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Abstract

Purpose The spread of multidrug-resistant bacteria is a
worrisome problem worldwide. This study investigated the
correlation between antibiotic consumption and antimicro-
bial resistance trends of the most important bacteria caus-
ing bacteremia at the University hospital of Trieste, Italy,
from 2008 to 2014.

Methods Antibiotic consumption (Defined Daily Dose—
DDD—per 100 patient/days) and antibiotic resistance
(percentage of antibiotic intermediate o resistant isolates)
were analyzed independently with linear correlation by
year. Potential correlations between antibiotic consumption
and bacteria resistance rates were investigated through the
Pearson’s correlation.

Results The overall consumption of antibiotic grew from
80 to 97 DDD 100 patient/days (p = 0.005) during the
study period. The increased consumption of amoxicil-
lin/clavulanate and piperacillin/tazobactam was associ-
ated with the reduction of MRSA rate from 48.5 to 25.9%
(p = 0.007 and p = 0.04, respectively). The increased con-
sumption of piperacillin/tazobactam was associated with
the reduction of ESBL-positive Enterobacteriaceae rate
from 28.9 to 20.9% (p = 0.01). The increased consump-
tion of carbapenems was associated with the increased rate
of carbapenem-resistant Acinetobacter baumannii from 0
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to 96.4% (p = 0.03). No carbapenem-resistant Enterobac-
teriaceae isolates were reported. The consumption of van-
comycin grew significantly (p = 0.005). A dramatic spread
of vancomycin-resistant Enterococcus faecium occurred in
2014. The consumption of fluoroquinolones and extended-
spectrum cephalosporins remained stable.

Conclusions An antibiotic stewardship program targeted to
limit the consumption of extended-spectrum cephalospor-
ins and fluoroquinolones in favor of amoxicillin/clavula-
nate and piperacillin/tazobactam correlates with a decreas-
ing rate of MRSA and ESBL-positive Enterobacteriaceae.
The analysis of correlations between antibiotic consump-
tion and bacterial resistance rates is a useful tool to orient
antimicrobial stewardship policies at local level.

Keywords Antimicrobial resistance - Antibiotic usage -
MRSA - ESBLs - Antibiotic stewardship

Introduction

The misuse of antibiotics is considered the main trigger for
the selection of antibiotic-resistant bacteria in the hospital
setting. Several studies have demonstrated that previous
antibiotic therapy is a strong risk factor for colonization
and infection due to drug-resistant pathogens enhancing
selective pressure on bacteria and selecting resistant strains
[1].

Infections caused by resistant bacteria in hospital setting
are a worrisome problem worldwide, leading to increased
length of hospital stay, morbidity, mortality and healthcare
costs [2, 3]. The spread of bacterial resistance in the hospi-
tal setting is determined by many different factors such as
infection control practice, clonal spread of multidrug-resist-
ant bacterial strains, inter-hospital transfer of resistance and
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community contribution [4]. This study aims to investigate
the correlation between antibiotic consumption and antimi-
crobial resistance trends of most important bacteria causing
bacteremia at the University hospital of Trieste, Italy, from
2008 to 2014.

