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ABSTRACT

INTRODUCTION  Antibiotic resistance is nowadays one of the most important public health threats. It is

mainly caused by inappropriate antibiotic usage.
OBJECTIVES

We aimed to characterize the seasonal trends of antimicrobial consumption (AC) and

to assess the possible relation between AC and the incidence of influenza at the community level in
2014 in Poland.

PATIENTS AND METHODS Influenza incidence, AC, and the number of inhabitants vaccinated against
influenza were examined at the community level. The AC was assessed on the basis of sales data and
then converted to defined daily doses (DDDs) per 1000 inhabitants per day according to the Anatomical
Therapeutic Chemical Classification System and the DDD methodology. The data on the incidence of
influenza and influenza-like cases were based on notifications from primary care doctors.

RESULTS The majority of antimicrobials were consumed at the community level. The mean community
consumption of antibacterials for systemic use in Poland in 2014 was 22.50 DDDs per 1000 inhabitants
per day. The most frequently consumed substances were oral amoxicillin, amoxicillin and enzyme inhibitor,
and cefuroxime. Two seasonal peaks of AC were observed. Seasonal trends in AC were similar to trends
in influenza incidence. The highest AC was observed in a voivodeship with the highest influenza incidence.
concLusions The extent of outpatient AC and the seasonal coincidence of influenza and AC pose
an important risk for antibiotic overuse and misuse, which are the main causes of antibiotic resistance.

INTRODUCTION Antibiotic resistance is cur-
rently one of the top global health concerns.'*®
There are several reasons for this phenomenon,
but the main driving factors are the overuse and
misuse of antimicrobials.®’ It was shown that
the higher the antimicrobial consumption (AC),
the higher the proportion of resistant patho-
gens.®? A striking example of antibiotic misuse
at the community level, a phenomenon contrib-
uting to emergence and spread of antibiotic re-
sistance, is the high prescription rate of antibiot-
ics for respiratory tract infections (RTIs), caused
mainly by viruses.'’"'? The lack of knowledge that
antibiotics do not act on viruses may result in in-
appropriate antibiotic use.'*"'" The strategies to
prevent development and dissemination of an-
timicrobial resistance are complex and require
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a multidisciplinary approach.”® The surveillance
of antimicrobial usage reveals areas of overuse
and misuse and helps identify vulnerable regions,
sectors, and seasons. This facilitates the plan-
ning of interventions aimed at antibiotic resis-
tance control.

The aim of this study was to characterize sea-
sonal trends in AC in 2014 at the community lev-
el in Poland and to assess the possible relation be-
tween the AC and incidence of influenza.

PATIENTS AND METHODS  This study focused on
the community (outpatient) sector, although total
and hospital consumption levels were also calcu-
lated to indicate the overall AC in Poland. Data on
AC were provided through the courtesy of Quintil-
es IMS, a company monitoring the pharmaceutical

Antimicrobial consumption and influenza incidence 31



TABLE 1

Antibiotics with the highest consumption at the community level in 2014 in Poland

Antibiotic? Annual consumption (defined as ~ Community consumption out Included in national
daily doses per of total consumption, % recommendations?°
1000 inhabitants per day)

Amoxicillin 4.839 21.51 Yes

Amoxicillin and enzyme inhibitor 3.735 16.60 Yes

Cefuroxime 2.076 9.23 Yes

Doxycycline 1.858 8.26 Yes

Clarithromycin 1.429 6.35 Yes

Azithromycin 1.249 5.55 Yes

Ciprofloxacin 0.712 3.16 No

Sulfamethoxazole and trimethoprim 0.468 2.08 No

Phenoxymethylpenicillin 0.211 0.94 Yes

Levofloxacin 0.154 0.69 Yes

Total consumption 22.503 100.00 -

a Antibacterials for systemic use (code JO1 in the Anatomical Therapeutic Chemical Classification System). All antibiotics were administered orally.

b National recommendations for community-acquired respiratory tract infections.'®

Abbreviations: J01, antibacterials for systemic use
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market. The data were based on retail sales at the
pharmacy level (assumed to reflect community
consumption) and on wholesaler sales to hospi-
tals (hospital consumption).

