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Abstract: COVID-19 has had a significant impact on health care systems, including drug use. The
present study aimed to evaluate the patterns of community supply of antimicrobials from community
pharmacies during the COVID-19 pandemic in five cities of Russia. In a cross-sectional study, a
random sample of pharmacies reported all episodes of antimicrobials supply during a one-week
period. Patterns of supply (age and gender of customer, drug name and formulation, prescription
availability, indication, etc.) were analyzed. Altogether, 71 pharmacies took part in the study
and 5270 encounters were recorded. In total, 4.2% of visits resulted in supply of more than one
antimicrobial agent and 5.2% were for parenteral formulations. The rate of prescription-based
purchase in participated cities varied from 40.5 to 99.1%. Systemic antibiotics and antivirals accounted
for the majority of supplies (60.5 and 26.3%, respectively). Upper respiratory tract infections were
reported as the indication for antimicrobials usage in 36.9% of cases, followed by skin and soft
tissue infections (12.1%) and urinary tract infections (8.7%); COVID-19 accounted for 8.4% of all
supplies. Amoxicillin with clavulanic acid, azithromycin and amoxicillin were indicated as the top
three antimicrobials purchased for upper respiratory tract infections, and azithromycin, umifenovir
and levofloxacin were the top three for COVID-19. In general, a high rate of drugs dispensing without
prescription was revealed. Antibiotics for systemic use remained the most common antimicrobials,
whereas presumably viral upper respiratory tract infections were the main reason for their purchase.
COVID-19 infection itself was responsible for a small proportion of the supply of antimicrobial agents,
but systemic antibiotics accounted for more than a half of supplies.
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1. Introduction

Since the beginning of the COVID-19 pandemic, community pharmacists have had
an enhanced role in supporting health care systems overloaded by the management of
seriously ill patients [1-3]. Sick people may have primarily visited pharmacies when
seeking professional advice on the management of respiratory symptoms or any other
medical condition.

As COVID-19 is a viral infection, a significant increase in sales of antivirals (AV)
could have been expected. Nevertheless, the frequent usage of antibiotics (AB) in patients
with SARS-CoV-2 infection has been reported across the world [4-6]. There are several
possible reasons for this. Firstly, some AB (e.g., azithromycin) have been proposed as a
part of the treatment algorithms for novel coronavirus infection at the very beginning of
the pandemic [7]. Secondly, the perception that COVID-19 is associated with secondary
bacterial complications led to the increased demand for AB [8,9]. Finally, it is well known
that both health care professionals and the general public still have the bad habit of using
AB to treat the symptoms of presumably viral infections, such as the common cold, despite
its ineffectiveness [10,11].

This study was undertaken to determine the patterns of community supply of antimi-
crobials (AM) from community pharmacies during the COVID-19 pandemic in several
cities of Russia. Being a part of a larger collaborative project involving members of the
WHO Europe Antimicrobial Medicines Consumption Network in non-EU countries of
Eastern Europe and Central Asia (“Antimicrobials supplied in community pharmacies in
Eastern Europe and Central Asia following the COVID-19 pandemic”), the current study
used a common protocol developed by the WHO Regional Office for Europe.

2. Methods and Material

This cross-sectional study involved manual data collection from community phar-
macies in five cities in various parts of Russia (Moscow, Saratov, Smolensk, Yakutsk
and Yaroslavl).

The study was based on methods described in WHO'’s “How to investigate drug use in
health facilities” that have been widely used by WHO in country profile work and published
studies. Sampling methodology was adapted from the World Health Organization & Health
Action International 2008 document “Measuring medicine prices, availability, affordability
and price components” [12,13].

Due to the population difference, a minimum of 25 pharmacies in Moscow and a
minimum of 10 pharmacies in 4 other cities were sought to enable comparisons of patterns
of antimicrobial dispensing in different settings.

Pharmacies were chosen by random sampling. If the selected pharmacy declined
to participate in the study, another pharmacy was chosen until the required number of
pharmacies was recruited. Informed consent was obtained for each participating pharmacy
and each pharmacist involved in the study. Every participating pharmacy was allocated
a code number known only to the investigators managing the study at the country level.
Only the code number (i.e., pharmacy number) was recorded in the data collection form.

A group of pharmacists from participating pharmacies were asked to report all
episodes of supply of AM to customers during a one-week period. A minimum of
25 encounters were sought from each participating pharmacy. The provided informa-
tion included the date of supply, age and gender of the patient/client/customer, the sold
AM including its name and formulation (oral, injectable, rectal, etc.). The pharmacists were
asked to record whether the request/supply was prescription-based or not. Additionally,
they had to report the reason for the supply (presenting symptoms, presumptive or con-
firmatory diagnosis) in order to allow the analysis of COVID-related or other common
infections supplies.

AM were classified according to ATC classification: antibacterials for systemic use
(JO1), antivirals for systemic use (J05), antimycotics for systemic use (J02), antifungals for
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dermatological use (DO01), antidiarrheals, intestinal antiinflammatory/antiinfective agents
(A07) and antiprotozoals (P01).

The relative use of AM from “Access”, “Watch” and “Reserve” groups according
to the WHO (AWaRe) classification was evaluated. The 2019 AWaRe list encompasses
medicines from the ATC group J01 and several additional agents, namely neomycin
(ATC code A07AAOQ1), streptomycin (A07AA04), polymyxin B (A07AA05), kanamycin
(A07AA08), vancomycin (A07AA09), colistin (A07AA10), rifamixin (A07AA11), rifampicin
(JO4AB02), rifamycin (J0O4AB03), rifabutin (J0O4AB04) and metronidazole (P01ABO1) [14].
AM are assigned to three categories according to the impact of different AB and AB classes
on antimicrobial resistance [15]. The “Watch” group includes agents with higher resistance
potential, while the “Reserve” agents are suggested as the last-resort AB to treat confirmed
or suspected infections caused by multidrug-resistant organisms. The WHO has proposed
a country-level target of at least 60% of “Access” group AB out of total AB consumption. In
the absence of indication-linked information on AB use, the WHO AWaRe classification
allows a more detailed analysis of aggregated data and opportunities for stewardship
activities [15].

