
Abstract
Objective. To evaluate trends and association between antibiotic consumption and resistance during an eight-year period, from

2006 to 2013.

Design. Prospective multicenter study.

Setting and participants. Intensive Care Units (ICUs) participating in the four editions of the Italian nosocomial infections

surveillance in the ICU Network (Sorveglianza Prospettica delle Infezioni Nosocomiali nelle Unità di Terapia Intensiva, SPIN-UTI

project).

Main outcome measures. The isolation density of selected species of microorganisms, antibiotic resistance rates (RRs), inci-

dence density of resistant isolates and antimicrobial usage density were calculated.

Results. RRs of carbapenem-resistant Acinetobacter baumannii, of carbapenem-resistant Klebsiella pneumoniae, of third-gen-

eration cephalosporin (3GC)-resistant K. pneumoniae and of 3GC-resistant Escherichia coli showed significant increasing trends

(p ≤0.001). The consumption of each antibiotic class varied with years, although not significantly. Significant strongly positive

correlations were detected between RRs and antibiotic consumption.

Conclusions. The present study describes high RRs and increasing trends of resistant microorganisms and highlights the need

for continuous comprehensive strategies targeting not only the prudent use of antibiotics, but also infection control measures

to limit the epidemic spread of resistant isolates.

(Epidemiol Prev 2015; 39(4) Suppl 1: 94-98)
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Riassunto
Obiettivo. Valutare l’andamento e l’associazione tra consumo di antibiotici e resistenze durante un periodo di otto anni, dal

2006 al 2013.

Disegno. Studio prospettico multicentrico.

Setting e partecipanti. Unità di terapia intensiva che hanno partecipato alle quattro edizioni del progetto SPIN-UTI (Sor-

veglianza prospettica delle infezioni nosocomiali nelle unità di terapia intensiva).

Principali misure di outcome. Sono stati calcolati i seguenti indicatori: la densità di isolamento di specie di microrgani-

smi selezionate, i tassi di resistenza agli antibiotici (RR), la densità di incidenza di isolati resistenti e la densità di utilizzo di

antibiotici.

Risultati. I RR di Acinetobacter baumannii e Klebsiella pneumoniae resistenti ai carbapenemici, e di K. pneumoniae ed Esche-

richia coli resistenti alle cefalosporine di terza generazione, hanno mostrato significativi andamenti in aumento (p ≤0.001).

Il consumo di ciascuna classe di antibiotici varia con gli anni, sebbene non significativamente. Alcune significative correla-

zioni positive sono state evidenziate tra tassi di resistenza e consumi di specifici antibiotici.

Conclusioni. Il presente studio descrive elevati RR di microrganismi resistenti, in aumento nel tempo, ed evidenzia la necessità
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timicrobial resistance data were collected into the “microor-
ganism” data form.

Microorganisms and antibiotic susceptibility tests
Data on microorganisms were obtained from clinical labora-
tories of the participating hospitals. Identification and routine
antibiotic susceptibility testing were performed in each labo-
ratory. Only susceptibility data for pathogens associated with
HAIs were collected. Particularly, in the present study, resist-
ance data for A. baumannii, K. pneumoniae, E. coli and Staphy-
lococcus aureus were analyzed.
For each species, the isolation density was calculated as the
number of isolates per 1,000 patient-days. Antibiotic RRs
were calculated as the number of non-susceptible isolates (re-
sistant or intermediate isolates) divided by the total number of
isolates of the same species tested against the corresponding an-
tibiotic, multiplied by 100. Furthermore, the incidence den-
sity of resistant isolates was calculated as the number of non-
susceptible isolates per 1,000 patient-days.

Antibiotic consumption
Data on antibiotic consumption were obtained from the phar-
macies of the participating hospitals. Consumption – that is, the
Antimicrobial usage Density (AD) – was expressed as Defined
Daily Dose (DDD) and was normalized per 1,000 patient-days.
The DDD is the standard adult daily dose of an antimicrobial
agent for a 1-day treatment defined by the World Health Or-
ganization.14 Particularly, data on consumption of aminoglyco-
sides, carbapenems, fluoroquinolones, glycopeptides, penicillins,
and third-generation cephalosporins (3GCs) were collected.

