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a b s t r a c t 

Little is known about undergraduate education on antibiotic prescribing in Europe and even less about 

the antibiotic prescribing skills of nearly-graduated medical students. This study aimed to evaluate the 

antibiotic prescribing skills of final-year medical students across Europe and the education they received 

during medical training. In a cross-sectional study, final-year medical students from 17 medical schools in 

15 European countries were asked to prescribe for two written case reports of infectious diseases (acute 

bronchitis and community-acquired pneumonia). The appropriateness of antimicrobial therapy was deter- 

mined using a scoring form based on local guidelines. Teachers from each medical school were asked to 

complete a standardised questionnaire about the teaching and assessment of undergraduate education on 

antibiotic use. In total, 856 final-year medical students (95.6%) completed the assessment and 16 teach- 

ers (94.1%) completed the questionnaire. Overall, 52.7% (range 26–83%) of the 1.683 therapies prescribed 

were considered appropriate. The mean number of contact hours for undergraduate education on antimi- 

crobials was 25.6 (range 2–90). Differences in education styles were found to have a significant impact 

on students’ performance, with a problem-based learning style being associated with more appropriate 

antimicrobial prescribing than a traditional learning style (46.0% vs. 22.9%; P < 0.01). Although there are 

differences between medical schools, final-year medical students in Europe lack prescribing skills for two 
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1. Introduction 

Appropriate antibiotic prescribing improves patient outcomes

in terms of mortality and reduces the development of antimi-

crobial resistance and healthcare costs [1,2] . The World Health

Organization (WHO) identified effective training in antibiotic

prescribing during the undergraduate medical curriculum as an

important strategy to promote the appropriate use of antimicro-

bials [3] . Several studies, mainly single-centre, have reported a lack

of prescribing confidence and knowledge among medical students

and a desire for further education [4–8] . Indeed, most final-year

medical students in Europe report a lack of preparedness to pre-

scribe antibiotics [9] . However, none of these studies investigated

the antibiotic prescribing skills (i.e. the ability to choose the most

appropriate antimicrobial therapy) of European medical students.

Therefore, the aim of this multicentre study was to evaluate the

antibiotic prescribing skills of final-year medical students across

Europe as well as the education they received during medical

training. 

2. Methods 

2.1. Study design 

This was a cross-sectional study among final-year medical stu-

dents and education co-ordinators from 17 medical schools in

15 European countries (Belgium, Germany, Estonia, Spain, France,

Greece, Croatia, Italy, Lithuania, the Netherlands, Portugal, Roma-

nia, Serbia, Sweden and the UK). The study was part of a larger

multicentre project of the European Association for Clinical Phar-

macology and Therapeutics (EACPT) between March 2015 and

March 2016 [10] . The study was approved by the Dutch Educational

Ethics Review Board (NVMO-ERB). 

2.2. Materials 

A Web-based assessment consisting of two written patient

cases of common infectious diseases [acute bronchitis and

community-acquired pneumonia (CAP)] was developed and val-

idated by ten European clinical pharmacologists (Supplementary

Fig. S1) [10] . Both cases were written in English and were pre-

sented in the same format (i.e. general patient data, medical

history, medication, allergies, present illness, physical examination,

test results, diagnosis). For each case, the student could choose to

prescribe a new drug (maximum of two per case), not to prescribe

a drug and/or to stop co-medication. If the student decided to pre-

scribe a new drug, s/he had to complete an electronic prescription

form, including drug name, dose, dosage, duration of treatment

and route of administration. 

Undergraduate teaching and assessment of appropriate antibi-

otic prescribing (e.g. curriculum style, teaching methods, number

of contact hours, assessment methods), and students’ preparedness

for antibiotic prescribing as a junior doctor were evaluated using

an 11-item Web-based questionnaire that was developed based on

the literature [11,12] as well as our previous work (Supplementary

Fig. S2) [10,13] . Definitions were provided where appropriate. 
ossibly because of inadequate undergraduate education on antibiotic use

rove students’ skills, interactive teaching methods such as prescribing for

uld be used. 

sevier B.V. and International Society of Chemotherapy. All rights reserved.

.3. Participant selection 

The participating European schools were part of the EACPT Net-

ork of Teachers in Pharmacotherapy (NOTIP) [10,13] . The teacher

esponsible for undergraduate education on clinical pharmacology

nd therapeutics at each medical school selected a random sample

f approximately 50 final-year medical students. Selected students

ere informed about the study objective, received instructions and

ere asked to complete an online assessment ( ±30 minutes; us-

ng surveymonkey.com) under the supervision of the responsible

eacher. They were not allowed to consult others during the as-

essment but were allowed to use the national formulary. Teachers

ere asked to complete the Web-based questionnaire. Participation

as voluntary, without compensation, and was anonymous. 

