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GLOSSARY OF ABBREVIATIONS 

 
AMR = Antimicrobial resistance 

ATC = Anatomical Therapeutic Chemical 

B = Broad-spectrum penicillins, cephalosporins and macrolides {J01(CR+DC+DD+(F-
FA01))} 

B/N = Ratio of the consumption of broad-spectrum penicillins, cephalosporins and macrolides to 
the consumption of narrow-spectrum penicillins, cephalosporins and macrolides 

CI = Confidence Interval 

DDD = Defined Daily Dose  

DUR = Drug Utilization Research 

DURG = Drug Utilization Research Group 

DU-90 = Drug Utilization-90; the number of active agents accounting for 90% of drug use 

ECDC = European Centre for Disease Prevention and Control 

ESAC-Net = European Surveillance of Antimicrobial Consumption-Network (formerly ESAC) 

GPs = General Practitioners 

HCWs = Healthcare workers 

J01 = ATC code for antibacterials for systemic use 

J01CE = ATC code for beta-lactamase sensitive penicillins 

J01CR = ATC code for combinations of penicillins, including beta-lactamase inhibitors 

J01DB = ATC code for first-generation cephalosporins 

J01DC = ATC code for second-generation cephalosporins 

J01DD = ATC code for third-generation cephalosporins 

J01F = ATC code for macrolides, lincosamides and streptogramins 

J01FA01 = Macrolides 

N = Narrow-spectrum penicillins, cephalosporins and macrolides {J01(CE+DB+FA01)} 

N% = The proportion of narrow-spectrum penicillins, cephalosporins and macrolides. 

N/A = Not available; missing data 

NEAK = Nemzeti Egészégbiztosítási Alapkezelő; National Health Insurance Fund of Hungary 

SD = Standard Deviation 

WHO = World Health Organization 
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1. INTRODUCTION 

 Antimicrobial resistance (AMR) is a major public health concern worldwide [1]. It occurs 

when the bacteria, fungi and parasites change over time and antimicrobial medicines are no longer 

effective against them. One of the key strategies to reduce AMR is the prudent use of 

antimicrobials [2].  

 Antibacterials/Antibiotics are antimicrobial agents which are used to treat antibacterial 

infections. Drug utilization studies are needed to describe and understand the use of antibiotics in 

given population. The burden of infectious diseases in childhood is substantial with consequent 

frequent antibiotic prescribing [3]. The scale and patterns of paediatric antibiotic use in Hungary 

were found to be suboptimal previously [4]. In order to plan targeted interventions, an in-depth 

analysis of antibiotic use is needed. 

 Another approach to combat AMR is improving infection prevention and control, including 

vaccination. A published review [5] stated that several indirect and direct observations seem to 

indicate that influenza vaccines can play an important role in reducing influenza-related antibiotic 

prescriptions. This finding can lead to at least two undeniable advantages, reductions in drug 

expenditure and limitations of the risk of favoring AMR development [5].  

 Influenza vaccination has been recommended by the WHO for some specific populations (e.g., 

pregnant women and the elderly) [6]. Despite the well-recognised target population for seasonal 

influenza vaccination, there is some evidence suggesting that vaccination should be also prioritised 

among those with the highest number of social contacts, i.e. schoolchildren and active adults, to 

avoid transmission of infections and large outbreaks [7,8]. Additionally, protective immune 

response after vaccination may develop in higher rate in the young ones, compared to elderly with 

immunosenescence [9]. 

 As this PhD thesis relied on drug utilization study to answer research questions, which is 

considered a relatively new discipline, some background knowledge on this topic are provided 

below. 

1.1. Drug Utilization Research (DUR) 

DUR is an eclectic collection of descriptive and analytical methods for the quantification, 

the understanding and the evaluation of the processes of prescribing, dispensing and 
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consumption of medicines, and for the testing of interventions to enhance the quality of these 

processes. DUR focuses on various medical, social and economic aspects of drug use [10].  

The main difference between DUR and pharmacoepidemiology is that the latter focuses 

to a greater extent on the assessment of quantitative risks (and, recently, also benefits) of drug 

treatment in cohorts of patients, mostly followed in databases. DUR, on the other hand, 

focuses on the quantity and quality of medicine use in different countries, regions and settings, 

and the explanatory factors behind these patterns (see Figure 1) [10]. 

Figure 1 Traditional descriptions of drug utilization research and pharmacoepidemiology [10] 

The current definition of DUR illustrates the broad nature of the field, which includes 

both quantitative and qualitative studies. It also emphasizes that intervention studies aimed at 

improving drug utilization are an important part of the discipline. Thus, it links DUR to health 

services research. The latter has been defined as ‘a multidisciplinary field of inquiry, both 

basic and applied, that examines the use, costs, quality, accessibility, delivery, organization, 

financing, and outcomes of health care services to increase knowledge and understanding of 

the structure, processes, and effects of health services for individuals and populations’. 

Consequently, DUR may be seen as the bridge between pharmacoepidemiology and health 

services research (Figure 2)[10]. 

Figure 2 Drug utilization research as a bridge between pharmacoepidemiology and health services research [10] 
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1.2. Anatomical Therapeutic Chemical (ATC)/ Defined Daily Dose (DDD) Methodology 

 The field of DUR began attracting attention in the 1960’s. A WHO symposium in 1969 

highlighted the need for an internationally accepted classification system for drug utilization 

studies. As a result the Drug Utilization Research Group (DURG) was established and entrusted 

with the development of internationally applicable methods for DUR.  Inspired by this interest, the 

ATC classification was developed in Norway [11]. 

 DUR uses the ATC as the classification system and the DDD as a unit of measure. The ATC 

classification system groups the active medical substances according to the organ or system on 

which they act and according to their therapeutic, pharmacologic and chemical properties (see 

Figure 3). The DDD is a unit of measurement and is linked to the ATC code. The definition of the 

DDD is the assumed average maintenance dose per day for a drug used for its main indication in 

adults [12]. 

 The ATC/DDD methodology facilitates the presentation and comparison of drug consumption 

statistics at international, national and regional levels despite differences in nomenclature (both 

branded and generic), packing sizes, pricing and customary dosages. Such methodology is useful 

for valid presentation and comparison of drug utilization within and across countries to support 

better outcomes and quality use of medicines [12]. 

 

Figure 3 Structure of the ATC classification system [13] 
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2. OBJECTIVES 

 Cross-national comparative study of paediatric ambulatory antibiotic use: Hungary, 
Portugal and Norway 

To compare paediatric antibiotic use in the ambulatory care sector across three European 

countries: one from central/east (Hungary), one from the north (Norway), one from the 

south (Portugal) in 2014.  

 Paediatric antibiotics use in ambulatory care in Hungary 

2.2.1. To explore the paediatric antibiotic use regarding the children’s age and gender 

2.2.2. To explore the paediatric antibiotic use regarding the prescribers’ age and specialty 

2.2.3. To explore the regional differences of paediatric antibiotic use in Hungary 

2.2.4. To explore the seasonal variation of paediatric antibiotic use in Hungary 

 Influenza vaccination among the active adult population in Hungary  

2.3.1. To analyse demographic characteristics relating to vaccination uptake 

2.3.2. To investigate factors which motivated or discouraged vaccination uptake 

2.3.3. To study the knowledge on influenza vaccination/influenza disease 

2.3.4. To explore the active adult population’ willingness to accept pharmacists as 

influenza vaccine administrators 
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3. METHODS 

3.1. Cross-national comparative study of paediatric ambulatory antibiotic use: 
Hungary, Portugal and Norway 

A retrospective, cross‐national comparative study was conducted in three European 

countries with comparable data sources. The annual ambulatory care systemic antibiotic 

consumption (ATC: J01) data for 2014 were retrieved from population level. Descriptions of 

population coverage in each country are given in the data source information (see 3.1.1–3). 

The analysis focused on children aged 0–19 years, but for comparative purposes, data were 

also obtained for the whole population (including paediatrics, adults, elderly). The commonly 

used age stratification was applied (0–4 years; 5–9 years; 10–14 years; 15–19 years) for 

subgroup analysis. A template Excel sheet was provided to fill in data in a standardised format.  

The same terminology and measurement assignment were used in all three countries: 

antibiotic use was evaluated by the Anatomical Therapeutic Chemical (ATC) classification 

and defined daily dose (DDD) measurement unit (version 2016). Data were expressed as 

number of packages per child inhabitant per year (packages/child/year) and as a 

complementary metrics in DDD per 1000 children and per day.  

As the number of packages proved to be a good proxy for number of prescriptions per 

treatments [14,15] and package level consumption data was available for all the three countries, 

this was our main measurement unit.  

Population statistics on age were derived from Eurostat and refers to 1 January 2014 [16]. 

For Portugal, the population data were corrected for the mainland population (population of 

autonomous region was excluded).  

Antibiotics have the same market status in all three countries; they are prescription only 

medicines. For all countries, data refers to ambulatory care consumption, including GPs, 

specialists, dentists, all private practices, and hospital emergency prescriptions for outpatients.  

As crude data were aggregated at the active agent level and not at individual patient level, 

no ethical approval was needed. 
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3.1.1.Data source and other information: Hungary 

 National data were obtained from the Health Fund Administration (HFA), in 

Hungarian: Nemzeti Egészségbiztosítási Alapkezelő (NEAK). The HFA database contains 

a record for all reimbursed ambulatory care prescriptions dispensed at community 

pharmacies in Hungary. As HFA is the only mandatory health insurance fund in Hungary 

(with 100% population coverage), and almost exclusively all antibacterial products are 

reimbursed agents, this database provides nearly 100% drug coverage for systemic 

antibacterial dispensing. 

3.1.2. Data source and other information: Norway 

 Data for Norway were retrieved from the Norwegian Prescriptions Database (NorPD). 

The NorPD covers all inhabitants (100% population coverage), and all dispensed drug 

prescriptions (irrespective of reimbursement status) from the ambulatory care in Norway 

(100% drug coverage). Similar with Hungary, in Norway, the GP offices are the first line 

healthcare services and provide health care for all citizen (including children). Both of 

public and private doctors and specialists’ prescriptions were included. 

3.1.3. Data source and other information: Portugal 

 To retrieve Portuguese data, the National Reimbursed and Dispensed Medicines 

Database was used. As in Hungary and Norway, this database covers 100% of the 

Portuguese population who are residents of the mainland. As all antibiotics currently 

marketed are reimbursed in Portugal, the data set provides 100% drug coverage for 

systemic antibacterials. In Portugal, ambulatory care treatment for children is mainly 

managed by GPs and private paediatricians. 



 

 7 

3.2. Paediatric antibiotics use in ambulatory care in Hungary 
This was a population-based, retrospective study pertaining to year 2017. Data were 

obtained from the HFA (see 3.1.1), which contains information on reimbursed drugs dispensed 

in Hungary related to ambulatory care.  

Analysis was focused on children aged 0–19 years. Data were stratified by age group of 

patients (see 3.1), age group of physicians (< 40 years, 40–65 years, 65 < years), specialty 

group of physicians (e.g., paediatrician GP, mixed GP, otolaryngologist), region (i.e. county), 

and month of antibiotic dispensation. Antibiotic use was expressed as the number of 

prescriptions per 100 inhabitants in the age group concerned per year or per month. Population 

data were derived from Eurostat. The proportion of broad-spectrum penicillins, cephalosporins 

and macrolides, as defined by the European Centre for Disease Prevention and Control 

(ECDC) [17], was calculated. 

 

3.3. Influenza vaccination among the active adult population in Hungary  
 The study was an observational cross-sectional study carried out in Hungary between 

March and July 2018. The self-administered questionnaire was distributed via social media, 

Facebook, which was the most popular social media used in Hungary and majority (80%) of 

the users belong to the 20–59 years age group [18]. The questionnaire was constructed on 

Google docs and the link was shared to public via various Hungarian Facebook Groups 

(N=35). In order to achieve a neutral sampling, we targeted participants based on various 

leisure time activities (i.e., different newspaper readers, fishermen, beekeepers, cooking 

groups, etc.). First, we contacted the group administrators to put the link on the open page and 

sent them reminders for 2–3 times.  

 Everyone who lives in Hungary, understands Hungarian and has a Facebook account was 

eligible to voluntarily take part in this study. No financial or other incentives were offered for 

participation. During the analysis, however, we focused only on the active adult population, 

aged 20 to 59 years.  

 The questions included general characteristics (e.g., age, sex, risk factors for influenza 

based on The Annual Vaccine Guideline of the Hungarian Ministry of Health [19]), uptake of 
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the seasonal influenza vaccine during the 2017/18 influenza season, factors motivating or 

discouraging uptake of the vaccine (see complete list of questions in Table 3), participants’ 

knowledge in relation to influenza and influenza vaccination (see complete list of questions in 

Table 5) and the willingness of the participants to receive an influenza vaccination from their 

community pharmacist. Questions on potential determinants and knowledge items were based 

on published studies [20–23] and own ideas of the study team. The study team discussed 

potential questions at several rounds and included questions after consensus. Then the 

questionnaire was piloted with a sample of ten individuals to ensure the clarity of the questions. 

Binary questions were asked about both seasonal influenza vaccination uptake and the 

willingness of participants to receive an influenza vaccination from a pharmacist. Multiple 

choice questions were used to gain information relating to factors motivating or discouraging 

influenza vaccination uptake. The knowledge of participants relating to influenza/influenza 

vaccination was measured using a set of 17 questions. For each question, there were three 

possible answers: ‛yes’, ‛no’ or ‛don’t know’. One point was assigned for each correct answer, 

zero points were given for the ‛don’t know’ answer and one point was subtracted for giving 

the wrong answer. Finally, the total was calculated, with a range from −17 to +17, then 

calculated as the percentage of the total achievable points. For this knowledge section, the 

answers of participants who had more than five missing answers, were excluded from the 

analysis. 

 Descriptive, bivariate and multivariate statistical analyses were applied to describe all 

survey items. Descriptive statistics were used to describe all variables. Bivariate analyses, such 

as Pearson’s chi-square test and Fisher’s exact test, were used to compare categorical variables. 

Logistic regression was conducted to assess the potential associated factors of influenza 

vaccination uptake and adjusted odds ratios were reported. The level of statistical significance 

was set at p < 0.05. All statistical analyses were performed using R software (R version 3.6.1).  
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4. RESULTS 

4.1. Cross-national comparative study of paediatric ambulatory antibiotic use: 
Hungary, Norway, and Portugal 

4.1.1. Scale of use 

In 2014, a total of 17,267,599 antibacterial packages were dispensed across the three 

countries.  The population share of children versus antibiotic use share of children differed 

substantially in the three countries (see Table 1).  

Table 1 Total population and paediatric outpatient antibiotic use in Hungary, Portugal, and Norway in 2014 

  Hungary Norway Portugal 
Population All ages  9,877,365  (100.0%) 5,107,970  (100.0%) 9,869,783  (100.0%) 

0–19 years (%) 1,970,531  (19.9%) 1,256,379  (25.0%) 1,929,336  (19.5%) 
0–4 years (%) 455,202  (4.6%) 311,832  (6.1%) 426,971  (4.3%) 
5–9 years (%) 491,078  (4.9%) 310,769  (6.1%) 472,734  (4.8%) 
10–14 years (%) 479,536  (4.8%) 308,200  (6.0%) 509,777  (5.2%) 
15–19 years (%) 544,715  (5.5%) 325,578  (6.3%) 519,854  (5.3%) 

Number of 
antibacterial 
packages 

All ages  7,768,734  (100%) 2,188,551  (100%) 7,310,314  (100%) 
0–19 years (%) 2,495,781  (32.1%) 330,776  (15.1%) 1,459,298  (20.0%) 
0–4 years (%) 982,960  (12.7%) 111,116  (5.1%) 441,870  (6.0%) 
5–9 years (%) 647,115  (8.3%) 67,397  (3.1%) 471,822  (6.5%) 
10–14 years (%) 399,743  (5.1%) 41,473  (1.9%) 267,694  (3.7%) 
15–19 years (%) 465,964  (5.9%) 110,790  (5.1%) 277,912  (3.8%) 

Number of 
antibacterial 
packages per 
inhabitant and per 
year 

All ages  0.8  0.4  0.7  
0–19 years 1.3  0.3  0.8  
0–4 years 2.2  0.4  1.0  
5–9 years 1.3  0.2  1.0  
10–14 years 0.8  0.1  0.5  
15–19 years 0.9  0.3  0.5  

DDD per 1000 
inhabitants and 
per day 

All ages 14.2 15.7 19.1 

DDD per 1000 
children and per 
day 

0–19 years 15.1 6.8 17.7 
0–4 years 16.7 4.6 21.6 
5–9 years 14.3 3.6 22.6 
10–14 years 13.9 3.9 12.8 
15–19 years 17.3 14.9 14.8 

Paediatric antibiotic use peaked in Hungary with 1.3 packages/child/year, followed 

by Portugal (0.8 packages/child/year) and Norway (0.3 packages/child/year) (Table 1). It 

was observed that overall paediatric antibiotic consumption in Hungarian outpatients was 

4-fold higher, and 2.5-fold higher in Portuguese outpatients compared to Norwegian 
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outpatients. The differences between countries were most prominent in the 5–9 years and 

10–14 years-age groups: Hungarian children in these age groups were prescribed 6.5 and 

8 times more packages of antibacterials in comparison with Norwegian children.  

Figure 4 illustrate the paediatric population share (pediatric share from total 

ambulatory antibacterial use, measured in rate of antibacterial packages) and paediatric 

antibiotic use share (share of pediatric population from the total population) among three 

countries.  

Figure 4 Population share versus antibiotic use share of children (Outer circle: pediatric share from total ambulatory 
antibacterial use (in packages); Inner circle: share of pediatric population from the total population) 

 

4.1.2. Pattern of use 

 In all three countries, beta-lactam antibiotics and macrolides were most often used in 

paediatrics infections (Figure 5). However, the ATC3 level analysis revealed some 

differences: while in Norway and Portugal the relative use of the penicillin group was 

~60% and ~70%, respectively, in Hungary their share from paediatric ambulatory use was 

only ~40%. In contrast, cephalosporins were used much more frequently in Hungary 

compared to other two countries (Figure 6). In Norway, the relative use of tetracyclines 

from the age of 10 years was substantially higher than in Hungary and Portugal (Figure 

6). 

19,9
32,2

Hungary 

19,5

20

Children (0–19 years) Adults (≥20 years)

Portugal Norway 

24,6

15



 

 11 

 

Figure 5. Relative consumption of antibacterial ATC3 level in all children population among three countries. 

 

 
Figure 6. Relative consumption of antibacterial ATC3 level based on children’s age subgroups in Hungary (HU), 
Portugal (PT), and Norway (NO). 
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 In‐depth data analysis (ATC4 level analysis) showed extreme differences in the 

pattern of use (Figure 7A). If a penicillin was prescribed in Norway, the narrow‐spectrum 

penicillins (mainly the J01CE group) were used at a minimum of 50% in all paediatric age 

subgroups. In contrast, the relative share of narrow-spectrum penicillins was ~10% in 

Hungary and ranged between 2.9% and 19% in Portugal, depending on paediatric age 

subgroup.  

 When we focused our analysis on cephalosporins (Figure 7B), we also revealed 

substantial differences: while in Norway first-generation cephalosporins were used almost 

exclusively in all paediatric age groups, in Hungary, first-generation cephalosporins were 

used marginally. In Portugal, first-generation cephalosporin's relative use creeped up by 

paediatric age groups in Portugal (from 16.7% to 30.2%; Figure 7B). Consequently, 

second- and third-generation cephalosporins were commonly prescribed for Hungarian 

and Portuguese children. 

