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Introduction

Antibiotics are frequently prescribed in medical
wards, representing among others, a considerable bur-
den. Antimicrobial therapy and prophylaxis in hospi-

tals have been reported to be incorrect or not indicated
in 9 to 64% of the patients1 and a similar problem is
described also in other settings such as nursing homes
where, due to the lack of structural and human re-
sources, antimicrobial prophylaxis is often used in an
attempt to prevent infections.2 There are several rea-
sons for evaluating the treatment as inappropriate: lack
of evidence of active bacterial disease, empiric treat-
ment of non-critical patients, treatment of colonized
asymptomatic patients, selection of second-line antibi-
otics not microbiologically driven. The main conse-
quences of excessive or inappropriate antimicrobial
use of antibiotics is the increase in infection or colo-
nization due to resistant strains (methicillin resistant
Staphylococcus aureus, multi-drug resistant Gram-
negative bacteria, Clostridium difficile and Candida);
these infections are burdened with high mortality, pro-
longed hospitalization and a substantial increase in
health care costs. Moreover, antimicrobial drug toxi-
city and drug interactions should also be computed.

The main goal of antimicrobial stewardship is to
obtain the best clinical outcome minimizing toxicity
and limiting the selective pressure on bacterial popu-
lations that drives the emergence of resistant strains.
The programs of antimicrobial stewardship improve
the appropriate use of antimicrobial agents promoting
the selection of the optimal antimicrobial regimen, in-
cluding dosing, duration of therapy and route of ad-
ministration. Antimicrobial stewardship also reduces
the costs attributable to suboptimal antimicrobial use.
Quantitative monitoring of antimicrobial use in hos-
pitals or hospital units and qualitative evaluation of
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antimicrobial treatment and prophylaxis in individual
patients are pivotal in addressing the interventions.3-5

Based on these premises we were interested in evalu-
ating the modality of use of antibiotics in the wards of
Internal Medicine of several hospitals of Lazio (an
Italian region), focusing on number of treated patients,
appropriateness of indications, preferred antibiotic
classes, and followed stewardship programs (i.e., de-
escalation and/or rotation of antimicrobials).

Materials and Methods

Twelve units of Internal Medicine from 9 hospitals
spread throughout the Italian region of Lazio partici-
pated in this prospective, multicenter, observational
study performed on behalf of FADOI Lazio - Area of
Infectious Diseases. The protocol was approved by the
Local Ethic Committee. Every unit nominated a referent
physician for data collection. The study period was 12
months (from November 2014 to October 2015). The
list of participating hospitals, with the names of unit di-
rectors and referent physicians are reported in Table 1.
Every patient, or their relatives when legally in charge,
signed an informed consent form before any datum was
collected. A data record form of every patient discharged
during the first week of every month was filled. Every
month all record forms were sent to the coordination
center in order to create a single database. All collected
patients were divided into two main groups: patients
who underwent antimicrobial treatment (PUAT) and pa-
tients without treatment (PWT). These two populations
were compared in terms of age, length of hospital stay,
and mortality. For the PUAT group, the reasons to start
an antimicrobial treatment and the ward or department
where it was started were recorded. The diagnosis of in-

fection was considered as possible, probable or definite
according to diagnostic criteria guidelines and to the
judgement of the doctor in charge. Every infection was
classified for the organ or site affected, but also epidemi-
ologically, discriminating among community-acquired
(CAI), hospital-acquired (HAI) and healthcare-associ-
ated infections (HCAI). Inflammatory markers as pro-
calcitonin (PCT) and/or C-reactive protein (CRP) and
microbiological examinations performed were also
recorded for all patients in the PUAT group. The antimi-
crobial therapy was evaluated if targeted on a specific
isolate or empiric, and modifications in terms of upgrade
or downgrade following microbiological isolation were
reported. The used antimicrobials, the route of adminis-
tration and the length of therapy were also considered.
According to the clinical and epidemiological diagnosis,
the appropriateness of the antibiotic chosen was evalu-
ated from two different authors.

Statistical analysis

Data are expressed as mean±standard deviation
(SD). Data were investigated if normally or not nor-
mally distributed. Non-parametric Mann-Whitney’s test
was used to compare two groups of non-parametric
data. Kruskal-Wallis’ test was employed to compare
several groups of parametric data. GraphPad Prism 5.0
(GraphPad Software, Inc. USA) was used for statistical
analysis.

