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n INTRODUCTION

Antibiotic therapy represented a substantial 
advance in the fight against infectious dis-

eases and its introduction is associated with a sig-
nificant improvement in survival and quality of 
life. However, the emergence of resistant bacterial 
strains is an ineluctable consequence of antibiotic 
treatment and this event is associated with a loss 
of its beneficial effects. For this reason, new mol-
ecules are needed in order to treat successfully the 
infections caused by resistant strains. In case of 
bacterial isolation, the antimicrobial susceptibility 
test is often used to help clinicians in selecting the 
best therapy. The antibiotic susceptibility test usu-
ally provides also the value of MIC (Minimum 
Inhibitory Concentration), which represents the 
lowest concentration at which there is a visible in-
hibition of growth of the organism in defined ex-
perimental conditions. There are several systems 
to determine the MIC that provide results that 
can be widely divergent. According to a study 
carried out in the field of vancomycin therapy for 
Staphylococcus aureus infections, the E-test method 
provides the best estimate of the MIC because this 
estimation is highly correlated with the outcome 
of the infection [1].

The MIC is a useful parameter, but it must be 
compared with the breakpoint (BP), i.e., the con-
centration defined by international organizations 
as the threshold for expressing the sensitivity and 
resistance of a given organism to a particular anti-
biotic. In practice, a MIC value lower than the BP 
threshold indicates microbial antibiotic sensitiv-
ity of the strain in question, whereas a MIC value 
higher than the BP threshold indicates microbial 
antibiotic resistance.
Some reports have shown that even considering 
MIC values within sensitivity range (and there-
fore lower than the BP), the rate of success is 
different if MIC values are different. In detail, a 
study carried out in the United States estimated 
a success rate of vancomycin for the treatment of 
bloodstream infections by S. aureus resistant to 
methicillin (MRSA) that was 55.6% for MIC ≤0.5 
µg/mL and 9.5% for MIC of 1-2 µg/mL, despite 
the sensibility of the breakpoint is set by the CLSI 
to 2 µg/mL [2]. Other research groups in the set-
ting of S. aureus infections have confirmed these 
results, showing that the lower the MIC for van-
comycin, the higher success rate nevertheless all 
MIC values were within range of sensitivity [3, 
4]. Even in Europe it has been demonstrated a 
relationship between MIC >1 µg/mL and high 
mortality from infection by S. aureus treated with 
vancomycin although the breakpoint is set by the 
EUCAST at 2 µg/mL [5]. Even with levofloxacin 
in the treatment of Gram-negative infections it has 
been demonstrated that a higher MIC (although 
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lower than the BP) is associated with a worse 
outcome in terms of a longer stay in the hospital 
and longer duration of the infection [6]. Similar 
results are obtained with teicoplanin in the setting 
of MRSA bloodstream infection in Taiwan [7].
Another important parameter is the concentra-
tion that the drug can reach in the site of infec-
tion. This parameter is only partially included in 
the breakpoint value. This concentration is in fact 
dependent on the pharmacokinetics of the drug, 
which vary for each site of infection and can be 
different from patient to patient.
Aim of the present study was to evaluate 1) the 
knowledge of the basic rules of antibiotic therapy 
in a sample of physicians working in a third care 
and University Hospital and 2) the criteria they 
use to choose a targeted antibiotic therapy.

n MATERIALS AND METHODS

The study started on April 2011 and lasted 2 
years. Physicians enrolled were those working 
at Azienda Ospedaliera Universitaria “Federico 
II” of Naples. Hospital facility is composed by 21 
buildings and it extends on a surface of 440,000 
m². Doctors who do not prescribe antibiotics (e.g., 
radiologists) were excluded a priori. The doctors 
who did not prescribe antibiotics based on the an-
swer to the question n. 1 were also excluded for 
the whole analysis. Infectious disease specialists 
were excluded from the study as well.

Study design
Step 1: Questionnaires preparation
Questionnaires were composed by 7 multiple an-
swer questions. The first five questions had five 
different alternative answers. The questions num-
ber 6 and 7 had six different alternative answers. 
All but one question (number 6) had a unique cor-
rect answer. Questionnaires were administered de 
vivo. No questionnaire was sent by e-mail, fax, 
mail, phone or other means and participants 
wasn’t forewarned about questions to prevent 
a web search for information. In addition, infor-
mation regarding his/her specialization/s, year 
of graduation and the department were also col-
lected. 
Step 2: Questionnaires administration
Questionnaire was given, with anonymity guar-
antee, to a pool of physicians of Azienda Os-

pedaliera Universitaria “Federico II” with antibi-
otic therapy prescription responsibility.
Step 3: Analysis of questionnaires
From the elaboration of questionnaires answers, 
the percentage of physicians who correctly an-
swered the questions was evaluated (see statisti-
cal analysis for details).