 Analysis of macrolide use (Figure 7C) showed that the old first-generation agent 

erythromycin was used extensively in Norway, while its use was quite limited in Hungary 

and marginal in Portugal. In contrast, in Portugal and in Hungary, azithromycin was used 

extensively. Of note, clindamycin use was present in all paediatric age groups in Norway, 

while its relative use gradually increased in Hungary from the age of 5 years.  
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Figure 7 Relative consumption of penicillins (A), cephalosporins (B) and macrolides (C) 
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 The top five list of antibacterials underpins our previous findings (Table 2). In 

Norway, two narrow-spectrum agents, phenoxymethilpenicillin and pivmecillinam were 

among the five most used agents, while in the other two countries all widely used agents 

were classified as broad-spectrum agents. Of note, the share of the top one agent, 

amoxicillin and clavulanic acid (co-amoxiclav), was considerably high both in Hungary 

and Portugal (Table 2).  

Table 2 The top five list of antibacterials used in children (0–19 years) in each country, 2014 

Country ATC code Active substances 
Antibacterial 

packages/child
/year 

Percentage
* (%) 

Cumulative 
percentage 

(%)  
Hungary J01CR02 Amoxicillin and clavulanic acid  0.36 28.38 28.38 

 J01FA10 Azithromycin 0.15 11.56 39.94 

 J01DC02 Cefuroxime 0.14 10.97 50.91 

 J01CA04 Amoxicillin 0.08 6.66 57.57 

 J01DC10 Cefprozil 0.08 6.01 63.58 

Portugal J01CR02 Amoxicillin and clavulanic acid 0.34 44.31 44.31 

 J01CA04 Amoxicillin  0.16 21.11 65.41 

 J01FA10 Azithromycin  0.08 10.56 75.97 

 J01FA09 Clarithromycin  0.03 3.92 79.89 

 J01DC02 Cefuroxime  0.02 2.94 82.82 

Norway J01CE02 Phenoxymethylpenicillin 0.11 43.51 43.51 

 J01CA04 Amoxicillin 0.04 14.88 58.40 

 J01FA01 Erythromycin 0.03 13.14 71.54 

 J01CA08 Pivmecillinam 0.02 5.86 77.39 

 J01EA01 Trimethoprim 0.01 4.99 82.38 

*Percentage of number of active substance per total packages 
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4.2. Paediatric antibiotics use in ambulatory care in Hungary 

In total 6,792,714 antibiotic prescriptions were dispensed and redeemed at Hungarian 

pharmacies in 2017. Almost one-third (30.54%, N= 2,074,526) of these prescriptions were 

issued for children (Table 3), with a prescribing rate of 108.28 antibiotic prescriptions/100 

children/year. 

Table 3 Antibiotic exposure in ambulatory care in Hungary, 2017 
 

 

Overall, thirty active agents were used in the paediatric population in 2017, and the DU-90 

segment (the number of active agents accounting for 90% of drug use [24]) consisted of 8–11 

antibacterials in various paediatric subgroups. Our study shows that almost one-third (30.81%) 

of all prescribed antibiotics in paediatric ambulatory care was comprised of amoxicillin and 

clavulanic acid (co-amoxiclav) (Tabel 4). 

4.2.1.  Paediatric antibiotic use regarding the children’s age group and gender difference 

 Antibiotic exposure was the highest in the youngest age group (0–4 years: 183.9 

prescriptions/100 children/year), as shown in Table 3. Antibiotic exposure decreased with 

increasing age in childhood, but there was a slight increment in the age group of late 

adolescents (15–19 years). 

 Interestingly, boys in the youngest age group (0–4 years) were exposed to substantially 

higher antibiotic use compared to the girls. Concerning all children (0–19 years), antibiotic 

exposure was slightly higher in girls, due to the higher prescribing rate for girls aged 15–

19 years. 

 

Age groups Number of 
Population 

Number of 
antibiotic 

prescriptions 

Percentage of total 
prescriptions redeemed 

(%) 
0–4 years 461,739 849,139 12.50 

5–9 years 474,702 511,965 7.54 

10–14 years 486,424 341,209 5.02 

15–19 years 493,069 372,213 5.48 

All children 
and adolescents 

1,915,934 2,074,526 30.54 

All inhabitants 9,797,561 6,792,714 100.00 
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Tabel 4 Top ten antibacterial agents among paediatric age groups in Hungary, 2017  

Age 
groups ATC code Active substances 

Prescriptions/ 
100 children/ 

year 

Percentage 
(%) 

Cumulative 
percentage (%) 

0–19 years J01CR02 Amoxicillin and clavulanic acid  33.36 30.81 30.81 
 J01FA10 Azithromycin 15.23 14.07 44.88 
 J01DC02 Cefuroxime 11.90 10.99 55.87 
 J01CA04 Amoxicillin 9.61 8.88 64.75 
 J01DC10 Cefprozil 8.24 7.61 72.36 
 J01DD08 Cefixime 6.36 5.87 78.23 
 J01FA09 Clarithromycin 5.51 5.09 83.32 
 J01CE02 Phenoxymethylpenicillin 4.34 4.01 87.32 
 J01EE01 Sulfamethoxazole and trimethoprim 4.05 3.74 91.07 
 J01DC04 Cefaclor 3.18 2.93 94.00 

  Total 108.28 100.00  
0–4 years J01CR02 Amoxicillin and clavulanic acid  59.83 32.54 32.54 
 J01FA10 Azithromycin 25.21 13.71 46.25 

 J01CA04 Amoxicillin 17.76 9.66 55.90 
 J01DD08 Cefixime 17.08 9.29 65.19 
 J01DC10 Cefprozil 14.34 7.80 72.99 
 J01DC02 Cefuroxime 12.46 6.77 79.76 
 J01DC04 Cefaclor 9.74 5.30 85.06 
 J01FA09 Clarithromycin 8.09 4.40 89.46 
 J01CE02 Phenoxymethylpenicillin 6.73 3.66 93.12 
 J01EE01 Sulfamethoxazole and trimethoprim 6.40 3.48 96.60 

  Total 183.90 100.00  
5–9 years J01CR02 Amoxicillin and clavulanic acid  36.68 34.01 34.01 
 J01FA10 Azithromycin 14.14 13.11 47.12 

 J01DC02 Cefuroxime 13.53 12.55 59.67 
 J01DC10 Cefprozil 9.73 9.02 68.69 
 J01CA04 Amoxicillin 8.39 7.78 76.46 
 J01CE02 Phenoxymethylpenicillin 5.74 5.32 81.78 
 J01DD08 Cefixime 5.63 5.22 87.01 
 J01FA09 Clarithromycin 5.17 4.79 91.80 
 J01EE01 Sulfamethoxazole and trimethoprim 4.08 3.78 95.58 
 J01DC04 Cefaclor 2.41 2.24 97.82 

  Total 107.85 100.00  
10–14 years J01CR02 Amoxicillin and clavulanic acid  18.08 25.78 25.78 

 J01DC02 Cefuroxime 12.07 17.21 42.99 
 J01FA10 Azithromycin 10.54 15.03 58.02 
 J01CA04 Amoxicillin 7.38 10.51 68.53 
 J01DC10 Cefprozil 5.44 7.76 76.29 
 J01FA09 Clarithromycin 4.70 6.70 83.00 
 J01CE02 Phenoxymethylpenicillin 3.09 4.41 87.40 
 J01EE01 Sulfamethoxazole and trimethoprim  3.05 4.35 91.75 
 J01DD08 Cefixime 1.63 2.32 94.07 
 J01FF01 Clindamycin 1.11 1.58 95.65 

  Total 70.15 100.00  
14–19 years J01CR02 Amoxicillin and clavulanic acid  20.44 27.08 27.08 

 J01FA10 Azithromycin 11.56 15.32 42.40 
 J01DC02 Cefuroxime 9.65 12.78 55.18 
 J01CA04 Amoxicillin 5.37 7.12 62.30 
 J01FA09 Clarithromycin 4.23 5.60 67.90 
 J01DC10 Cefprozil 3.85 5.11 73.01 
 J01FF01 Clindamycin 3.21 4.26 77.27 
 J01MA02 Ciprofloxacin 2.87 3.80 81.07 
 J01EE01 Sulfamethoxazole and trimethoprim 2.82 3.73 84.80 
 J01MA12 Levofloxacin 2.55 3.37 88.17 

  Total 75.49 100.00  
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Regarding the patterns of antibiotic use (Table 5), broad-spectrum penicillins, 

cephalosporins and macrolides were the most frequently prescribed antibacterials for all 

children (87.11 prescriptions/100 children/year of broad-spectrum vs. 16.82 and 4.35 

prescriptions/100 children/year of unclassified and narrow-spectrum antibiotics, 

respectively). The B/N ratio was high across all paediatric age groups, and peaked in 

children aged 15–19 years. Similarly, the proportion of narrow-spectrum penicillins, 

cephalosporins and macrolides (N%, Table 5) was the lowest in this paediatric age group. 

Table 5 Scale and characteristics of antibiotic use for children in ambulatory care in Hungary, 2017 

Gender Age groups 
(years) 

Prescription/100 children/year B/N N % 

All antibiotics B N Unclassified   

Girls and boys 
together 

 

0–4  183.90 152.71 6.74 24.45 22.67 3.66 
5–9  107.85 89.01 5.74 13.10 15.50 5.32 

10–14 70.15 54.84 3.10 12.20 17.69 4.42 
15–19 75.49 55.70 2.00 17.79 27.86 2.65 
0–19 108.28 87.11 4.35 16.82 20.04 4.01 

Girls 0–19 109.88 87.06 4.38 18.44 19.88 3.99 
Boys 0–19 106.76 87.16 4.32 15.28 20.19 4.04 

Girls 

0–4  177.13 146.30 6.54 24.29 22.35 3.69 
5–9  107.26 87.81 5.73 13.71 15.32 5.34 

10–14  71.03 54.97 3.22 12.85 17.10 4.53 
15–19  87.78 62.53 2.19 23.06 28.54 2.50 

Boys 

0–4  190.31 158.78 6.92 24.61 22.96 3.63 
5–9 108.41 90.14 5.75 12.52 15.68 5.30 

10–14 69.31 54.73 2.99 11.59 18.30 4.32 
15–19 63.89 49.25 1.82 12.83 27.09 2.84 

Broad- and narrow-spectrum categories defined by ESAC[17]. B = broad-spectrum penicillins, cephalosporins and 
macrolides {J01(CR+DC+DD+(F-FA01))}. N = narrow-spectrum penicillins, cephalosporins and macrolides 
{J01(CE+DB+FA01)}. Unclassified: all other antibiotics. B/N = Ratio of the consumption of broad-spectrum 
penicillins, cephalosporins and macrolides to the consumption of narrow-spectrum penicillins, cephalosporins and 
macrolides. N% = the proportion of narrow-spectrum penicillins, cephalosporins and macrolides. 
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4.2.2. Paediatric antibiotic use according to prescribers’ age and specialty 

During the study period, paediatrician GPs were responsible for the majority (57.5%) 

of paediatric outpatient antibiotic prescriptions issued in ambulatory care (data not shown). 

As shown in red colour bar chart in Figure 8 all physicians prescribed mainly broad-

spectrum penicillins, cephalosporins and macrolides. On the other hand, physicians aged 

65 and older tended to prescribe less broad-spectrum agents than their younger colleagues. 

Otolaryngologists prescribed broad-spectrum penicillins, cephalosporins and macrolides 

more relatively often than other medical professionals. 

 

 

Figure 8 Use of antibiotics of broad-/narrow-spectrum categories defined by ESAC [17] according to different 
prescribers’ groups in the ambulatory care in Hungary, 2017. Broad-spectrum antibiotics: broad-spectrum penicillins, 
cephalosporins and macrolides {J01(CR+DC+DD+(F-FA01))}. Narrow-spectrum antibiotics: narrow-spectrum 
penicillins, cephalosporins and macrolides {J01(CE+DB+FA01)}. Unclassified antibiotics: all other antibiotics. 
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4.2.3. Regional variation in paediatric antibiotic use 

Both the scale and patterns of paediatric antibiotic use showed regional differences 

within Hungary. Regarding the scale of paediatric antibiotic consumption, an obviously 

increasing western to eastern gradient has been detected in all paediatric age groups, with 

the highest difference in the youngest ones (0–4 years) with ratio of maximum and 

minimum was 3.5 (334.2/96 prescriptions/100 children/year) (see Figure 9). There were 

slightly difference between age groups 5–9 years and 10–14 years, with 3.0 (180.8/ 61.1 

prescriptions/100 children/year) versus 2.9 (113.3/38.7 prescriptions/100 children/year). 

Whereas the adolescence (15–19 years) had the lowest ratio (1.8; 97.3/54.1 

prescriptions/100 children/year). Regarding all children (0–19 years), the highest value was 

175.56 prescriptions/100 children/year (in Szabolcs-Szatmár-Bereg county), while the 

lowest was 63.84 prescriptions/100 children/year (in the capital, Budapest), more than 2.5 

fold differences.  

Figure 9 Regional variation of pediatric antibiotic use in different age groups in the ambulatory care in Hungary, 2017. 
A= 0–4 years, B= 5–9 years, C= 10–14 years, and D= 15–19 years, expressed as number of prescriptions/100 
children/year (Triangle symbol for the maximum and diamond symbol for the minimum prescribing rate). 
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In terms of pattern (percentage of narrow-spectrum penicillins, cephalosporins and 

macrolides), no clear geographical gradient was found. The highest relative use of narrow-

spectrum antibacterials was 19.3% detected in Vas county, whereas the lowest relative use 

was 1% in a south-eastern county, Békés (see Figure 10). 

 

Figure 10 Regional variation of paediatric antibiotics use with broad-/narrow-spectrum categories defined by ESAC [17] 
in the ambulatory care in Hungary, 2017. Broad-spectrum antibiotics: broad-spectrum penicillins, cephalosporins and 
macrolides {J01(CR+DC+DD+(F-FA01))}. Narrow-spectrum antibiotics: narrow-spectrum penicillins, cephalosporins 
and macrolides {J01(CE+DB+FA01)}. Unclassified antibiotics: all other antibiotics.  

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Békés

Győr-Moson-Sopron

Hajdú-Bihar

Jász-Nagykun-Szolnok

Bács-Kiskun

Heves

Tolna

Csongrád

Szabolcs-Szatmár-Bereg

Somogy

Nógrád

Baranya

Zala

Veszprém

Pest

Borsod-Abaúj-Zemplén

Komárom-Esztergom

Fejér

Budapest

Vas

Narrow spectrum antibiotics Unclassified antibiotics Broad spectrum antibiotics



 

 21 

4.2.4. Seasonal variation in paediatric antibiotic use 

Seasonal variation was substantial (see Figure 11), with monthly prescription rate 

peaking in January (16.65 prescriptions/100 children/month), while the lowest rate was 

observed in July (3.96 prescriptions/100 children/month), it was more than 4-fold 

differences. Seasonal variation was detectable in all paediatric age groups, with the highest 

monthly variation in the youngest ones (0–4 years). 

 

 

Figure 11 Seasonality of antibiotic use among children of different age groups (expressed as the number of 
prescriptions/100 children/month) in Hungary, 2017. 
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Figure 12 Gender variation of paediatric antibiotics use in the ambulatory in all counties in Hungary, 2017  
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4.3.  Influenza vaccination among the active adult population in Hungary  

 In total, 1842 questionnaires were filled. Of these, 1631 questionnaires were analysed and 

211 were excluded since those were filled by participants who were not in the active adult (20-

59 years old) population. The general characteristics of the participants are presented in Table 

6. The mean age of participants was 33.7 years (SD= 10.7; CI 95% 33.2-34.2). Eight-tenth of 

the participants were female (80.9%). The majority of participants were living in city (84.1%), 

while the others living in the village area (15.8%). In terms of educational level, larger part of 

the participants were graduated from secondary (52.7%) and tertiary (45.6%) level of 

education, and only a few of them had primary level (1.6%). Approximately one-third of the 

participants stated that they had occupational risk or health risk factor (see Table 6).  In total, 

944 of participants (57.9%; CI 95% 55.5-60.3) had occupational and/or health risk factors for 

influenza (data not shown).  

Table 6 Bivariate analysis of participants’ general characteristics and influenza vaccination uptake in 2017 

Variable 
 Vaccination status   

Statistical test p-value  Yes (n = 200) No (n = 1431) Total 
 Number (Row %) Number (Row %) Number (Col.%) 

Age (years)          
(mean ± SD)  37.5 ± 11.2 33.2 ± 10.5 33.7 ± 10.7 Welch’s two 

Sample t-test 
<0.001 

Gender          
 Male   50 (16.1) 260 (83.9) 310 (19.0) Pearson's Chi-

square test  
0.0214 

 Female  150 (11.4) 1170 (88.6) 1320 (80.9) 
 N/A  0 (00.0) 1 (100) 1 (00.0)  
Type of residence         
 Village  33 (13.3) 225 (86.8) 258 (15.8) Pearson's Chi-

square test  
0.7587 

 City  166 (12.1) 1205 (87.9) 1371 (84.1)  
 N/A  1 (0.5) 1 (0.5) 2 (0.1)  
Educational level        
 Primary  4 (15.4) 22 (84.6) 26 (1.6) Fisher's exact 

test for count 
data 

0.0146 
 Secondary  87 (10.1) 772 (89.9) 859 (52.7) 
 Tertiary  109 (14.7) 635 (85.4) 744 (45.6) 
 N/A  0 (0.0) 2 (100) 2 (0.1)  
Occupational risk factor a        
 Yes  88 (17.2) 424 (82.8) 512 (31.4) Pearson's Chi-

square test  
<0.001 

 No  112 (10.1) 1002 (89.9) 1114 (68.3) 
 N/A  0 (0.0) 5 (100) 5 (0.3) 
Health risk factor b        
 Yes  95 (15.1) 536 (84.9) 631 (38.7) Pearson's Chi-

square test  
0.0063 

 No  105 (10.5) 895 (89.5) 1000 (61.3) 
          
Knowledge (N = 1609)        
 (mean ± SD)  85.4 ± 9.7 70.7 ± 15.1 72.5 ± 15.3 Welch’s two 

Sample t-test 
<0.001 

a Occupational risk factors include participants who have at least one of the following statuses: students in the health care field; work in 
health care services; social institution/long care term facility; nursery school/kindergarten; livestock or animal transfer (swine, poultry, 
horse); poultry processing or abattoir; work with immigrants/foreign people.  
b Health risk factors include participants who had at least one of the following conditions in the previous year: heart failure; coronary 
artery disease; chronic pulmonary disease; immune disease; taking immunosuppressive drugs; inflammatory bowel disease; chronic 
liver disease; chronic kidney disease; pregnancy/planning pregnancy; disabled (physically); smoker.  
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4.3.1. Demographic characteristics relating to vaccination uptake  

Overall, there were significant differences in age, gender, educational level, 

occupational risk factor, health risk factor and knowledge of vaccinated versus 

unvaccinated participants (p<0.05) in the bivariate analysis. Participants’ type of residence 

was the only variable that showed no significant difference between vaccinated and 

unvaccinated participants (Table 6). Furthermore, logistic regression showed that age, 

gender, health risk factor and knowledge about influenza were associated with influenza 

vaccination uptake (Table 7).  