For the purposes of calculation, each case of pharmaceutical supply is counted here as
one prescription, regardless of dosage or duration. Using indication data reported by the
pharmacists, the patterns of AM supply for Upper respiratory tract infections (URTI) and
COVID-19 were further analyzed. Data were sought from a minimum of 1000 encounters
where an AM was supplied. A study coordinator was appointed in each city in order to
control the proper collection of data and data entry from all the participating pharmacies in
that city. All the data were collected between October 2020 and January 2021. Data were
aggregated and presented at the national level and the regional level; the sub-analysis was
carried out taking into account the sector of pharmacies (private/public).

The protocol of the study was approved by the WHO Human Research Ethics Com-
mittee (N = ERC.0003457) and by the Independent Ethics Committee of Smolensk State
Medical University of the Ministry of Health of the Russian Federation (Protocols #228
and #229). Data were analyzed my means of descriptive statistics and were expressed as
numbers and percentages.

3. Results
3.1. Description of Pharmacies

Altogether, 71 pharmacies took part in the study. Most regional pharmacies were
part of private pharmacy chains, while all participating pharmacies in Moscow were state-
owned public facilities (Table 1). Only one pharmacy in Smolensk was classified as a
rural pharmacy.

Table 1. Main characteristics of community pharmacies.

Sector
Location Number of X - Urban/ Number of
Pharmacies Private Private Public  Rural Setting Encounters
Chain Independent
Moscow 26 0 0 26 26/0 1210
Saratov 13 13 0 13/0 2150
Yaroslavl 12 10 1 1 12/0 790
Smolensk 10 9 1 0 9/1 625
Yakutsk 10 5 2 3 10/0 496
Total 71 37 4 30 70/1 5270

Information was available for 5270 community pharmacy encounters with one or
more AM supplied. There were 1210 encounters reported in Moscow and between 496 and
2150 in the four regions.
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3.2. Description of Encounters

The age distribution of the customers is shown in Table 2. Out of the 5270 encounters,
60.2% were with female customers, ranging from 57 to 62% depending on the city. Almost
half (49.5%) of the customers were aged 36-60 years. Less than 5% encounters related
to children and adolescents of 18 years or younger. The proportion of elderly customers
(aged > 60 years) varied in regions from 5 to 25.1%.

Table 2. Gender and age distribution of AM encounters in community pharmacies.

Moscow Saratov Yaroslavl Smolensk Yakutsk Total
Number of encounters 1210 2149 790 625 497 5270
Female, % 57.0 61.0 62.0 61.0 61.0 60.2
Age distribution
<5 years, % 2.0 0 2.0 2.0 1.0 1.1
5-12 years, % 22 0.3 24 35 32 1.7
13-18 years, % 1.2 0.7 1.6 2.1 2.6 1.3
19-35 years, % 24.0 28 28 32.0 39.0 28.5
36-60 years, % 56.6 46.2 53.9 42.6 48.6 49.5
>60 years, % 13.7 25.1 12.5 18.2 5.0 17.9

There were 5514 AM supplied (Table 3). In total, 4.2% of visits resulted in supply
of more than one AM agent. Across all ATC codes, 5.2% of supplies were for parenteral
formulations. Overall, only 0.4% of encounters resulted in the supply of both oral and
parenteral AM agents. The highest rates of supply of parenteral formulations were seen in
Smolensk (10.9%).

Table 3. Description of AM encounters in community pharmacies.

Moscow Saratov Yaroslavl Smolensk Yakutsk Total
Number of AM supplied 1253 2199 856 668 538 5514

% of encounters with >1 AM supplied 3.0 2.3 7.3 6.2 7.5 42

% of encounters with parenteral AM 7.1 3.7 25 10.9 2.5 5.2

% of encounters with oral and parenteral AM 0.5 0.1 0 19 0.2 0.4
% of encounters with reported reason for AM use 100 99.9 100 100 100 99.9
% of encounters with prescription 99.1 60.0 76.2 68.4 40.5 70.5

% of encounters with emergency use * 0.7 0 2.1 0.1 5.6 1.0

% of encounters with other reasons to use ** 0.2 40.0 21.7 313 53.9 30.5

Comments: * Emergency supply is defined by law, e.g., in case of emergency needs during the time doctors’
consultation is not available; ** upon request, an oral recommendation from a doctor and/or pharmacist, for
prophylaxis or self-medication.

Overall, 70.5% of encounters involved presentation of a prescription (61.8, 70.1 and
94.5% in private chain, private independent and public pharmacies, respectively). The
rate of prescription-based purchase was the lowest in Yakutsk (40.5%) and the highest in
Moscow (99.1%). Pharmacists reported the reason for AM use for almost all encounters.

3.3. Description of AM Supplied

The most commonly supplied groups of AM belonged to the systemic AB and AV
agents, comprising 60.5 and 26.3% of all purchases with available ATC codes, respectively
(Table 4). AB for systemic use were the most commonly used in all cities but their proportion
varied from 49.6 to 81.1%. The highest rate of supply of AV was recorded in Yaroslavl
(38.4%), the lowest was in Moscow (11.9%). Antifungal agents were supplied in 7.2% of
encounters in Saratov.



Antibiotics 2022, 11, 586 50f 13
Table 4. Groups of AM agents supplied in community pharmacies.

Group of AM (ATC Code) Moscow Saratov Yaroslavl Smolensk  Yakutsk Total
Antibacterials for systemic use (J01), % 81.1 49.6 56.1 59.6 54.6 60.5
Antivirals for systemic use (J05), % 11.9 27.4 38.4 32.8 325 26.3
Antimycotics for systemic use (J02), % 29 8.8 41 3.6 7.1 5.8
Antifungals for derma-tological use (D01), % 0.6 7.2 0.7 2.0 1.8 3.3

Antidiarrheals, intestinal

antiinflammatory/anti-infective agents (A07), % 10 43 01 13 16 22
Antiprotozoals (P01), % 2.5 2.7 0.6 0.7 24 2.0

Total number * 1247 1754 713 612 507 4833

Comments: * Supply of AM agents with available ATC codes is presented.