The data on the numbers and contents of
packages were used in calculations to express
AC in defined daily doses (DDDs) according to
the methodology proposed by the World Health
Organization Collaborating Centre for Drug Sta-
tistics Methodology.'® In the calculations of con-
sumption trends for specific months, a variable
number of days was considered. We focused on
the following antimicrobials or their groups: an-
tibacterials for systemic use (JO1 code in the An-
atomical Therapeutic Chemical [ATC] Classifi-
cation System); antibacterials for systemic use
listed in national recommendations (approved
by the Polish Ministry of Health) as the main
treatment options for community-acquired RTIs
(r-CA-RTI group; TABLE 1)'°; and oseltamivir (neur-
aminidase inhibitor), an antiviral for influen-
za treatment (antivirals for systemic use, ATC
code J05).

The data on the incidence of influenza and
influenza-like cases by month and voivodeship
were obtained from the database of the Nation-
al Institute of Public Health-National Institute
of Hygiene (NIPH-NIH). The weekly NIPH-NIH
epidemiological reports contain information
on the numbers of influenza-related cases, sus-
picions, and deaths. For the purpose of infec-
tious diseases surveillance in European Union
countries, the NIPH-NIH reports define influ-
enza as cases with a clinical or laboratory diag-
nosis of influenza, together with all clinically
diagnosed influenza-like cases and RTIs fulfill-
ing the criteria for the definition of influenza.'’
As the reports were based on notifications from
primary care doctors, the data on influenza inci-
dence were considered as community-level data.
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The NIPH-NIH reports were also the source of
data on the number of inhabitants vaccinated
against influenza per voivodeship. These data
were expressed as the number of individuals vac-
cinated per 1000 inhabitants per day (VID).

Demographic data on the number of inhabit-
ants by month and voivodeship were obtained
from the Central Statistical Office of Poland
(Gléwny Urzad Statystyczny [GUS]). The number
of inhabitants is estimated by GUS on a quarter-
ly basis and provided for the last day of the quar-
ter. For the purpose of this analysis, it was as-
sumed that the population size was stable dur-
ing each of the 3 months that constituted a quar-
ter. The GUS methodology calculates the number
and structure of the population on the basis of
the most recent population and housing census."®

AC levels were expressed as DDDs. Mean val-
ues for AC levels and influenza incidence by
month and voivodeship were calculated. AC lev-
els and influenza incidence were also described
using range and standard deviation (SD). The co-
efficient of variation was calculated to show vari-
ability in the mean AC levels and influenza inci-
dence by month and voivodeship. Voivodeships
were ranked according to AC levels and influenza
incidence. Trends were assessed to show chang-
es in AC and influenza incidence over time. Fi-
nally, the coefficient of determination was used
to assess the correlation between AC and influ-
enza incidence.

RESULTS The consumption of antibacterials
for systemic use at the community level in Po-
land in 2014 was 22.50 DDDs per 1000 inhabit-
ants per day (DID) and represented 94.08% of
the total consumption of antibacterials. Dur-
ing the study, consumption at the communi-
ty level ranged from 15.04 DID to 27.31 DID
(SD, 3.72). Two seasonal peaks in consumption
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in Poland. Data were expressed as defined daily doses (DDDs) per 1000 inhabitants per day.
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FIGURE 2  Antibiotics with the highest consumption at the community level in 2014 in Poland. All antibiotics were administered orally. Data were
expressed as defined daily doses (DDDs) per 1000 inhabitants per day.

were observed: in February-March and Octo-
ber-December. Although the consumption lev-
els differed between voivodeships, the overall
trends were similar. Consumption was consis-
tently the lowest in Warmian-Masurian Voivode-
ship and the highest in Pomeranian Voivodeship.
The coefficient of variation was 16.83% (FIGURE 1).