Table 7 Logistic regression analysis to identify associated factors for influenza vaccination uptake (n = 1602) 
  OR 95% CI p-value 

Age 1.028 1.012–1.044 0.001 

Gender (male) 1.838 1.217–2.774 0.004 

Occupational risk factor 1.211 0.838–1.751 0.309 

Health risk factor 2.070 1.472–2.910 0.000 

Educational level – Primary (reference) - - - 

  Secondary 0.568 0.149–2.171 0.408 

  Tertiary 0.585 0.153–2.241 0.434 

Knowledge  1.096 1.078–1.114 0.000 

 

4.3.2. Factors which motivated or discouraged vaccination uptake  

 The reasons for obtaining or not obtaining the influenza vaccination are summarised 

in Table 8. The most commonly cited reasons for having the vaccination were ‛self-

protection’ (95.0%), ‛to protect those with risk factors around’ (61.0%) and ‛consider 

influenza as severe disease’ (52.5%). The most cited reasons for not having the vaccination 

were ‛I rarely get infectious diseases’ (67.7%), followed by ‛I do not have a risk factor’ 

(48.9%) and ‛nobody has risk factor around’ (41.0%). In total, 700 (48.9%) unvaccinated 

participants selected ‛I do not have a risk factor’ as their reason for not having the 

vaccination; however, we discovered that in reality just over half of them (353/700) had at 

least one risk factor for influenza. 
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Table 8 Participants’ cited reasons for their vaccination status* 
 

Reasons for being… Number (%) 
Vaccinated, n = 200 (100%)   
 To protect myself from the flu and its complications 190 (95.0) 
 To protect those with risk factors around me 122 (61.0) 
 I consider flu a severe disease 105 (52.5) 
 I belong to a risk group, I am prone to infections/diseases 69 (34.5) 
 I had severe influenza previously 31 (15.5) 
 Death due to influenza complications around me (in my neighbourhood) 7 (3.5) 

Unvaccinated, n = 1431 (100%)   
 Because I rarely get infectious diseases (including influenza) 968 (67.7) 
 Because I do not have a risk factor 700 (48.9) 
 Because nobody has a risk factor around me 587 (41.0) 

 Because I prefer alternative therapies (e.g. natural medicine) 511 (35.7) 

 I consider influenza a minor disease 463 (32.4) 
 Because I am afraid of the side effects 451 (31.5) 
 Because of the contradictory opinions on flu vaccine 411 (28.7) 
 I consider the vaccine ineffective 380 (26.6) 
 Because I prefer medical therapy 361 (25.2) 
 Previous bad experience with flu vaccine among family members/acquaintance 341 (23.8) 
 Because I forgot and missed it 263 (18.4) 

 Because I am afraid of the needles 172 (12.0) 

 I received the flu vaccine previously, but it was ineffective because I got the flu 156 (10.9) 
 Influenza vaccine is contraindicated to me 93 (6.5) 
 I received the flu vaccine previously, but I experienced major/serious side effects 85 (5.9) 

*Participants’ could give more than one reason 

  

 Table 9 shows the role played by different sources of advice or opinions related to 

participants’ vaccination status. Most participants stated that they were not influenced 

(indifferent or not influenced categories) by any external opinions with regard to their 

influenza vaccination uptake. Approximately one-third of vaccinated participants stated 

that their decision had been influenced by a recommendation from a specialist doctor, a 

GP, another healthcare worker or a family member. However, some of participants (see 

Table 9) stated that they were influenced by healthcare workers (HCWs) (specialists: 

16.4%; GP: 13.3%; other healthcare worker: 21.0%; pharmacists: 12.2%) to not vaccinated 

against influenza. 
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Table 9 The role played by different sources of recommendations/opinions on individuals’ 
vaccination uptake decision 

  

Source of 
recommendation or opinion 

To vaccinate against 
influenza (vaccinated) 

n = 200 (100%) 

 To not vaccinate against 
influenza (unvaccinated)  

n = 1431 (100%) 
Number (%)  Number (%) 

Specialist      
 Influenced 75 (37.5)  234 (16.4) 
 Indifferent  19 (9.5)  256 (17.9) 
 Not influenced 84 (42.0)  841 (58.8) 
 N/A 22 (11.0)  100 (7.0) 
Family member      
 Influenced 70 (35.0)  368 (25.7) 
 Indifferent 32 (16.0)  280 (19.6) 
 Not influenced 77 (38.5)  701 (49.0) 
 N/A 21 (10.5)  82 (5.7) 
General practitioner      
 Influenced 68 (34.0)  187 (13.1) 
 Indifferent 27 (13.5)  277 (19.4) 
 Not influenced 85 (42.5)  861 (60.2) 
 N/A 20 (10.0)   106 (7.4) 
Other healthcare worker      
 Influenced 62 (31.0)  301 (21.0) 
 Indifferent 26 (13.0)  266 (18.6) 
 Not influenced 89 (44.5)  783 (54.7) 
 N/A 23 (11.5)  81 (5.7) 
Pharmacist      
 Influenced 28 (14.0)  173 (12.1) 
 Indifferent 28 (14.0)  279 (19.5) 
 Not influenced 112 (56.0)  870 (60.8) 
 N/A 32 (16.0)  109 (7.6) 
Media 
(internet/television/radio) 

     

 Influenced 12 (6.0)  109 (7.6) 
 Indifferent 30 (15.0)  330 (23.1) 
 Not influenced 124 (62.0)  888 (62.1) 
 N/A 34 (17.0)  104 (7.3) 

 

4.3.3. Knowledge of influenza vaccination/influenza disease  

 The participants’ knowledge on certain questions is summarised in Table 10. Most 

participants (93.6%) knew that influenza is an infectious disease. On the other hand, 

approximately half of the participants (47.4%) believed that influenza vaccination can 

cause flu, and just over half of them (51.6%), (calculated from the sum of ‘wrong’ and 

‘unknown’ answers) were not knowledgeable about the safety of influenza vaccine 

ingredients (Table 10).  
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Table 10 Participants’ knowledge about influenza and influenza vaccination  

Questions Correct 
answers 

Answer by 
participants 

Vaccinated 
n = 200 (100%) 

 
Unvaccinated 

n = 1431 (100%) 
 

Total 
n = 1631 (100%) 

Number (%)  Number (%)  Number (%) 
Influenza is an infectious disease True Correct 194 (97.0)  1333 (93.2)  1527 (93.6) 

 Wrong 4 (2.0)  57 (4.0)  61 (3.7) 
 Do not know 0 (0.0)  30 (2.1)  30 (1.8) 
 NA 2 (1.0)  11 (0.8)  13 (0.8) 

Influenza vaccination is 
recommended annually for the 
risk groups 

True Correct 194 (97.0)  1122 (78.4)  1316 (80.7) 
 Wrong 0 (0.0)  87 (6.1)  87 (5.3) 
 Do not know 3 (1.5)  205 (14.3)  208 (12.8) 
 NA 3 (1.5)  17 (1.2)  20 (1.2) 

Influenza vaccination is 
highly/specially recommended 
for the elderly  

True Correct 189 (94.5)  988 (69.0)  1282 (78.6) 
 Wrong 1 (0.5)  148 (10.3)  119 (7.3) 
 Do not know 6 (3.0)  280 (19.6)  209 (12.8) 
 NA 4 (2.0)  15 (1.1)  21 (1.3) 

Influenza vaccination is 
highly/specially recommended 
for those with chronic diseases 

True Correct 185 (92.5)  1093 (76.4)  1173 (71.9) 
 Wrong 4 (2.0)  118 (8.3)  152 (9.3) 
 Do not know 9 (4.5)  203 (14.2)  289 (17.7) 
 NA 2 (1.0)  17 (1.2)  17 (1.0) 

Elderly and those with certain 
chronic diseases can get the flu 
vaccination for free 

True Correct 183 (91.5)  1009 (70.5)  1192 (73.1) 
 Wrong 4 (2.0)  48 (3.4)  52 (3.2) 
 Do not know 11 (5.5)  360 (25.2)  371 (22.8) 
 NA 2 (1.0)  14 (1.0)  16 (1.0) 

Influenza is a synonym for common 
cold 

False Correct 179 (89.5)  1239 (86.6)  1418 (86.9) 
 Wrong 9 (4.5)  106 (7.4)  115 (7.1) 
 Do not know 7 (3.5)   73 (5.1)  80 (4.9) 
 NA 5 (2.5)  13 (0.9)  18 (1.1) 

In case of fever the vaccination 
should be postponed 

True Correct 177 (88.5)  1176 (82.2)  1353 (83.0) 
 Wrong 7 (3.5)  41 (2.9)  48 (2.9) 
 Do not know 13 (6.5)  199 (13.9)  212 (13.0) 
 NA 3 (1.5)  15 (1.1)  18 (1.1) 

The best method to prevent 
influenza is the influenza 
vaccination 

True Correct 172 (86.0)  619 (43.3)  791 (48.5) 
 Wrong 12 (6.0)  453 (31.7)  465 (28.5) 
 Do not know 13 (6.5)  339 (23.7)  352 (21.6) 
 NA 3 (1.5)  20 (1.4)  23 (1.4) 

Time to onset of action is 2 weeks 
for influenza vaccination in case 
of adults 

True Correct 163 (81.5)  841 (58.8)  1004 (61.6) 
 Wrong 6 (3.0)  68 (4.8)  74 (4.5) 
 Do not know 29 (14.5)  501 (35.0)  530 (32.5) 
 NA 2 (1.0)  21 (1.5)  23 (1.4) 

Influenza vaccine contains safe 
ingredients 

True Correct 159 (79.5)  606 (42.4)  765 (46.9) 
 Wrong 8 (4.0)  258 (18.0)  266 (16.3) 
 Do not know 31 (15.5)  544 (38.0)  575 (35.3) 
 NA 2 (1.0)  23 (1.6)  25 (1.5) 

Influenza can be prevented by high 
dose vitamin C (min. 500 mg 
daily) instead of vaccination 

False Correct 156 (78.0)  662 (46.3)  818 (50.2) 
 Wrong 12 (6.0)  407 (28.4)  419 (25.7) 
 Do not know 30 (15.0)  344 (24.0)  374 (22.9) 
 NA 2 (1.0)  18 (1.3)  20 (1.2) 

Antibiotics work against influenza False Correct 155 (77.5)  953 (66.6)  1108 (67.9) 
 Wrong 24 (12.0)  321 (22.4)  345 (21.2) 
 Do not know 18 (9.0)  144 (10.1)  162 (9.9) 
 NA 3 (1.5)  13 (0.9)  16 (1.0) 

The flu vaccination can weaken the 
immune system 

False Correct 151 (75.5)  652 (45.6)  803 (49.2) 
 Wrong 24 (12.0)  439 (30.7)  463 (28.4) 
 Do not know 22 (11.0)  320 (22.4)  342 (21.0) 
 NA 3 (1.5)  20 (1.4)  23 (1.4) 

Influenza can be prevented by herbs 
(e.g. honey, ginger tea) instead 
of vaccination 

False Correct 143 (71.5)  672 (47.0)  815 (50.0) 
 Wrong 13 (6.5)  374 (26.1)  387 (23.7) 
 Do not know 41 (20.5)  368 (25.7)  409 (25.1) 
 NA 3 (1.5)  17 (1.2)  20 (1.2) 

You should not take influenza 
vaccination if you have already 
got influenza 

False Correct 117 (58.5)  625 (43.7)  742 (45.5) 
 Wrong 49 (24.5)  421 (29.4)  470 (28.8) 
 Do not know 32 (16.0)  370 (25.9)  402 (24.7) 
 NA 2 (1.0)  15 (1.0)  17 (1.0) 

The flu vaccination can cause flu False Correct 109 (54.5)  390 (27.3)  499 (30.6) 
 Wrong 62 (31.0)  711 (49.7)  773 (47.4) 
 Do not know 27 (13.5)  308 (21.5)  335 (20.5) 
 NA 2 (1.0)  22 (1.5)  24 (1.5) 

In case of egg allergy, the flu 
vaccination can be taken 

True Correct 58 (29.0)  323 (22.6)  381 (23.4) 
 Wrong 61 (30.5)  264 (18.5)  325 (19.9) 
 Do not know 79 (39.5)  822 (57.4)  901 (55.2) 
 NA 2 (1.0)  22 (1.5)  24 (1.5) 
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 In total, only 30.6% of all participants gave the correct ‘FALSE’ answer to the statement 

‛flu vaccine can cause influenza disease’; however, the vaccinated group showed better 

knowledge compared with the knowledge of the unvaccinated group (54.5% vs 27.3%) (Table 

10). Moreover, vaccinated participants scored higher for each knowledge question in 

comparison with the scores of non-vaccinated participants. This higher level of knowledge was 

identified as one of the factors associated with influenza vaccine uptake (p < 0.05) (Table 7).  

 Figure 13 illustrates the distribution of knowledge among different variables. It shows 

that knowledge differed most prominently among vaccinated/unvaccinated ones . 
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Figure 13 Distribution of knowledge percentage (expressed as mean ± 95% CI, red square symbol) based on 
different variables (gender, age groups, educational level, occupational risk factors, health risk factors, and 
vaccination status) 

 

4.3.4.  Willingness to accept pharmacists as influenza vaccine administrators 

Overall, almost one-third (29.1%; 474/1631) of all participants would accept an influenza 

vaccination from a pharmacist. Table 11 shows that the willingness to accept pharmacists as 

vaccine administrators was significantly higher among participants who had been vaccinated 

during the last influenza season (p < 0.05). 
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Table 11 Bivariate analysis of general characteristics and participants’ willingness to be vaccinated by a 
pharmacist (n = 1631) 

Variables 

Willingness to be vaccinated 
by a pharmacist Statistical test p-value 

Yes  
n = 474 (100%) 

No  
n = 1157 (100%) 

  

Number (%) Number (%) 
Age (years)       
(mean ± SD) 32.5 ± 10.8 34.2 ± 10.6 Welch’s two sample t-test 0.0029 
Gender       
 Male  132 (42.6) 178 (57.4) Pearson's Chi-square test  <0.001 
 Female 341 (25.8) 979 (74.2) 
 N/A 1 (100) 0 (0.0)  
Type of residence       
 Village 61 (23.6) 197 (76.4) Pearson's Chi-square test 0.0375 
 City 412 (30.0) 959 (70.0)  
 N/A 1 (50.0) 1 (50.0)  
Education level       
 Primary 14 (53.9) 12 (46.1) Pearson's Chi-square test 0.0192 
 Secondary 245 (28.5) 614 (71.5) 
 Tertiary 214 (28.8) 530 (71.2) 
 N/A 1 (50.0) 1 (50.0)   
Occupational risk a       
 Yes 122 (23.8) 390  (76.2) Pearson's Chi-square test  0.0014 
 No  352 (31.6) 762 (68.4) 
 N/A 0 (0.0) 5 (100) 
Health conditions risk b     
 Yes  179 (28.4) 452 (71.6) Pearson's Chi-square test  0.6238 
 No 295 (29.5) 705  (70.5) 
Vaccinated     
 Yes  116 (58.0) 84 (42.0) Pearson's Chi-square test  <0.001 
 No 358 (25.0) 1073 (75.0) 
Knowledge (n = 1609)       
(mean ± SD) 79.3 ± 12.4 69.8 ± 15.5 Welch’s two sample t-test <0.001 

a Occupational risk factors include participants who have at least one of the following statuses: students in the healthcare field; work in health care 
services; social institution/long care term facility; nursery school/kindergarten; livestock or animal transfer (swine, poultry, horse); poultry processing 
or abattoir; work with immigrants/foreign people.  
b Health risk factors include participants who had at least one of following conditions in the previous year: heart failure; coronary artery disease; 
chronic pulmonary disease; immune disease; taking immunosuppressive drugs; inflammatory bowel disease; chronic liver disease; chronic kidney 
disease; pregnancy/planning pregnancy; disabled (physically); smoker.  

Similarly, the mean knowledge score of participants who were willing to get their influenza 

vaccination at a pharmacy was significantly higher compared with the knowledge of those who 

said they would refuse a pharmacy-based service (p < 0.05). The number of participants who 

were willing to be vaccinated by pharmacists (n = 474) was two times higher than the number 

of participants who were actually vaccinated during the 2017/18 influenza season (n = 200). 
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5. DISCUSSION 

5.1. Cross-national comparative study of paediatric ambulatory antibiotic use: 
Hungary, Norway, and Portugal 

The observed 4-fold and 2.5-fold higher overall paediatric antibiotic consumption in 

Hungarian and Portuguese outpatients (in number of packages/child/year) in comparison 

with Norwegian outpatients was not anticipated as the scale of national ambulatory 

antibiotic use data in Hungary and Norway is very similar according to ESAC-Net data, 

whereas Portugal was known had a slightly higher antibiotic consumptions [25,26]. 

5.1.1. Scale of use  

A substantial difference was observed in paediatric antimicrobial use among Hungary, 

Portugal, and Norway. Similar cross-national comparison studies [27,28] from various 

countries showed also substantial differences in antibiotic exposure: it peaked in South 

Korea with 3.4 prescriptions/child/year and were lowest in the Netherlands with 0.3 

prescriptions/child/year. 

As written in the methods section in detail, in the two countries, Hungary and Norway 

(paediatrician) GPs mainly provide care for children, while in Portugal children are mainly 

managed by GPs and private paediatricians. According to national health statistics, the 

registered number of annual consultation rates was 6731 for one paediatrician GP in 

Hungary, 3267 for one GP in Portugal and 320 per GP in Norway [29,30]. This points to 

the fact that the health structure and physician seeking behaviour is very different in 

Hungary and Portugal in comparison with Norway. 

In Hungary, children with or without their parents/caregivers often visit GP practises 

with self-limiting minor diseases just to obtain justification for being absent from 

school/day care and this consultation itself could increase the chance of being prescribed 

antibiotics. To decrease the workload of paediatric GPs, the Hungarian government 

considers to increasing the number of days that can be justified by parents for their children 

being absent from school/day care, which may indirectly lower antibiotic use. In Norway, 

the opposite policy for 16- to 18-year-olds was introduced in 2018 (i.e., stricter absence 
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rules), which generated a 30% increase in GP consultation rates and significantly increased 

antibiotic prescribing. 

In Portugal, several measures have been taken since 2013-2014 to rationalise antibiotic 

use (e.g., Regional Control and Prevention of Antimicrobial Resistance Program/PPCIRA, 

guideline development and dissemination), some of these specially focusing on children. 

Antibiotic consumption data presented in this study may not reflect the impact of the 

above-mentioned measures since 2014 was the year when major changes in Portugal 

occurred. 

Another explanation of the low paediatric antibiotic use in Norway can be that 

antibiotics are not reimbursed, exceptions are for specific diseases like sexually transmitted 

infections, tuberculosis, or to patients with chronic disorders such as cystic fibrosis. In 

Portugal, antibiotics are reimbursed comprehensively by a rate of 69%, which means that 

the out-of-pocket cost for parents is low. In Hungary, the reimbursement is very low 

(generally 25% of total price corresponding to 1-2 Euro in average). As a consequence, 

due to the low out-of-pocket price of antibiotics in Portugal and Hungary, there is 

no/limited financial barrier to fill in antibiotic prescriptions (i.e., low price may generate 

overuse). 

It has been shown previously for hospital care that the higher the number of available 

antibacterial products, the higher the use [31]. We examined the number of available 

antibacterial products and the number of available antibacterial products with paediatric 

(liquid oral) formulations but we did not find any relation with the scale of use (Table 12). 