Among AB, macrolides were the most supplied group (14.9%), followed by combi-
nations of penicillins with beta-lactamase inhibitors (such as amoxicillin with clavulanic
acid), fluoroquinolones and third-generation cephalosporins, which accounted for 12.3,
11.4 and 7.2% of total supplies, respectively. There were variations in the supply of different
classes of AB in children and adults revealed (data shown in the Supplementary Table S1).
For instance, macrolides and penicillins were used more often in children. Moreover, the
proportion of fluoroquinolones increased with age and reached 12.7% of the total supply in
patients over 35 years old.

The list of AM agents supplied in this study included 86 different drugs; the top 10 in
each region are shown in Table 5. The most commonly supplied agents varied across the
cities. In Moscow, 8 of the top 10 supplied agents were J01 AB, whereas in Saratov only 4 of
the top 10 agents were AB. Only amoxicillin with clavulanic acid and azithromycin were
included in the top 10 agents in all five cities of the study. The AV umifenovir was included
in the top 10 agents in four cities, but not in Saratov. The contribution of the top 10 AM to
the total supplies accounted for 52.5% (ranging from 45.6 to 78% in regions).

3.4. Indication for AM Agents Supplied

Indication for purchase was recorded in 5501 cases. Overall, the URTI were the
most common indication for AM usage in 36.9% of cases (Table 6). Flu/influenza was
the reported indication in 6.4 to 11% of encounters varying between cities. COVID-19
related reasons for AM agents supply were reported in 8.4% of cases (16.9% of encounters
in Yaroslavl). The frequency of other indications of AM supplies, such as skin and soft
tissue infections and gastrointestinal infections, varied significantly. Reporting of other
not-specified indications was as high as 16.1%.

Table 5. Top 10 AM agents supplied in community pharmacies.

% of Total AM Supplied (Rank by Volume)

AM Name Moscow Saratov Yaroslavl Smolensk Yakutsk Total
Amoxicillin + clavulanic acid (AB) 18.7 (1) 79 (1) 6.9 (5) 5.7 (6) 12.6 (2) 10.4 (1)
Azithromycin (AB) 16.6 (2) 3.3(8) 14.4 (1) 12.1 (1) 7.2 (5) 9.5(2)

Umifenovir (AV) 3.009) 8.3 (4) 7.8 (3) 219 (1) 5.5 (3)

Pentanedioic acid imidazolyl ethanamide (AV) 42 (4) 13.2 (2) 10.3 (2) 5.3 (4)
Fluconazole (AM) 5.9 (3) 3.3(9) 6.7 (6) 4.6 (5)

Amoxicillin (AB) 33 (7) 6.5 (6) 8.5 (4) 4.1 (6)
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Table 5. Cont.

% of Total AM Supplied (Rank by Volume)

AM Name Moscow Saratov Yaroslavl Smolensk Yakutsk Total
Levofloxacin (AB) 8.9 (3) 5.4 (7) 6.6 (5) 2.8 (8) 3.9(7)
Ciprofloxacin (AB) 6.0 (5) 3.0 (10) 3.6 (10) 8.7 (3) 3.4 (8)
Cefixime (AB) 3.2(8) 3.8 (6) 3.0(9)
Ceftriaxone (AB) 6.2 (4) 7.3 (4) 2.8 (10)
Clarithromycin (AB) 3.4 (6)
Fluconazole + doxycycline (AM + AB) 2.9 (10)
Acyclovir (AV) 7.0 (2) 3.7(9) 2.2 (10)
Interferon alfa-2b (AV) 42 (5) 11.3 (3)
Tilorone (AV) 3.4(7) 4.9 (8)
Metronidazole (AP) 3.1(9) 5.4 (7)
Rimantadine (AV) 2.8 (10) 4.0 (8) 5.0 (7)
Tetracycline (AB) 2.4 (9)
Comments: AB—antibiotic, AV—antiviral agent, AM—antimycotic, AP—antiprotozoal agent.
Table 6. Recorded indications for AM supplied in community pharmacies, %.
Indication Moscow Saratov Yaroslavl Smolensk Yakutsk Total
Upper respiratory tract infections 46.4 30.3 41.8 35.3 34.9 36.9
Skin and soft tissue infections 5.7 20.4 6.2 8.4 1.3 12.1
Urinary tract infections 11.0 9.2 6.0 6.1 8.4 8.7
COVID-19 6.2 46 16.9 12.3 104 8.4
Flu/influenza 8.9 6.4 10.5 8.1 11.0 8.3
Gastrointestinal infections 47 8.5 0.8 24 24 5.1
Eye infection 1.4 6.2 2.6 3.1 4.4 4.0
Hospital treatment related 0.2 0.8 0 1.2 0 0.5
Other indications 15.5 13.4 15.2 23.0 21.6 16.1

3.5. AM Agents Supplied for URTI

The top 10 AM agents supplied to treat URTI are shown in Table 7. Among all
encounters AB accounted up to 72% of supplies. Systemic AB such as amoxicillin plus
clavulanic acid and azithromycin were the most commonly used drugs for URTI. The
leading AV—pentanedioic acid imidazolyl ethanamide, umifenovir and interferon alfa-2b—
together represented 15.7% of supplies. In general, private sector community pharmacies
were distinguished by a higher proportion of AV and lower frequency of AB supplies.
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Table 7. Top 10 AM agents supplied for URTI in community pharmacies.