Materials and methods

We conducted a retrospective analysis of correlation
between antibiotic consumption and antimicrobial resist-
ance of the bacteria most commonly causing bacteremia.
The University hospital of Trieste is an acute, tertiary care,
840-bed hospital, in north eastern Italy, admitting almost
24,000 adult patients each year. This hospital includes
medicine, surgical, hematology, oncology and geriatric
departments, two dialysis units, four intensive care units
and no pediatric, gynecology, obstetrics or transplant units.
Since 2006 the hospital was under accreditation by the
Joint Commission International (JCI) and implemented the
practices of infection control according with JCI. In 2008,
2011 and 2014, the hospital received the JCI accreditations.
Therefore, we chose 2008 as a starting point of our study
to minimize the potential bias of infection control practices
in the evaluation of the correlations between antibiotic con-
sumption and resistance. Data on antibiotic consumption
prospectively collected were obtained from the databases of
the hospital pharmacy. Antibiotic consumption was defined
as the number of Defined Daily Dose (DDD) and was nor-
malized per 100 patient-days. DDD is the assumed average
maintenance dose per day for a drug used for its main indi-
cation in adults, according to the WHO ATC/DDD classi-
fication [5]. Data on consumption of parenteral penicillins
JO1C (oxacillin, ampicillin, amoxicillin, amoxicillin/clavu-
lanate) and anti pseudomonal penicillin/B-lactamase inhibi-
tor JOICROS5 (piperacillin/tazobactam), extended-spectrum
cephalosporins JO1D (ceftriaxone, cefotaxime, ceftazidime
and cefepime), carbapenems JO1DH (imipenem, merope-
nem and ertapenem), aminoglycosides JOIG (gentamicin
and amikacin), fluoroquinolones JO1 M (ciprofloxacin and
levofloxacin) and glycopeptides JO1XA (vancomycin and
teicoplanin) were analyzed. We defined bacteremia as the
presence of at least one positive blood culture for a bacte-
rial organism. We considered all consecutive bloodstream
isolates of Staphylococcus aureus, Enterococcus faecalis,
Enterococcus faecium, Escherichia coli, Klebsiella spp.,
Proteus spp., Pseudomonas aeruginosa and Acinetobac-
ter baumannii. We decided to exclude coagulase-negative
staphylococci isolates considering their potential role as
blood culture contaminants. Data on bloodstream isolates
were prospectively collected and provided by the Clinical
Microbiology Laboratory of the hospital. Duplicate iso-
lates of the same patient were excluded. Only bloodstream
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isolates of patients admitted to the hospital were included,
outpatients isolates were excluded. Blood cultures were
performed by BactAlert system (bioMérieux, France).
Antibiotic susceptibility tests were performed by an auto-
mated system (VITEK® 2, bioMérieux, France); MIC of
multidrug-resistant bacteria was confirmed by a microdi-
luition method (Sensitre panels tests TREK Part of Thermo
Fisher Scientific, Oakwood Village, USA). Data on anti-
microbial susceptibility were extracted by a dedicated
software (VIGI@ct™, bioMérieux, France); cumulative
antibiogram reports were performed on an annual base.
Susceptibility data were interpreted using Clinical and Lab-
oratory Standards Institute (CLSI) breakpoints, data after
July 2012 using the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) breakpoints [6]. Isolates
with intermediate susceptibility were considered resistant.
A. baumannii was considered multidrug resistant (MDR)
when resistant to at least 1 agent in 3 or more of the follow-
ing antimicrobial categories: aminoglycosides, carbapen-
ems, fluoroquinolones, extended-spectrum cephalosporins,
antipseudomonal penicillin/B-lactamase inhibitor, folate
pathway inhibitors, tigecycline, penicillins/B-lactamase
inhibitors, polymyxins and tetracycline [7]. The incidence
density of isolates was calculated as the number of isolates
per 10,000 patient-days. Antibiotic-resistant rates were cal-
culated as the number of non-susceptible isolates (resistant
or intermediate isolates) divided by the total number of iso-
lates of the same species tested against the corresponding
antibiotic, multiplied by 100. Trends of bacterial resistance
rates and antibiotic consumption were analyzed indepen-
dently with linear correlation by year. Pearson’s correlation
coefficient was used to describe the relationship between
antibiotic consumption and bacterial resistance rates. We
used R Software (Free Software Foundation’s GNU Gen-
eral Public License), specifically R commander package
(R, version 3.2.2). A p value <0.05 was considered statis-
tically significant. This study was exempt for approval by
our ethic committee because of the anonymous storage of
data.

Results
Trends of antibiotic consumption

During the study period, the total consumption of anti-
biotics grew significantly from 80 DDD/100 patient-days
in 2008 to 97 DDD/100 patient-days in 2014 (p = 0.005)
(Table 1). In 2014, penicillins (oxacillin, ampicillin,
amoxicillin and amoxicillin/clavulanate) were the main
antibiotics consumed followed by fluoroquinolones,
extended-spectrum cephalosporins, piperacillin/tazo-
bactam and others. Considering the single antibiotic
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Table 1 Annual consumption
of selected antibiotics,
2008-2014

Table 2 Incidence density
(per 10,000 patient-days) of
microorganisms isolated from
blood cultures, 2008-2014