Tabel 12 Availability of antibacterial agents and products on national markets for ambulatory care in 2014 
 Hungary Norway Portugal  
Number of antibacterial agents (exclude those that are marketed, 
but no use in 2014, for all ages) 

56 52 36 

Number of antibacterials products (exclude those that are 
marketed, but no use in 2014, for all ages) 

247 322 413 

Number of antibacterials available in liquid oral formulations 
(suspensions, syrups, oral solutions) 

13 14  14 

Number of liquid oral antibacterial products (suspensions, syrups, 
oral solutions) 

36 37 78 
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5.1.2. Pattern of use 

The observed differences in the patterns of use between the three countries cannot be 

explained by differences in bacterial resistances. For example, the penicillin resistance of 

a common respiratory pathogen Streptococcus pneumoniae is different in the three 

countries [32] as penicillin-resistant pneumococci are more prevalent in Hungary and in 

Portugal than in Norway. The mechanism of penicillin resistance in pneumococci is a result 

of alterations in penicillin-binding proteins and not due to production of beta-lactamase 

enzymes, so the addition of clavulanic acid to aminopenicillin will not help overcome this 

resistance. Moreover, all three countries have implemented a routine paediatric vaccination 

programme for streptococci, which may diminish the differences in pneumococci 

resistance. The underuse of first line penicillins (amoxicillin, ampicillin, dicloxacillin, 

oxacillin, penicillin V potassium) in children was also recorded for Spain, Italy and South 

Korea [27]. 

The high use of penicillin combinations (i.e., amoxiclav) in Hungary is partly due to 

the fact that it was marketed earlier than amoxicillin alone, so doctors became used to it. 

Other reasons for this pattern could be the lack of antibiotic stewardship at all levels for 

prescribers: limitations of graduate education, lack of compulsory postgraduate courses, no 

incentives to prescribe more rationally, lack of feedback and the impact of pharmaceutical 

companies [33]. Of note, if narrow-spectrum agents (e.g., penicillin V) are rarely used, it 

will create a vicious circle, as has been the case in Hungary: the community pharmacies 

often do not stock them, which limits availability and hence future prescription and at the 

end the product will be withdrawn from the market, as happened with many narrow-

spectrum penicillin products in Hungary during the last few years [34]. In Hungary and in 

Portugal, the convenient dosage schedule of newer cephalosporins and also macrolides are 

often cited by doctors as an important influencing factor on antibiotic choice. 

In contrast, in Norway, due to the strict legislation—prescribers must submit a special 

approval for prescribing—for products containing penicillin combinations (i.e., 

amoxiclav), their use is very limited and was even taken off the market between 2004 and 

2017. The high absolute and relative use of tetracyclines (mainly lymecycline) in Norway 

is due to long-term treatment of acne vulgaris [35].
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5.2. Paediatric antibiotics use in ambulatory care in Hungary 

5.2.1. Paediatric antibiotic use regarding the children’s age group and gender 

difference 

Our study showed that on average every child received at least one course of antibiotic 

annually in 2017. Overall, paediatric (0–19 years old) antibiotic use in the ambulatory care 

was higher in Hungary (108.28 prescriptions/100 children/year) than in Germany (0–14 

years of age: 42.8 prescriptions/100 children in 2018) [36], Finland (0–17 years of age: 

37.4 prescriptions/100 children in 2016) [37] and Denmark (0–19 years of age: with 32.57 

prescriptions/100 children in 2017) [38], but lower than in Serbia (0–18 years of age: 136.5 

antibiotic prescriptions/100 children in 2013) [39], and Greece (0–19 years of age: the 

annual rate was 110 prescriptions/100 children between 2010–2013) [40]. Besides the 

contributing factors related to prescribers, the patient and the healthcare system, a lack of 

clear national guidelines on a watchful waiting period for certain respiratory tract infections 

might explain the defensive use of antibiotics in childhood in Hungary.  

In our study, the highest antibiotic exposure in 2017 was detected in the youngest age 

group (0-4 years), similarly to the cross-national study of Holstiege et al (Denmark, 

Germany, Italy, the Netherlands and the UK)[28], the national survey of Blix et al from 

Norway [41], and data from Danish [38] and Swedish surveillance reports [42]. Hungarian 

pediatric antibiotic use in the youngest age group (0–4 years) was considerably higher (with 

183.9 prescriptions/100 children/year) compared to data of Swedish (33.8 

prescriptions/100 children/year)[42] and Danish children in the same age group (50.7 

prescriptions/100 children/year)[38].  

The highest antibiotic exposure of the youngest age group may be related to the 

immature immune system of those 0–4 years old [43] and the related overcautiousness of 

doctors and caregivers. Nevertheless, the higher paediatric antibiotic use in the youngest 

age group in Hungary compared to the Scandinavian countries is surprising and probably 

unreasonable, regarding the fact that Hungarian children start to attend nursery or 

kindergarten later in life due to the long maternity leave (maximum 3 years in case of single 

delivery, maximum 6 years in case of twins). 
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Regarding other paediatric age groups, antibiotic use decreased with the increasing age 

of children, but a slight increase was detected in the subgroup of 15–19 years old. Such an 

increase in antibiotic exposure in late adolescence has also been observed among Swedish 

[42] and Danish children [38]. The lifestyle of late adolescents and a consequent higher 

burden of infections might be related to this increase in antibiotic use (e.g. lack of hygiene 

measures, such as sharing food or drink with friends and starting sexual life, often without 

paying attention to safe sex). 

Regarding gender differences, the overall prescribing rate was slightly higher for girls. 

However, we observed variations among different paediatric age subgroups. Boys in the 

youngest age group (0–4 years) received significantly more antibiotic prescriptions in 

ambulatory care than girls. This may be related to higher susceptibility to infection in boys 

[44–48]. These slight differences in antibiotic exposure among the children’s age 

subgroups and gender could be explained by different types and incidence of infections in 

different age and gender groups. For instance, acute otitis media occur most frequently 

among children aged less than 2 years, and the incidence rates are slightly higher among 

boys [49]. On the contrary, the prevalence of symptomatic infections of the genitourinary 

tract is higher in adolescent girls [41]. In parallel with our findings, previous studies 

reported that boys aged 0–4 years were prescribed more antibiotics than girls, while after 

age 4 years antibiotic exposure was higher in girls [50,51]. In our study girls received more 

antibiotic prescriptions compared to boys in their late adolescence (15–19 years). Similar 

results have been reported from Norway [41]. 

Overall, broad-spectrum penicillins, cephalosporins and macrolides were frequently 

prescribed for children in Hungary, with the highest proportion of broad-spectrum agents 

being prescribed for the youngest age subgroup (0–4 years). This might be explained by 

the frequent use of broad-spectrum penicillins (i.e.co-amoxiclav) for the treatment of acute 

otitis media [49]. Similarly to our results, broad-spectrum penicillins, cephalosporins and 

macrolides were  the most commonly prescribed antibiotics for children in many other 

countries, for instance in Greece [52], Korea [53], Lithuania [54], and Serbia [39].  

In Hungary, co-amoxiclav was found to be the most frequently used antibiotic in 

children of all paediatric age groups. The frequent use of co-amoxiclav in Hungary may be 
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explained by the reasons that we previously discussed (see 5.1.2. paragraph 2) [55]. 

Although preferences in antibiotic use vary in different countries, co-amoxiclav is often 

the most widely used antibacterial agent in children, e.g. in Italy (Viareggio and Emilia 

Romagna region) [28,56]. In line with this finding, a global study on antibiotic 

consumption reported an increased paediatric use of co-amoxiclav between 2011–2015, 

with an annual increase rate of 6.8% in low-/middle-income countries [57].  

5.2.2. Paediatric antibiotic use according to prescribers’ age and specialty 

Paediatrician GPs were found to prescribe the majority of antibiotics for children (0–

19 years) (data not shown). Due to a lack of recent studies regarding antibiotic prescribers’ 

specialty in other European countries, we can only compare our data to the results of one 

study from a US state (Tennessee) published in 2016. In line with our findings, this study 

reported that pediatricians accounted for 57% of total antibiotic prescriptions [58].  

Another finding of our study was that elderly physicians (aged ≥65 years) tended to 

prescribe less broad-spectrum agents than their younger colleagues. This might be 

explained by the fact that they were also familiar with older, narrow-spectrum agents, such 

as phenoximethylpenicillin (penicillin V). Overall, our study revealed that the majority of 

physicians prescribed more broad-spectrum antibiotics than narrow-spectrum agents. 

Similarly, the lack of therapeutic guidelines, the limited availability of narrow spectrum 

antibacterials on the Hungarian market and the influence of pharmaceutical companies 

might in part be responsible for the observed pattern in Hungary [59], but further research 

is required to better understand physicians’ decision making about pediatric antibiotic 

prescribing. 

Prescribing broad-spectrum agents was found to be common practice by all doctors, 

irrespective of their specialty. Otolaryngologists prescribed broad-spectrum antibacterials 

more often than others, maybe because they treated more complicated cases.  

5.2.3. Regional differences in paediatric antibiotic use 

There was a more than 2.5-fold difference between the regions with the highest and the 

lowest paediatric antibiotic consumption. This is considerably higher than the 1.9-fold 

regional difference reported from Germany in 2018 [36]. The findings that the lowest rate 
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of paediatric antibiotic exposure was found for the capital city (Budapest), and an 

increasing western to eastern gradient in paediatric antibiotic use was evident, might be 

explained by factors such as paediatrician GPs availability and workload, or differences in 

the socio-economic status of patients [33, 34]. Previous study in Hungary revealed that 

there were large and stable interregional differences in antibiotic consumption associated 

with socio-economic determinants, e.g. the population receiving free access to medicines 

and receiving regular social assistance [60]. In line with our finding, a higher annual 

number of consultations per paediatrician GP (higher workload) was registered in those 

counties that were characterized by higher prescription rates compared to the capital city 

[61]. Some chronic diseases with increased susceptibility to infections, like asthma and 

diabetes mellitus have a higher prevalence rate among children in counties with higher 

antibiotic use [61]. Moreover, a recent publication on Hungarian primary healthcare 

availability reported that the most deprived areas were found in the north-eastern and south-

western parts of Hungary, whereas the least deprived areas were in the north-western part 

of the country, as well as in the capital city and its neighbouring areas [62] where the lowest 

rates of antibiotic exposure were detected in our study. 

Regarding the percentage of narrow-spectrum penicillins, cephalosporins and 

macrolides, an odd regional variation was found in Hungary. This may indicate a difference 

in prescribing habits in different counties (regions). The reason for why the highest 

proportion of narrow-spectrum antibiotic consumption was found in the western area of 

the country (Vas county) remains unclear and needs further investigation to reveal what 

contributed to this more optimal prescribing habit.  

5.2.4. Seasonal variation in paedistric antibiotic use 

The highest monthly antibiotic consumption in the paediatric population was observed 

during the winter season, peaking in January. Seasonal fluctuation of outpatient antibiotic 

use in the general population across Europe has been described before [26], and it is most 

likely to be related to the higher incidence of viral respiratory infections in winter months 

[26,63]. A previous cross-national comparison study in the pediatric population showed 

that seasonal peaks of antibiotic exposure in winter months were most pronounced in 

countries with high overall antibiotic utilisation, e.g. in Italy, followed by Germany [28].  
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5.3. Influenza vaccination among the active adult population in Hungary  

 There are limited data available relating to influenza vaccine uptake patterns in Central 

and Eastern Europe. The technical report of the ECDC on seasonal influenza coverage rate 

[64] showed that in Hungary, vaccination rate among the elderly (above 60 years) was 21.9 

% in 2017/2018, which is far from the target of 75%. In the present study focusing on only 

active adults, the influenza vaccination uptake of respondents was low, 12.3%. A similarly 

low level (9.5%) of vaccination coverage was reported from Poland (considering the whole 

population), and generally influenza vaccination uptake was suboptimal across Europe [65]. 

More than half (58%; 944/1631) of participants in the present study had occupational and/or 

health risk factors, and only 15.4% of them had been vaccinated against influenza. Recent 

studies have reported that vaccination rates among adults aged 16 to 65 years old who had a 

risk factor were higher, at between 29.8% and 49.2% in Australia and between 45.7% and 

49.4% in England [66,67].  

 Our findings showed that approximately one in two participants believed that the 

influenza vaccine can cause influenza (47.4%) and half of them were not knowledgeable 

about the safety of influenza vaccine ingredients (51.6%). The high rate of misconceptions 

might have influenced these participants’ decisions not to have an influenza vaccination 

during the 2017/18 influenza season. 

5.3.1. Demographic characteristics relating to vaccination uptake   

With regard to the demographic factors associated with influenza vaccine uptake, some 

of our findings are similar to previously published findings. In the present study, older age 

was associated with influenza vaccination uptake (Table 2). A similar finding was reported 

by a systematic review that focused on European and Asian populations [68]. The present 

study also showed that being male was associated with being vaccinated (Table 2). 

Additionally, some studies have noted that being female can be a barrier to influenza 

vaccine uptake [65,69,70]. However, the aforementioned systematic review reported that 

gender was not a consistent predictor of influenza vaccination across different European 

countries [68].  

Another factor associated with influenza vaccination uptake was having a health risk 

factor. A similar association between health risk factors and vaccine uptake has been 
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reported in some previous studies [20,69,71]. However, the earlier systematic review found 

that occupational health risk factors were not a consistent predictor of influenza vaccination 

uptake [68].  

5.3.2. Factors which motivated or discouraged vaccination uptake  

The most frequently cited reasons for having an influenza vaccination were ‛self-

protection’ and ‛to protect those with risk factors around’, which were also noted in other 

studies [20,22,72], followed by ‛consider flu as a severe disease’. These stated reasons 

imply that vaccinated people are more likely to be aware of the negative impacts of 

influenza disease. Of note, social responsibility was an important motivating factor for 

influenza vaccination. In the unvaccinated group, the most frequently stated reasons for 

not having influenza vaccination were ‛rarely get influenza’, followed by ‛I do not have a 

risk factor’. Surprisingly, we found that participants who selected ‛I do not have a risk 

factor’ in fact had at least one existing risk factor. It can be assumed that participants’ 

perception of risk factors needs to be improved through some type of educational 

intervention by healthcare professionals. Previous studies have also shown that the low 

uptake of the influenza vaccine is related to the perceived low risk of the disease 

[20,69,70,72–74].  

More than one-third of vaccinated participants reported that healthcare workers or a 

family member influenced their decision to have the influenza vaccine. Previous studies 

have also reported that a recommendation or opinion from healthcare workers or family 

members is a factor that influences whether someone has an influenza vaccination 

[20,70,72,75]. Interestingly, some of participants stated that they were influenced by 

healthcare workers not to take the influenza vaccine; the reason for this are unclear. It is 

possible that HCWs may have their own personal beliefs regarding to influenza and/or 

influenza vaccination. A systematic review showed that HCWs’ personal beliefs may act 

as barriers to vaccine uptake, including concerns about side effects, scepticism about 

vaccine effectiveness and the belief that influenza is not a serious illness [76]. 

However, most participants in the present study stated that their decision was not 

influenced by any external source. It can be concluded that most participants’ decisions 

whether to have the influenza vaccination were mainly influenced by their own perceptions 
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about influenza disease and/or the influenza vaccine. A previous systematic review found 

that perceptions around vaccine efficacy, safety and adverse events were the most 

influential factors in influenza vaccination uptake [68]. The misconceptions regarding 

influenza disease and/or the influenza vaccine were prevalent in Hungarian populations.   

5.3.3. Knowledge of influenza vaccination/influenza disease  

This survey found that participants’ level of knowledge around influenza vaccination 

and influenza disease was associated with higher influenza vaccine uptake. Other studies 

have also found a higher level of knowledge to be associated with higher vaccination 

uptake rates [21,68,71,77]. Additionally, previous research has shown that a lack of general 

knowledge about influenza/influenza vaccination was a barrier to influenza vaccination 

uptake [70].  

Large differences existed in the level of knowledge between vaccinated and 

unvaccinated groups with regard to assumptions around the best method to prevent 

influenza, the safety of vaccine ingredients and whether the influenza vaccine can cause 

influenza disease. Overall, the vaccinated participants were more knowledgeable than the 

unvaccinated ones. These findings provide evidence that the lack of knowledge regarding 

the effectiveness and safety of the influenza vaccine in the unvaccinated group might 

influence these participants’ attitudes towards influenza vaccination. Consequently, 

educational interventions relating to influenza disease and/or influenza vaccine should be 

targeted at patients themselves.  

5.3.4. Willingness to accept pharmacists as influenza vaccine administrators 

Previous studies have suggested that pharmacy-provided vaccines may increase the 

uptake of the influenza vaccine [78–80]. In Hungary, pharmacy-provided vaccines are not 

yet available. However, this study found that almost one-third (29.1%) of participants 

would be willing to receive their influenza vaccine from pharmacists. The participants’ 

willingness in this regard may indicate that some of them already trust pharmacists to be 

vaccine administrators.  

The results of the statistical analysis showed significant differences in the general 

characteristics of those who, in principle, said they would accept (the ‛willing group’) and 
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those who, in principle, said they would refuse (the ‛unwilling group’) pharmacists as 

vaccine administrators. Of the demographic factors, gender, occupational risk factor, level 

of knowledge and vaccination status were variables having relevance. These findings imply 

that male participants, participants with an occupational risk factor, participants with a 

higher level of knowledge about influenza vaccination/influenza disease and those who 

had been vaccinated against influenza were more willing to be vaccinated by pharmacists.  

We observed that the number of participants who were willing to be vaccinated by 

pharmacists was two-times higher than the number of participants who were actually 

vaccinated during the 2017/18 influenza season. These findings suggest that influenza 

vaccination uptake in Hungary might be increased if pharmacists were involved. A number 

of studies into pharmacy-based influenza vaccination services have been published 

[78,81,82]. Studies have reported that patient satisfaction with pharmacist-administered 

vaccination was high [83–85]. Being vaccinated by pharmacists would also provide 

additional educational opportunities. For example, pharmacists can deliver correct 

information about the safety and quality of the influenza vaccine (e.g. the safety of the 

ingredients and quality assurance of the product). 
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6. SUMMARY AND CONCLUSIONS 

 The scale and pattern of paediatric ambulatory antibiotic use differed largely among 

Hungary, Portugal and Norway. Some of these differences were not anticipated at all, based 

on the similar scale of overall ambulatory antibiotic use in Hungary and Norway based on 

ECDC surveillance data. Portuguese and Hungarian children were exposed to more systemic 

antibiotics and more broad-spectrum antibiotics, while in Norway the use of newer, broad-

spectrum agents is efficiently inhibited. Undesirable pattern of antibiotic use (i.e., low 

consumption of narrow-spectrum agents) begins in childhood in Hungary and Portugal, which 

underpins the outstanding responsibility of paediatricians/paediatrician GPs to shape antibiotic 

use. 

In 2017, high paediatric antibiotic exposure with a suboptimal pattern was detected in 

Hungary, especially among children of the youngest age group (0–4 years). The considerable 

regional variation and the disproportionately high seasonality of antibiotic use in children may 

also suggest suboptimal prescribing habits. The revealed characteristics of paediatric antibiotic 

use can support planning antibiotic stewardship interventions and can serve as a basis for more 

detailed qualitative research.  

Influenza vaccine uptake among active adults was low in Hungary. Increased public 

awareness and improved knowledge about influenza vaccination and/or influenza disease is 

necessary to achieve higher influenza vaccination uptake rates. Based on the insufficient 

knowledge of participants concerning the effectiveness and safety of the influenza vaccine, 

combined with the level of acceptance among participants to obtain an influenza vaccination 

from a pharmacist, we recommend that both the educational role played by pharmacists should 

be extended, while vaccine administrator role should be considered and implemented.  
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1 |  INTRODUCTION AND 
BACKGROUND
The public health burden of infectious diseases in childhood 
is substantial.1 Young children are more prone to acquire 
infections due to immature immune system and anatomical 
characteristics (eg narrower passages in the sinus, middle 
ear and bronchi). Infection transmission is also more preva-
lent in childhood due to close physical contact, scarce use of 
coughing/sneezing etiquette, etc.2-4 Antimicrobial resistance 

is considered as an important public health issue,5-8 and ratio-
nal use is a factor that may restrain this.