% of Total AM Supplied (Rank by Volume)

AM Agent
Public Sector Private Sector Total
Amoxicillin + clavulanic acid (AB) 26.3 (1) 14.4 (1) 18.0 (1)
Azithromycin (AB) 26.0 (2) 129 (2) 16.9 (2)
Amoxicillin (AB) 5.0 (5) 7.7 (4) 6.9 (3)
Pentanedioic acid imidazolyl ethanamide (AV) 9.6 (3) 6.7 (4)
Cefixime (AB) 42(7) 7.0 (5) 6.2 (5)
Levofloxacin (AB) 11.2 (3) 3.6 (9) 5.9 (6)
Umifenovir (AV) 1.5 (10) 6.7 (6) 5.1(7)
Ceftriaxone (AB) 8.1(4) 3.3 (10) 4.8 (8)
Interferon alfa-2b (AV) 5.5(7) 3.909)
Ciprofloxacin (AB) 4.5 (6) 3.4 (10)
Doxycycline (AB) 2.6 (8)
Josamycine (AB) 1.6 (9)
Tilorone (AV) 4.0 (8)

Comments: AB—antibiotic, AV—antiviral agent.

3.6. AM Agents Supply for COVID-19

There were 462 cases of supply of AM agents that were linked to symptoms or a
diagnosis of COVID-19. The most supplied agents varied in public and private sector
(Table 8). AB, namely levofloxacin, ceftriaxone and azithromycin, were indicated as the top
3 AM used for the treatment of SARS CoV-2 infection in public in community pharmacies.
The private sector was characterized by a higher proportion of AV, especially umifenovir,
accounting for 16.1% of the total supplies.

Table 8. Top 10 AM supplied for the treatment of COVID-19 in community pharmacies.

% of Total AM Supplied (Rank by Volume)

AM Agent
Public Sector Private Sector Total
Azithromyecin (AB) 13.4 (3) 20.5 (1) 19.3 (1)
Umifenovir (AV) 6.1 (6) 16.1 (2) 14.3 (2)
Levofloxacin (AB) 23.2(1) 10.0 (3) 12.3 (3)
Amoxicillin + clavulanic acid (AB) 11.0 (4) 9.7 (4) 10.0 (4)
Ceftriaxone (AB) 20.7 (2) 4.2 (8) 7.1 (5)
Interferon alfa-2b (AV) 7.4 (5) 6.3 (6)
Pentanedioic acid imidazolyl ethanamide (AV) 6.8 (6) 5.6 (7)
Favipiravir (AV) 49 (8) 3409 3.7 (8)
Amoxicillin (AB) 4.2 (7) 3.5(9)
Oseltamivir (AV) 4.9 (9) 2.9 (10) 3.2 (10)
Clarithromycin (AB) 6.1 (5)
Hydroxychloroquine (AP) 4.9 (7)
Famciclovir (AV) 2.4 (10)

Comments: AB—antibiotic, AV—antiviral agent, AP—antiprotozoal agent.
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3.7. Supply of AM Agents according to the AWaRe Classification

The proportion of supplies of the “Access”, “Watch” and “Reserve” groups depending
on location, age and sector is presented in Table 9. In general, the proportion of the “Re-
serve” group was relatively small across the population. Azithromycin, fluoroquinolones
(levofloxacin, ciprofloxacin) and third-generation cephalosporins (cefixime, ceftriaxone)
have made the most significant contribution to the “Watch” group AM supplies. The
highest rate of the “Watch” group was detected in children less than 5 years old and
in Smolensk.

Table 9. Supplies according to the AWaRe classification, % of total supplies.

Access Watch Reserve
Location
Moscow 36.9% 63.1% 0.8%
Saratov 43.4% 56.6% 4.0%
Yaroslavl 33.2% 66.8% 1.0%
Smolensk 26.2% 73.8% 1.1%
Yakutsk 50.7% 49.3% 1.4%
Age
<5 years of age 31.8% 68.2% 0.0%
5-12 years 47.8% 52.2% 0.0%
13-18 years 48.7% 51.3% 0.0%
19-35 years 41.2% 58.8% 2.3%
36-60 years 36.6% 63.4% 2.3%
>60 years 38.3% 61.7% 0.8%
Sector
Private pharmacies 38.4% 61.6% 2.5%
Public pharmacies 38.0% 62.0% 1.0%

4. Discussion

COVID-19 has had a huge impact on health care systems in general and outpatient
settings in particular. As for AB use, two opposite trends have been reported during the
pandemic. Knight BD et al. demonstrated a reduction in community AB dispensing by
26.5% in Canada for the first 8 months of the COVID-19 compared with the pre-pandemic
period [16]. The latest report from the European Centre for Disease Prevention and Control
has also shown a decrease in the total AB consumption between 2019 and 2020 in most
EU/EEA countries, mainly in primary care [17]. On the contrary, a trend of growing
AM consumption in Russia has been reported during the first spike of the COVID-19
pandemic [18]. From January to March of 2020, about 65 million packages of ABs were
sold, i.e., sales increased by 13.5% as compared to the same period of the pre-pandemic
year. We can speculate that the growth is related to the outbreak of COVID-19. Sulis G. et al.
have shown a significant increase in AB sales, particularly azithromycin, during the peak
phase of the first COVID-19 epidemic wave in India [19].

This cross-sectional study aimed to evaluate the patterns of supply of AM agents in
the community pharmacies of Moscow and four regional cities (Saratov, Smolensk, Yakutsk
and Yaroslavl) of different parts of Russia, taking into account the possible impact of the
pandemic. When the health care system is overwhelmed, it is expected that pharmacists
often become the primary contact when patients seek medical care and, thus, can influence
their behavior and patterns of drug usage [1-3]. Information about 5270 encounters in
71 drug stores that resulted into AM supply was collected and analyzed. All pharmacies
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except one were classified as urban; private pharmacies prevailed in the regional cities,
whereas only public-sector pharmacies agreed to participate in the study in Moscow. The
numbers of encounters with AM supplied included in the study varied from 496 in Yakutsk
to 2150 in Saratov. This may relate to the size of pharmacies in the different cities.

There were more female customers in all cities of the study, with the majority of AM
purchases made by individuals between the ages of 36-60 years. Almost all reported
encounters resulted in supply of one AM agent; overall, 70.5% of encounters involved the
presentation of a prescription when acquiring medications. Interestingly, the presentation
of a prescription varied from 40.5% of encounters in Yakutsk to 99.1% in Moscow. Perhaps
such a high rate of prescription-based purchases in Moscow is due to the higher compliance
with the state regulations of AM sales in public pharmacies. Despite enforced regulations in
Russia, self-medication and purchase of AB without prescription remains common practice
in private drug stores (both chain and independent) even during the COVID-19 pandemic.
High rates of self-medication with systemic AB and OTC purchase of them across the
country have been reported previously in different studies [10,20-22].