The consumption at the community level
of the 15 most common antibacterials (out of
all 57 antibacterials used) reached 17.73 DID
(79.81% of the total community consumption).
The most common substances were oral amoxi-
cillin, oral amoxicillin and enzyme inhibitor, and
oral cefuroxime (all with indications for RTIs)
(taABLE 1). Consumption trends for the most com-
mon substances were stable throughout the stud-
ied period except doxycycline, for which the trend
did not show characteristic peaks (FIGURE 2).

The r-CA-RTI group was selected for a broad-
er analysis and included the 10 most common
antibiotics used for outpatient oral treatment
of RTIs. Most of the r-CA-RTI consumption

(97.47%) occurred in the community sector
and constituted 67.64% of the total consump-
tion of antibacterials at the community level.
All of the analyzed r-CA-RTI substances were in-
cluded in the group of the most frequently con-
sumed antibacterials for systemic use in the com-
munity sector (TABLE 1). The same consumption
peaks were observed for the r-CA-RTI group as
for the overall JO1 group. The mean monthly
consumption level of r-CA-RTI was 15.29 DID,
ranging from 8.74 DID in August to 19.62 DID
in March (SD, 3.29) (FIGURE 3).

The coefficient of variation for r-CA-RTI con-
sumption was 21.56%. Consumption levels of
r-CA-RTI per voivodeship were similar to those
for the whole J01 group, with the highest con-
sumption observed for Pomeranian Voivode-
ship and the lowest—for Warmian-Masurian
Voivodeship.

Because of the resistance patterns of the influ-
enza virus in 2014 in Poland, oseltamivir was rec-
ommended as an antiviral drug. The consumption
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for community-acquired respiratory tract infections. Data were expressed as defined daily doses (DDDs) per 1000 inhabitants per day and presented
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FIGURE 4  Consumption of oseltamivir at the community level by month and voivodeship in 2014 in Poland. Data were expressed as defined daily
doses (DDDs) per 1000 inhabitants per day.
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of oseltamivir at the community level in 2014 was
0.0013 DID (73% of the overall oseltamivir con-
sumption). The monthly consumption ranged
from 0.00005 DID in March to 0.00489 DID in
August (SD, 0.0014), and the coefficient of vari-
ation was 1.09 (FicuRE 4). The consumption peak
in March was about 5 times higher than that in
October.

The incidence trends for influenza in 2014
showed seasonal peaks in February—March and
October-December, with the lowest level in Au-
gust. Similar trends were observed in different
voivodeships. The highest influenza incidence was
observed in Pomeranian Voivodeship and the low-
est—in Warmian-Masurian Voivodeship. The in-
cidence levels of influenza by month and voivode-
ship were stable, with trend curves almost par-
allel (FiURE 5). In March, the influenza incidence
level in Podlaskie Voivodeship was higher than
the mean country level, while in Eédzkie Voivode-
ship, the incidence level reached the mean country
level. In Pomorskie Voivodeship, the October peak
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for influenza incidence was significantly high-
er compared with other voivodeships (FIGURE 5).

The number of individuals vaccinated against
influenza was calculated for 2013 and 2014. This
is because the influenza season starts in autumn,
and the study population may have also been
vaccinated in 2013. As the data on the monthly
number of vaccinated individuals were not avail-
able, we checked data from 2013 as a control for
the number of vaccinated individuals. The com-
parison confirmed that the numbers were stable
thus the vaccinated population in 2013/2014 was
comparable.

