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Abstract Background Irregular antibiotic use, including

self-medication contributes to the development of antibi-

otic resistance. One method of accessing antibiotic use in

the community is through obtaining an in house inventory

of drugs. Objective The aim of this study was to investigate

the extent of storage and self-medication with antibiotics

agents in households in Novi Sad, Serbia. Setting House-

holds in Novi Sad. Method The study was performed

during a 4-month period (October 2015–January 2016)

using a sample of 112 households in Novi Sad, Serbia. Two

trained interviewers performed the survey by visiting each

household. The study consisted of making an inventory of

all drugs in household and a semi-structured interview

about drug use practices and perceptions. Main outcome

measure Number of antibiotics obtained without prescrip-

tion. Results Out of 112 surveyed households, antibiotics

were encountered in 55 (49.1%). Antibiotics constituted

11.98% (92/768) of total number of drug items in house-

holds. Out of all antibiotics in households, 41 (44.57%)

were not in current use, and presented left-overs from

previous treatment. Antibiotics were usually acquired with

prescription (67, 67.7%), while about a quarter of packages

were used for self-medication—purchased at pharmacy

without prescription (19, 20.65%) or obtained through

friends or family member (6, 6.52%).The most commonly

used antibiotics for self-medication was amoxicillin (re-

ported indications included common cold, cough, pharyn-

gitis and tooth-ache). Conclusion Antibiotics were present

in large share of households in Novi Sad. Self-medication

with antibiotics and sale of antibiotics without prescription

represent an important problem in Serbia.

Keywords Antibiotics � Compliance � Drug leftovers �
Home pharmacies � Home remedies � Households � Self-

medication � Serbia

Impacts on practice

• Single most important source of antibiotics used for

self-medication in Serbia are pharmacies.

• Antibiotic sale restrictions still seem not to be com-

pletely implemented in Serbia, four years after the law

was changed.

Introduction

Improper antibiotic use is recognized as a major factor for

development of resistance which reaches alarmingly high

rates in countries of South and South-East Europe [1–3].

Infections caused by resistant bacteria are an important

cause of morbidity, mortality, healthcare costs and pro-

ductivity losses in Europe [4, 5]. Antibiotics self-
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medication [6–8] not only contributes to the development

of resistance, but also carries a risk of treatment failure and

adverse effects potentially requiring additional therapy,

burdening the health care system with subsequent financial

costs [7, 9].

Recent studies indicate that Serbia is country with high

antibiotic consumption [10]. One of the methods to effec-

tively examine antibiotic use in general population is

physical inspection of drugs in households [11, 12].

Antibiotics should be stored in households only if a

household member is currently being treated, but due to

non-compliance with prescribed therapy, storing the drugs

for future use, unused packages of these drugs can be found

in many households [6]. For this reason, data on antibiotic

use based on either pharmacy or health care institutions

reports may not be completely reliable, as they do not take

patient compliance into account [13]. Relatively limited

number of studies investigating antibiotics in households

has been conducted worldwide [6, 7, 9, 14–17], but they

demonstrated that antibiotics were commonly stocked and

frequently used for self-medication [16, 17]. In Spain 42%

and in Russia 83.6% of the surveyed households had

antibiotics for systemic use in their home medicine cabi-

nets [14, 16], while in Brazil antibiotics comprised 13%,

and in Greece 17% of total medications found in house-

holds [15]. A study conducted in Serbia in 2012 showed

that antibiotics stored in home-pharmacies represent a

significant source of antibiotic misuse in the community

[6]. Nearly half of the surveyed households stored antibi-

otics, and approximately one-third of these were used for

self-medication. However, this earlier research was con-

ducted shortly after the enforcement of laws restricting the

purchase of antibiotics without medical prescription

(November 2011), and because nationwide implementation

of this regulation has faced some hurdles, the level of

adherence to these regulations is uncertain. Therefore, it is

of great importance to get a deeper insight into storage and

patterns of antibiotic use in Serbian households 4 years

after this enforcement occurred.

Aim of the study

The objectives of this study were to identify the presence,

volume and structure of antibiotics in Novi Sad house-

holds. In addition, this study aimed evaluating the extent of

self-medication with antibiotics.

Ethics approval

The study was approved by the Ethical Committee of the

Faculty of Medicine in Novi Sad (approval number:

01-3384/1).