Year Antibiotic consumption (DDD/100 patient-days) by year

2008 2009 2010 2011 2012 2013 2014 p value

Amoxicillin/clavulanate 20.04 2236 23.42 2291 2481 2546 27.44 0.0005
Total penicillins 24.04 2695 2741 2657 29.69 29.66 33.04 0.003
Piperacillin/tazobactam 405 359 327 414 546 520 572 0.02
Ceftazidime + cefepime 225 347 374 338 322 274 265 08
Total cephalosporins 111 655 792 780 690 721 694 749 09
Total extended-spectrum cephalosporins ~ 6.65 870 885 7.65 818 7.83 8.05 0.7
Ertapenem 0.00 0.00 0.02 0.11 0.10 0.14 0.18 0.001
Meropenem 093 147 162 178 239 282 3.19 0.00004
Imipenem 1.62 255 267 275 217 206 179 0.7
Total carbapenems 255 402 431 464 466 502 516 0.007
Gentamicin 1.17 119 1.04 096 1.09 0.83 092 0.02
Amikacin 087 098 0.73 1.02 108 098 0.72 0.09
Total aminoglycosides 204 217 177 198 217 181 1.64 0.2
Ciprofloxacin 754 620 642 664 695 643 6.01 02
Levofloxacin 899 1023 995 11.30 9.01 9.84 938 09
Total fluoroquinolones 16.53 1643 16.37 17.94 1596 1627 1539 0.3
Vancomycin 1.96 266 245 280 275 3.09 3.16 0.005
Teicoplanin 1.60 157 170 2.00 136 1.14 0.75 0.07
Total glycopeptides 357 423 415 480 411 423 391 0.6
Total Antibiotics 80 89 89 92 95 93 97 0.005

Total penicillins include oxacillin, ampicillin, amoxicillin and amoxicillin/clavulanate. Total cephalospor-
ins IIT include ceftriaxone, cefotaxime, and ceftazidime. Total extended-spectrum cephalosporins include
ceftriaxone, cefotaxime, ceftazidime and cefepime. Total carbapenems include imipenem, meropenem and
ertapenem. Total aminoglycosides include gentamicin and amikacin. Total fluoroquinolones include cipro-
floxacin and levofloxacin. Total glycopeptides include vancomycin and teicoplanin

p values are marked in bold if <0.05

Year n.isolates  n. isolates/10,000 patient-days p value
2008 2009 2010 2011 2012 2013 2014

S. aureus 664 3.88 4.08 3.68 3.61 3.56 3.63 3.63 0.06
E. faecalis 330 1.61 1.84 1.59 1.45 2.11 2.08 2.39 0.05
E. faecium 164 0.62 0.67 1.01 0.47 1.21 0.94 1.62 0.06

E. coli 1472 6.81 7.79 8.91 8.20 8.02 9.02 9.40 0.03
Klebsiella spp. 268 1.68 1.46 1.01 1.06 1.46 1.51 2.44 0.3
Proteus spp. 218 1.39 1.12 0.97 1.41 1.26 1.22 1.20 0.9

P. aeruginosa 206 1.21 1.05 1.24 0.67 1.38 1.27 1.32 0.5

A. baumannii 67 0.11 0.11 0.04 0.27 0.77 0.37 1.07 0.02

p values are marked in bold if <0.05

categories, a significant increase in consumption was
found for amoxicillin/clavulanate (p = 0.0005), pipera-
cillin/tazobactam (p = 0.02), carbapenems (p = 0.007)
especially meropenem (p = 0.00004) and vancomycin
(p = 0.005). Conversely, a significant reduction of con-
sumption was observed for gentamicin (p = 0.02). The
consumption of total extended-spectrum cephalosporins
and anti-P.aeruginosa cephalosporins remained stable.

The consumption of fluoroquinolones decreased substan-
tially although not significantly.

Trends of blood culture isolates
We analyzed a total of 3389 consecutive bloodstream

isolates (Table 2). The most frequently isolated micro-
organisms were: E. coli (43.4%), S. aureus (19.6%) and
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Enterococcus spp. (14.6%). The incidence density (n.
isolates/10,000 patients days) during the study period
increased for E. faecalis (from 1.61 in 2008 to 2.39 in
2014, p = 0.05), E. coli (from 6.81 in 2008 to 9.4 in 2014,
p = 0.03) and A. baumannii (from 0.11 in 2008 to 1.07
in 2014, p = 0.02), while S. aureus showed a decreasing
trend, although not significant (from 3.88 in 2008 to 3.63 in
2014, p = 0.06).