The number of vaccinated individuals per
1000 VID was 24.12 in 2013 and 22.22 in 2014.
In both years, the voivodeships with the low-
est VID were: Pomeranian (18.61 in 2013 and
15.95 in 2014), Podkarpackie (19.43 in 2013 and
16.10 in 2014), and Lublin (20.07 in 2013 and
19.03 in 2014). The voivodeships with the highest
VID were: West Pomeranian (31.66 in 2013 and
29.49 in 2014), Mazovian (31.29 and 28.25),
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Lower Silesian (27.26 and 24.27), and Warmian-
-Masurian (25.66 and 25.60). The voivodeships
with the highest and lowest VID differed almost
by a factor of 2 (in 2014: 15.95 in Pomerani-
an Voivodeship vs 29.49 in West Pomeranian
Voivodeship). The overall VID for Poland de-
clined from 2013 to 2014 by 1.90. The decline
was also observed in individual voivodeships
(mean difference, 1.74 VID). The VID in specif-
ic voivodeships in 2014 was similar to the con-
trol year of 2013.

The influenza incidence trends were similar
to the consumption trends observed for J01 and
r-CA-RTI groups and showed similar seasonal
peaks. The coefficient of variation for monthly
influenza incidence was higher than for J01 and
r-CA-RTI consumption and reached 42.32%.

The influenza incidence pattern by voivode-
ships in 2014 was more stable than the antibac-
terial consumption pattern.

Our analysis showed that Pomeranian Voivode-
ship, which showed the highest influenza inci-
dence rate, also had the highest antibacterial con-
sumption levels throughout most of 2014. Simi-
larly, the voivodeship with the lowest antibacte-
rial consumption (Warmian-Masurian) reported
also one of the lowest influenza incidence level.
The community consumption and influenza in-
cidence rankings were similar. Pomeranian Voi-
vedeship, as the voivodeship with the highest
influenza incidence and antibacterial consump-
tion, showed the lowest number of vaccinated
inhabitants (both in 2013 and 2014). Consump-
tion of the overall JO1 group at the community
level and the incidence levels of influenza mark-
edly differed in specific months in 2014 in Lu-
buskie, Swietokrzyskie, and West Pomeranian
Voivodeships (where the consumption was one
of the highest, while influenza incidence one of
the lowest). In addition, in Greater Poland and
Kuyavian-Pomeranian Voivodeships, antibacte-
rial consumption was lower than the mean coun-
try level but the influenza incidence was one of
the highest.
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The coefficient of determination showed
the strongest correlation between influenza in-
cidence and r-CA-RTI consumption (R? = 0.9362).
A weaker correlation was observed for antibacte-
rial consumption (R? = 0.8738), and the weakest
correlation, for oseltamivir consumption (R? =
0.6598).

DISCUSSION This study reported for the first
time annual trends for antibiotic and antiviral
consumption due to influenza in Poland combined
with data on influenza incidence and the num-
ber of inhabitants vaccinated against influenza.

The time frame (a calendar year) was selected to
observe monthly trends in AC. We chose 2014 be-
cause it was the first year for which data on the to-
tal (hospital and community) consumption in Po-
land were available, providing a complete picture
of AC distribution. Another reason for selecting
2014 was the availability of data on the number
of vaccinated inhabitants. Moreover, the analy-
sis of annual trends in influenza incidence and
AC was justified by the fact that the dominant
influenza virus in Poland in the 2013/2014 and
2014/2015 seasons was the same (AHINT)."%-20

In 2014, the average AC at the community level
in 31 European reporting countries was 91.59% of
the total consumption (range, 84.85%-94.67%).
Our study showed that in 2014 in Poland, 94.08%
of antimicrobials were consumed at the commu-
nity level. Poland was among the top 10 Europe-
an countries with the highest AC at the commu-
nity level. This trend was maintained through-
out the years 1998 and 2015 when the average
annual outpatient level of AC exceeded the aver-
age European level.2"%2