The majority of supplied AM were in oral formulation; the supply of parenteral agents
was more common among adults over 60 years old (data not shown). Sales of parenteral
formulations were slightly higher in Smolensk as compared to the other cities of the study.

Overall, AB for systemic use was the most commonly supplied group of AM agents
in all age groups and all regions. The proportion of AV varied from 27.4% to 38.4% of
encounters in the regional cities but was lower in Moscow (11.9%). The exact reason for
these differences is unknown, but we can assume this might be due to the participation of
only state Moscow pharmacies in the study. All systemic ABs are prescription drugs, while,
on the contrary, most AVs, such as umifenovir, belong to the OTC group. It is possible that
a patient with a prescription prone to go to the state pharmacy to buy ABs, and on the
contrary one will prefer a private pharmacy when AV drugs are needed.

Among Abs, the highest overall rate was seen for macrolides, followed by combi-
nations of penicillins with beta-lactamase inhibitors, such as amoxicillin with clavulanic
acid, and fluoroquinolones. Some features have been identified in the supply of AM
agents inside different age groups. As an example, it has been shown that macrolides
and penicillins were more commonly purchased for children. Along with this, the pro-
portion of fluoroquinolones reached the highest level among patients over 35 years old.
These peculiarities can be associated with age restrictions for the use of certain AB classes,
such as quinolones and tetracyclines in children. In adults over 60 years old, increased
proportion of parenteral third-generation cephalosporins and quinolones and decreased
rate of macrolides and penicillins usage was seen. It can be speculated that the difference
in use of AM agents in different age groups is due to various reasons, as well as there
being a difference in the etiology of infections associated with age and presence of certain
comorbidities. Thus, age and comorbidities have an impact on the prescription of AB for
outpatient treatment of community-acquired pneumonia in the guidelines [23-25]. An-
other reason is the assumption of a possible age-related variability in the absorption of
oral medications and compliance to oral treatment. In this case, elderly patients and the
youngest children become the most vulnerable.

Among the most commonly prescribed AM agents the top 10 agents accounted for
more than 52% of supplies. Interestingly, the list of most commonly purchased drugs varied
across cities. Thus, only two drugs—amoxicillin with clavulanic acid and azithromycin—
were in the top 10 for all five cities of the study. It is possible that the discrepancies relate to
different indications for the purchase of AM; however, we cannot also exclude the variable
practice of AB usage for the same indication, which has been demonstrated in a previous
study [11].

It was unsurprising that URTI were the most commonly named indications for the
supply of AM agents in community pharmacies (recorded in 37% of cases). Together with
COVID-19 and influenza, the overall frequency for purchasing AM agents for “respiratory
tract problems” accounted for 53.6% of drug supplies. These data are generally in line



Antibiotics 2022, 11, 586

10 0f 13

with those found in similar studies. Belkina T. et al. evaluated the attitudes of community
pharmacists regarding AB use and self-medication in the Saint-Petersburg and Leningrad
region of Russia [22]. ABs were mostly used to self-treat upper and low respiratory tract
infections (53.3% and 19.3%, respectively); other conditions were dental problems and
urogenital infections.

Systemic ABs, namely amoxicillin with clavulanic acid, azithromycin, amoxicillin
and AV pentanedioic acid imidazolyl ethanamide (known in Russia and some former
USSR countries as ingavirin), were the leading agents for URTI treatment. The latter is
used mostly for influenza and common cold of viral etiology in adults and children over
3 years old. In general, the most commonly prescribed ABs corresponded to the included
in the national clinical guidelines for the treatment of community-acquired respiratory
tract infections [23,26,27]. The appropriateness of prescribing ABs itself cannot be assessed
due to the study design. Nevertheless, it should be emphasized that most acute URTIs are
caused by viruses and, in principle, do not require systemic AB therapy. Moreover, it is
worth mentioning that public pharmacies were characterized by much higher proportion
of AB purchases and limited supplies of AVs. We can assume that since prescription-based
purchases were much more likely in public pharmacies, patients with bacterial URTIs,
where the prescription of ABs is justified, could predominate among them.

COVID-19 accounted for 8.4% of AM supplies. There were a variety of both AV and
AB agents used; the top five in the ranking were azithromycin, umifenovir, levofloxacin,
amoxicillin with clavulanic acid and ceftriaxone. Our results are consistent with a review
published by Chedid M et al., where fluoroquinolones, ceftriaxone and azithromycin were
the most frequently prescribed ABs in patients with confirmed SARS-CoV-2 infection [28].
It should be emphasized that the approach towards AB usage has changed after gaining
new knowledge and experience in the treatment of novel coronavirus infection. Early
studies on the presence of antiviral activity in some AMs, such as azithromycin and hydrox-
ychloroquine, were not confirmed by the results of subsequent more robust studies [29].
According to the available reports, a bacterial and fungal coinfection in patients present-
ing with the COVID-19 appears to be low and much less than in the previous influenza
pandemics [30,31]. Thus, ABs should not be routinely prescribed in case of confirmed
SARS-CoV-2 infection. This statement is in line with national guidelines for COVID-19
treatment updated on a regular basis [32].

When analyzing the choice of antiviral drugs, it is necessary to take into account the
fact that the data were collected before the launch of new AVs on the Russian market, such
as remdesivir, molnupirovir and sotrovimab, which are now widely used for outpatients
with SARS-CoV-2 infections across the world.