Trends of antibiotic resistance

Trends of antibiotic resistance are summarized in Table 3.
The rate of methicillin-resistant S. aureus (MRSA) sig-
nificantly decreased during the study period, from 48.5%
in 2008 to 25.9% in 2014 (p = 0.02). A reduction rate of
S. aureus resistant to levofloxacin (p = 0.03) and gen-
tamicin (p = 0.03) was also observed. Similarly, rates of
extended-spectrum beta-lactamase (ESBL)-positive Kleb-
siella spp. significantly decreased from 21.7% in 2008 to
1.7% in 2014 (p = 0.04). The rate of ESBL-positive E.
coli decreased since 2010 but the trend during the overall
study period was not significant (p = 0.1). Rates of ESBL-
positive Proteus spp remained stable. When considering all
the ESBL-positive Enterobacteriaceae isolated, we found a
significant reduction rate (p = 0.04). No significant vari-
ations were observed in the resistance rates to ciprofloxa-
cin, piperacillin/tazobactam and carbapenems in E. coli,
Klebsiella spp., Proteus spp. and P. aeruginosa. During
the first three years of the study period, only few cases of
bacteremia caused by A. baumannii occurred in our hospi-
tal. Since 2011, the absolute number of bacteremia caused
by A. baumannii increased owing to an outbreak of MDR
A.baumannii. Moreover, we observed a significant increase
of piperacillin/tazobactam and carbapenem resistance rates
in A. baumannii (p = 0.03 and p = 0.01, respectively).

More than two-thirds of A.baumannii strains isolated in
2008, 2009, 2012 and 2014 were MDR strains; all the A.
baumannii isolated in 2010, 2011 and 2013 were MDR.
Resistance rates of E. faecalis and E. faecium remained
stable during the study period; nevertheless, we observed
an important increase in the percentage of vancomycin-
resistant E. faecium (VREm) in 2014 (from 0% in 2008 to
10.4% in 2014; p value not applicable).

Correlations between antibiotic consumption
and resistance rates

The main correlations between antibiotic consumption ad
resistance rates are summarized in Table 4. We observed
a significative correlation between the increasing con-
sumption of total penicillins, amoxicillin/clavulanate and
piperacillin/tazobactam and the reduction rate of oxacillin
resistance in S. aureus (p = 0.002, p = 0.007 and p = 0.04,
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respectively). A significative correlation was also found
between the increased consumption of piperacillin/tazobac-
tam and the reduction of ESBL-positive Enterobacteriaceae
rates (p = 0.01) and ESBL-positive E. coli (p = 0.02). On
the other hand, we did not find a significant increase in the
resistance rate to piperacilin/tazobactam of E. coli, Proteus
spp., Klebsiella spp. and P.aeruginosa. Moreover, we did
not find significant association between the increased use
of piperacillin/tazobactam and the spread of MDR A. bau-
mannii. The decreasing use of gentamicin was associated
with reduced resistance of E. coli and Klebsiella spp. to
gentamicin (p = 0.03 and p = 0.02, respectively).

The increasing consumption of carbapenems, observed
during the study period, was significantly associated with
an increasing rate of carbapenem-resistant A. baumannii
(CRAB) (p = 0.03) and MDR A.baumannii (p = 0.05),
while we did not observe an increase of carbapenem-resist-
ant P. aeruginosa. No cases of carbapenem-resistant E.
coli, Proteus spp. or Klebsiella spp. were isolated during
the study period.

Discussion

The present study shows a substantial increase of antibiot-
ics consumption during a 7-year period in a referral Italian
hospital. Unfortunately, this finding is known to be com-
monly reported in a number of hospitals of many coun-
tries [8]. In detail, we observed a significant increase in
the consumption of penicillins, amoxicillin/clavulanate
and piperacillin/tazobactam. The increasing consumption
of these antibiotics results from a widespread adherence
to the local guidelines of antibiotic therapy of major infec-
tious syndromes, implemented by our hospital infection
control committee since 2006. Unexpectedly we observed
a worrying increasing consumption of carbapenems despite
the decreasing rate of ESBL-positive Enterobacteriaceae.
Similarly, an increased consumption of vancomycin was
observed despite the decreasing resistance to oxacillin of
S. aureus. It is important to notice that the consumption of
other antibiotics classes with high potential selection pres-
sure for resistance as extended-spectrum cephalosporins
remained stable and fluoroquinolones decreased, although
not significantly. During the study period, we observed a
significant reduction of bacteremia caused by MRSA. This
finding is consistent with the decreasing trend observed
in Italy and reported by ECDC [9]. This phenomenon has
been mainly attributed to improvement of infection con-
trol practices rather than antibiotic consumption. Contrary
to what was expected, we found a negative correlation
between the MRSA rate and the increased use of amoxi-
cillin/clavulanate and piperacillin/tazobactam. In previ-
ous studies, the consumption of these antibiotics has been
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Table 3 Trend of resistance to the indicated agent in selected pathogens, 20082014