Method

This prospective study was performed on a sample of

households in the municipality of Novi Sad over four-

month period (01.10.2015–15.01.2016). Sample size was

calculated based on the results of a study conducted in

2012 on 383 households in Novi Sad [8], where the per-

centage of antibiotics in total drug supplies was 7.3%.

Based on this result, a sample size necessary to estimate the

proportion of antibiotics bought without prescription with

95% confidence interval and 5% precision was 89 house-

holds. Novi Sad is divided into 28 administrative parts, and

the biggest 14 were included in the study. The total number

of households asked to participate was 121 (response rate

92.56%). The researchers employed a snowball recruitment

methodology. The study was revealed to different

acquaintances in order to recruit first participating house-

hold in every of the 14 administrative city parts. After-

wards, the respondents were asked to recommend the next

household for possible inclusion in the study through their

social contact, and this was done until 8 households in

every city part agreed to participate. The respondent

(family member[18 years) was informed on the details of

the study over a telephone conversation. When families

willing to cooperate were visited, respondents provided

written consent prior to data collection. Two trained

interviewers conducted review and analysis of all drugs in

the household (trade name, pharmaceutical formulation,

expiry date, presence of secondary packaging, presence of

summary of product characteristics (SPC), the number of

pills in a package. For every drug item the respondents

answered the following questions—an indication for which

the drug is/was used, method of obtaining the drug (vol-

untarily purchased in a pharmacy, obtained from friends

and family or issued on prescription) and whether the drug

was currently being used (current use was defined as use in

10 days prior to interview). For the drugs in current use the

respondents were asked whether the drug was used cor-

rectly (dosage, dosing interval and treatment duration as

prescribed by a doctor or as listed in the SPC). If irregular

use was reported, the following reasons were offered

• I did not finish full treatment course because my

condition has improved; due to adverse effects; it did

not improve my condition; forgetfulness; other

(specify).

After the interviewer recorded all drugs in the household,

respondents completed the questionnaire. The question-

naire was pre-tested on a small sample of households. The

first part of the questionnaire (Electronic Supplementary

Material 1) (three questions) was related to socio-demo-

graphic characteristics of the household, while the second

part (three questions) referred to the opinions and
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knowledge of the respondent regarding antibiotics. Anal-

ysis of all drugs in the household by the interviewer and

completion of the questionnaire (six questions) by the

respondent took up to 20 min. After the data had been

collected, drugs were classified according to the Anatom-

ical Therapeutic Chemical (ATC) Classification System

(http://www.whocc.no/atc/did/index database) [13, 18].

Statistical analysis was performed with SPSS software

(SPSS 15.0 for Windows, SPSS Inc., Chicago, IL, USA).

Results were presented as frequency, percent, median and

range. Mann–Whitney U test was used for numeric data

with non-normal distribution and ordinal data. Chi square

test was used to test the differences between nominal data

(frequencies). Spearman correlation coefficient was com-

puted to assess the relationship between the amount of

antibiotics in households and family size, total number of

drugs in households, number of acutely and chronically ill

members of the household. Logistic regression was used as

the method for analyzing binary outcome and potential

predictors. All p values\0.05 were considered significant.

Results

In this study we analyzed a total of 112 households, with a

median of household size of 3 (range 1–7). Total number of

drug items present in households was 768, 92 drugs

belonged to J01 and D06 ATC group (antibiotics for sys-

temic and for topical use) class, constituting 11.98% of the

total stored medications. Median number of drugs per

household was 6 (1–23). In households that had antibiotics,

median number was 1 (1–6). Out of the surveyed house-

holds, 55 (49.1%) had at least one package of antibiotics

stored at home (Fig. 1). Antibiotics were usually acquired

with prescription (67, 72.8%). Around a quarter of antibi-

otics were used for self-medication—purchased at phar-

macy without prescription (19, 20.65%) or obtained from

friends or family (6, 6.52%). Out of all antibiotics in

households, 41 (44.57%) were not in current use, and a

majority of unused packages contained less than half a

package and a quarter contained only 1–2 pills (Fig. 2),

while 7 packages (7.61%) were expired. For the currently

used antibiotics, most of the respondents reported regular

use (40, 78.43%), but 8 (15.69%) reported not finishing the

complete course of antibiotics because the symptoms had

resolved (Fig. 3). Also, 3 (5.88%) admitted forgetting to

take antibiotics during the treatment course. Secondary

packaging and SPC were present in 65 (70.65%) packages.