Statistical analysis 
The percentage of correct answers given by inter-
viewed for each question was calculated. Quali-
tative variables were compared with χ2 test or 
Fisher’s Exact Test if appropriate. 
Kolmogorov-Smirnov test was adopted for quan-
titative variables. In case of Gaussian distribution 
data were presented as mean ± standard devia-
tion and Student t test was used for comparison. 
In case of non-Gaussian distribution, data were 
presented as median and interquartile range and 
Mann-Whitney U Test was used for comparisons. 
All statistic tests were used at two tails and p<0.05 
was the limit of statistical significance. The follow-
ing variables were a priori defined as possible co-
factors in influencing the rate of correct answers: 
years of clinical practice, type of specialization 
(distinct in medical or surgical), type of medical 
practice (distinct in medical or surgical).

n RESULTS

Our sample was made up by doctors with medical 
specialization (56%) and surgical specialization 
(44%). Years of medical practice were variables 
from 5 to 43 years, with a median of 32 years.
Most physicians prescribed antibiotic therapy 
autonomously or in collaborations with other 
medical doctors of the same divisions. About 30% 
recurred to an infectious disease consultant, but 
most of these only after the failure of their ther-
apy (Table 1). More than 80% of physicians cor-
rectly knew the definition of MIC (Table 2) and its 
meaning (Table 3), while only a minority of medi-
cal doctors (17-18%) knew the correct definition 
and the meaning of the breakpoint (Tables 4 and 
5). Surprisingly, most physicians (63%) choose 
antibiotic on the basis of the lowest MIC for the 
isolated bacterium (Table 6). Analyzing all the 
possible answers to question n. 6, less than 1/3 
(32%) gave a correct answer and therefore didn’t 
use correct parameters to choose an antibiotic.
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No impact of years of practice or medical vs. sur-
gical specialization was observed in the rate of 
correct answers.

n DISCUSSION

The emergence of new infections, the re-emer-
gence of old infectious disease (such as lue or 
tuberculosis), the increasing rate of nosocomial 

infections and of resistant bacteria make the near 
future not bright. In addition, very few new mol-
ecules will be likely available for the treatment of 
bacterial infections [8, 9]. Moreover, international 
and local guidelines are not always followed and 
correctly applied [10, 11]. These considerations re-
member us how is essential the role of the infec-
tious disease specialist in the optimal prevention 
and management of infectious diseases both in 
community and in the hospital.

Table 3 - Answers to question n. 3 (n=93).

The MIC of a given antibiotic is:
%

a data usually given with antibiogram and varies 
from bacteria family to bacteria family depending on 
sensibility or resistance

82.8

already known for each bacteria species but varies 
from antibiotic to antibiotic

1.1

already known for each antibiotic but varies among 
bacterial species

6.5

only one for each bacterial species and for each 
antibiotic

6.5

a pharmacokinetic parameter and for this reason it 
varies from person to person 

3.2

Table 2 - Answers to question n. 2 (n=93).

What is the MIC definition?
%

Antibiotic concentration in bacteria (higher values 
indicate sensibility)

2.2

Maximum inhibitory concentration, i.e. the highest 
concentration which we observe an inhibition of 
microorganism growth in vitro

3.2

Minimum inhibitory concentration, i.e. the lowest 
concentration which we observe an inhibition of 
microorganism growth in vitro

81.7

Minimum inhibitory concentration, i.e. the lowest 
concentration which we observe an inhibition of 
microorganism growth in vivo

12.9

Table 1 - Answers to question n. 1 (n=98).

Who chooses the targeted antibiotic therapy?

  %
You autonomously 36.7
In collaboration with other doctors of the same 
division

27.6

By the means of the infectious disease consultant 8.2
By the means of the infectious disease consultant only 
after the first failure of the therapy

22.4

Antibiotic therapy is not performed 5.1

Table 4 - Answers to question n. 4 (n=93).

What is the breakpoint definition in antibiotic therapy?
%

Concentration threshold, decided by international 
organizations, to express bacteriostatic or bactericide 
power of an antibiotic to a given microorganism 
(higher values than tissue concentration indicate 
bactericide effect) 

10.8

Concentration threshold, decided by international 
organizations, to express sensibility or resistance of 
a given microorganism to a determinate antibiotic 
(higher values than MIC indicate sensibility)

16.1

Concentration threshold, decided by international 
organizations, to express antibiotic concentration 
in the tissue (the lowest values indicate elevate 
penetration)

6.5

Concentration threshold over that antibiotic’s blood 
concentration inhibits the growth of 90% of colony 
(higher values than blood concentration indicate 
elevate efficacy)

23.7

Concentration threshold under that there is the 95% 
of growth inhibition in vitro (lower values than blood 
concentration indicate very elevate efficacy)

16.1

Table 5 - Answers to question n. 5 (n=93).