In order to assist in the development of tools for AM stewardship at local, national
and global levels and to reduce antimicrobial resistance, the AWaRe classification of AM
agents was proposed by WHO [14]. According to this classification, ABs are classified
into different groups to emphasize the importance of their appropriate use. Our data
show that the “Watch” group of AM agents reached, in our study, about 60% of supplies,
conflicting recommendations that 60% of all consumed ABs must come from the “Access”
group. A similar proportion was seen in the public and private sector, among different
age groups, with a peak rate in the youngest children (68.2%). It is worth mentioning that
the “Access” group agents supplies prevailed during the study period in Yakutsk only.
Other cities, including Moscow, were in line with the general trend. Unfortunately, a high
proportion of “Watch” and “Reserve” ABs was also seen in Russian hospital settings [33].
This emphasizes the need for a global review of antimicrobial stewardship and approaches
towards AM usage aiming to contain antimicrobial resistance.

5. Strength and Limitations

We recognize our study has some limitations. The relatively small number of sites
means that there is a potential sample selection bias and this will limit the extrapolation of
findings to the whole country. Participation in the study was voluntary, and therefore, it is
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possible that the most conscientious pharmacists and those complying with the legislation
agreed to participate in the research. In Moscow;, for not very clear reasons, commercial
pharmacies refused to participate in the study and the sample was formed only from public
sector pharmacies.

The research was based on the self-reported data, so validity cannot be guaranteed.
However, reports of practicing pharmacists and a standard data collection tool should max-
imize the collection of valid and reliable data. Local study coordinators from the research
group engaged to conduct the study undertook regular supervision of the pharmacists and
reviewed the adequacy of the data collection.

Data on indication were based on pharmacists” or customers” assessment and were
not verified by the review of prescriptions or medical records. This, to some extent, limited
our ability to assess the appropriateness of the prescription and rationality of the choice
of AM agents. In addition to this, ‘other indications’ accounted for 16% of supplies.
Nevertheless, it demonstrates the patterns of AM supply in community pharmacies and
the main reasons why patients present to the pharmacy for the purchase of AM agents,
including self-medication. It also makes possible to assess the real practice of AB choice in
the community and allows to make some comparisons with the national guidelines. From
this point of view, the study may help to identify problematic supply and potential targets
for pharmacy-based interventions to improve the community use of AM agents.

6. Conclusions

The study evaluated the practice of dispensing AM agents by community pharmacies,
and thus, highlighted the key patterns of supply during the first year of the COVID-19
pandemic in Russia. In the context of limited electronic medical records and high prevalence
of self-medication, this tool helps to understand how AM agents are used in real practice
among outpatients.

In general, a high rate of drug dispensing with no prescription by private pharmacies
and unacceptably high proportion of “Watch” and “Reserve” groups of AB was revealed in
most cities of the study. It is important to note that AB for systemic use remain the most
common AM agents, whereas URTT are the main indication for their purchase. COVID-19
infection itself was responsible for small proportion of AM agents supply, but systemic
AB accounted for more than half of the supplies, with azithromycin being the leading AM
agent for this indication.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article /10
.3390/antibiotics11050586/s1, Table S1: Most common AM agents supplied to different age groups,
n (%) of total supplies.

Author Contributions: Conceptualization, S.R.; methodology, S.R. and A.K. (Anastasiya Kurkova);
investigation, A K. (Anastasiya Kurkova), A K. (Aleksandr Khokhlov), U.P, S.P, O.R., M.Z. and the Rus-
sian Working Group of the Project; writing—original draft preparation, S.R., A.K. (Anastasiya Kurkova)
and L.P; writing—review and editing, S.R. and R K. All authors have read and agreed to the published
version of the manuscript.

Funding: The WHO Regional Office for Europe funded the study. This provided resources to cover
costs for study coordinators, data collection by pharmacists, reimbursement for costs associated with
data analysis and report writing.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Independent Ethics Committee of Smolensk State Medical University
of the Ministry of Health of the Russian Federation: Protocol #228 (05 October 2020) and Protocol #229
(19 November 2020).

Informed Consent Statement: Informed consent was obtained for each participating pharmacy and
each pharmacist involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author (S.R.) on special request.


https://www.mdpi.com/article/10.3390/antibiotics11050586/s1
https://www.mdpi.com/article/10.3390/antibiotics11050586/s1

Antibiotics 2022, 11, 586 12 0f13

Acknowledgments: We would like to thank all pharmacists that took part in the study and the
Interregional Association for Clinical Microbiology and Antimicrobial Chemotherapy Antimicrobial
Chemotherapy IACMAC) for their cooperation and support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

Watson, K.E.; Schindel, T.J.; Barsoum, M.E.; Kung, ].Y. COVID the Catalyst for Evolving Professional Role Identity? A Scoping
Review of Global Pharmacists” Roles and Services as a Response to the COVID-19 Pandemic. Pharmacy 2021, 9, 99. [CrossRef]
Goff, D.A.; Ashiru-Oredope, D.; Cairns, K.A.; Eljaaly, K.; Gauthier, T.P; Langford, B.J., Mahmoud, S.F; Messina, A.P;
Michael, U.C; Saad, T.; et al. Global contributions of pharmacists during the COVID-19 pandemic. J. Am. Coll. Clin. Pharm. 2020,
3, 1480-1492. [CrossRef] [PubMed]

Strand, M.A.; Bratberg, J.; Eukel, H.; Hardy, M.; Williams, C. Community Pharmacists’ Contributions to Disease Management
During the COVID-19 Pandemic. Prev. Chronic Dis. 2020, 17, E69. [CrossRef] [PubMed]

Rawson, T.M.; Moore, L.S.P.; Zhu, N.; Ranganathan, N.; Skolimowska, K.; Gilchrist, M.; Cooke, G.; Holmes, A. Bacterial and
fungal co-infection in individuals with coronavirus: A rapid review to support COVID-19 antimicrobial prescribing. Clin. Infect.
Dis. 2020, 71, 2459-2468. [PubMed]

Wang, L.; Amin, A K,; Khanna, P.; Aali, A.; McGregor, A.; Bassett, P; Rao, G.G. An observational cohort study of bacterial
co-infection and implications for empirical antibiotic therapy in patients presenting with COVID-19 to hospitals in North West
London. J. Antimicrob. Chemother. 2021, 7, 796-803. [CrossRef]