Results

From November 2014 to October 2015, in the first
week of every month, 1009 patients (M/F, 515/494;
mean age/range 75.2 years±15.2 SD) were discharged

Table 1. Participating Centers and Units.

Hospital                                                                                Unit-Ward Director(s)                                       Investigator(s)

Vannini - Roma (coordinator center)                                           Claudio Santini                                              Maurizia Galiè
                                                                                                                                                                           Dario Martolini
                                                                                                                                                                          Eleonora Pistella

Sandro Pertini - Roma                                                                    Aldo Fierro                                             Anna Maria Santoro
                                                                                                    David Terracina

Sant’Eugenio - Roma                                                              Filomena Pietrantoni                                         Gianluca Pavoni

Fatebenefratelli Isola Tiberina - Roma                                      Dario Manfellotto                                             Danilo Monno

San Giovanni - Roma                                                                     Rosa Maida                                               Alessandro Bozza
                                                                                                  Gianfranco Panetta                                           Paolo Carfagna
                                                                                                 Francesco Montella                                           Agapito Tarasi

L. Parodi Delfino - Colleferro                                                   Ruggero Pastorelli                                           Rosalba Cipriani

San Camillo de Lellis - Rieti                                                        Basilio Battisti                                           Giovanna Giacchetti

Santa Maria Goretti - Latina                                                    Giuseppe Campagna                                       Cecilia Cianfrocca

Montefiascone                                                                           Bruno Mongiardo                                       Alessandra Fiorentini
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from the twelve Internal Medicine Units participating in
the study and were evaluated. Out of them, 95% were
addressed to the wards of Internal Medicine from the
Emergency Department, 3% from other wards, 1.2% di-
rectly from community. PUAT group included 588 pa-
tients (58.2%) and PWT group 421 patients (41.8%). In
222 cases (37.7%) the antibiotic therapy was initiated at
the Emergency Department and in 339 cases (57.6%)
during the permanence in the Internal Medicine ward.
The antibiotic choice was empiric in 94.8% of patients
and culture-driven in 4.9% of patients. The reported rea-
sons to start the antibiotic therapy were: definite infec-
tion in 245 patients (41.6%), probable infection in 93
patients (15.8%), possible infection in 97 patients
(16.4%), fever in 50 (8.5%) and prevention in 103 pa-
tients (17.5%). The infections were classified as CAI
and HAI in 47.8% and 10.3% of patients respectively
and HCAI in 11.4%. The remaining 30.5% did not re-
ceive any epidemiological classification by the doctors
in charge. The site of infection was available for 485 pa-
tients (Table 2). Mean age, length of stay and mortality
were higher for PUAT compared to PWT [mean age
PUAT vs PWT: 75.9±15 SD vs 74.2±15 SD years,
P<0.02; length of hospital stay PUAT vs PWT:
13.7±10.4 SD vs 10±8.4 SD days, P<0.01; mortality

PUAT vs PWT: 16.1% (95 deaths) vs 3.1% (13 deaths)].
CRP, PCT, or both were measured respectively in 72%,
26%, and 21% of PUAT. In the PUAT group, microbio-
logical cultures were performed in 245 patients (41.6%)
and 121 (49.3%) resulted positive. On the basis of cul-
ture isolates, empiric antibiotic regimens resulted inad-
equate in 41 patients (33.8%); no modification was
suggested in the remaining 80 patients (66.1%). The
change in antibiotic treatment was an escalation in 25
patients, a de-escalation in 9 patients, while 7 patients
did not receive any change even if suggested by the cul-
ture results. Overall, among patients of the PUAT group,
the antibiotics more frequently selected for empiric treat-
ment were ampicillin-sulbactam (133 patients =27.4%),
ceftriaxone (102 patients =21%), fluoroquinolones (92
patients =18.9%) and piperacillin-tazobactam (81 pa-
tients =16.7%); carbapenems and glycopeptides were
used in 4% and 3% of patients respectively. Most of the
patients started the antimicrobial therapy intravenous
(97%) to switch to oral therapy just few times (6%). The
mean duration of antibiotic treatment in hospital was
9.5±6.1 SD days. Moreover, 18% of patients continued
the treatment at home for further 6 days on average. In
Table 3 are reported the different empiric therapeutic ap-
proaches for CAIs, HAIs, HCAIs and not epidemiolog-

Table 2. Sites of infection.
Site of infection                                                                          No. of patients                                                         %

Respiratory tract                                                                                    214                                                                  44

Urinary tract                                                                                           68                                                                   14

Biliary tract                                                                                            24                                                                  4.9

Gastro-intestinal tract                                                                             47                                                                  9.6

Skin and soft tissue                                                                                39                                                                    8

Sepsis                                                                                                     29                                                                  5.9

Others                                                                                                      9                                                                   1.8

NA                                                                                                          55                                                                  11.3

NA, not available.