The breakpoint of a given antibiotic is:
%

into antibiogram and varies from bacteria family to 
bacteria family depending on sensibility or resistance

6.5

a pharmacokinetics parameter and for this reason 
varies from antibiotic to antibiotic and from person to 
person

18.3

a pharmacodynamics parameter and for this reason 
varies from antibiotic to antibiotic and from person to 
person

11.8

a parameter that varies from bacteria family to 
bacteria family within the same species, depending 
on microorganism’s resistance, but it isn’t given with 
antibiogram

19.4

a unique value and it is already known for each 
bacteria species and for each antibiotic

17.2

No answer 26.9
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Table 6 - Answers to question n. 6 (n=93).

When you examine an antibiogram what is the most important 
parameter in the antibiotic choice? (one or more answers possible)

%
B + D 29.0
B 23.7
B + C + D 10.8
B + C 7.5
C 7.5
Other answers 21.5

Answers: 
A = The highest MIC for the isolated bacteria. 
B = The lowest MIC for the isolated bacteria. 
C = Bactericidal or bacteriostatic effect. 
D = Antibiotic penetration in the infected tissue. 
E = Higher MIC than breakpoint for the isolated bacteria. 
F = MIC lower than breakpoint for the isolated bacteria.

Table 7 - Answers to question n. 7 (n=93).

When you examine an antibiogram what is the most important 
parameter in the antibiotic choice? (only one answer is possible)

%
The highest MIC for the isolated bacteria 2.2
The lowest MIC for the isolated bacteria 63.4
Bactericidal or bacteriostatic effect 9.7
Antibiotic penetration in the infected tissue 17.2
MIC higher than the breakpoint for the isolated 
bacteria

2.2

MIC lower than breakpoint for the isolated bacteria 5.4

Results show that most physicians of our hospi-
tal choose antibiotic therapy autonomously or in 
team with other doctors of the same ward (67.3%) 
whereas less than 1/3 of interviewed doctors 
asked for infectious diseases expert advice (8.2% 
after first bacterial isolation and 22.4% after anti-
biotic therapy failure) (Table 1).
The study has spotlighted that more than 80% of 
participants knows MIC definition, but the same 
percentage of physicians ignore completely the 
breakpoint definition (Tables 2 and 4). We have 
obtained similar percentages when we have 
asked for MIC and breakpoint meanings (Tables 
3 and 5).
The key question of our study was oriented to 
know the most important criteria used by physi-
cians for choosing antibiotic therapy. About 70% 
of participants gave an uncorrected answer to this 
question (Tables 6 and 7). These data are partic-
ularly alarming because the most part of physi-

cians interviewed choose antibiotic therapy au-
tonomously. Moreover, the most of interviewed 
physicians consider only the lowest MIC as the 
key parameter in the choice of antibiotic therapy 
(Table 7), ignoring more important parameters 
such as antibiotic penetration in the infection site, 
pharmacodynamics. 
It is possible that our data are symptomatic of 
a diffuse at least national ignorance of the basic 
principles of antibiotic therapy and are not only 
confined to our hospital.
International scientific literature agrees that a cor-
rect and timely antibiotic therapy increase the pa-
tients survival rate and decrease hospitalization 
duration and healthcare costs [12-14]. The issue of 
the clinical value of breakpoint/MIC ratio is more 
controversial.
Our study shows the urgent need of improve the 
actual standard of antibiotic therapy knowledge. 
Our suggests to reach this goal are:
- The first solution would be to establish continu-

ing education course for physicians working at 
Azienda Ospedaliera Universitaria Federico II. 

- An easier, but less ambitious solution may be 
to remove the MIC value from antibiogram, 
specifying only if the bacteria is resistant or 
sensible at the tested antibiotic. In this way we 
may prevent the inveterate mistake to give the 
antibiotic with the lowest MIC without consider 
other parameters such as pharmacodynamics or 
pharmacokynetics parameters.

- In addition to other solutions given above, anti-
biogram could be implemented with the indica-
tion of antibiotic concentration at the infection 
site.

In conclusion our study has shown that antibiotic 
therapy in Azienda Ospedaliera Universitaria 
Federico II is often chosen using inappropriate 
criteria. 
Since the incorrect antibiotic choice can influence 
therapeutic failure rate and increase healthcare 
costs we believe necessary continuing education 
course for medical personnel who prescribes an-
tibiotic therapy.

Keywords: antibiotic, breakpoint appropriateness, 
MIC, knowledge.
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