Despite that antibiotics are among the most com-
monly prescribed drugs for children and adolescents,2,9,10 
information on paediatric antibiotic use is still limited. 
Countries with electronic health record databases have 
reported overprescribing for non‐severe infections nation-
ally11-13 but comprehensive and comparable, country‐wide 
paediatric antibiotic use data have only been published for 
a limited number of European countries,14-16 while few 
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Abstract
A cross‐national comparison was performed on paediatric (0‐19 years) antibiotic use 
in Hungary, Norway and Portugal to explore and compare the scale and pattern of 
paediatric antibiotic use in these three European countries. Ambulatory care sys-
temic antibiotic use (ATC: J01) was retrieved from national databases for year 2014. 
The main outcome measure was number of antibacterial packages per child inhabit-
ant per year (packages/child/year) and was further stratified by age groups. Paediatric 
antibiotic use peaked in Hungary with 1.3 packages/child/year, followed by Portugal 
(0.8) and Norway (0.3). This ranking was retained and was most prominent in the 
5‐ to 9‐year and 10‐ to 14‐year age groups. The pattern of antibiotic use in different 
paediatric age groups varied also substantially between countries. Narrow‐spectrum 
penicillins were much commonly used in Norway in all paediatric age subgroups in 
comparison with Hungary and Portugal. Newer, broad‐spectrum cephalosporins and 
macrolides were widely prescribed for Hungarian and Portuguese children in all pae-
diatric subgroups in contrast to Norway, while tetracyclines were commonly pre-
scribed for Norwegian adolescents. The scale and pattern of paediatric antibiotic use 
in Hungary and Portugal were very different compared with Norway. The high anti-
biotic exposure and the high consumption of broad‐spectrum penicillins begin in 
childhood in Hungary and Portugal which underpins the responsibility of paediatric 
GPs.
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European countries published paediatric antibiotic use data 
on a certain region.17,18 From an antibiotic stewardship 
point of view, more cross‐national drug utilisation studies 
are needed to get an overview of possible variations in an-
tibiotic use in children.

The present study aimed to compare paediatric antibiotic 
use in the ambulatory care sector across three European coun-
tries: one from south, one from north and one from central/
east. For two of these countries, Hungary and Portugal, data 
on paediatric antibiotic use were not available and published 
before.

2 |  METHODS

2.1 | Study design, setting
A retrospective, cross‐national comparative study was con-
ducted in three European countries with comparable data 
sources (see below). The level of geographical analysis was 
national census data for all the three countries. The annual am-
bulatory care systemic antibiotic consumption (ATC category: 
J01) data for 2014 were retrieved from national data sources. 
The analysis focused on children aged 0‐19 years, but for 
comparative purposes, data were also obtained for the whole 
population (including paediatrics, adults, elderly). The com-
monly used age stratification was applied (0‐4 years; 5‐9 years; 
10‐14 years; 15‐19 years) for subgroup analysis. A template 
Excel sheet was provided to fill in data in a standardised format.

The same terminology and measurement assignment was 
used in all three countries: antibiotic use was evaluated by the 
Anatomical Therapeutic Chemical (ATC) classification and de-
fined daily dose (DDD) measurement unit (version 2016). Data 
were expressed as number of packages per child inhabitant per 
year (packages/child/year) and as a complementary metrics in 
DDD per 1000 children and per day. For this later, sum of DDDs 
were divided by the children population of the specific age sub-
group than further divided by 365 and finally multiplied by 1000.

As the number of packages proved to be a good proxy 
for number of prescriptions/treatments,19,20 this was our main 
measurement unit. In Hungary, only one antibiotic product 
can be prescribed on each prescription (this is usual practice, 
but not a legal restriction on this in Portugal and in Norway) 
and because doctors in these three countries most often pre-
scribe monotherapy and almost exclusively one package at 
once, the number of packages serves as a good proxy to the 
number of treatments/prescriptions).

Moreover, to picture the burden of antibiotics in these 
countries, cross‐national variation in DDDs/packages in dif-
ferent age groups was chosen as a volume metric. It has been 
argued that DDDs are not suited to describe antibiotic use 
among children since the dose depends on the child's age and 
body‐weight. However, on aggregated data and in cross‐na-
tional comparisons among children, the DDDs may give a 

good estimate for variations in volume of use, that is high/low 
dosing or length of treatment.

Population statistics on age were derived from Eurostat 
and refers to 1 January 2014.21 For Portugal, the population 
data were corrected for the mainland population (population 
of autonomous regions was excluded).

Antibiotics have the same market status in all 3 countries; 
they are prescription‐only medicines. For all countries, data 
include ambulatory care consumption, including hospital 
emergency prescriptions for outpatients.

2.2 | Background information

2.2.1 | Hungary
National data were obtained from the Health Fund 
Administration (HFA). The HFA database contains a record 
for all reimbursed ambulatory care prescriptions dispensed at 
community pharmacies in Hungary. As HFA is the only manda-
tory health insurance fund in Hungary (with 100% population 
coverage), and as almost exclusively all antibacterial products 
are reimbursed agents, this database provides nearly 100% drug 
coverage for systemic antibacterial dispensing. In Hungary, the 
majority (1 425 000; 76%) of children are registered at a paedia-
trician GP; the rest are registered at mixed GP practises (ie care 
for both adults and children).

2.2.2 | Norway
Data for Norway were retrieved from the Norwegian 
Prescription Database (NorPD). The NorPD covers all in-
habitants (100% drug coverage), and all dispensed drug pre-
scriptions (irrespective of reimbursement status) from the 
ambulatory care in Norway have been included since 2004. 
In Norway, the GP offices are the first line healthcare services 
and provide health care for all citizens (including children).

2.2.3 | Portugal
To retrieve Portuguese data, the National Reimbursed and 
Dispensed Medicines Database was used. As in Hungary and 
Norway, this database covers 100% of the Portuguese popu-
lation who are residents of the mainland. As all antibiotics 
currently marketed are reimbursed in Portugal, the data set 
provides 100% drug coverage for systemic antibacterials. In 
Portugal, ambulatory care treatment for children is managed 
by GPs and private paediatricians.

2.3 | Ethics
As crude data were aggregated at the active agent level 
and not at individual patient level, no ethical approval was 
needed.
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3 |  RESULT

3.1 | Scale of use
During the study period, a total of 17 267 599 antibacterial 
packages were dispensed across the three countries (Table 
1). The population share of children vs antibiotic use share 
of children differed substantially in the three countries. 
In Portugal, both the population share of children (19.5%) 
and ambulatory antibiotic use share of this age group were 
very similar (~20%). Hungary had similar rate for paedi-
atric population share compared to Portugal (~19.9%) but 
the proportional antibiotic use of this age group was much 
higher (32.2%). Norway had the highest rate of young people 
(24.6%), and the share of this age group from total ambula-
tory care antibiotic use was the lowest (15%).

The scale of antibiotic use differed greatly in the three 
countries (Table 1). Paediatric antibiotic use peaked in 
Hungary with 1.3 packages/child/year, followed by Portugal 
(0.8 packages/child/year) and Norway (0.3 packages/child/
year) (Table 1). This ranking was retained when we focused 
our analysis on paediatric age subgroups. The differences 

between countries were most prominent in the 5‐ to 9‐year 
and 10‐ to 14‐year age groups: Hungarian children in these 
age groups were prescribed 5 times more packages of anti-
bacterials during the study year.

3.2 | Pattern of use
In all three countries, beta‐lactam antibiotics and mac-
rolides were most often used in paediatric infections. 
However, the ATC3 level analysis revealed some differ-
ences: while in Norway and Portugal the relative use of 
the penicillin group was ~60% and ~70%, respectively, in 
Hungary, their share from paediatric ambulatory use was 
only ~40%. In contrast, cephalosporins were used much 
more frequently in Hungary compared to the other two 
countries (Figure 1A). In Norway, the relative use of tetra-
cyclines from the age of 10 years was substantially higher 
than in Hungary and Portugal (Figure 1A).

In‐depth data analysis (ATC4 level analysis) showed 
extreme differences in the pattern of use (Figure 1B). If a 
penicillin was prescribed in Norway, the narrow‐spectrum 

T A B L E  1  Total and paediatric outpatient antibiotic use in Hungary, Norway, Portugal in 2014

Hungary Norway Portugal
Population All inhabitants (all ages) 9 877 365 (100.0%) 5 107 970 (100.0%) 9 869 783 (100.0%)

0‐19 y (%) 1 970 531 (19.9%) 1 256 379 (25.0%) 1 929 336 (19.5%)
0‐4 y (%) 455 202 (4.6%) 311 832 (6.1%) 426 971 (4.3%)
5‐9 y (%) 491 078 (4.9%) 310 769 (6.1%) 472 734 (4.8%)
10‐14 y (%) 479 536 (4.8%) 308 200 (6.0%) 509 777 (5.2%)
15‐19 y (%) 544 715 (5.5%) 325 578 (6.3%) 519 854 (5.3%)

Number of antibacterial 
packages

All ages 7 768 734 (100%) 2 188 551 (100%) 7 310 314 (100%)
0‐19 y (%) 2 495 781 (32.1%) 330 776 (15.1%) 1 459 298 (20.0%)
0‐4 y (%) 982 960 (12.7%) 111 116 (5.1%) 441 870 (6.0%)
5‐9 y (%) 647 115 (8.3%) 67 397 (3.1%) 471 822 (6.5%)
10‐14 y (%) 399 743 (5.1%) 41 473 (1.9%) 267 694 (3.7%)
15‐19 y (%) 465 964 (5.9%) 110 790 (5.1%) 277 912 (3.8%)

Number of antibacterial 
packages per inhabitant and 
per year

All ages 0.8 0.4 0.7
0‐19 y 1.3 0.3 0.8
0‐4 y 2.2 0.4 1.0
5‐9 y 1.3 0.2 1.0
10‐14 y 0.8 0.1 0.5
15‐19 y 0.9 0.3 0.5

DDD per 1000 inhabitants 
and per day

All ages 14.2 15.7 19.1

DDD per 1000 children and 
per day

0‐19 y 15.1 6.8 17.7
0‐4 y 16.7 4.6 21.6
5‐9 y 14.3 3.6 22.6
10‐14 y 13.9 3.9 12.8
15‐19 y 17.3 14.9 14.8
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penicillins (mainly the J01CE group) were used at a mini-
mum of 50% in all paediatric age subgroups. In contrast, the 
relative share of narrow‐spectrum penicillins was ~10% in 
Hungary and ranged between 2.9% and 19% in Portugal, de-
pending on paediatric age subgroup.

When we focused our analysis on cephalosporins (Figure 
1C), we also revealed substantial differences: while in Norway 
first‐generation cephalosporins were used almost exclusively 
in all paediatric age groups, in Hungary, first‐generation 
cephalosporins were used marginally. In Portugal, first‐gen-
eration cephalosporin's relative use creeped up by paediatric 
age groups in Portugal (from 16.7% to 30.2%; Figure 1C). 
Consequently, second‐ and third‐generation cephalosporins 
were commonly prescribed for Hungarian and Portuguese 
children.

Analysis of macrolide use (Figure 1D) showed that the old 
first‐generation agent erythromycin was used extensively in 
Norway, while its use was quite limited in Hungary and mar-
ginal in Portugal. In contrast, in Portugal and in Hungary, azi-
thromycin was used extensively. Of note, clindamycin use was 
present in all paediatric age groups in Norway, while its relative 
use gradually increased in Hungary from the age of 5 years.

The top five list of antibacterials underpins our previ-
ous findings (Table 2). In Norway, two narrow‐spectrum 
agents, phenoxymethylpenicillin and pivmecillinam22 were 
among the five most used agents, while in the other two 
countries all widely used agents were classified as broad‐
spectrum agents. Of note, the share of the top one agent, 
co‐amoxiclav, was considerably high both in Hungary and 
Portugal (Table 2).

4 |  DISCUSSION

This is the first study providing data on paediatric antibiotic 
use in Hungary and Portugal and update available Norwegian 
data. Moreover, this is a cross‐national study which comple-
ments well what is known from aggregated international sur-
veillance data23,24 and can help tailor interventions.

The observed 4‐fold and 2.5‐fold higher overall paedi-
atric antibiotic consumption in Hungarian and Portuguese 
outpatients (in number of packages/child/year) in compari-
son with Norwegian outpatients was not anticipated as the 
scale of national ambulatory antibiotic use data in Hungary 
and Norway is very similar according to ESAC‐Net data.23,24 
Also, our results pertaining to all ages showed much smaller 
disparities. As paediatric antibiotic overuse can lead to se-
rious long‐term consequences as coeliac disease, inflam-
matory bowel disease, atopic diseases and obesity, overuse 
must be avoided as much as possible.25-27 With the com-
plementary measurement unit: DDD per 1000 children per 
day, the ranking was different This can be explained by the 
higher DDD content of packages used by younger children 

in Portugal compared to the other two countries and may 
indicate either higher doses or longer duration of treatment 
or simply more waste.

4.1 | Scale of use
We observed a substantial, up to 5‐fold, difference in paediat-
ric antimicrobial use in the three countries. Similar cross‐na-
tional comparison studies16,28 from various countries showed 
also substantial differences in antibiotic exposure: it peaked 
in South Korea with 3.4 prescribed courses per child‐year 
and were lowest in the Netherlands with 0.3 prescriptions/
child/year.

As written in the methods section in detail, in the two 
countries, Hungary and Norway (paediatrician), GPs provide 
care for children, while in Portugal children are managed by 
GPs and private paediatricians..According to national health 
statistics,29 the registered number of annual consultation rates 
was 6731 for one paediatrician GP in Hungary, 3267 for one 
GP in Portugal and 320 per GP in Norway.30 This points to 
the fact that the health structure and physician seeking be-
haviour is very different in Hungary and Portugal in compar-
ison with Norway.

Healthcare seeking behaviour is influenced by 
knowledge and health beliefs.31 A recent systematic re-
view proved that consultation rates for paediatric in-
fections can be decreased by educating parents.32 The 
recent Eurobarometer survey showed that in Hungary and 
Portugal, the level of knowledge on antibiotics is low.33 
A potential explanation for low level of knowledge on 
antibiotics can be previous inappropriate prescribing by 
doctors. In Hungary, 25% of surveyed people told that 
they were prescribed antibiotics for sore throat, and 17% 
for fever, while in Portugal 22% of respondents told that 
they were prescribed antibiotic for the flu.33 Misleading 
advertisement may also have responsibilities: in Hungary, 
during the previous years the over‐the‐counter dorithri-
cin‐containing lozenges (local antibiotic) was massively 
advertised on TV as a “throat‐saver antibiotic” and con-
veyed the wrong message that antibiotics are needed to 
treat sore throat.

In Hungary, children with parents often visit GP practises 
with self‐limiting minor diseases just to obtain justification 
for being absent from school/day care and this consultation it-
self could increase the chance of being prescribed antibiotics. 
To decrease the workload of paediatric GPs, the Hungarian 
government considers to increase the number of days that can 
be justified by parents for their children being absent from 
school/day care, which may indirectly lower antibiotic use. In 
Norway, the opposite policy for 16‐ to 18‐year‐olds was in-
troduced recently (ie more strict absence rules), which gener-
ated a 30% increase in GP consultation rates and significantly 
increased antibiotic prescribing.



726 |   BENKO ET AL.

F I G U R E  1  Relative consumption of antibacterial subclasses (A), penicillins (B), cephalosporins (C) and macrolides (D)
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In Portugal, several measures have been taken since 
2013‐2014 to rationalise antibiotic use (eg Regional Control 
and Prevention of Antimicrobial Resistance Program 
(PPCIRA), guideline development and dissemination), some 
of these specially focusing on children. Antibiotic consump-
tion data presented in this study may not reflect the impact of 
the above‐mentioned measures since 2014 was the year when 
major changes in Portugal occurred.

Another explanation of the low paediatric antibiotic use in 
Norway can be that antibiotics are not reimbursed, exceptions 
are for specific diseases like sexually transmitted infections, 
tuberculosis, or to patients with chronic disorders such as 
cystic fibrosis. Furthermore, especially the narrow‐spectrum 

antibiotics are cheap, and if price is influencing, this could 
explain the low volume of use as well as the narrow‐spectrum 
pattern. In Portugal, antibiotics are reimbursed comprehen-
sively by a rate of 69%, which means that the out‐of‐pocket 
cost for parents is low. In Hungary, the reimbursement is very 
low (generally 25% of total price corresponding to 1‐2 Euro 
in average). As a consequence, due to the low out‐of‐pocket 
price of antibiotics in Portugal and Hungary, there is no/lim-
ited financial barrier to fill in antibiotic prescriptions (ie low 
price may generate overuse).

It has been shown previously for hospital care that the 
higher the number of available antibacterial products, the 
higher the use.34 We examined the number of available anti-
bacterial products and the number of available antibacterial 
products with paediatric (liquid oral) formulations but we did 
not find any relation with the scale of use (Table 3).

4.2 | Pattern of use
The observed differences in the patterns of use between the 
three countries cannot be explained by differences in bacterial 
resistance. For example, the penicillin resistance of a common 
respiratory pathogen Streptococcus pneumoniae is different in 
the three countries35 as penicillin‐resistant pneumococci are 
more prevalent in Hungary and in Portugal than in Norway. 
The mechanism of penicillin resistance in pneumococci is a 
result of alterations in penicillin‐binding proteins and not due 
to production of beta‐lactamase enzymes, so the addition of 
clavulanic acid to aminopenicillin will not help overcome this 
resistance. Moreover, all three countries have implemented 
a routine paediatric vaccination programme for streptococci, 
which may diminish the differences in pneumococci resist-
ance. The underuse of first line penicillins in children was also 
recorded for Spain, Italy and South Korea.16

The high use of penicillin combinations in Hungary is 
partly due to the fact that it was marketed earlier than amox-
icillin alone, so doctors became used to it. Other reasons for 
this pattern could be the lack of antibiotic stewardship at all 
levels for prescribers: limitations of graduate education, lack 

T A B L E  2  The toplist of antibacterials used (Unit: number of 
antibacterial packages/child/year)

Drug name Unit %a Cumulative %a

Hungary
Co‐amoxiclav 0.36 28.38 28.38
Azithromycin 0.15 11.56 39.94
Cefuroxime 0.14 10.97 50.91
Amoxicillin 0.08 6.66 57.57
Cefprozil 0.08 6.01 63.58

Norway
Phenoxymethylpenicillin 0.11 43.51 43.51
Amoxicillin 0.04 14.88 58.40
Erythromycin 0.03 13.14 71.54
Pivmecillinam 0.02 5.86 77.39
Trimethoprim 0.01 4.99 82.38

Portugal
Co‐amoxiclav 0.34 44.31 44.31
Amoxicillin 0.16 21.11 65.41
Azithromycin 0.08 10.56 75.97
Clarithromycin 0.03 3.92 79.89
Cefuroxime 0.02 2.94 82.82

aTotal packages. 

Hungary Norway Portugal
Number of antibacterial agents (exclude those 
that are marketed, but no use in 2014, for all 
ages)

56 52 36

Number of antibacterial products (exclude those 
that are marketed, but no use in 2014, for all 
ages)

247 322 413

Number of antibacterial agents available in 
liquid oral formulations (suspensions, syrups, 
oral solutions)

13 14 14

Number of liquid oral antibacterial products 
(suspensions, syrups, oral solutions)

36 37 78

T A B L E  3  Availability of 
antibacterials and antibacterial products on 
national markets for ambulatory care (2014)
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of compulsory postgraduate courses, no incentives to prescribe 
more rationally, lack of feedback and the impact of pharmaceu-
tical companies.36 Of note, if narrow‐spectrum agents (eg pen-
icillin V) are rarely used, it will create a vicious circle, as has 
been the case in Hungary: the community pharmacies often 
do not stock them, which limits availability and hence future 
prescription and at the end the product will be withdrawn from 
the market, as happened with many narrow‐spectrum penicil-
lin products in Hungary during the last few years.37 In Hungary 
and in Portugal, the convenient dosage schedule of newer 
cephalosporins and also macrolides is often cited by doctors as 
an important influencing factor on antibiotic choice.