Table 3. Empiric therapeutic approach for community-acquired, hospital-acquired, health care-associated and not-epi-
demiologically-classified infections.

                                                                                       CAIs (n=215)             HAIs (n=43)             HCAIs (n=50)           NECIs (n=177)

Ampicillin-sulbactam or amoxicillin-clavulanate            71 (33.0%)                  8 (18.6%)                   6 (12.0%)                  48 (27.1%)

Piperacillin-tazobactam                                                    39 (18.1%)                  6 (13.9%)                  21 (42.0%)                  15 (8.4%)

Ceftriaxone                                                                       38 (17.6%)                  7 (16.2%)                   6 (12.0%)                  51 (28.8%)

Fluoroquinolones                                                              40 (18.6%)                  9 (20.9%)                   6 (12.0%)                  37 (20.9%)

Carbapenems                                                                             -                           6 (13.9%)                    4 (8.0%)                            -

Vancomycin                                                                               -                           5 (11.6%)                           -                                  -

Others                                                                                27 (12.5%)                   2 (4.6%)                    7 (14.0%)                  26 (14.6%)

Combination therapy                                                        37 (17.2%)                 10 (23.2%)                 21 (42.0%)                 32 (18.0%)

CAIs, community-acquired infections; HAIs, hospital-acquired infections; HCAIs, health care-associated infections; NECIs, not-epidemiologically-classified infections.
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ically classified infections (NECIs). CAIs were treated
with ampicillin/sulbactam or amoxicillin/clavulanate
(33%), fluoroquinolones (18.6%), piperacillin/tazobac-
tam (18.1%), ceftriaxone (17.6%) and various other an-
timicrobials (12%). Out of these, 37 (17%) received a
combination of two or more antibiotics. HAIs were
treated with fluoroquinolones (20.9%), ampicillin/sul-
bactam (18.6%), ceftriaxone (16.2%), piperacillin/
tazobactam (13.9%), meropenem (13.9%), and van-
comycin (11.6%); combination with another antibiotic
(clarithromycin, fluoroquinolones, teicoplanin, gen-
tamycin, metronidazole, colistin) was made in 10 pa-
tients (23%). The antibiotic more frequently selected to
treat HCAIs (n=50) was piperacillin/tazobactam (42%),
followed by fluoroquinolones, ampicillin/sulbactam,
ceftriaxone and metronidazole (12% each) and
meropenem (8%); combination regimens (using fluoro-
quinolones, glycopeptides, macrolide and aminoglyco-
side) were administered in 21 patients (42%). For the
treatment of NECIs (n=177) were administered ceftri-
axone (28.8%), ampicillin/sulbactam or amoxicillin/
clavulanate (27.1%), fluoroquinolones (20.9%),
piperacillin/tazobactam (8.4%); combination regimens
were used in 32 patients (18%). As shown in Table 4,
remarkable differences were observed comparing the
data of the various centers. The rate of PUAT ranged
from 13% to 75%, the length of hospital stay from
7.8±7.7 SD days to 16.6±12 SD days (P<0.001), the
mean duration of antibiotic treatment in hospital from
6.8±4.3 SD days to 11.4±7.8 SD among the various hos-
pitals (P<0.05).