Statistical analyses
Statistical analyses were performed using the SPSS 22.0 sta-
tistical package (SPSS Inc., Chicago, IL, USA).
Trends over time of RRs were determined by the chi-square test
(linear by linear association). Trends over time of incidence
densities of resistant isolates and of ADs were analyzed by lin-
ear regression model. Pearson’s correlation coefficient (r) was
used to determine the relationship between ADs and RRs. A
p value <0.05 was considered statistically significant.

RESULTS
Setting, microorganisms and antibiotic resistance
During the four editions of the SPIN-UTI project a total of 52
hospitals and 75 ICUs participated in at least one edition of the
project. A total of 10,703 patients and 113,977 patient-days
were included (table 1).
Data on 2,255 HAI-associated microorganisms were collected:
27.1% of microorganisms in the first, 20.7% in the second,

INTRODUCTION
Italy is one of the European countries with high antibiotic con-
sumption in the hospital setting,1-3 especially in Intensive
Care Units (ICUs) where the highest prevalence of patients on
antibiotic treatment is observed.4 The intensive use and mis-
use of antibiotics have triggered the global spread of highly re-
sistant pathogenic bacteria,5-7 a serious public health problem
in Europe and worldwide affecting costs, treatment, and mor-
tality rates.1,8 In particular, Gram-negative bacteria, such as Es-
cherichia coli, Klebsiella spp., Pseudomonas aeruginosa, and
Acinetobacter spp., are becoming resistant to all currently avail-
able antibiotics and in the near future no new antibiotic classes
active against multi-resistant Gram-negative bacteria can be
awaited.9 Surveillance of multidrug-resistant microorganisms
and of the burden and trends of resistance are considered im-
portant components of an effective strategy against this prob-
lem.1High resistance rates (RRs) to antibiotics have been ob-
served among pathogens that cause healthcare-associated
infections (HAIs) worldwide and significant gaps in surveil-
lance have been underlined,8 as well as the need of a prudent
and rational use of antimicrobial agents.2

The objective of the present study is to evaluate trends and as-
sociation between antibiotic consumption and resistance in the
ICUs participating in the four editions of the ItalianNosocomial
Infections Surveillance in the ICU Network (Sorveglianza
prospettica delle infezioni nosocomiali nelle unità di terapia in-
tensiva, SPIN-UTI project) during an eight-year period, from
2006 to 2013.

METHODS
Study design
The present study was conducted in the framework of the
SPIN-UTI project, established in Italy in 2005 by the Italian
Study Group of Hospital Hygiene (GISIO) of the Italian So-
ciety of Hygiene, Preventive Medicine and Public Health
(SItI).10-12 The SPIN-UTI project has adopted a protocol
based on the HAIICU protocol of the European Centre for
Disease Prevention and Control (ECDC).13

Each project survey included a six-months patient-based study
conducted between the last quarter of one year and the first
quarter of the following year. At present, since 2006, five edi-
tions have been conducted; in this study, the first four have
been included.
Hospital participation was voluntary and results were handled
confidentially. For the surveillance of HAIs, a web-based data
collection procedure using four electronic data forms (for the
collection of data regarding: i. characteristics of hospitals and
ICUs, ii. patients, iii. HAIs, and iv. microorganisms) was
used. Particularly, for each microorganism-associated HAI, an-

di ampie e continue strategie indirizzate all’utilizzo prudente di antibiotici e a misure di controllo delle infezioni per limitare

la diffusione epidemica di isolati resistenti.