In contrast, in Norway, due to the strict legislation—pre-
scribers must submit a special approval for prescribing—for 
products containing penicillin combinations (ie amoxiclav), 
their use is very limited and was even taken off the market 
between 2004 and 2017. The high absolute and relative use of 
tetracyclines (mainly lymecycline) in Norway is due to long‐
term treatment of acne vulgaris.38

4.3 | Strengths and limitations
The strength of this cross‐national comparative study is the 
population coverage and the low risk of bias. We carefully 
checked for the potential sources of bias by the recently 
published Cross National Comparison checklist.39 Also, 
we provided a thorough discussion of the findings. As 
some antibacterials (eg those with highest price from every 
antibiotic subgroup) are not reimbursed in Hungary, and 
therefore not included in the used data source, the scale of 
paediatric antibiotic use in Hungary is an underestimation 
of the real use. Age linkage may be missing for a few pa-
tients, but this limitation applies for all national databases 
and has a very low rate. Nevertheless, these limitations do 
not influence our conclusions. The differences in hospital/
ambulatory care mix (especially to which healthcare sector 
nursing homes and long care treatment facilities belong) 
are also encountered as a potential source of bias in cross‐
national comparisons but due to the focus of this work this 
is irrelevant to our study.

5 |  CONCLUSIONS

The scale and pattern of paediatric ambulatory antibiotic use 
differed largely between the three countries. Some of these 
differences were not anticipated at all, based on the similar 
scale of ambulatory antibiotic use in Hungary and Norway 
based on surveillance data. Portuguese and Hungarian chil-
dren are exposed to more systemic antibiotics and more 
broad‐spectrum antibiotics, while in Norway the use of newer, 
broad‐spectrum agents is efficiently inhibited. Undesirable 
pattern of use (ie low consumption of narrow‐spectrum 

agents) begins in childhood in Hungary and Portugal, which 
underpins the outstanding responsibility of paediatricians/
paediatrician GPs to shape antibiotic use.
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Abstract: The aim of this study was to analyse characteristics of paediatric antibiotic use in ambulatory
care in Hungary. Data on antibiotics for systemic use dispensed to children (0–19 years) were
retrieved from the National Health Insurance Fund. Prescribers were categorised by age and specialty.
Antibiotic use was expressed as the number of prescriptions/100 children/year or month. For quality
assessment, the broad per narrow (B/N) ratio was calculated as defined by the European Surveillance
of Antimicrobial Consumption (ESAC) network. Paediatric antibiotic exposure was 108.28 antibiotic
prescriptions/100 children/year and was the highest in the age group 0–4 years. Sex differences
had heterogenous patterns across age groups. The majority of prescriptions were issued by primary
care paediatricians (PCP). The use of broad-spectrum agents dominated, co-amoxiclav alone being
responsible for almost one-third of paediatric antibiotic use. Elderly physicians tended to prescribe
less broad-spectrum agents. Seasonal variation was found to be substantial: antibiotic prescribing
peaked in January with 16.6 prescriptions/100 children/month, while it was the lowest in July with
4 prescriptions/100 children/month. Regional variation was prominent with an increasing west to
east gradient (max: 175.6, min: 63.8 prescriptions/100 children/year). The identified characteristics
of paediatric antibiotic use suggest that prescribing practice should be improved.

Keywords: drug utilisation study; prescription rate; physician specialty; seasonality; regional variation;
outpatient use; public health; antibiotic exposure; antibiotic stewardship; number of prescriptions

1. Introduction

Antimicrobial resistance (AMR) is a major public health concern worldwide [1]. One
of the key strategies to reduce AMR is the prudent use of antimicrobials [2]. The bur-
den of infectious diseases in childhood is substantial with consequent frequent antibiotic
prescribing [3].
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According to the European surveillance report on antimicrobial consumption for
2017, the EU/EEA population-weighted mean consumption of systemic antibacterials in
ambulatory care was 21.8 DDD/1000 inhabitants/day, ranging from 10.1 in the Netherlands
to 32.0 in Spain [4], where DDD is the average daily dose for adults [5]. In Hungary,
systemic antibiotic use in ambulatory care was 15.6 DDD/1000 inhabitants/day with a
significantly decreasing trend during the observation period (2013–2017) [4]. During the
last decade, paediatric antibiotic use data have become available from a few countries
(Denmark, Finland, Germany, Greece, Italy, Netherlands, Norway, Serbia, Sweden, the UK)
and range between 32.5 and 136.5 prescriptions/100 children/year [6–13]. However, the
scale and patterns of paediatric antibiotic use in Hungary were found to be suboptimal
previously [14]. In order to plan targeted interventions, an in-depth analysis of antibiotic
use is needed, focusing on prescribers’ characteristics, and regional and seasonal variations.

The objective of this study was to provide updated and detailed information on the
scale and patterns of paediatric antibiotic use in ambulatory care in Hungary in 2017.
Differences across age groups and sexes, and seasonal and regional variations of paediatric
antibiotic use were assessed. The influence of prescribers’ characteristics (age and specialty)
on paediatric antibiotic use was also analysed.

2. Results

2.1. Scale and Patterns of Antibiotic Use
In total 6,792,714 antibiotic prescriptions were dispensed and redeemed at pharma-

cies in 2017 in Hungary. Almost one-third (30.54%, N = 2,074,526) of these prescriptions
were issued for children (Table 1), with a prescribing rate of 108.28 antibiotic prescrip-
tions/100 children/year.

Table 1. Antibiotic exposure in ambulatory care in Hungary, 2017.

Age Groups Number of Population
Number of Antibiotic

Prescriptions

Percentage of Total

Prescriptions Redeemed (%)

0–4 years 461,739 849,139 12.50
5–9 years 474,702 511,965 7.54

10–14 years 486,424 341,209 5.02
15–19 years 493,069 372,213 5.48

All children and adolescents 1,915,934 2,074,526 30.54

All inhabitants 9,797,561 6,792,714 100.00

As shown in Table 2, antibiotic exposure was the highest in the youngest age group
(0–4 years: 183.9 prescriptions/100 children/year). Antibiotic exposure decreased with
increasing age in childhood, but there was a slight increment in the age group of late
adolescents (15–19 years).

Boys in the youngest age group (0–4 years) were exposed to substantially higher an-
tibiotic use compared to the girls. Concerning all children (0–19 years), antibiotic exposure
was slightly higher in girls, due to the higher prescribing rate for girls aged 15–19 years.

Regarding patterns of antibiotic use (Table 2), broad-spectrum penicillins, cephalosporins
and macrolides were the most frequently prescribed agents (87.11 prescriptions/100 chil-
dren/year of broad-spectrum vs. 16.82 and 4.35 prescriptions/100 children/year of unclas-
sified and narrow-spectrum antibiotics, respectively). The B/N ratio was high across all
age groups, and peaked in children aged 15–19 years. Similarly, the proportion of narrow-
spectrum penicillins, cephalosporins and macrolides (N%, see Table 2) was the lowest in this
paediatric age group.
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Table 2. Scale and characteristics of age- and sex-specific antibiotic use for children in ambulatory
care in Hungary, 2017.

Sex Age Groups (years)

Prescription/100 Children/Year B/N N %

All Antibiotics B N Unclassified

All Children 0–19 108.28 87.11 4.35 16.82 20.04 4.01
Girls 0–19 109.88 87.06 4.38 18.44 19.88 3.99
Boys 0–19 106.76 87.16 4.32 15.28 20.19 4.04

All children

0–4 183.90 152.71 6.74 24.45 22.67 3.66
5–9 107.85 89.01 5.74 13.10 15.50 5.32

10–14 70.15 54.84 3.10 12.20 17.69 4.42
15–19 75.49 55.70 2.00 17.79 27.86 2.65

Girls

0–4 177.13 146.30 6.54 24.29 22.35 3.69
5–9 107.26 87.81 5.73 13.71 15.32 5.34

10–14 71.03 54.97 3.22 12.85 17.10 4.53
15–19 87.78 62.53 2.19 23.06 28.54 2.50

Boys

0–4 190.31 158.78 6.92 24.61 22.96 3.63
5–9 108.41 90.14 5.75 12.52 15.68 5.30

10–14 69.31 54.73 2.99 11.59 18.30 4.32
15–19 63.89 49.25 1.82 12.83 27.09 2.84

Broad- and narrow-spectrum categories defined by ESAC [15]. B = broad-spectrum penicillins, cephalosporins
and macrolides (J01(CR+DC+DD+[F-FA01])). N = narrow-spectrum penicillins, cephalosporins and macrolides
(J01(CE+DB+FA01)). Unclassified: all other antibiotics. B/N = Ratio of the consumption of broad-spectrum
penicillins, cephalosporins and macrolides to the consumption of narrow-spectrum penicillins, cephalosporins
and macrolides. N% = the proportion of narrow-spectrum penicillins, cephalosporins and macrolides.

Overall, thirty active agents were used in the paediatric population in 2017, and the
DU-90 segment (the number of drugs accounting for 90% of drug use [16]) consisted of
8–11 antibacterials in various paediatric subgroups. Our study shows that almost one-
third (30.81%) of all prescribed antibiotics in paediatric ambulatory care was comprised of
amoxicillin and clavulanic acid (co-amoxiclav) (see Supplementary Table S1).

2.2. Antibiotic Use According to Prescribers’ Age and Specialty
During the study period, primary care paediatricians (PCPs) were responsible for the

majority (57.5%) of paediatric antibiotic prescriptions issued in ambulatory care. As shown
in Figure 1, physicians prescribed mainly broad-spectrum penicillins, cephalosporins
and macrolides. On the other hand, physicians aged 65 and older tended to prescribe
less broad-spectrum agents than their younger colleagues. Otolaryngologists prescribed
broad-spectrum penicillins, cephalosporins and macrolides more often than other medi-
cal specialists.
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Figure 1. Use of antibiotics of broad-/narrow-spectrum categories defined by ESAC [15]
according to different prescribers’ groups and children’s age groups in ambulatory care in
Hungary, 2017. Broad-spectrum antibiotics: broad-spectrum penicillins, cephalosporins and
macrolides (J01(CR+DC+DD+[F-FA01])). Narrow-spectrum antibiotics: narrow-spectrum penicillins,
cephalosporins and macrolides (J01(CE+DB+FA01)). Unclassified antibiotics: all other antibiotics.

2.3. Regional Variation of Paediatric Antibiotic Use
Both the scale and patterns of paediatric antibiotic use showed regional differences

within the country. Regarding the scale of paediatric antibiotic use, an increasing west
to east gradient has been detected (see Figure 2a). The highest value was 175.56 pre-
scriptions/100 children/year (in Szabolcs-Szatmár-Bereg county), while the lowest was
63.84 prescriptions/100 children/year (in the capital, Budapest). In terms of pattern (per-
centage of narrow-spectrum penicillins, cephalosporins and macrolides = N%), no clear
geographical gradient was found (see Figure 2b). The highest relative use of narrow-
spectrum antibacterials was 19.3% detected in Vas county, whereas the lowest relative use
was 1% in a south-eastern county, Békés.
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Figure 2. (a) Regional differences in paediatric antibiotic use (expressed as the number of prescrip-
tions/100 children/year) in Hungary, 2017; Diamond symbol (⌥) for the lowest prescribing rate,
triangle symbol (N) for the highest prescribing rate. (b) Regional differences of paediatric antibiotic
use (expressed as the proportion of narrow-spectrum penicillins, cephalosporins and macrolides
relative to all antibiotics) in Hungary, 2017; Diamond symbol (⌥) for the lowest percentage, triangle
symbol (N) for the highest percentage.

2.4. Seasonal Variation in Paediatric Antibiotic Use
Seasonal variation was substantial (see Figure 3), with monthly prescription rate

peaking in January (16.65 prescriptions/100 children/month), while the lowest rate was ob-
served in July (3.96 prescriptions/100 children/month). Seasonal variation was detectable
in all age groups, with the highest rate in the youngest ones (0–4 years) (see Figure 3).
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Figure 3. Seasonality of antibiotic use in children by age groups (expressed as the number of
prescriptions/100 children/month) in Hungary, 2017.

3. Discussion

This is the first in-depth study on paediatric antibiotic use in ambulatory care in Hun-
gary, covering certain characteristics of paediatric antibiotic use that are rarely evidenced
in the international literature (e.g., seasonality).

3.1. Scale and Patterns of Antibiotic Use
Despite different age groups being analysed in other countries, it is still apparent that

antibiotic use in children under 19 years of age in ambulatory care in Hungary (108.28 pre-
scriptions/100 children/year) is relatively high compared to data from Germany (0–14 years
of age: 42.8 prescriptions/100 children in 2018) [17], Finland (0–17 years of age: 37.4 pre-
scriptions/100 children in 2016) [7] and Denmark (0–19 years of age: with 32.57 prescrip-
tions/100 children in 2017) [6], but lower than in Serbia (0–18 years of age: 136.5 antibiotic
prescriptions/100 children in 2013) [12], and Greece (0–19 years of age: the annual rate was
110 prescriptions/100 children between 2010–2013) [9]. Besides the contributing factors
related to prescribers, patients and the healthcare system, a lack of clear national guidelines
on a watchful waiting period for certain respiratory tract infections might explain the
defensive use of antibiotics in childhood.

In our study, the highest antibiotic exposure was detected in the youngest age group
(0–4 years), similarly to the cross-national study of Holstiege et al. (Denmark, Germany,
Italy, the Netherlands and the UK) [10], the national survey of Blix et al. from Nor-
way [11], and data from Danish [6] and Swedish surveillance reports [13]. Hungarian
paediatric antibiotic use in the youngest age group was considerably higher (with 183.9 pre-
scriptions/100 children/year) compared to data of Swedish (33.8 prescriptions/100 chil-
dren/year) [13] and Danish children (50.7 prescriptions/100 children/year) [6].

The highest antibiotic exposure of the youngest age group may be related to the
immature immune system of those 0–4 years old that renders them more susceptible to
infections [18] and the related overcautiousness of doctors and caregivers. Nevertheless,
the magnitude of difference in paediatric outpatient antibiotic use in the youngest age
group between Hungary and the Scandinavian countries is striking and difficult to justify
given that Hungarian children tend to attend nursery and kindergarten later due to the
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exceptionally long paid maternity leave in the country (up to 3 years in the case of singletons
and up to 6 years in the case of twins). Regarding other age groups, antibiotic use decreased
with the increasing age of children, but a slight increase was detected in the subgroup of
15–19-year-olds. Such an increase in antibiotic exposure in late adolescence has also been
observed among Swedish [13] and Danish children [6]. The lifestyle of older adolescents
(e.g., sharing food and drinks with friends, onset of sexual activity) and a consequent
higher risk and burden of infections might be related to this increase in antibiotic use.

Regarding sex-specific differences, the overall prescribing rate was slightly higher
for girls. However, we observed variations across the different age groups. Boys in the
youngest age group (0–4 years) received significantly more outpatient antibiotic prescrip-
tions than girls. This may be related to the higher susceptibility of boys to infections [19–23].
In parallel with our findings, previous studies reported that boys aged 0–4 years were
prescribed more antibiotics than girls, while over the age of 4, antibiotic exposure was
higher in girls [8,24]. In our study, girls received more antibiotic prescriptions compared
to boys in their late adolescence (15–19 years). Similar results have been reported from
Norway [11], but contrary data were reported from Italy [25]. These slight differences in
antibiotic exposure could be explained by different types and incidence of infections in
different age groups and across sexes. For instance, acute otitis media occur most frequently
among children aged less than 2 years, and the incidence rates are slightly higher among
boys [26]. On the contrary, the prevalence of symptomatic infections of the genitourinary
tract is higher in adolescent girls [11].

Overall, broad-spectrum penicillins, cephalosporins and macrolides were frequently
prescribed for children in Hungary, with the highest proportion of broad-spectrum agents
being prescribed for the youngest age group (0–4 years). This might be explained by
the frequent use of broad-spectrum penicillins (i.e., co-amoxiclav) for the treatment of
acute otitis media [26]. Similar to our results, broad-spectrum antibiotics were the most
commonly prescribed antibiotics for children in many other countries, for instance in
Greece [9], Lithuania [27], and Serbia [12].

In Hungary, co-amoxiclav was found to be the most frequently used antibiotic in
children of all age groups. Although commonly prescribed antibiotics vary by country,
co-amoxiclav is often the most widely used antibacterial agent in children, e.g., in Italy
(Viareggio and Emilia Romagna region) [10,28], Latvia [29], and Serbia [12]. In line with this
finding, a global study on antibiotic consumption reported an increased paediatric use of
co-amoxiclav between 2011 and 2015, with an annual increase rate of 6.8% in low-/middle-
income countries [30]. The frequent use of co-amoxiclav in Hungary may be explained by
the fact that it had been marketed earlier than amoxicillin alone (without clavulanic acid),
and it is still massively promoted [31].

3.2. Antibiotic Prescription According to Prescribers’ Age and Specialty
PCPs were found to prescribe the majority of antibiotics for children (0–19 years). Due

to a lack of recent studies regarding antibiotic prescribers’ specialty in other European
countries, we can only compare our data to the results of one study from a US state (Ten-
nessee) published in 2016. In line with our findings, this study reported that paediatricians
accounted for 57% of total outpatient antibiotic prescriptions in children [32].

Another finding of our study was that physicians aged 65 and older tended to pre-
scribe less broad-spectrum agents than their younger colleagues. This might be explained
by the fact that they were also familiar with older, narrow-spectrum agents, such as
phenoxymethylpenicillin (penicillin V). Overall, our study revealed that the majority of
physicians prescribed more broad-spectrum antibiotics than narrow-spectrum agents. A
systematic review revealed the reasons behind this phenomenon, reporting the factors that
influence antibiotics prescribing. These include patients’ expectations, the severity and
duration of the infection, diagnostic uncertainty, fear of potentially losing patients, and
the influence of pharmaceutical companies [33]. Similarly, the lack of updated national
therapeutical guidelines, the limited availability of narrow spectrum antibacterials in the
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Hungarian pharmaceutical market and the influence of pharmaceutical companies might in
part be responsible for the observed pattern in Hungary [34], but further research is required
to better understand physicians’ decision making about paediatric antibiotic prescribing.

Prescribing broad-spectrum agents was found to be common practice by all doctors,
irrespective of their specialty. Otolaryngologists prescribed broad-spectrum antibacterials
more often than others, probably because they treat more complicated cases.

3.3. Regional Variation in Paediatric Antibiotic Use
There was a more than 2.5-fold difference between the counties with the highest

and the lowest paediatric antibiotic consumption. This is considerably higher than the
1.9-fold regional difference reported from Germany in 2018 [17]. The lowest paediatric
prescription rate found in the capital (Budapest) and the increasing gradient from west to
east might be explained by several factors, such as regional differences in infection rates,
socio-economic characteristics and health literacy of patients/families, access to paediatric
GPs and physicians’ workload [32,33,35]. In line with this finding, a higher annual number
of consultations per PCP (higher workload) was registered in those counties that were
characterised by higher prescription rates compared to the capital city [36]. Moreover,
some chronic diseases leading to an increased susceptibility to infections, such as asthma
and diabetes mellitus, have a higher prevalence rate among children in counties with
higher antibiotic use [36]. Moreover, a recent publication on Hungarian primary healthcare
availability reported that the most deprived areas were found in the north-eastern and
south-western parts of Hungary, whereas the least deprived areas were in the north-western
part of the country, as well as in the capital city and its neighbouring areas [37] where the
lowest rates of antibiotic exposure were detected in our study.