Discussion

In our observational study, more than half (58.5%)
of patients admitted to the Internal Medicine wards re-
ceived antibiotic therapy. The percentage significantly

differed in different centers, ranging from 13% to 71%.
These data are representative of the heterogeneity
among Internal Medicine units and confirm several pre-
vious reports. Cusini et al. reported in Switzerland a
mean prevalence of 44% among all hospital depart-
ments (including surgical and medical areas), with a
rate of 46% for medical wards; hematology-oncology
wards reached the higher value (57%).1 The European
Surveillance of Antimicrobial Consumption (ESAC)
showed a mean prevalence of 30%, even if ranging
from 19% to 59% between 20 European hospitals. Sev-
eral other studies conducted during the period 1999-
2008 found the rate of patients receiving antibiotics
ranging between 16 to 49%, but data were based on dif-
ferent departments, pediatric included, and not only on
Internal Medicine wards.6-14Although the number of pa-
tients treated with antibiotic in our Internal Medicine
wards seems exceedingly high, a more specific com-
parison in terms of departments, patients, diseases and
comorbidities should be useful to evaluate any antimi-
crobial misuse. However, our results seem to show
some important understatements in terms of antibiotic
stewardship. Despite it is well recognized that patients
with hospital acquired and health-care associated infec-
tions should be empirically treated with antibiotics ac-
tive against specific multidrug resistant pathogens (i.e.,
Pseudomonas spp. and methicillin resistant S. aureus),
one third of the patients in our series did not receive any
epidemiological classification. As a consequence, pa-
tients with CAI could have been treated with unneces-
sary broad-spectrum drugs and, otherwise, patients with
HAI could have been undertreated. Our data actually
show that almost twenty percent of patients with CAI
received a treatment with antibiotics appropriate for
HAI (e.g., piperacillin-tazobactam) and probably un-
necessary. Conversely, more than half of HAIs and
HCAIs received treatments, which should be reserved
to CAIs, frequently (80% of cases) using a single agent.

Table 4. Comparison of different Hospitals.

Hospital                                                                                PUAT                           Duration of therapy                    Length of stay
                                                                                           (% total)                                 (days±SD)                                (days±SD)

All centers                                                                              58.5                                        9.5±6.1                                    13.7±10.4

San Giovanni - Roma                                                              55                                          8.2±5.7                                     11.2±8.9

Sant’Eugenio - Roma                                                               60                                         10.1±4.6                                    10.1±5.6

Vannini - Roma                                                                        58                                          9.7±6.1                                    13.7±10.4

Sandro Pertini - Roma                                                             71                                         11.4±7.8                                    16.6±12

Fatebenefratelli Isola Tiberina - Roma                                    75                                           9.7±6                                      11.6±9.3

L. Parodi Delfino - Colleferro                                                 60                                          8.2±4.9                                     10.8±6.9

San Camillo de Lellis - Rieti                                                   13                                          6.8±4.3                                      7.8±7.7

Montefiascone                                                                          50                                          9.2±1.7                                     12.5±5.2

Santa Maria Goretti - Latina                                                    50                                          7.4±2.7                                      8.5±8.2

PUAT, patients under antimicrobial treatment; SD, standard deviation.
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This under treatment exposes these patients to higher
risk of failure (complications and/or death). Overall, the
selected antimicrobials were considered inadequate in
30% of cases according to the epidemiological classi-
fication received. Moreover, microbiological diagnosis
was attempted in less than half of patients in the PUAT
group and was obtained in 50% of cultured patients;
therefore, only 25% of all PUAT received an etiologic
diagnosis. This can explain why almost all treatments
were empiric and so few targeted (5%). In a multicenter
interventional study, 27.3% of antibiotic courses were
determined to be unjustified; a post-prescription inter-
vention based on an audit and feedback approach in ad-
dition to current stewardship programs, lead the
clinicians to accept recommendations to change or stop
the antibiotics in 66.7% of cases.15 Compared to this
trial, the inappropriateness of antibiotic prescription ob-
served in our Internal Medicine wards was not so dif-
ferent. Excessive or inappropriate antimicrobial use
increases morbidity, mortality, and healthcare costs in-
cluding prolonged hospitalization.7-11 Our results might
be in accordance with these premises because PUAT
showed a significantly higher mortality and prolonged
length of stay. However, PUAT were also significantly
older then PWT and the higher mortality, as well as the
prolonged length of stay, could also be attributable to
comorbidities and lower performance status, rather than
to the antibiotic misuse. In the attempt to prevent the
development of C. difficile infections, the antibiotic
stewardship program guidelines by the Infectious Dis-
eases Society of America (IDSA)/Society for Health-
care Epidemiology of America (SHEA) highlight as a
priority to reduce the use of high-risk antibiotics such
as clindamycin, 2nd and 3rd generation cephalosporins
and fluoroquinolones.16-18 In our study, protected peni-
cillins were the antibiotic of choice in almost half of the
cases, but 3rd generation cephalosporins and fluoro-
quinolones still accounted for 45% of cases overall. In-
terventions to reduce and minimize the consumption of
these high-risk antibiotics should be a major challenge.
It is not surprising that almost all patients admitted to
Internal Medicine wards have antibiotics administered
for intravenous route. However, the early switch to oral
therapy has several advantages such as reduced risk of
cannula-related infections, reduced risk of throm-
bophlebitis, lower costs, reduction of hidden costs (cost
of diluents, needles, syringes, nursing time, etc.) and
earlier discharge. For all these reasons intravenous to
oral switch is strongly advocated in clinically stable pa-
tients. In our series the switch occurred in only 6% of
patients. Based on these data, an intervention addressed
to this topic probably should be included in the local
stewardship programs. Antibiotic consumption is
strongly related to duration of therapy. In the last few
years, several studies documented similar efficacy of
short-course regimens compared to standard regimens.

