing the article.
 Yana R. Vovk, MD, therapist; e-mail: yana.vovk510@yandex.ru, ORCID ID https://orcid.org/0000-0002-77419745. The author was responsible for discussion and translation of the final version of the article.
 Maxim L. Maximov, MD, PhD, Professor, Head of the Department of Clinical Pharmacology and Pharmacotherapy; e-mail: maksim_maksimov@mail.ru, ORCID ID https://orcid.org/0000-0002-8979-8084. The author was
responsible for conducting the regional study in Kazan.
 Vera A. Nevzorova, MD, PhD, Professor, Head of the Institute of Therapy and Instrumental Diagnostic; e-mail:
nevzorova@inbox.ru, ORCID ID https://orcid.org/0000-0002-0117-0349. The author was responsible for conducting the regional study in Vladivostok.
 Irina M. Martynenko, MD, PhD, Associate Professor, Institute of Therapy and Instrumental Diagnostics; e-mail:
irina.martynenko11@mail.ru, ORCID ID https://orcid.org/0000-0002-5181-0279. The author was responsible for
conducting the regional study in Vladivostok.
 Galina G. Prozorova, MD, PhD, Doctor Habil. of Medical Sciences, Professor, Department of Therapeutic Disciplines; e-mail: prozorovagg@gmail.com, ORCID ID https://orcid.org/0000-0001-8675-1590. The author was
responsible for conducting the regional study in Voronezh.
 Elena N. Bochanova, MD, PhD Doctor Habil. of Medical Sciences, Associated Professor, Department of Pharmacology and Pharmaceutical Consulting with a Postgraduate Education Course; e-mail: bochanova@list.ru, ORCID ID https://orcid.org/0000-0003-4371-2342. The author was responsible for conducting the regional study in
Krasnoyarsk.
 Olga G. Kompaniets, MD, PhD, Associated Professor, First Therapy Department; e-mail: olga-kompaniets1@
yandex.ru, ORCID ID https://orcid.org/0000-0001-9449-9241. The author was responsible for conducting the regional study in Krasnodar Krai.
 Valeriya O. Barysheva, MD, PhD, Assistant Professor, Department of Outpatient Therapy and Clinical Pharmacology; e-mail: valeriya.bar@mail.ru, ORCID ID https://orcid.org/0000-0001-7762-7854. The author was responsible for conducting the regional study in Chelyabinsk.
 Galina G. Ketova, MD, PhD, Professor, Department of Outpatient Therapy and Clinical Pharmacology; e-mail:
galina_ketova@mail.ru, ORCID ID https://orcid.org/0000-0002-4678-6841. The author was responsible for conducting the regional study in Chelyabinsk.
 Oksana V. Tsygankova, MD, PhD, Professor, Department of Emergency Medicine with Endocrinology and Occupational Pathology of the Faculty of Continuing Education and Professional Retraining of Doctors; e-mail: oksana_c.nsk@mail.ru, ORCID ID https://orcid.org/0000-0003-0207-7063. Senior Researcher, The Institute of Internal and Preventive Medicine of the branch of federal research center ICG SB RAS. The author was responsible for
conducting the regional study in Novosibirsk.