.4. Scoring 

The main researcher (TvdV) assessed the appropriateness of

herapy. In cases of doubt, a second author was consulted (DJB).

ppropriate antimicrobial therapy was defined as the prescription

f an antimicrobial agent that was consistent with the recommen-

ations of the local guideline (provided by the teachers) or that de-

iated from the local guideline but was a rational choice as judged

y the assessor [14] . A rational choice was defined as an effective

ntimicrobial regimen that covered relevant pathogens without be-

ng excessive (i.e. unnecessary combination therapy or broad spec-

rum when a more narrow spectrum is available) [15] . If the an-

imicrobial choice, dose interval, dosage, administration route or

uration [16] was deemed inappropriate, the therapy was consid-

red inappropriate. The potential for harm of inappropriate thera-

ies was scored (i.e. not immediately harmful, potentially harmful,

otentially lethal) ( Table 1 ). 

.5. Statistical analysis 

Descriptive variables were expressed as percentages with asso-

iated ranges. A weighting factor was used to ensure that each

edical school had the same influence in the descriptive analy-

es. The χ2 test was used to detect statistically significant relation-

hips between categorical variables. Data were collected and anal-

sed using IBM SPSS Statistics v.23.0 (IBM Corp., Armonk, NY). 

. Results 

Between March 2015 and March 2016, 856 medical students

rom 17 European medical schools completed the online assess-

ent [95.6% response rate; mean number of students per school

0.4 (range 19–218); median age 24 years (range 21–43 years);

8.1% female; and 97.6% European national). Sixteen teachers

94.1%) completed the online survey (31.3% female; mean years of

eaching experience 19.3). 

.1. Appropriateness 

Overall, 31.2% (range 3–67%) of the therapies for CAP and

5.0% (range 44–100%) of the therapies for acute bronchitis were

ppropriate ( Table 1 ). The most common type of inappropriate
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Table 1 

Antibiotic prescribing skills among 856 European final-year medical students from 17 European medical schools 

for two infectious diseases 

Community-acquired pneumonia Bronchitis 

Total no. of therapies a 856 827 

Total no. of antibiotic prescriptions 807 207 

Therapies conforming to local guidelines (%) (range) 13.4 (0–60) –

Appropriate overall (%) (range) 31.2 (3–67) 75.0 (44–100) 

No. of prescribing errors 672 281 

Inappropriate, per category [ n (%)] b 

Incorrect indication – 106 (37.7) 

Incorrect drug choice 86 (12.8) 52 (18.5) 

Incorrect dosage 132 (19.6) 47 (16.7) 

Incorrect duration c 75 (11.2) 11 (3.9) 

Incorrect dose interval 142 (21.1) 23 (8.2) 

Incorrect administration route 50 (7.4) 4 (1.4) 

Incomplete/incorrect drug prescription 187 (27.8) 38 (13.5) 

Inappropriate, per severity (%) (range) 

Not immediately harmful 34.4 (8–80) 98.1 (0–100) 

Potentially harmful 65.2 (20–91) 1.9 (0–10) 

Potentially lethal 0.4 (0–1) –

a Therapy = total of newly prescribed drugs or no drug, and/or stopped co-medication. 
b Cases were scored per category. A single therapy could be scored as incorrect for multiple errors. 
c A treatment duration of 5–14 days was generally deemed reasonable. 

Fig. 1. Groups of antimicrobial agents prescribed for community-acquired pneumonia by final-year medical students in Europe ( n = 856). Results show primary antibiotic 

choice as a percentage of all antibiotic prescriptions; 9.5% prescribed double therapy. France and Spain both had two participating medical schools. BL, β-lactamase. 
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herapy for CAP was ‘incomplete/incorrect drug prescription’

27.8%) and ‘incorrect dose interval’ (21.1%); for bronchitis it was

incorrect drug choice’ (18.5%) and ‘incorrect dosage’ (16.7%). Most

f the inappropriate therapies for CAP were considered ‘poten-

ially harmful’ (65.2%) and for bronchitis ‘not immediately harm-

ul’ (98.1%). Students from medical schools in South and East Eu-

ope prescribed a greater variety of antimicrobial agents (mean

.2; range 4–12) for CAP than students from schools in North and

est Europe (mean 4.0; range 2–9) ( Fig. 1 ). 