Du, Y,; Tu, L.; Zhu, P; Mu, M.; Wang, R.; Yang, P.; Wang, X.; Hu, C.; Ping, R.; Hu, P.; et al. Clinical features of 85 fatal cases of
COVID-19 from Wuhan: A retrospective observational study. Am. J. Respir. Crit. Care Med. 2020, 201, 1372-1379. [CrossRef]
Gautret, P,; Lagier, ].C.; Parola, P; Hoang, V.T.; Meddeb, L.; Mailhe, M.; Doudier, B.; Courjon, J.; Giordanengo, V.; Vieira, VE.; et al.
Hydroxychloroquine and azithromycin as a treatment of COVID-19: Results of an open-label non-randomized clinical trial. Int. J.
Antimicrob. Agents 2020, 56, 105949. [CrossRef]

Bardy, T.; Pintado, V.; Gomez-Rojo, M.; Escudero-Sanchez, R.; Lopez, A.A.; Diez-Remesal, Y.; Castro, M.N.; Ruiz-Garbajosa, P.;
Pestina, D. Nosocomial infections associated to COVID-19 in the intensive care unit: Clinical characteristics and outcome. Eur. J.
Clin. Microbiol. Infect. Dis. 2021, 40, 495-502. [CrossRef]

Pipa, M.; Galli, L.; Poli, A.; Oltolini, C.; Spagnuolo, V.; Mastangelo, A.; Muccini, C.; Monti, G.; De Luca, G.; Landoni, G; et al.
Secondary infections in patients hospitalized with COVID-19: Incidence and predictive factors. Clin. Microbiol. Infect. 2021, 27,
451-457.

Kaae, S.; Ghazaryan, L.; Pagava, K.; Korinteli, I.; Makalkina, L.; Zhetimkarinova, G.; Khambayeva, A.; Tentiuc, E.; Ratchina, S.;
Zakharenkov, P; et al. The antibiotic knowledge, attitudes and behaviors of patients, doctors and pharmacists in the WHO
Eastern European region—A qualitative, comparative analysis of the culture of antibiotic use in Armenia, Georgia, Kazakhstan,
Moldova, Russia and Tajikistan. Res. Soc. Adm. Pharm. 2020, 16, 238-248. [CrossRef]

Rachina, S.A.; Kozlov, R.S.; Tatochenko, V.K.; Zharkova, L.P.; Dudnikova, E.V.,; Sakulina, I.B.; Maltsev, S.V.; Spichak, T.V,;
Seroklinov, B.N.; Chirkova, O.I; et al. The practice of treating respiratory diseases in children in outpatient clinics: Results of a
multicenter pharmacoepidemiological study. Clin. Pharmacol. Ther. 2016, 25, 20-27.

World Health Organization. How to Investigate Drug Use in Health Facilities: Selected Drug Use Indicators. Available online:
https:/ /apps.who.int/iris/handle/10665/60519 (accessed on 1 April 2022).

World Health Organization. Measuring Medicine Prices, Availability, Affordability and Price Components. Available online:
https:/ /www.who.int/medicines/areas/access/OMS_Medicine_prices.pdf (accessed on 1 April 2022).

World Health Organization. AWaRe Classification Antibiotics. Available online: https://www.who.int/news/item/01-10-2019
-who-releases-the-2019-aware-classification-antibiotics (accessed on 1 April 2022).

Sharland, M.; Ganda, S.; Huttner, B.; Moja, L.; Pulcini, C.; Zeng, M.; Mendelson, M.; Cappello, B.; Cooke, G.; Magrini, N.; et al.
Encouraging AWaRe-ness and discouraging inappropriate antibiotic use-the new 2019 Essential Medicines List becomes a global
antibiotic stewardship tool. Lancet Infect. Dis. 2019, 19, 1278-1280. [CrossRef]

Knight, B.D.; Shurgold, J.; Smith, G.; MacFadden, D.A.; Schwartz, K.L.; Daneman, N.; Tropper, D.G.; Brooks, J. The impact of
COVID-19 on community antibiotic use in Canada: An ecological study. Clin. Microbiol. Infect. 2022, 28, 426-432. [CrossRef]
Antimicrobial Consumption in the EU/EEA (ESAC-Net)—Annual Epidemiological Report for 2020. Available online: https:
/ /www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-consumption-europe-2020 (accessed on 1 April 2022).
DSM Group Report. Available online: https:/ /ura.news/news/1052434031 (accessed on 1 April 2022).

Sulis, G.; Batomen, B.; Kotwani, A.; Pai, M.; Gandra, S. Sales of antibiotics and hydroxychloroquine in India during the COVID-19
epidemic: An interrupted time series analysis. PLoS Med. 2021, 18, e1003682. [CrossRef]

Titkov, D.; Kaae, S.; Norgaard, L.S.; Cantarero, L.A.; Jacobsen, R.; Almarsdoéttir, A.B.; Sporrong, S.K.; Rachina, S.A.; Zholud, V,;
Basha, T.; et al. Behaviours and practices towards antibiotic use in northwest Russia. In Proceedings of the 31st ECCMID, Vienna,
Austria, 9-12 July 2021. Abstract#00914.

Andreeva, 1.V,; Rachina, S.A.; Petrochenkova, N.A.; Galkin, D.V.; Gorenkova, E.V,; Stratchounski, L.S. Self-purchasing of
antimicrobial agents by Russian towns-people: Results of multifield study. Clin. Parmacol. Ther. 2002, 3, 15-26.


http://doi.org/10.3390/pharmacy9020099
http://doi.org/10.1002/jac5.1329
http://www.ncbi.nlm.nih.gov/pubmed/33043280
http://doi.org/10.5888/pcd17.200317
http://www.ncbi.nlm.nih.gov/pubmed/32701431
http://www.ncbi.nlm.nih.gov/pubmed/32358954
http://doi.org/10.1093/jac/dkaa475
http://doi.org/10.1164/rccm.202003-0543OC
http://doi.org/10.1016/j.ijantimicag.2020.105949
http://doi.org/10.1007/s10096-020-04142-w
http://doi.org/10.1016/j.sapharm.2019.05.014
https://apps.who.int/iris/handle/10665/60519
https://www.who.int/medicines/areas/access/OMS_Medicine_prices.pdf
https://www.who.int/news/item/01-10-2019-who-releases-the-2019-aware-classification-antibiotics
https://www.who.int/news/item/01-10-2019-who-releases-the-2019-aware-classification-antibiotics
http://doi.org/10.1016/S1473-3099(19)30532-8
http://doi.org/10.1016/j.cmi.2021.10.013
https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-consumption-europe-2020
https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-consumption-europe-2020
https://ura.news/news/1052434031
http://doi.org/10.1371/journal.pmed.1003682