Our study also showed the highest consump-
tion level for antibiotics belonging to the so
called r-CA-RTI group (more than half of the total
JO01 consumption). The antibiotics with the high-
est consumption level in the community sector
had at least one indication for use in RTI in their
summary of product characteristics. The main
contribution of antibiotics used in RTIs to AC
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was confirmed by a cross-national study analyz-
ing data for the period from 1997 to 2002.2° RTIs
as the main indication for prescribing antibiot-
ics in primary care settings were also mentioned
in a comparative study of outpatient systemic
antibacterial use in 2004 in the United States
and 27 European countries.? An analysis of an-
tibiotics prescribed in the years 2010 to 2011 in
the United States showed that approximately
50% of acute respiratory conditions led to in-
appropriate antibiotic prescriptions.?® Similar
conclusions were reported by another American
study that evaluated adult upper RTIs in outpa-
tient settings from 1998 to 2003,2° by a review
of antibiotic use for acute RTIs,?’ and by a sur-
vey assessing data on the patterns of ambulato-
ry antibiotic prescription in adults in the years
from 2007 to 2009.28

Our results suggest that r-CA-RTI antibiot-
ics should be carefully monitored to minimize
the risk of their misuse and overuse, which is con-
sistent with a report by Molstad et al.?* An exam-
ple of an effective prevention program against an-
tibiotic resistance is the strategy implemented in
Sweden. During 20 years of this program, a sig-
nificant reduction in antibiotic prescription rates
for RTIs, especially in children, was achieved with
appropriate educational activities and surveil-
lance of antibiotic resistance and consumption.?’

Our analysis of the seasonal trends of AC and
its possible correlation with the influenza inci-
dence highlights a few important issues. We ob-
served that the seasonal peaks in the consump-
tion of antibacterials for systemic use during
the year corresponded to the peaks in influenza
incidence and that the seasonal peaks in influ-
enza incidence preceded the peaks in antibacte-
rial consumption at the community level. An es-
calation in antibiotic use during or after influen-
za peaks may result from an epidemic wave and
arising incidence of bacterial coinfections or bac-
terial infections secondary to influenza infections.
Nevertheless, it is difficult to conclude if antibiot-
ic prescriptions in the community setting in Po-
land were based on the precise identification of
the etiology of infections. There are no data link-
ing AC to diagnosis.

Within the J01 therapeutic group, the con-
sumption trends were similar between the most
frequently used substances. The only exception
was doxycycline: its consumption trend did not
show the characteristic fall in August or peaks in
March and October. This might be explained by
increased rates of doxycycline prescriptions for
borreliosis, which occurs with high incidence dur-
ing the summer months in Poland.*’

We also found that the trends for influenza
incidence and AC at the community level were
parallel. However, the peak r-CA-RTI consump-
tion during the study occurred earlier than
the peak JO1 consumption. In comparison with
the JO1 therapeutic group, the consumption trend
for r-CA-RTI was more consistent with the trend
observed for influenza incidence. Another Polish
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analysis showed that the peak of the laboratory-
-confirmed influenza-like virus detection preced-
ed the peak of the influenza virus detection.?’
These observations suggest a relationship be-
tween the incidence of viral RTIs and r-CA-RTI
overuse. Antibiotic misuse in viral RTIs during in-
fluenza periods were confirmed by several studies.
Nitsch-Osuch et al*' described the overuse of anti-
biotics and underuse of antivirals in children with
influenza in Poland. Among the most frequent-
ly administered antibiotics, the authors listed
amoxicillin with clavulanic acid, cefuroxime, and
amoxicillin—the same 3 most commonly used an-
tibiotics as reported in our study. Several studies
conducted in the United States showed similar
correlations. One of them revealed a substantial
proportion of antibiotics prescribed to children
diagnosed with respiratory disorders that typi-
cally are not cured by antibiotics (like common
cold, otitis media, and acute bronchitis).?? Anoth-
er study reported that over one-third of ambula-
tory visits with a diagnosis of influenza resulted
in prescription of an antibiotic.** The above stud-
ies emphasize that incorrect prescription of anti-
biotics to treat mostly viral respiratory infections
may be harmful and promotes the emergence and
spread of antibiotic resistance.