(Epidemiol Prev 2015; 39(4) Suppl 1: 94-98)

Parole chiave: resistenza agli antibiotici, tassi di resistenza, densità di utilizzo di antibiotici, sorveglianza

Original papers

95 PROCEEDINGS OF THE 48TH SItI NATIONAL CONGRESSEpidemiol Prev 2015; 39(4) Suppl 1: 1-158

anno 39 (4) luglio-agosto 2015e&p



25.1% in the third, and 27.1% in the fourth edition. Overall,
the most frequently isolated microorganisms were: P. aeruginosa
(16.7% of isolates), A. baumannii (14.2% of isolates), K. pneu-
moniae (10.0% of isolates), E. coli (7.6% of isolates), and S. au-
reus (7.3% of isolates). Considering all four editions, isolation
densities were: P. aeruginosa 3.3 per 1,000 patient-days; A. bau-
mannii 2.8 per 1,000 patient-days; K. pneumoniae 2.0 per
1,000 patient-days; E. coli 1.5 per 1,000 patient-days; and S.
aureus 1.4 per 1,000 patient-days. Table 1 shows incidence den-
sities of microorganisms isolated and of resistant isolates dur-
ing the four editions of the project. Incidence density of car-
bapenem-resistant K. pneumoniae increased significantly from
the first to the last edition of the project (p=0.027).
Considering all editions, the RR of carbapenem-resistant A.
baumannii was 86.0%, of carbapenem-resistant K. pneumoniae
35.5%, of 3GC-resistant K. pneumoniae 68.1%, of car-
bapenem-resistant E. coli 4.9%, of 3GC-resistant E. coli 38.0%,
and of methicillin-resistant S. aureus (MRSA) 45.2%.
Figure 1 reports RRs of the selected species during the four edi-
tions of the project. RRs of carbapenem-resistant A. bauman-
nii, of carbapenem-resistant K. pneumoniae, and of 3GC-re-
sistant K. pneumoniae showed significant increasing trends
from the first to the last edition of the project (p≤0.001). Fur-
thermore RRs of 3GC-resistant E. coli showed a significant in-
creasing trend from the first to the third edition of the project
and a decreasing trend in the last edition (p=0.048).

Antibiotic consumption
Antibiotic consumption over the eight-year period was 8,750
DDD per 1,000 patient-days (AD). Overall penicillins were
the main antibiotic class consumed (32.1% of the total AD),
followed by fluoroquinolones (19.7% of the total AD), gly-
copeptides (16.8% of the total AD), carbapenems (11.9% of
the total AD), aminoglycosides (17.3% of the total AD), and
3GCs (6.0% of the total AD). The consumption of each an-
tibiotic class (i.e., ADs) varied with editions, although not sig-
nificantly (table 1).

Correlation between antibiotics consumption and
resistance rates
Significant strongly positive correlations were detected be-
tween RRs of carbapenem-resistant E. coli and 3GC con-
sumption (r=0.953; p=0.047) and penicillin consumption
(r=0.983; p=0.017), and between RRs of MRSA and amino-
glycosides consumption (r=0.965; p=0.035).
No correlations between the usage of other antimicrobial
agents and resistance data were found.

DISCUSSION AND CONCLUSIONS
Antibiotic consumption contributes to the prevalence of re-
sistant pathogens in the hospital setting, together with their
clonal spread,15,16 especially in Italian ICUs where the high-
est prevalence of patients on antibiotic treatment4 has been

SPIN-UTI PROJECT

2006-2007 2008-2009 2010-2011 2012-2013 p-value*

number of hospitals 32 22 22 22 -

number of ICUs 49 28 27 26 -

number of patients 3,053 2,163 2,478 3,009 -

patient-days 35,498 22,683 24,724 31,072

incidence density (per 1,000 patient-days)

Klebsiella pneumoniae 0.9 2.1 2.0 3.1 0.067

Acinetobacter baumannii 1.4 3.0 4.1 3.2 0.253

Escherichia coli 1.1 1.3 2.3 1.5 0.460

Staphylococcus aureus 1.5 1.2 1.2 1.7 0.684

incidence density of resistant isolates

(per 1,000 patient-days)