Regarding the percentage of narrow-spectrum penicillins, cephalosporins and macrolides,
an odd regional variation was found in Hungary. This may indicate a difference in prescribing
habits in different counties (regions). The reason for why substantially higher proportion of
narrow spectrum antibiotic consumption was found in the westernmost area of the country
(Vas county) remains unclear, and needs further investigation to reveal what contributed to
this more optimal prescribing practice.

3.4. Seasonal Variation in Paediatric Antibiotic Use
The highest monthly antibiotic prescription rates in the paediatric population were

observed during the winter season, peaking in January. Seasonal fluctuation of outpatient
antibiotic use in the general population across Europe has been described before [38], and
it is most likely to be related to the higher incidence of viral respiratory infections in winter
months [38,39]. A previous cross-national comparison study in the paediatric population
showed that seasonal peaks of antibiotic exposure in winter months were most pronounced
in countries with high overall antibiotic utilisation, e.g., in Italy, followed by Germany [10].
In our study, a slightly increasing rate of antibiotic use was seen from August to September,
which can be explained by children attending school again after the summer holiday.

3.5. Strengths and Limitations
The use of a large, population-based dataset covering the whole population as well as

the good drug coverage (see below in the methods) are the main strengths of our study.
However, we were not able to evaluate the appropriateness of prescribing, nor were we
able to analyse the correlation between diagnoses and antibiotic use in this study. One year
of data might be regarded as suboptimal to report seasonal variation. However, as the year
2017 was not extraordinary in terms of antibiotic use or overall seasonality, this limitation
might not affect the implications on seasonal variation [40].
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4. Materials and Methods

Study Design, Study Period and Data Source
This was a population-based, descriptive, retrospective study pertaining to the year

2017. Information on the use of systemic antibiotics—Anatomical Therapeutic Chemical
(ATC) code J01—was obtained from the National Health Insurance Fund of Hungary (in
Hungarian: Nemzeti Egészségbiztosítási Alapkezelő, acronym: NEAK), which contains
information on reimbursed drugs dispensed in Hungary prescribed in ambulatory care.
As almost all available antibiotics are reimbursed in Hungary, the database provides
information for ~95% of total antibiotic dispensing. As NEAK is the only public health
insurance fund in Hungary, the database has 100% population coverage. Reimbursed
prescriptions issued by general practitioners of any kind such as PCPs (also commonly
referred as paediatrician GP in the Hungarian terminology), as well as specialists and
dentists, prescribed for patients in ambulatory care and patients visiting private practices
are included in the dataset. A more detailed description of paediatric healthcare in Hungary
is provided in a manuscript by Laszlo et al. [41].

Analysis was focused on children aged 0–19 years. Data were stratified by age group
of patients (0–4 years; 5–9 years; 10–14 years; and 15–19 years), age group of physicians
(<40 years, 40–65 years, 65 < years), speciality group of physicians (e.g., PCP, otolaryn-
gologist), region (i.e., county), and month of antibiotic dispensation. Antibiotic use was
expressed as the number of prescriptions per 100 inhabitants in the age group concerned
per year or per month. Population data were derived from Eurostat. The proportion of
broad-spectrum penicillins, cephalosporins and macrolides, as defined by the European
Centre for Disease Prevention and Control [15], was calculated.

5. Conclusions

High paediatric outpatient antibiotic exposure with a suboptimal pattern was detected
in Hungary, especially among children in the youngest age group (0–4 years). The con-
siderable regional variation and the disproportionately high seasonality of antibiotic use
in children may also suggest suboptimal prescribing practices. The revealed characteris-
tics of paediatric outpatient antibiotic use can support planning antibiotic stewardship
interventions and can serve as a basis for more detailed qualitative research.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antibiotics11020189/s1, Table S1: Top ten antibacterial agents among paediatric age groups in
Hungary, 2017.
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Abstract

Background: Many studies have addressed influenza vaccine uptake in risk-group populations (e.g. the elderly).
However, it is also necessary to assess influenza vaccine uptake in the active adult population, since they are
considered to be a high-transmitter group. In several countries pharmacists are involved in adult vaccination in
order to increase uptake. This study therefore aimed to investigate the determinants of influenza vaccination uptake
and examine the willingness to be vaccinated by pharmacists.

Methods: A cross-sectional study was conducted among Hungarian adults using a self-administered online
questionnaire distributed via social media (Facebook). The questionnaire included five domains: demographics,
vaccine uptake, factors that motivated or discouraged vaccination, knowledge and willingness of participants to
accept pharmacists as influenza vaccine administrators. Descriptive statistics were applied and logistic regression
was conducted to assess the possible determinants of vaccination uptake.
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Results: Data from 1631 participants who completed the questionnaires were analysed. Almost 58% of respondents
(944/1631) had occupational and/or health risk factors for influenza. Just over one-tenth (12.3%;200/1631) of
participants were vaccinated during the 2017/18 influenza season, 15.4% (145/944) of whom had a risk factor for
influenza. Approximately half of the participants (47.4%) believed that influenza vaccination can cause flu, and just
over half of them (51.6%), were not knowledgeable about the safety of influenza vaccine ingredients. Logistic
regression found that age, sex, health risk factor and knowledge on influenza/influenza vaccination were associated
with influenza vaccination uptake (p< 0.05). The most frequently cited reason for having an influenza vaccination
was self-protection (95.0%). The most common reason given for refusing the influenza vaccine was that the
respondent stated they rarely had an infectious disease (67.7%). The number of participants who were willing to be
vaccinated by pharmacists was two-times higher than the number of participants who were actually vaccinated
during the 2017/18 influenza season.

Conclusion: Influenza vaccine uptake in the active adult population is low in Hungary. Public awareness and
knowledge about influenza vaccination and influenza disease should be increased. The results also suggest a need
to extend the role played by pharmacists in Hungary.

Keywords: Influenza vaccine, Vaccine uptake, Determinants, Adult, Pharmacists

Background
Influenza is a highly infectious viral disease that spreads
around the world in annual outbreaks, resulting in be-
tween 3 and 5 million cases of severe illness and 290,
000–650,000 deaths [1, 2]. One study ranked influenza
as the infectious disease with the highest impact on
population health in Europe [3].
The most effective way for individuals to avoid this

disease is to have an influenza vaccination each year [1,
4]. Influenza vaccination has been recommended by the
WHO for some specific populations (e.g. pregnant
women and the elderly) [1]. Despite the well-recognised
target population for seasonal influenza vaccination,
there is some evidence suggesting that vaccination
should be also prioritised among those with the highest
number of social contacts, i.e. schoolchildren and active
adults, to avoid transmission of infections and large out-
breaks [5, 6]. Additionally, protective immune response
after vaccination may develop in higher rate in the
young ones, compared to elderly with immunosenes-
cence [7].
Factors relating to influenza vaccine uptake have pre-

viously been investigated mainly in the Western Euro-
pean countries and the USA [8, 9]; a limited number of
studies have been performed in Central and Eastern
European countries [8–10]. In a multi-site study from
eleven European countries, various factors (e.g. socio-
economics factors, gender, size of household, educa-
tional level and household income) were identified as
potential determinants of influenza vaccine uptake, but
no data was reported for Hungary [10]. Therefore, there
is a need to assess and understand factors that may in-
fluence influenza vaccination uptake in Hungary. Beside
the lack of knowledge on associated factors of influenza
uptake in Hungary, the other motivation of this research

was that no other studies focused specifically on the ac-
tive adult population, which may play crucial role in flu
epidemic development.
A review article summarised the strategies that have

been applied in an attempt to achieve higher coverage
rates for influenza vaccination [11]. As access to influenza
vaccination is an important challenge in many countries,
one of the recommended strategies was the involvement
of community pharmacists as influenza vaccine adminis-
trators, due to their better access to patients and more
convenient opening time. Pharmacy-based vaccination
services have been gradually developing since the end
of the twentieth century. These services were first
established in Argentina, South-Africa, USA and
Australia, but have since expanded to some European
countries (Denmark, Ireland, Portugal, Switzerland
and the UK) and also to some countries outside of
Europe (Canada, Philippines) [12–14]. A systematic
review and meta-analysis showed that the involvement
of pharmacists in vaccination programmes, whether as
educators, facilitators or administrators of vaccines,
resulted in increased vaccination rates [15]. Accord-
ingly, the International Federation of Pharmacists
(FIP) has a strong commitment to improve vaccin-
ation coverage through pharmacists and actively advo-
cate pharmacy vaccination for more than a decade
[14, 16]. Despite the well-recognised benefits of the
involvement of pharmacists, no pharmacy-based vac-
cination services currently exist in Central or Eastern
Europe and it is important to observe whether the
patients willing to be vaccinated by pharmacists in
Hungary. As access to influenza vaccination may be
challenging for Hungarian adults as well, there is po-
tential to improve access and vaccination uptake by
enabling pharmacists to give flu vaccinations.
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The main objective of the present study was to investi-
gate the determinants of influenza vaccination uptake in
the active adult population in Hungary and secondly to
explore participants’ willingness to accept pharmacists as
influenza vaccine administrators.

Methods
Study design and setting
The study was an observational cross-sectional study
carried out in Hungary between March and July 2018.
The self-administered questionnaire was distributed via
social media (Facebook). Facebook is the most popular
social media used in Hungary and majority (80%) of the
users belong to the 20–59 years age group [17]. The
questionnaire was constructed on Google docs and the
link was shared to public via various Hungarian Face-
book Groups (N = 35). In order to achieve a neutral sam-
pling, we targeted participants based on various leisure
time activities (i.e. different newspaper readers, fisher-
men, bee keepers, cooking groups, etc.). First, we con-
tacted the group administrators to put the link on the
open page and sent them reminders for 2–3 times.

Participants
Everyone who lives in Hungary, understands Hungarian
and has a Facebook account was eligible to voluntarily
take part in this study. No financial or other incentives
were applied. During the analysis, however, we focused
on the active adult population, aged 20 to 59 years.

Sample size
We adopted the sample size calculation written by
Lemeshow et al. and published by the World Health Or-
ganisation [18]. We assumed that each of the main out-
come measures has a prevalence between 5 and 95%
(not very rare or very frequent). After we targeted the
highest minimal sample size (N = 384) that could be re-
quired, with a precision estimate of ±5% and the type I
error (alpha) of 5% at 95% confidence level.

Questionnaire
The survey instrument was a questionnaire. The ques-
tions included general characteristics (e.g. age, sex, risk
factors for influenza based on The Annual Vaccine
Guideline of the Hungarian Ministry of Health [19]), up-
take of the seasonal influenza vaccine during the 2017/
18 influenza season, factors motivating or discouraging
uptake of the vaccine (see complete list of questions in
Table 3), participants’ knowledge in relation to influenza
and influenza vaccination (see complete list of questions
in Table 5) and the willingness of the participants to re-
ceive an influenza vaccination from their community
pharmacist. Questions on potential determinants and
knowledge items were based on published studies [20–

23] and own ideas of the study team. The study team
discussed potential questions at several rounds, and in-
cluded questions after consensus. Then the question-
naire was piloted with a sample of ten individuals to
ensure the clarity of the questions.
Binary questions were asked about both seasonal influ-

enza vaccination uptake and the willingness of partici-
pants to receive an influenza vaccination from a
pharmacist. Multiple choice questions were used to gain
information relating to factors motivating or discour-
aging influenza vaccination uptake.
The knowledge of participants relating to influenza/in-

fluenza vaccination was measured using a set of 17 ques-
tions. For each question, there were three possible
answers: yes’, no’ or don’t know’. One point was
assigned for each correct answer, zero points were given
for the don’t know’ answer and one point was sub-
tracted for giving the wrong answer. Finally, the total
was calculated, with a range from − 17 to + 17, then cal-
culated as the percentage of the total achievable points.
For this knowledge section, the answers of participants
who had more than five missing answers were excluded
from the analysis.

Data analysis
Descriptive, bivariate and multivariate statistical analyses
were applied to describe all survey items. Descriptive
statistics, including means, standard deviations and per-
centages were used to describe all variables. Bivariate
analyses, such as Pearson’s chi-square test and Fisher’s
exact test, were used to compare categorical variables.
Logistic regression was conducted to assess the potential
associated factors of influenza vaccination uptake and
adjusted odds ratios were reported. The level of statis-
tical significance was set at p < 0.05. All statistical ana-
lyses were performed using R software (R version 3.6.1).

Results
In total, 1842 questionnaires were filled. Of these, 1631
questionnaires were analysed and 211 were excluded
since those were filled by participants who were not in
the active adult (20–59 years old) population (Fig. 1).
The mean age of participants was 33.7 years (SD = 10.7;
CI 95% 33.2–34.2), while 944 participants (57.9%; CI
95% 55.5–60.3) had occupational and/or health risk fac-
tors for influenza. Just over one-tenth (12.3%; CI 95%
10.8–13.9) of participants had received an influenza vac-
cination during the previous influenza season, and 15.4%
(145/944; CI 95% 13.2–17.8) of those had a risk factor
for influenza. The general characteristics of the partici-
pants are presented in Table 1.
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Demographics relating to vaccination uptake among
participants
Overall, there were significant differences in age, sex, educa-
tional level, occupational risk factor, health risk factor and
knowledge of vaccinated versus unvaccinated participants
(p < 0.05) in the bivariate analysis. Participants’ type of resi-
dence was the only variable that showed no significant dif-
ference between vaccinated and unvaccinated participants
(Table 1). Furthermore, logistic regression showed that age,
sex, health risk factor and knowledge about influenza were
associated with influenza vaccination uptake (Table 2).

Factors which motivated or discouraged vaccination
uptake
The reasons for obtaining or not obtaining the influenza
vaccination are summarised in Table 3. The most com-
monly cited reasons for having the vaccination were

self-protection’ (95.0%), to protect those with risk fac-
tors around’ (61.0%) and consider influenza as severe dis-
ease’ (52.5%). The most cited reasons for not having the
vaccination were I rarely get infectious diseases’ (67.7%),
followed by I do not have a risk factor’ (48.9%) and no-
body has risk factor around’ (41.0%). In total, 700 (48.9%)
unvaccinated participants selected I do not have a risk
factor’ as their reason for not having the vaccination; how-
ever, we discovered that in reality just over half of them
(353/700) had at least one risk factor for influenza.
Table 4 shows the role played by different sources of

advice or opinions when it came to participants’ vaccin-
ation status. Most participants stated that they were not
influenced (indifferent or not influenced categories) by
any external opinions with regard to their influenza vac-
cination uptake. Approximately one-third of vaccinated
participants stated that their decision had been influ-
enced by a recommendation from a specialist doctor, a
GP, another healthcare worker or a family member.

Knowledge of influenza vaccination/influenza disease
The participants’ knowledge in response to certain ques-
tions is summarised in Table 5. Most participants
(93.6%) knew that influenza is an infectious disease. On
the other hand, approximately half of the participants
(47.4%) believed that influenza vaccination can cause flu,
and just over half of them (51.6%), calculated from the
sum of ‘wrong’ and ‘unknown’ answers) were not
knowledgeable about the safety of influenza vaccine in-
gredients (Table 5).
In total, only 30.6% of all participants gave a correct

answer to the statement flu vaccine can cause influ-
enza disease’; however, the vaccinated group showed
better knowledge compared with the knowledge of the
unvaccinated group (54.5% vs 27.3%) (Table 5). More-
over, vaccinated participants scored higher for each
knowledge question in comparison with the scores of
non-vaccinated participants. This higher level of know-
ledge was identified as one of the factors associated with
influenza vaccine uptake (p < 0.05) (Table 2).
There were large differences in the level of knowledge

between vaccinated and unvaccinated participants with re-
gard to assumptions that influenza vaccination is the best
method to prevent influenza (12.5% vs 55.4%), the safety
of vaccine ingredients (19.5% vs 56.1%) and whether the
influenza vaccine can cause influenza disease (44.5% vs
71.2%) (These numbers were calculated from the sum of
‘wrong’ and ‘unknown’ answers in Table 5).

Willingness to accept pharmacists as influenza vaccine
administrators
Overall, almost one-third (29.1%; CI 95% 26.9–31.3) of
all participants would accept an influenza vaccination
from a pharmacist. Table 6 shows that the willingness to
accept pharmacists as vaccine administrators was signifi-
cantly higher among participants who had been

Fig. 1 Flow chart of participants in the study
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vaccinated during the last influenza season (p < 0.05).
Similarly, the mean knowledge score of participants who
were willing to get their influenza vaccination at a phar-
macy was significantly higher compared with the know-
ledge of those who said they would refuse a pharmacy-
based service (p < 0.05). The number of participants who
were willing to be vaccinated by pharmacists (n = 474)
was two times higher than the number of participants
who were actually vaccinated during the 2017/18 influ-
enza season (n = 200).

Discussion
There are limited data available relating to influenza vac-
cine uptake patterns in Central and Eastern Europe. The
technical report of the ECDC on seasonal influenza

Table 1 Bivariate analysis of participants’ general characteristics and influenza vaccination uptake during the 2017/18 influenza
season
Variable Vaccination status Statistical test p-

valueYes (n = 200) No (n = 1431) Total

Number (Row %) Number (Row %) Number (Col.%)

Age (years)

(mean ± SD) 37.5 ± 11.2 33.2 ± 10.5 33.7 ± 10.7 Welch’s two Sample t-test < 0.001

Sex

Male 50 (16.1) 260 (83.9) 310 (19.0) Pearson’s Chi-square test 0.0214

Female 150 (11.4) 1170 (88.6) 1320 (80.9)

N/A 0 (00.0) 1 (100) 1 (00.0)

Type of residence

Village 33 (13.3) 225 (86.8) 258 (15.8) Pearson’s Chi-square test 0.7587

City 166 (12.1) 1205 (87.9) 1371 (84.1)

N/A 1(0.5) 1 (0.5) 2 (0.1)

Educational level

Primary 4
(15.4)

22
(84.6)

26
(1.6)

Fisher’s exact test for count data 0.0146

Secondary 87
(10.1)

772
(89.9)

859
(52.7)

Tertiary 109
(14.7)

635
(85.4)

744
(45.6)

N/A 0
(0.0)

2
(100)

2
(0.1)

Occupational risk factor a

Yes 88(17.2) 424(82.8) 512(31.4) Pearson’s Chi-square test < 0.001

No 112(10.1) 1002(89.9) 1114(68.3)

N/A 0(0.0) 5(100) 5(0.3)

Health risk factor b

Yes 95(15.1) 536(84.9) 631(38.7) Pearson’s Chi-square test 0.0063

No 105(10.5) 895(89.5) 1000(61.3)

Knowledge (N = 1609)

(mean ± SD) 85.4 ± 9.7 70.7 ± 15.1 72.5 ± 15.3 Welch’s two Sample t-test < 0.001
aOccupational risk factors include participants who have at least one of the following statuses: students in the health care field; work in health care services; social
institution/long care term facility; nursery school/kindergarten; livestock or animal transfer (swine, poultry, horse); poultry processing or abattoir; work with
immigrants/foreign people
bHealth risk factors include participants who had at least one of the following conditions in the previous year: heart failure; coronary artery disease; chronic
pulmonary disease; immune disease; taking immunosuppressive drugs; inflammatory bowel disease; chronic liver disease; chronic kidney disease; pregnancy/
planning pregnancy; disabled (physically); smoker

Table 2 Logistic regression analysis to identify associated
factors for influenza vaccination uptake (n = 1602)

OR 95% CI p-value

Age 1.028 1.012–1.044 0.001

Sex (male) 1.838 1.217–2.774 0.004

Occupational risk factor 1.211 0.838–1.751 0.309

Health risk factor 2.070 1.472–2.910 0.000

Educational level – Primary (reference) – – –

Secondary 0.568 0.149–2.171 0.408

Tertiary 0.585 0.153–2.241 0.434

Knowledge 1.096 1.078–1.114 0.000
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coverage rate [24] showed that in Hungary, vaccination
rate among the elderly (above 60 years) was 21.9% in
2017/2018, which is far from the target of 75%. In the
present study focusing on only active adults, the influ-
enza vaccination uptake of respondents was low, 12.3%.
A similarly low level (9.5%) of vaccination coverage was
reported from Poland (considering the whole popula-
tion), and generally influenza vaccination uptake was
suboptimal across Europe [10]. More than half (944/
1631) of participants in the present study had occupa-
tional and/or health risk factors, and only 15.4% of them
had been vaccinated against influenza. Recent studies
have reported that vaccination rates among adults aged
16 to 65 years old who had a risk factor were higher, at
between 29.8 and 49.2% in Australia and between 45.7
and 49.4% in England [25, 26].
Our findings showed that approximately one in two

participants believed that the influenza vaccine can cause
influenza (47.4%) and half of them were not
knowledgeable about the safety of influenza vaccine in-
gredients (51.6%). These factors might have influenced
these participants’ decisions not to have an influenza
vaccination during the 2017/18 influenza season.