Rate of isolates not susceptible to the indicated agent (I + R) p value

2008 2009 2010 2011 2012 2013 2014
S. aureus (n. isolates) 106 109 95 92 88 89 85
Oxacillin (%) 48.5 42.8 46.6 47.6 40.8 35.6 259 0.02
Gentamicin (%) 41.7 38.6 45.7 n.a 35.7 23.6 22.6 0.03
Levofloxacin (%) 50.6 46.6 51.6 49.7 44.6 40.0 22.6 0.03
E. faecium (n. isolates) 17 18 26 12 30 23 38
Vancomycin (%) 0 0 0 0 0 0 10.4 n.e
Ampicillin (%) 81.6 93.7 100 100 93.3 82.7 93.7 0.8
Gentamicin (%) 58.8 78.0 72.4 83.3 66.7 42.5 36.1 0.2
E. faecalis (n. isolates) 44 49 41 37 52 51 56
Vancomycin (%) 0 0 0 0 0 0 0 n.e
Ampicillin (%) 0 47.2 224 11.4 2.1 0 0 0.3
Gentamicin (%) 51.7 62.7 67.9 58.5 60.8 66.5 45.5 0.7
E. coli (n. isolates) 186 208 230 209 198 221 220
ESBLs (%) 28.6 35.5 38.8 22.7 21.1 22.1 24.8 0.1
Piperacillin/tazobactam (%) 7.6 24.6 22.7 22.4 11.9 12.8 12.2 0.6
Ciprofloxacin (%) 454 50.4 50.7 36.7 48.8 385 38.2 0.2
Gentamicin (%) 24.8 30.9 26.8 15.8 26.7 18.6 18.6 0.2
Carbapenems (%) 0 0 0 0 0 0 0 n.e
Klebsiella spp. (n. isolates) 46 39 26 27 36 37 57
ESBLs (%) 21.7 12.6 11.5 10.8 10.7 13.4 1.7 0.04
Piperacillin/tazobactam (%) 15.5 17.6 7.6 153 19.4 19.3 12.1 0.9
Ciprofloxacin (%) 11.9 11.4 8.4 10.8 10.7 13.6 8.7 0.8
Gentamicin (%) 6.9 7.8 39 4.1 8.2 2.7 0 0.09
Carbapenems (%) 0 0 0 0 0 0 0 n.e
Proteus spp. (n. isolates) 38 30 25 36 31 30 28
ESBLs (%) 36.8 36.6 20.0 36.0 41.9 43.3 294 0.8
Piperacillin/tazobactam (%) 54 9.6 16.0 14.4 3.1 0 44 0.3
Ciprofloxacin (%) 60.4 333 65.0 57.6 64.5 56.6 45.8 0.9
Gentamicin (%) 28.8 20.0 20.0 41.6 38.4 20.0 35.8 0.5
Carbapenems (%) 0 0 0 0 0 0 0 n.e
Total ESBL-positive Enterobacteriaceae (n. isolates) 78 91 98 61 63 66 64
(%) 28.9 32.8 349 22.6 23.7 229 20.9 0.04
P. aeruginosa (n. isolates) 33 28 32 17 34 31 31
Ceftazidime/cefepime (%) 333 17.8 25.8 6.0 19.35 354 22.5 0.9
Piperacillin/tazobactam (%) 333 21.0 37.5 11.9 41.2 41.9 45.1 0.2
Ciprofloxacin (%) 30.0 21.0 26.7 6.0 38.2 29.0 25.8 0.8
Gentamicin (%) 23.6 21.0 19.3 6.0 32.2 22.5 29.0 0.5
Amikacin (%) 6.4 4.2 0 0 11.7 22.5 16.1 0.08
Carbapenems (%) 14.5 25.0 12.5 17.9 48.4 25.8 322 0.2
A. baumannii (n. isolates) 3 3 1 7 19 9 25
Ceftazidime/cefepime (%) 66.7 100 100 100 100 100 100 0.1
Piperacillin/tazobactam (%) 66.7 66.7 100 100 100 100 100 0.03