The most common dosage forms of stored antibiotics were

oral solid dosage forms 78 (84.78%), followed by semi-

solids 10 (10.87%) and oral liquid dosage forms 4 (4.35%).

The most commonly stored antibiotics (Table 1) and the

antibiotics most commonly used for self-medication

(Table 2) were amoxicillin (reported indications included

common cold, cough, pharyngitis and tooth-ache) and

cephalexin (common cold, sore throat, cannot remember).

When asked whether there were antibiotics in households,

11 of respondents (9.82%) answered incorrectly while 10

(8.92%) answered that they do not know what antibiotics

were.

There was no difference in the household size [median

3, (1–7), p = 0.108] between the households that stored

antibiotics and those that did not (Table 3). Antibiotics

were present in the 63.1% of households with secondary

education and 32.4% of households with college education,

and this difference was statistically significant (p = 0.002).

There was a statistically significant difference in the

number of antibiotics in households with regard to the

respondent education level (p = 0.002)—median number

of antibiotics in households with elementary education was

0 (0–1), with secondary education 1 (0–6) and 0 (0–4) in

households with college education. Households with the

highest education (college education) stored less antibiotics

compared to secondary school (p = 0.006) while there was

no statistically significant difference compared to respon-

dents with elementary school (p = 0.696). Presence of

children younger than 12 years and health care profes-

sional in a household did not influence the amount of
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Fig. 1 Numbers of antibiotics per number of households
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Fig. 2 Contents of antibiotic packages that were not in current use

(N = 41)
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antibiotics stored. Presence of a family member with

chronic condition negatively influenced the presence of

antibiotics in a household (p = 0.02). Receiving informa-

tion from a pharmacist and being familiar with the concept

of antimicrobial resistance exhibited no statistically sig-

nificant association with the presence of antibiotics in

households. There was no statistically significant correla-

tion between the number of antibiotics per household and

household size (Rs = 0.117; p = 0.217), and number of

household members with acute health condition

(Rs = 0.071; p = 0.456). Overall, there was a weak,

negative correlation between the number of household

members with chronic health condition and the number of

antibiotics in household (Rs = -0.227; p = 0.016).

Multivariate logistic regression analysis examining the

predictors of storing antibiotic in the household included

only predictors which were significant in a univariate

logistic regression at a level of significance of 0.05. Mul-

tivariate logistic regression model included two predictors,

as shown in Table 4, which were analyzed on 112 cases, 55

having the defined outcome (Table 4). The test of the full

model was statistically significant (p\ 0.001). There was

no multi-collinearity between the predictors. Total number

of drugs per household (B = 0.1180; p = 0.002) and

presence of a household member with chronic condition

(B = -1.122; p = 0.008) made a significant contribution

to the prediction.

Discussion

Despite the efforts made to improve the control of antibi-

otic dispensing and use in Serbia, this still remains an

important issue. Medicines and Medical Devices Agency

of Serbia performs the classification of medicinal products,

regulates the regime of their dispensing and publishes a list

of around 300 drugs that are available OTC. Antibiotics are

classified as prescription only medication which cannot be

purchased without a physician’s prescription. However,

there is a discrepancy between legislation and everyday

practice. Despite existing legislation and stricter control

starting November 2011, implementation of these regula-

tions was not completely successful. Nowadays, although

antibiotics are not easily available, it is still possible to

78.43% 

5.88% 
15.69% reported regular use

irregular use -
fotge�ullnes

stopped as soon as
symptoms resolved

Fig. 3 Patters of use of antibiotics in surveyed households (only for

antibiotics in current use No = 51, regular use defined as use in dose,

dosing interval and duration as recommended by the doctor or as

listed in the SPC)

Table 1 Inventory of antibiotics in surveyed households

ATC INN Number of packages Share (%)

J01CA04 amoxicillin 29 31.52

J01DB01 cephalexin 9 9.78

J01MA02 ciprofloxacin 7 7.61

J01AA02 doxycycline 5 5.43

J01XD01 metronidazole 5 5.43

J01CA01 ampicillin 4 4.35

J01CR02 co-amoxiclav 4 4.35

D06AX07 gentamicin 4 4.35

J01EE01 cotrimoxazole 2 2.17

J01FF01 clindamycin 2 2.17

Other 21 22.84

Total 92 100.00

Table 2 Antibiotics used for self-medication and reasons reported

ATC INN Reported indication Number of packages Share (%)