Antibiotic stewardship interventions aimed at reducing
the duration of antibiotic therapy lead to similar clinical
outcomes compared to pre-intervention period. Specif-
ically, 7 and 10 days of treatment for inpatients with
community acquired pneumonia were equally effective
in terms of clinical outcome, length of stay and 30-day
readmission rates.19,20 Similarly, for patients with ven-
tilator associated pneumonia, 8-10 days of treatment
have been proposed in substitution of the usual two
weeks course21-23 and the same proposal has been made
for patients with cellulitis, pyelonephritis and intra-ab-
dominal infection.24-28 Moreover, IDSA/SHEA guide-
lines suggest using inflammatory biomarker as PCT to
shorten antimicrobial exposure, especially in intensive
care units. Even if PCT was measured only in 26% of
PUAT and therefore underutilized, the duration of an-
tibiotic treatment in our center was not far from the
numbers highlighted in the previous studies, with a
mean length among various hospitals of 9.5±6.1 SD
days ranging from 6.8±4.3 SD days to 11.4±7.8 SD
(P<0.05). Unfortunately, we were not able to relate the
duration of treatment with the clinical outcome. It
seems remarkable that around 18% of patients contin-
ued the treatment at home for further 6 days on average
probably extending too long the antibiotic course.

Limitations

Our study has several limitations. The center respon-
sible to collect all data records and to create a single
database did not have any control over the other hospi-
tals doctors and even if it was clearly highlighted the im-
portance of scheduling every patient discharged during
the recruitment period we are not sure if any was missed
and therefore if a collecting bias is present. Not all cen-
ters recruited the same number of patients and the use
of inflammatory markers (e.g., PCT) was very hetero-
geneous. The records were not always completely filled
in and several info lacked. We did not evaluate comor-
bidities (e.g., Charlson comorbidity index), and compli-
cations related to antibiotic use (e.g., C. difficile
infections, allergic reaction, acute kidney injury, etc.).
The diagnosis made was not always clear and this did
not allow us to properly evaluate the expected duration
of therapy. Since it was not possible to estimate for every
patient the diagnosis along with illness severity and as-
sociated comorbidities, comparing mortality and length
of stay of PUAT vs PWT was not feasible.

Conclusions

Among patients admitted to Internal Medicine
wards, more than half received antibiotic therapy.
Compared to previous studies, this rate is probably too
high. Moreover, a great variability was observed
among several wards. Almost all patients were treated
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empirically, but one third did not receive any epidemi-
ological classification, with the possible consequence
of being under- or over-treated. Greater attention to
the epidemiological classification should be recom-
mended to drive the antibiotic choice. Switching from
intravenous to oral antibiotic is still far from being a
reality in Lazio, only 6% of patients belong to this
group. According to the current trends to short-course
regimen for most infections, the mean duration of 9.5
days, seems too long. Furthermore, many patients
were discharged with prescription of antibiotics at
home for almost another week. Inflammatory markers
as PCT are not yet commonly used to reduce antibiotic
utilization. Critical issues and possible corrective
measure highlighted by this study have been summa-
rized in Table 5. Antibiotic stewardship programs rep-
resent a primary objective to implement in the Internal
Medicine wards of Lazio.
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