positively correlated with increasing MRSA prevalence
and it has been identified as an independent risk factor for
acquisition of methicillin resistance [10—12]. In vitro tests
showed that amoxicillin/clavulanate, at concentrations

achievable in human serum, has significant activity against
some strains of MRSA [13]. It could be argued that the
combination of aminopenicillin-p-lactamase inhibi-
tor may play a protective role against MRSA selection;
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Table 3 continued

Rate of isolates not susceptible to the indicated agent (I + R) p value

2008 2009 2010 2011 2012 2013 2014
Ciprofloxacin (%) 66.7 333 100 100 88.6 100 96.4 0.1
Gentamicin (%) 66.7 66.7 100 100 88.6 100 92.5 0.1
Carbapenems (%) 0 333 0 86.0 81.9 100 96.4 0.01
MDR (%) 66.7 66.7 100 100 87.7 100 91.4 0.1

I = intermediate isolate, R = resistant isolate, n.a = not available, n.e. = not evaluable, MDR = multidrug resistant

p values are marked in bold if <0.05

nevertheless, there is no evidence for significant clinical
activity of amoxicillin/clavulanate against MRSA. It is well
known that amoxicillin/clavulanate is not recommended in
the treatment of MRSA infections. We believe that further
research is needed to clarify this potentially favorable asso-
ciation. Fluoroquinolones and, in particular, ciprofloxacin
are known to have an important impact in selecting noso-
comial MRSA [11, 14]. In our setting, the decreasing con-
sumption of fluoroquinolones could have played a role in
the decreasing rate of MRSA. The decreasing use of gen-
tamicin during the study period significantly correlated
with reduced resistance of E. coli and Klebsiella spp. to
gentamicin. This observation confirms the important role
of aminoglycosides in selecting aminoglycosides-resistant
strains [15, 16].

In this study, we observed a steady decline of ESBL-
positive Enterobacteriaceae in particular among Klebsiella
spp. isolates. We found that the reduction rate of ESBL-
positive Enterobacteriaceae was significantly correlated
with the increased consumption of piperacillin/tazobactam.
Moreover, unlike what reported by a previous study [16],
we found that the increasing use of piperacillin/tazobac-
tam did not correlate with increased resistance to pipera-
cillin/tazobactam among Enterobacteriaceae. As previously
suggested by other authors, our results confirm that the
use of piperacillin/tazobactam, instead of cephalosporins,
has a potential ecological benefit and is associated with a
reduction of ESBL-producing Enterobacteriaceae rates
without clear increase in piperacillin/tazobactam resist-
ance [17]. The replacement of extended-spectrum cepha-
losporins by piperacillin/tazobactam has been suggested
as a strategy for reducing prevalence of ESBL-producing
Gram-negative bacteria in healthcare settings [18]. Pipera-
cillin/tazobactam has been recently recommended as an
alternative to carbapenems for the treatment of infections
caused by ESBL-producing Enterobacteriaceae, if in vitro
susceptibility is documented [19]. Although A. bauman-
nii caused only a relatively small number of bacteremia, in
this study the increasing use of carbapenems was signifi-
cantly associated with increasing rates of CRAB and MDR
A.baumannii. Previous studies demonstrated that the prior
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use of carbapenems is an independent risk factor for CRAB
infection and/or colonization at individual level and that the
increased consumption of carbapenems correlated with the
increase of CRAB isolates [20, 21]. Selective pressure from
antibiotic exposure has a key role in the onset of CRAB;
on the other hand, the lack of adherence to the infection
control practices is the leading factor in the spread of this
organism among patients. In hospital setting, A. baumannii
is frequently responsible for outbreaks commonly caused
by a limited number of successful clones. Indeed, during
the study period, an epidemic dissemination of a CRAB
clone carrying armA occurred in our hospital [23]. We did
not find significant association between the increased use
of piperacillin/tazobactam and the spread of MDR A. bau-
mannii, as previously reported by others [23].