Antibiotics 2022, 11, 586 13 0f 13

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Belkina, T.; Duvanova, N.; Karbovskaja, J.; Tebbens, ].D.; Vicek, J. Antibiotic use practices of pharmacy staff: A cross-sectional
study in Saint Petersburg, the Russian Federation. BMC Pharmacol. Toxicol. 2017, 18, 11. [CrossRef]

Chuchalin, A.G,; Sinopalnikov, A.L; Kozlov, R.S.; Tyurin, LE.; Rachina, S.A. Community-acquired pneumonia in adults: Clinical
guidelines on diagnostics, treatment and prophylaxis. Clin. Microbiol. Antimicrob. Chemother. 2010, 12, 187-225.

Boyles, T.H.; Brink, A.; Calligaro, G.L.; Cohen, C.; Dheda, K.; Maartens, G.; Richards, G.A.; van Zil Smit, R.; Smith, C,;
Wasserman, S.; et al. South African guideline for the management of community- acquired pneumonia in adults. J. Thorac. Dis.
2017, 9, 1469-1502. [CrossRef]

Lim, W.S.; Baudouin, S.V,; George, R.C.; Hill, A.T,; Jamieson, C.; Le Jeune, I.; Macfarlane, ].T.; Read, R.C.; Roberts, HJ;
Levy, M.L,; et al. BTS Guidelines for the Management of Community Acquired Pneumonia in Adults: Update 2009. Thorax 2009,
64, iii1-iii55. [CrossRef]

Tatochenko, V.K.; Bakradze, M.D.; Khokhlova, T.A.; Rogova, O.A. Rational antibiotic therapy of respiratory infections. Medicinskiy
Sovet 2014, 1, 62-67.

Federal Clinical Guidelines for Medical Care of Children with Common Cold. Available online: https://minzdrav.gov.ru/
ministry/61/5/1/federalnye-klinicheskie-rekomendatsii-po-okazaniyu-meditsinskoy-pomoschi-detyam-s-orvi (accessed on 1
April 2022).

Chedid, M.; Waked, R.; Haddad, E.; Chetata, N.; Saliba, G.; Choucair, J. Antibiotics in treatment of COVID-19 complications: A
review of frequency, indications, and efficacy. J. Infect. Public Health 2021, 14, 570-576. [CrossRef]

RECOVERY Collaborative Group. Azithromycin in patients admitted to hospital with COVID-19 (RECOVERY): A randomised,
controlled, open-label, platform trial. Lancet 2021, 397, 605-612. [CrossRef]

Lansbury, L.; Lim, B.; Baskaran, V.; Lim, W.S. Co-infections in people with COVID-19: A systematic review and meta-analysis. J.
Infect. 2020, 81, 266-275. [CrossRef]

Langford, B.J.; So, M.; Raybardhan, S.; Leung, V.; Westwood, D.; MacFadden, D.R.; Soucy, J.-P.R.; Daneman, N. Bacterial
co-infection and secondary infection in patients with COVID-19: A living rapid review and meta-analysis. Clin. Microbiol. Infect.
2020, 26, 1622-1629. [CrossRef]

Interim Guidelines for Prevention, Diagnosis and Treatment of the New Coronavirus Infections (COVID-19). Available on-
line: https:/ /static0.minzdrav.gov.ru/system/attachments/attaches/000/059/041/original/BMP_COVID-19_V14_27-12-2021
.pdf (accessed on 1 April 2022).

Pauwels, I.; Versporten, A.; Drapier, N.; Vlieghe, E.; Goossens, H. Global-PPS network. Hospital antibiotic prescribing patterns
in adult patients according to the WHO Access, Watch, and Reserve classification (AWaRe): Results from a worldwide point
prevalence survey in 69 countries. J. Antimicrob. Chemother. 2021, 76, 1614-1624. [CrossRef] [PubMed]


http://doi.org/10.1186/s40360-017-0116-y
http://doi.org/10.21037/jtd.2017.05.31
http://doi.org/10.1136/thx.2009.121434
https://minzdrav.gov.ru/ministry/61/5/1/federalnye-klinicheskie-rekomendatsii-po-okazaniyu-meditsinskoy-pomoschi-detyam-s-orvi
https://minzdrav.gov.ru/ministry/61/5/1/federalnye-klinicheskie-rekomendatsii-po-okazaniyu-meditsinskoy-pomoschi-detyam-s-orvi
http://doi.org/10.1016/j.jiph.2021.02.001
http://doi.org/10.1016/S0140-6736(21)00149-5
http://doi.org/10.1016/j.jinf.2020.05.046
http://doi.org/10.1016/j.cmi.2020.07.016
https://static0.minzdrav.gov.ru/system/attachments/attaches/000/059/041/original/BMP_COVID-19_V14_27-12-2021.pdf
https://static0.minzdrav.gov.ru/system/attachments/attaches/000/059/041/original/BMP_COVID-19_V14_27-12-2021.pdf
http://doi.org/10.1093/jac/dkab050
http://www.ncbi.nlm.nih.gov/pubmed/33822971

	Introduction 
	Methods and Material 
	Results 
	Description of Pharmacies 
	Description of Encounters 
	Description of AM Supplied 
	Indication for AM Agents Supplied 
	AM Agents Supplied for URTI 
	AM Agents Supply for COVID-19 
	Supply of AM Agents according to the AWaRe Classification 

	Discussion 
	Strength and Limitations 
	Conclusions 
	References