The seasonality of influenza incidence is a com-
plex issue. Factors such as air temperature or sea-
sonal cooling of the nasal airways that compro-
mise the local respiratory defense were described
to be correlated with respiratory diseases.** Cy-
cles in host resistance to infection (immune re-
sponse), variations in the survival of the virus
(ambient temperature, humidity, vapor pressure),
and factors connected with crowding were also
indicated among the causes of influenza season-
ality.’® It was also concluded that the seasonali-
ty of nonpandemic influenza is conditioned not
only by singular factors but also by their interac-
tion and complexity.*¢

With respect to oseltamivir consumption
trends, our study revealed an evident peak at the
beginning of 2014. As our analysis was based on
sales data, this observation might suggest oselta-
mivir stockpiling (at personal and health care fa-
cility levels). In a review of systemic antiviral use
in Europe published in 2011, antiviral stockpiles
were described to be provided to primary health
care professionals for distribution without pre-
scription during the outbreak of the AHIN1 pan-
demic in 2009 in Belgium. The same study re-
ported stockpiles of oseltamivir purchased in
2005 during the avian flu pandemic in several
European countries.*’ Another study described
that the peak of oseltamivir use in European coun-
tries occurred mostly during the first quarter of
the year. This might reflect a stronger correlation
of the peak oseltamivir use with the perceived
threat of a potential influenza pandemic, stimu-
lated by the media, as compared with real influ-
enza incidence.’” Similar reasons for stockpiling
were also reported in Norway®*® and in the Unit-
ed States.®*



We also explored influenza vaccination as a tool
for reducing influenza incidence and the result-
ing AC. We found voivodeships with the highest
AC and influenza incidence levels and the lowest
number of vaccinated inhabitants. Variations be-
tween voivodeships in the number of inhabitants
vaccinated against influenza, AC, and influenza
incidence levels indicate a potential need for in-
terventions. The correlation between influen-
za vaccination and AC was also reported in oth-
er studies. It was concluded that the misuse of
antibiotics for influenza treatment can be lim-
ited by reducing the viral spread by vaccination
and other preventive measures such as hand hy-
giene, rapid point-of-care influenza tests, ratio-
nal use of antivirals, or education of physicians
and parents regarding the appropriate use of an-
tibiotics.*? The measures to lower excessive anti-
biotic prescription during influenza periods was
also described in the Netherlands.*°

We are aware that using sales data as the ba-
sis for the analysis of AC may not exactly reflect
the medications consumed, which might be con-
sidered a study limitation. Still, the data used in
this study were the most comprehensive among
the data available in Poland and covered the whole
population. A more specific assessment of the ex-
tent to which prescribed treatments comply with
national recommendations would require mon-
itoring of the exact consumed values, and this
would be possible only at the patient level in
a sampled study.

Our study would have a greater value if we had
included data on the etiology of infections for
which antibiotics were prescribed. A study by
Low?*® showed that the AC was twice the level
justified by etiology.*® Unfortunately, these data
are not available in Poland, so further studies are
needed to investigate this issue.

Conclusions  AC occurs mostly at the communi-
ty level. Therefore, the surveillance of consump-
tion and measures to improve antibiotic use need
to be enhanced, particularly in the outpatient
sector. The extent of AC at the community lev-
el and the seasonal correlation of influenza inci-
dence with AC pose an important risk for antibi-
otic overuse and misuse, which are the main rea-
sons for the spread of antibiotic resistance. Data
on regional differences in AC derived from epide-
miological surveillance programs should be con-
sidered in developing interventions aimed both
at infection control (eg, vaccination) and at ratio-
nal antibiotic policy. Infection control measures
and reasonable prescription practices should be
promoted and implemented with special atten-
tion to specific geographic regions and months
of the highest AC and influenza incidence levels
as well as the areas with the lowest number of in-
habitants vaccinated against influenza.
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