Despite the significant increase in the carbapenems
consumption observed during the study period, we did
not observe an increase of carbapenem-resistant P. aer-
uginosa. No cases of carbapenem-resistant E. coli, Pro-
teus spp. or Klebsiella spp. were isolated during the
study period. Interestingly, these findings are not consist-
ent with other studies that found a correlation between
increasing carbapenem use and increasing resistance in
Enterobacteriacea and P. aeruginosa [24, 25]. A steady
increase in consumption of vancomycin was observed in
our hospital. In the same period, we observed a steady
decline in the MRSA incidence rate. This observation dif-
fers from previous studies that showed a positive correla-
tion between prevalence of MRSA and use of glycopep-
tides [11]. An increasing consumption of MRSA-active
drugs, without increasing MRSA, has been reported in
studies conducted in acute care hospitals in Catalonia and
in 55 ICUs in Germany [26, 27]. In the study conducted
in ICUs in Germany, the authors observed an increasing
consumption of “new MRSA-active antibiotics” such as
linezolid and daptomycin and an increasing consumption
of vancomycin an “old MRSA-active antibiotic” simi-
larly to what observed in our settings [27]. The discrep-
ancy between the burden of MRSA and the consumption
of vancomycin may be indicative of an overestimation
of MRSA as the causative agent of infections treated
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Table 4 Main correlations between bacteria resistance rates and antibiotic consumption, 2008-2014

Bacteria resistance rates Antibiotic consumption Correlations
Resistance Trend  Antibiotic Trend pvalue Correlation coefficient
Q)
S. aureus Oxacillin (MRSA) J Penicillins 4 0.002 —-0.9
Amoxicillin/clavulanate 4 0.007 —-0.9
Piperacillin/tazobactam 1 0.04 -0.8
Cefalosphorins III < 0.6 -0.2
Fluoroquinolones <~ 0.07 +0.7
Carbapenems 0 0.1 -0.7
Gentamicin N 0.2 +0.6
Vancomycin 4 0.04 -0.8
Total glycopeptides <~ 0.7 +0.2
Gentamicin N Gentamicin N 0.06 +0.8
Levofloxacin N Levofloxacin <~ 0.5 +0.3
E. coli ESBL-positive <~ Total extended-spectrum cephalosporins < 0.3 +0.4
Piperacillin/tazobactam 1 0.02 -0.8
Carbapenems 0 0.4 —-0.4
Fluoroquinolones < 0.9 —0.03
Gentamicin < Gentamicin 1 0.03 +0.8
Amoxicillin/ <~ Amoxicillin/clavulanate 4 0.3 —-0.4
clavulanate
Piperacillin/ <~ Piperacillin/tazobactam 0 0.1 —0.7
tazobactam
Klebsiella spp. ESBL-positive J Total extended-spectrum cephalosporins <> 0.3 —-0.5
Piperacillin/tazobactam 0 0.2 —-0.5
Carbapenems 0 0.01 -0.9
Fluoroquinolones <~ 0.4 +0.4
Gentamicin <~ Gentamicin 5 0.02 +0.8
Amoxicillin/ <~ Amoxicillin/clavulanate 4 0.1 —-0.6
clavulanate
Piperacillin/ <~ Piperacillin/tazobactam 4 0.4 +0.4
tazobactam
Proteus ESBL-positive <~ Total extended-spectrum cephalosporins <> 0.3 —-0.4
SPP- Piperacillin/tazobactam 1 0.3 +0.4
Carbapenems 0 0.9 —0.02
Fluoroquinolones <~ 0.8 +0.1
Gentamicin <~ Gentamicin N 0.8 —0.1
Piperacillin/ <~ Piperacillin tazobactam 1 0.03 -0.8
tazobactam
Amoxicillin/ < Amoxicillin/clavulanate 4 0.8 +0.06
clavulanate
Enterobacteriaceac ~ ESBL positive J Total extended-spectrum cephalosporins <> 0.4 +0.4
Piperacillin/tazobactam 4 0.01 —-0.8
Carbapenems 1 0.2 -0.5
Fluoroquinolones <~ 0.9 +0.05
P. aeruginosa Piperacillin/ <~ Piperacillin/tazobactam 4 0.3 +0.5
tazobactam
Cephalosporin <~ Ceftazidime, cefepime <~ 0.2 —0.6
Imipenem, meropenem <> Imipenem, meropenem 1 0.3 +0.5
Gentamicin < Gentamicin N 0.8 +0.1
Amikacin <~ Amikacin <~ 0.9 +0.08
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Table 4 continued