.2. Teaching and assessment 

The mean number of training hours for education on antibi-

tic use was 25.6 (range 2–90). Antibiotic education was typically

iven in the fourth year (56.3%). Most medical schools (37.4%) used

 mix of traditional learning (e.g. lectures, self-directed learning,

ritten exams) and problem-based learning (e.g. small working

roups, seminars, patient simulation) methods, 31.3% used mainly
raditional learning and 31.3% used mainly problem-based learning

ethods. In total, 31.1% of medical schools described their final-

ear medical students as being ‘poorly prepared’ and 68.7% as ‘well

repared’ for antibiotic prescribing as a junior doctor. 

.3. Associations 

Prescribing appropriateness was significantly higher in medical

chools that used problem-based learning methods (mean score

6.0%) than in medical schools that used mixed education (mean

core 38.1%) and traditional learning methods (mean score 22.9%)

 P < 0.01). It was also significantly higher in medical schools which

elt that their students were well prepared (44.1%) than in schools

hich felt their students were poorly prepared for antibiotic pre-

cribing (22.1%) ( P < 0.01). Students who had received more than

0 training hours in antibiotic prescribing had significantly higher

evels of appropriateness compared with students who had re-

eived less than 10 training hours (73% vs. 35%; P < 0.001). 
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4. Discussion 

Although there are differences between medical schools, these

results show that final-year medical students in Europe lack pre-

scribing skills for two common infectious diseases, namely acute

bronchitis and CAP. Overall, nearly one-half (47%) of the antimicro-

bial therapies prescribed were inappropriate, of which 49% were

potentially harmful for the patient. This lack of skill among final-

year students suggests that undergraduate education on antibiotic

use and general prescribing in many European medical schools re-

mains inadequate, although most teachers (69%) thought that their

graduates were well prepared. Importantly, poor antibiotic pre-

scribing among nearly-graduated doctors might contribute to an-

timicrobial resistance, which has become a serious and growing

threat to public health [1] . 

These results are in line with those of previous studies. Re-

cently, Dyar et al. showed that most final-year medical students

in Europe lacked self-reported preparedness in antibiotic prescrib-

ing and desired further education [9] , and Pulcini et al. observed

a wide variation in the exposure of students in different European

countries to important principles of appropriate antibiotic prescrib-

ing [11] . The results of the current study corroborate the notion

that undergraduate education on antibiotic use in Europe needs to

be improved. Perhaps not surprising, students taught mainly with

problem-based learning methods had significantly better prescrib-

ing skills than students taught mainly with traditional learning

methods, although their skills were still not satisfactory. This result

supports the concept that more interactive educational methods,

such as small group discussions, patient simulation and clinical

prescribing, might improve the antibiotic prescribing skills of fu-

ture doctors, as suggested previously [9,12] . Moreover, longer train-

ing (more training hours) on antibiotic use improved students’ per-

formance. 

Interestingly, the fact that many of the found prescribing errors

are related to incomplete/incorrect drug prescription and incorrect

dose interval suggests that participating students lack generic pre-

scribing skills (e.g. how to use a national formulary), which has

been shown in our previous study [10] . These generic prescribing

skills require more attention during education. 

The finding that students from medical schools in South and

East Europe prescribed a greater variety of antimicrobial agents

than students from schools in North and West Europe might be

due to a lack of availability and specificity of antibiotic prescribing

guidelines in these regions. For example, Italy, Croatia and Serbia

did not have a national guideline on prescribing antibiotics for CAP

and bronchitis. Moreover, 41.1% of the provided guidelines lacked

sufficient detail, such as antimicrobial choice, dosage and dura-

tion. Medical schools should incorporate clear and easily accessible

guidelines in their education and should train students how to use

guidelines in everyday clinical practice. 

This study had some limitations. First, the assessment was in

English, which may have influenced students’ performance. Sec-

ond, the sample of students per school was relatively small and

cannot be extrapolated to the entire cohort of final-year students

in one school or country. Third, students’ prescribing skills were

only tested for two infectious diseases. Fourth, there may have

been selection bias, with participating students being more mo-

tivated to participate, or participating medical schools being more

ready to devote additional hours to antibiotic education than non-

participating medical schools. However, in both cases prescribing

performance would probably have been overestimated. 

5. Conclusions 

This is the first study to show that final-year medical students

in Europe lack prescribing skills for two common infectious dis-
ases, which is probably due to inadequate education on antibi-

tic use and general prescribing during undergraduate education.

o change this scenario, we suggest that (i) more interactive ed-

cational methods, such as antibiotic prescribing for written, sim-

lated and real patients, should be used; (ii) students should be

iven more training and education in antibiotic prescribing and

eneral prescribing during undergraduate medical training; and

iii) antibiotic and general prescribing education should be contin-

ed during postgraduate training. 
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