J01CA04 amoxicillin Bacterial pharyngitis, sore throat, toothache, common cold, cough 10 40.0

J01DB01 cephalexin Cannot remember, common cold, sore throat 5 20.0

D06AX07 gentamicin Nail bed infection, skin infection 3 12.0

J01MA02 ciprofloxacin Urinary infection 2 8.0

J01CA01 ampicillin Toothache 2 8.0

J01CR02 co-amoxiclav Sore throat 1 4.0

J01FA01 erythromycin Pain 1 4.0

J01MA06 ofloxacin Urinary infection 1 4.0

Total 25 100.0

510 Int J Clin Pharm (2017) 39:507–513

123



purchase them without prescription in some local private

pharmacies. A study from 2012 [6, 7] conducted in Novi

Sad, revealed that 46.5% of households had at least one

package of antibiotics stored at home. In the present study

antibiotics were found in about 40% of households in Novi

Sad which is comparable to the results of earlier research

[6, 7], but the share of antibiotics in total drug inventory

(10.04%) was higher than in the previous survey (7.3%)

[6, 7]. The most commonly stored antibiotics in surveyed

home pharmacies in Novi Sad were amoxicillin and

cephalexin, similar to 2012 study [6, 7]. A study of

antibiotic use in Eastern Europe also identified penicillins

and first generation cephalosporins as the most commonly

used antibiotics in Serbia [10].

Factors that were identified to influence the presence of

antibiotics in households in the present study include the

amount of total drugs stored and the chronic condition of

family members. With every additional drug item in a

household, chances of storing antibiotics in a household

rises 20%. Households where a member has chronic con-

dition have 70% lower chance of storing antibiotics,

probably as these patients were less inclined to take

antibiotics without consulting a doctor due to possible fear

of interactions between antibiotics and drugs used in the

treatment of chronic conditions [19]. Respondents’ edu-

cation influenced the presence of antibiotics in house-

holds—fewer households with a respondent having a

college degree stored antibiotics, and college education

Table 3 Demographic and socioeconomic characteristics associated with antibiotics stored

Variable Households with antibiotics

(n = 55)

Households with no antibiotics

(n = 57)

p

Household size, median (range) 3 (1–7) 3 (1–7) 0.108

Health professional in the household, n (%) 14 (43.8%) 18 (56.3%) 0.473

Education, n (%) 0.002

Elementary school 3 (23.1%) 10 (76.9%)

Secondary school 41 (63.1%) 24 (36.9%)

College 11 (32.4%) 23 (67.6%)

Children B12 years, n (%) 39 (45.9%) 46 (54.1%) 0.226

Chronic disease, n (%) 23 (39.0%) 36 (61.0%) 0.02

Acute disease, n (%) 25 (58.1%) 18 (41.9%) 0.131

Received advice on regular use of antibiotics from a

pharmacist, n (%)

25 (45.5%) 30 (54.5%) 0.448

Knowledge on antibiotic resistance, n (%) 26 (45.6%) 31 (54.4%) 0.452

Table 4 Logistic regression with antibiotics in households as dependent variable

Independent variable Univariate logistic regression Multivariate logistic regression

OR (95% CI) p OR (95% CI) p

Total number of drugs in household 1.16 (1.04–1.29) 0.006 1.20 (1.07–1.34) 0.002

Number of household members 1.21 (0.93–1.57) 0.164

Education of the respondent 0.81 (0.44–1.47) 0.482

Healthcare professional in household 0.74 (0.32–1.69) 0.474

Children B 12 years 1.72 (0.71–4.13) 0.228

Received advice on adverse effect of antibiotic from a pharmacist 1.45 (0.66–3.19) 0.351

Received advice on regular use of antibiotics from a pharmacist 0.75 (0.36–1.58) 0.448

Knowledge on antibiotic resistance 0.75 (0.36–1.58) 0.452

Acute illness among household member 1.81 (0.84–3.90) 0.133

Chronically illness among household members 0.42 (0.20–0.90) 0.025 0.33 (0.14–0.75) 0.008

Int J Clin Pharm (2017) 39:507–513 511

123



was linked to lower amount of antibiotics in households.

This is in contrast to the research conducted in 2012 [7]

where education did not influence the number of antibiotics

in households. One of the factors reported in the literature

affecting household drug storage includes the presence of

health professional in the household [20]. In the present

study, similar to the findings of the Croatian research [21],

antibiotics were found with equal frequency in households

with a healthcare professional and those without.