Bacteria resistance rates Antibiotic consumption Correlations
Resistance Trend  Antibiotic Trend pvalue Correlation coefficient
)
A. baumannii Cefepime <~ Cefepime 0.01 +0.9
Piperacillin/ 0 Piperacillin/tazobactam 0 0.3 +0.5
tazobactam
Carbapenems 4 Carbapenems 0 0.03 +0.8
MDR <~ Piperacillin/tazobactam 4 0.6 +0.3
Carbapenems 4 0.05 +0.7
Fluoroquinolones <~ 0.8 +0.1

1 = increasing, | = decreasing, <> = not significant, MDR = multidrug resistant, Total extended-spectrum cephalosporins include ceftriaxone,

cefotaxime, ceftazidime and cefepime

p values are marked in bold if <0.05

empirically in our hospital. We can argue that a consider-
able share of vancomycin may have been inappropriately
prescribed in our hospital.

In previous studies, the consumption of glycopeptides
was found to be associated with an increasing incidence of
vancomycin-resistant enterococci [28, 29]. Despite the con-
stant increase in the vancomycin consumption in our hos-
pital, Enterococcus spp. isolates remained susceptible to
vancomycin until 2014 when we observed a rapid spread of
a VREm clone in different hospital wards. Further research
is needed to clarify this potential association in our setting.

This study has some limitations. The design of the
study is retrospective and potential confounders such as
changes in the length of hospital stay, staffing level and
hand hygiene compliance could not be evaluated although
the JCI accreditation of our hospital, during the study
period, might have reduced some of these discrepancies.
Secondly, we have considered all consecutive blood cul-
tures including those isolated within 48 h after hospital
admission; as a consequence, community-acquired isolates
have not been excluded. Thirdly, we measured antibiotic
use by DDD/100 patient-days; this is a useful measure
unit for inter-hospital comparison but it may not reflect the
real antibiotic use not taking into account factors such as
proper dosage in specific groups of patients (i.e., patients
with renal insufficiency). However, the impact should
be limited in this study because those specific patients
groups are only a small fraction of the study patients and
the effect would be diluted equally in each year. A further
limitation is that we used yearly aggregation of time points
to find a relationship between antibiotic consumption and
bacteria resistance rate. This timing may not be sensitive
enough to reflect subtle changes in the complex interac-
tion between bacterial resistance and antibiotic consump-
tion. Notwithstanding these limitations, we believe that the
methodology of this study is sound since data on bacterial
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resistance and antibiotic consumption were prospectively
collected by the microbiological laboratory and the phar-
macy, respectively.

The spread of drug-resistant bacteria in an hospi-
tal setting is a multifaceted, complex phenomenon, not
driven by antibiotic consumption alone but also influ-
enced by clonal spread of strains, resistance mechanism
that might differ by species and adherence to infection
control practices. Nevertheless, the analysis of correla-
tion between antibiotic use and bacterial resistance has
shown that an antibiotic stewardship program targeted
to limit the consumption of extended-spectrum cepha-
losporins and fluoroquinolones in favor of amoxicillin/
clavulanate and piperacillin/tazobactam correlates with
decreasing rates of MRSA and ESBL-positive Entero-
bacteriaceae bacteremia. It is well known that the adher-
ence to infection control practices is crucial to limit the
spread of MRSA, A. baumannii and VRE in the hospi-
tal setting. Nevertheless, we believe that the unjustified
increase of carbapenem and vancomycin consumptions,
occurred in our hospital, may also have played a role in
the increasing rates of MDR A. baumannii and VREm,
respectively. Surveillance of the burden and trends of
bacterial resistance and monitoring hospital consump-
tion of antibacterial agents constitute essential parts of
antimicrobial stewardship programs [30]. We believe
that the knowledge of correlations between antibiotic
consumption and bacterial resistance rates is a useful
tool to orient antimicrobial stewardship policies and
antibiotic prescription guidelines at local level.

Part of this study has been presented at the 2016 ECC-
MID (posters section).
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