Demographics relating to vaccination uptake among
participants
With regard to the demographic factors associated with
influenza vaccine uptake, some of our findings are similar
to previously published findings. In the present study,
older age was associated with influenza vaccination uptake
(Table 2). A similar finding was reported by a systematic
review that focused on European and Asian populations
[27]. The present study also showed that being male was
associated with being vaccinated (Table 2). Additionally,
some studies have noted that being female can be a barrier
to influenza vaccine uptake [8, 10, 28]. However, the
aforementioned systematic review reported that sex was
not a consistent predictor of influenza vaccination across
different European countries [27].
Another factor associated with influenza vaccination

uptake was having a health risk factor. A similar asso-
ciation between health risk factors and vaccine uptake
has been reported in some previous studies [20, 28,
29]. However, the earlier systematic review found that
occupational health risk factors were not a consistent
predictor of influenza vaccination uptake [27].

Table 3 Participants’ cited reasons for their vaccination statusa

Reasons for being … Number (%)

Vaccinated, n = 200 (100%)

To protect myself from the flu and its complications 190(95.0)

To protect those with risk factors around me 122(61.0)

I consider flu a severe disease 105(52.5)

I belong to a risk group, I am prone to infections/diseases 69(34.5)

I had severe influenza previously 31(15.5)

Death due to influenza complications around me (in my neighbourhood) 7(3.5)

Unvaccinated, n = 1431 (100%)

Because I rarely get infectious diseases (including influenza) 968(67.7)

Because I do not have a risk factor 700(48.9)

Because nobody has a risk factor around me 587(41.0)

Because I prefer alternative therapies (e.g. natural medicine) 511(35.7)

I consider influenza a minor disease 463(32.4)

Because I am afraid of the side effects 451(31.5)

Because of the contradictory opinions on flu vaccine 411(28.7)

I consider the vaccine ineffective 380(26.6)

Because I prefer medical therapy 361(25.2)

Previous bad experience with flu vaccine among family members/acquaintance 341(23.8)

Because I forgot and missed it 263(18.4)

Because I am afraid of the needles 172(12.0)

I received the flu vaccine previously, but it was ineffective because I got the flu 156(10.9)

Influenza vaccine is contraindicated to me 93(6.5)

I received the flu vaccine previously, but I experienced major/serious side effects 85(5.9)
aParticipants’ could give more than one reason
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Factors that motivated or discouraged vaccination uptake
The most frequently cited reasons for having an influ-
enza vaccination were self-protection’ and to pro-
tect those with risk factors around’, which were also
noted in other studies [20, 22, 30], followed by con-
sider flu as a severe disease’. These stated reasons imply
that vaccinated people are more likely to be aware of the
negative impacts of influenza disease. Of note, social re-
sponsibility was an important motivating factor for influ-
enza vaccination. In the unvaccinated group, the most
frequently stated reasons for not having influenza vac-
cination were rarely get influenza’, followed by I do
not have a risk factor’. Surprisingly, we found that par-
ticipants who selected I do not have a risk factor’ in

fact had at least one existing risk factor. It can be as-
sumed that participants’ perception of risk factors needs
to be improved through some type of educational inter-
vention by healthcare professionals. Previous studies
have also shown that the low uptake of the influenza
vaccine is related to the perceived low risk of the disease
[8, 20, 28, 30–32].
More than one-third of vaccinated participants re-

ported that healthcare workers or a family member in-
fluenced their decision to have the influenza vaccine.
Previous studies have also reported that a recommenda-
tion or opinion from healthcare workers or family mem-
bers is a factor that influences whether someone has an
influenza vaccination [8, 20, 30, 33]. Interestingly, some

Table 4 The role played by different sources of recommendations/opinions on individuals’ vaccination uptake decision
Source of
recommendation
or opinion

To have the influenza vaccine
n = 200 (100%)

To not have the influenza vaccine
n = 1431 (100%)

Number (%) Number (%)

Specialist

Influenced 75(37.5) 234(16.4)

Indifferent 19(9.5) 256(17.9)

Not influenced 84(42.0) 841(58.8)

N/A 22(11.0) 100(7.0)

Family member

Influenced 70(35.0) 368(25.7)

Indifferent 32(16.0) 280(19.6)

Not influenced 77(38.5) 701(49.0)

N/A 21(10.5) 82(5.7)

General practitioner

Influenced 68(34.0) 187(13.1)

Indifferent 27(13.5) 277(19.4)

Not influenced 85(42.5) 861(60.2)

N/A 20(10.0) 106(7.4)

Other healthcare worker

Influenced 62(31.0) 301(21.0)

Indifferent 26(13.0) 266(18.6)

Not influenced 89(44.5) 783(54.7)

N/A 23(11.5) 81(5.7)

Pharmacist

Influenced 28(14.0) 173(12.1)

Indifferent 28(14.0) 279(19.5)

Not influenced 112(56.0) 870(60.8)

N/A 32(16.0) 109(7.6)

Media (internet/television/radio)

Influenced 12(6.0) 109(7.6)

Indifferent 30(15.0) 330(23.1)

Not influenced 124(62.0) 888(62.1)

N/A 34(17.0) 104(7.3)
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Table 5 Participants’ knowledge about influenza and influenza vaccination
Question Correct

answer
Answer Vaccinated

n = 200
(100%)

Unvaccinated
n = 1431
(100%)

Total
n = 1631
(100%)

Number (%) Number (%) Number (%)

Influenza is an infectious disease True Correct 194(97.0) 1333(93.2) 1527(93.6)

Wrong 4(2.0) 57(4.0) 61(3.7)

Do not
know

0(0.0) 30(2.1) 30(1.8)

NA 2(1.0) 11(0.8) 13(0.8)

Influenza vaccination is recommended annually for the risk groups True Correct 194(97.0) 1122(78.4) 1316(80.7)

Wrong 0(0.0) 87(6.1) 87(5.3)

Do not
know

3(1.5) 205(14.3) 208(12.8)

NA 3(1.5) 17(1.2) 20(1.2)

Influenza vaccination is highly/specially recommended for the elderly True Correct 189(94.5) 988(69.0) 1282(78.6)

Wrong 1(0.5) 148(10.3) 119(7.3)

Do not
know

6(3.0) 280(19.6) 209(12.8)

NA 4(2.0) 15(1.1) 21(1.3)

Influenza vaccination is highly/specially recommended for those with chronic
diseases

True Correct 185(92.5) 1093(76.4) 1173(71.9)

Wrong 4(2.0) 118(8.3) 152(9.3)

Do not
know

9(4.5) 203(14.2) 289(17.7)

NA 2(1.0) 17(1.2) 17(1.0)

Elderly and those with certain chronic diseases can get the flu vaccination for
free

True Correct 183(91.5) 1009(70.5) 1192(73.1)

Wrong 4(2.0) 48(3.4) 52(3.2)

Do not
know

11(5.5) 360(25.2) 371(22.8)

NA 2(1.0) 14(1.0) 16(1.0)

Influenza is a synonym for common cold False Correct 179(89.5) 1239(86.6) 1418(86.9)

Wrong 9(4.5) 106(7.4) 115(7.1)

Do not
know

7(3.5) 73(5.1) 80(4.9)

NA 5(2.5) 13(0.9) 18(1.1)

In case of fever the vaccination should be postponed True Correct 177(88.5) 1176(82.2) 1353(83.0)

Wrong 7(3.5) 41(2.9) 48(2.9)

Do not
know

13(6.5) 199(13.9) 212(13.0)

NA 3(1.5) 15(1.1) 18(1.1)

The best method to prevent influenza is the influenza vaccination True Correct 172(86.0) 619(43.3) 791(48.5)

Wrong 12(6.0) 453(31.7) 465(28.5)

Do not
know

13(6.5) 339(23.7) 352(21.6)

NA 3(1.5) 20(1.4) 23(1.4)

Time to onset of action is 2 weeks for influenza vaccination in case of adults True Correct 163(81.5) 841(58.8) 1004(61.6)

Wrong 6(3.0) 68(4.8) 74(4.5)

Do not
know

29(14.5) 501(35.0) 530(32.5)

NA 2(1.0) 21(1.5) 23(1.4)
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of participants stated that they were influenced by
healthcare workers (specialist, GP, pharmacist and other
HCWs) not to take the influenza vaccine; the reason for
this are unclear. It is possible that HCWs may have their
own personal beliefs regarding to influenza and/or

influenza vaccination. A systematic review showed that
HCW’s personal beliefs may act as barriers to vaccine
uptake, including concerns about side effects, scepticism
about vaccine effectiveness and the belief that influenza
is not a serious illness [34].

Table 5 Participants’ knowledge about influenza and influenza vaccination (Continued)

Question Correct
answer

Answer Vaccinated
n = 200
(100%)

Unvaccinated
n = 1431
(100%)

Total
n = 1631
(100%)

Number (%) Number (%) Number (%)

Influenza vaccine contains safe ingredients True Correct 159(79.5) 606(42.4) 765(46.9)

Wrong 8(4.0) 258(18.0) 266(16.3)

Do not
know

31(15.5) 544(38.0) 575(35.3)

NA 2(1.0) 23(1.6) 25(1.5)

Influenza can be prevented by high dose vitamin C (min. 500 mg daily)
instead of vaccination

False Correct 156(78.0) 662(46.3) 818(50.2)

Wrong 12(6.0) 407(28.4) 419(25.7)

Do not
know

30(15.0) 344(24.0) 374(22.9)

NA 2(1.0) 18(1.3) 20(1.2)

Antibiotics work against influenza False Correct 155(77.5) 953(66.6) 1108(67.9)

Wrong 24(12.0) 321(22.4) 345(21.2)

Do not
know

18(9.0) 144(10.1) 162(9.9)

NA 3(1.5) 13(0.9) 16(1.0)

The flu vaccination can weaken the immune system False Correct 151(75.5) 652(45.6) 803(49.2)

Wrong 24(12.0) 439(30.7) 463(28.4)

Do not
know

22(11.0) 320(22.4) 342(21.0)

NA 3(1.5) 20(1.4) 23(1.4)

Influenza can be prevented by herbs (e.g. honey, ginger tea) instead of
vaccination

False Correct 143(71.5) 672(47.0) 815(50.0)

Wrong 13(6.5) 374(26.1) 387(23.7)

Do not
know

41(20.5) 368(25.7) 409(25.1)

NA 3(1.5) 17(1.2) 20(1.2)

You should not take influenza vaccination if you have already got influenza False Correct 117(58.5) 625(43.7) 742(45.5)

Wrong 49(24.5) 421(29.4) 470(28.8)

Do not
know

32(16.0) 370(25.9) 402(24.7)

NA 2(1.0) 15(1.0) 17(1.0)

The flu vaccination can cause flu False Correct 109(54.5) 390(27.3) 499(30.6)

Wrong 62(31.0) 711(49.7) 773(47.4)

Do not
know

27(13.5) 308(21.5) 335(20.5)

NA 2(1.0) 22(1.5) 24(1.5)

In case of egg allergy, the flu vaccination can be taken True Correct 58(29.0) 323(22.6) 381(23.4)

Wrong 61(30.5) 264(18.5) 325(19.9)

Do not
know

79(39.5) 822(57.4) 901(55.2)

NA 2(1.0) 22(1.5) 24(1.5)
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However, most participants in the present study stated
that their decision was not influenced by any external
source. It can be concluded that most participants’ deci-
sions whether to have the influenza vaccination were
mainly influenced by their own perceptions about influ-
enza disease and/or the influenza vaccine. A previous
systematic review found that perceptions around vaccine
efficacy, safety and adverse events were the most influen-
tial factors in influenza vaccination uptake [27]. Conse-
quently, educational interventions relating to influenza
disease and/or influenza vaccine should be targeted at
patients themselves.

Knowledge about influenza vaccination/influenza disease
This survey found that participants’ level of knowledge
around influenza vaccination and influenza disease asso-
ciated with influenza vaccine uptake. Other studies have
also found a higher level of knowledge to be associated
with higher vaccination uptake rates [21, 27, 29, 35].
Additionally, previous research has shown that a lack of
general knowledge about influenza/influenza vaccination
was a barrier to influenza vaccination uptake [8].
Large differences existed in the level of knowledge be-

tween vaccinated and unvaccinated groups with regard
to assumptions around the best method to prevent

Table 6 Bivariate analysis of general characteristics and participants’ willingness to be vaccinated by a pharmacist
Variable Willingness to be vaccinated by a pharmacist Statistical test p-

valueYes
n = 474 (100%)

No
n = 1157 (100%)

Number (%) Number (%)

Age (years)

(mean ± SD) 32.5 ± 10.8 34.2 ± 10.6 Welch’s two sample t-test 0.0029

Sex

Male 132(42.6) 178(57.4) Pearson’s Chi-square test < 0.001

Female 341(25.8) 979(74.2)

N/A 1(100) 0(0.0)

Type of residence

Village 61(23.6) 197(76.4) Pearson’s Chi-square test 0.0375

City 412(30.0) 959(70.0)

N/A 1(50.0) 1(50.0)

Education level

Primary 14(53.9) 12(46.1) Pearson’s Chi-square test 0.0192

Secondary 245(28.5) 614(71.5)

Tertiary 214(28.8) 530(71.2)

N/A 1(50.0) 1(50.0)

Occupational risk a

Yes 122(23.8) 390 (76.2) Pearson’s Chi-square test 0.0014

No 352(31.6) 762(68.4)

N/A 0(0.0) 5(100)

Health conditions risk b

Yes 179(28.4) 452(71.6) Pearson’s Chi-square test 0.6238

No 295(29.5) 705 (70.5)

Vaccinated

Yes 116(58.0) 84(42.0) Pearson’s Chi-square test < 0.001

No 358(25.0) 1073(75.0)

Knowledge (n = 1609)

(mean ± SD) 79.3 ± 12.4 69.8 ± 15.5 Welch’s two sample t-test < 0.001
aOccupational risk factors include participants who have at least one of the following statuses: students in the healthcare field; work in health care services; social
institution/long care term facility; nursery school/kindergarten; livestock or animal transfer (swine, poultry, horse); poultry processing or abattoir; work with
immigrants/foreign people
bHealth risk factors include participants who had at least one of following conditions in the previous year: heart failure; coronary artery disease; chronic pulmonary
disease; immune disease; taking immunosuppressive drugs; inflammatory bowel disease; chronic liver disease; chronic kidney disease; pregnancy/planning
pregnancy; disabled (physically); smoker
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influenza, the safety of vaccine ingredients and whether
the influenza vaccine can cause influenza disease. Over-
all, the vaccinated participants were more knowledgeable
than the unvaccinated ones in all other question items.
These findings provide evidence that the lack of know-
ledge regarding the effectiveness and safety of the influ-
enza vaccine in the unvaccinated group might influence
these participants’ attitudes towards influenza
vaccination.

Willingness to accept pharmacists as influenza vaccine
administrators
Previous studies have suggested that pharmacy-provided
vaccines may increase the uptake of the influenza vac-
cine [15, 36, 37]. In Hungary, pharmacy-provided vac-
cines are not yet available. However, this study found
that almost one-third (29.1%) of participants would be
willing to receive their influenza vaccine from pharma-
cists. The participants’ willingness in this regard may in-
dicate that some of them already trust pharmacists to be
vaccine administrators.
The results of the statistical analysis showed significant

differences in the general characteristics of those who, in
principle, said they accepted (the willing group’) and
those who, in principle, said they would refuse (the

unwilling group’) pharmacists as vaccine administra-
tors. Of the demographic factors, sex, occupational risk
factor, level of knowledge and vaccination status were
variables having clinical relevance. These findings imply
that male participants, participants with an occupational
risk factor, participants with a higher level of knowledge
about influenza vaccination/influenza disease and those
who had been vaccinated against influenza were more
willing to be vaccinated by pharmacists.
We observed that the number of participants who

were willing to be vaccinated by pharmacists was two-
times higher than the number of participants who were
actually vaccinated during the 2017/18 influenza season.
These findings suggest that influenza vaccination uptake
in Hungary might be increased if pharmacists were in-
volved. A number of studies into pharmacy-based influ-
enza vaccination services have been published [12, 15,
38]. Studies have reported that patient satisfaction with
pharmacist-administered vaccination was high [39–41].
Being vaccinated by pharmacists would also provide
additional educational opportunities. For example, phar-
macists can deliver correct information about the safety
and quality of the influenza vaccine (e.g. the safety of the
ingredients and quality assurance of the product).

Strengths and limitations
The strength of this study was the large sample size used
to assess influenza vaccine uptake, related knowledge,
and potential role of pharmacist as vaccine

administrators. in Hungary. The findings in this study
are, however, subject to some limitations. Data were
self-reported by participants who were voluntary re-
cruited via Facebook that could induce selection bias and
the reported vaccination rates could not be verified by
checking participants’ medical records (recall bias). Due
to the method, the share of inhabitants below 40 years of
age were overrepresented in the study group which leads
to slight underestimation of influenza vaccination up-
take. Those who are lacking internet access or Facebook
account are not represented in the study group. As so-
cial media access might be associated with level of influ-
enza vaccine acceptance, either directly or indirectly,
this limitation may lead to over- or under-estimation of
influenza vaccination coverage. The study of Ahmed
et al. from the U.S. showed that users of Facebook or
Twitter had higher influenza vaccination uptake, com-
pared to non-users of social media [42]. On the contrary,
a strong anti-vaccine content on Facebook were detected
in some countries [43–45] (note that nowadays Facebook
is reducing the distribution of misinformation about vac-
cination and increasing users’ exposure to credible, au-
thoritative information) [46]. In Hungary, the presence
of anti-vaccine content might only slightly influence the
research findings, since the level of public trust in com-
pulsory vaccinations are above 90% in Hungary and
compulsory childhood vaccine uptake is close to 100%,
which is outstanding in Europe [46].
Based on the survey method, our results may not rep-

resent well the whole Hungarian population. On the
other hand, this exploratory study clearly identified
problematic areas where educational interventions
should focus.

Conclusions
Influenza vaccine uptake among active adults was low in
Hungary. Increased public awareness and improved
knowledge about influenza vaccination and/or influenza
disease is necessary to achieve higher influenza vaccin-
ation uptake rates. Based on the insufficient knowledge
of participants concerning the effectiveness and safety of
the influenza vaccine, combined with the level of accept-
ance among participants to obtain an influenza vaccin-
ation from a pharmacist, we recommend that both the
educational role played by pharmacists should be ex-
tended, while vaccine administrator role should be con-
sidered and implemented.
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