In Novi Sad households, half of antibiotics were not

being used, suggesting that a large number of antibiotics

present supplies for future use, or unused medications and

leftovers from an earlier treatment [7, 22]. It is worrisome

that 85% of unused antibiotic packages were opened, and

60% contained only 1–5 tablets, as this raises an issue of

patient’s compliance. Studies have shown that patients

often consider antibiotics as antipyretics and stop the

treatment as soon as the symptoms resolve. In the present

study, 39.02% of unused antibiotics contained about half a

package and 12.2% were whole, unopened packages.

Patients keep antibiotics as supplies for future use, leading

to the problem of self-medication [7, 22, 23]. This occur-

rence has been confirmed by numerous studies conducted

in the United States, where about 20–30% of the respon-

dents used leftover antibiotics without consulting a doctor

[21, 24].

Common sources of drugs used for self-medication

include different social contacts, pharmacies and drugs

stored in households [25]. In our study, self-medication

with antibiotics was a direct result of the availability of

antibiotics without a medical prescription in some phar-

macies. Every fifth package of antibiotics was purchased

without prescription in a pharmacy, while merely 5% were

obtained through social contacts. Self-medication with

antibiotics has declined from 32.2% in 2012 to 27.2% in

the present study, but self-medication rates in Novi Sad are

alarmingly high compared to neighboring countries—6%

in Croatia, Slovakia and Slovenia, and only 2% in Hungary

[22, 26, 27], as well as the countries of Northern and

Western Europe with the frequency of self-medication with

antibiotics at\3% [22, 27].

Some of the factors identified to contribute to the

practice of self-medication with antibiotics in low-income

countries include the cost of medical consultation, low

satisfaction with medical practitioners and misconceptions

regarding the efficacy of antibiotics [7, 28, 29]. Serbian

healthcare system is managed by the National Health

Insurance Fund, financed through compulsory contribu-

tions from the employees, which covers all citizens and

permanent residents. However, despite this high coverage,

in reality there are numerous obstacles in the functioning of

Serbian healthcare. Certain population may not have access

to treatment due to barriers such as high number of patients

per one general practitioner (GP), long waiting hours

necessary to reach the chosen GP who can exclusively

prescribe reimbursed drugs, and low income with high cost

of services in private health-care institutions [7, 29]. Thus,

in current circumstances, self-medication and storage of

surplus antibiotics in Serbian households could be expec-

ted, but this practice should not be encouraged as the

misuse of antibiotics in the community contributes to the

development of antibiotic resistance, already at alarmingly

high rates in Serbia [4].

Amoxicillin and cephalexin, the most commonly pre-

scribed antibiotics by Serbian physicians [30], were also

the ones most commonly used for self-medication, there-

fore there is a possibility that the respondents were treated

in the past with these drugs and may be using them for

treating the conditions presenting with similar symptoms

[31, 32]. Indications or illness for self-medication with

antibiotics were typically associated with infections of the

upper respiratory tract. In most cases, an indication for self-

medication was adequate, but the respondents also reported

using antibiotics for pain relief, cold or cough. Approxi-

mately 10% of the respondents answered incorrectly

whether they have antibiotics in their households, while

10% admitted that they do not know what antibiotics were.

The study had a number of limitations. The information

on patterns of use of drugs in households was self-reported,

so a possibility of a recall bias cannot be ruled out. The use

of non-probability sampling may have introduced a selec-

tion bias. It is important to note that conduction of the

study during winter months may have influenced the

results, as the seasonal variation of antibiotics consumption

is well documented. The study was conducted in Novi Sad,

second largest city in Serbia with high proportion of well-

educated people and generalization to the population of

Serbia should be done carefully. However, this approach of

researching drug utilization provides the most accurate data

and this study presents the most in-depth analysis of

antibiotics in Serbian households up to date.

Conclusion

Results of this study clearly indicate that antibiotics are

often present in households in Novi Sad and frequently

used self-initially, without medical prescription. General

population is considerably inclined toward self-medication

with antibiotics, despite the absence of adequate knowl-

edge about the importance of responsible antibiotic use,

and the ability to select the proper indication for antibiotic

use. In order to decrease self-medication practice, as well

as the abuse of antibiotics to a greater extent, more strin-

gent controls of the antibiotics dispensing are necessary.
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