3GC-resistant K. pneumoniae 0.4 1.3 1.1 2.3 0.095

carbapenem-resistant K. pneumoniae 0.1 0.3 0.8 1.5 0.027

carbapenem-resistant A. baumannii 1.1 2.3 3.8 3.0 0.188

carbapenem-resistant E. coli 0.1 0.04 0.1 0.03 0.487

3GC-resistant E. coli 0.3 0.3 1.1 0.5 0.523

methicillin-resistant S. aureus 0.7 0.5 0.3 0.3 0.056

antimicrobial densities

(ADs: DDD per 1,000 patient-days)

aminoglycosides 384 441 124 237 0.318

carbapenems 345 189 222 283 0.713

3GCs 227 137 83 80 0.070

fluoroquinolones 469 338 531 387 0.920

glycopeptides 418 363 280 406 0.754

penicillins 1,101 541 646 516 0.218

*linear regression

ICU: Intensive Care Unit; 3GC: third-generation cephalosporin; DDD: defined daily dose

Significant values are indicated in colour

Table 1. Incidence density of microorganisms and of resistant isolates and Antimicrobial usage Densities (ADs) during the four editions of the SPIN-UTI project.

Tabella 1. Densità di incidenza dei microrganismi e degli isolatI resistenti e densità di utilizzo di antibiotici durante le quattro edizioni del progetto SPIN-UTI.
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observed and outbreaks due to multidrug-resistant pathogens
are frequently reported.17-19

The European Antimicrobial Surveillance Network (EARS-
Net) published resistance data from European countries
based only on invasive isolates from hospitals (not only from
ICUs), not representative of isolates from other sites, and
thus, comparison should be undertaken with caution.1 In any
case, the present study confirms higher RRs of carbapenem-
resistant A. baumannii than those in the other European
countries1 and an increasing trend, indicating seriously lim-
ited options for the treatment of patients infected with this
microorganism. In 2013, the Italian Ministry of Health es-
tablished a national surveillance of carbapenemase-producing
Enterobacteriaceae (particularly, K. pneumoniae and E. coli) in
order to monitor the frequency and geographical distribution
of these microorganisms.20 In the SPIN-UTI project a sig-
nificant increasing trend was observed for carbapenem-resis-
tant K. pneumoniae, confirming high RRs among the Euro-
pean countries.1 Conversely, carbapenem-resistant E. coli
remain generally rare as in the other European countries.1

The spread of clonally related multidrug-resistant A. bau-
mannii and K. pneumoniae isolates have been described in
Italy17-19 contributing to the increasing trend of carbapenem
resistance of such microorganisms. Thus, specific control
measures should be implemented in order to limit the dis-
semination of extensively drug- or pandrug-resistant iso-
lates.21-23

In the SPIN-UTI project the percentage of 3GC-resistant K.
pneumoniae isolates was higher than that reported for Italy in
the European report1 and an increasing trend was observed.

RRs of 3GC-resistant E. coli showed an increasing trend from
2006 to 2011 time frame of the project and a decreasing trend
in 2012-2013.
MRSA is one of the most frequent resistant microorganisms as-
sociated to HAIs worldwide and even though a decreasing
trend was observed in the last years, in Europe MRSA remains
a significant public health problem.1 In the SPIN-UTI proj-
ect a decreasing trend of RRs was observed in the last years, al-
though not significant. Notably, RRs of MRSA were higher
than European data and prevention measures to control the
spread should be improved.24

Significant strongly positive correlations were detected be-
tween RRs of carbapenem-resistant E. coli and 3GC and peni-
cillin consumption and between RRs of MRSA and amino-
glycoside consumption. No correlations between the use of
other antimicrobial agents and resistance data were found. The
complex nature of the spread and emergence of antibiotic re-
sistance can, at least partly, explain this result. Furthermore, as
previously reported, DDDmeasurements are useful for bench-
marking but may not fully correlate with antibiotic resistance
due to the intrinsic biases.25

One of the strengths of this study is that it was conducted in
the framework of a prospective multicentre patient-based proj-
ect. One limitation is the ecological study design that cannot
fully prove a causative relationship between antibiotic con-
sumption and resistance. In fact, other factors, including the
volume of antibiotics prescribed in the outpatient setting, an-
timicrobial stewardship interventions implemented in partic-
ipating ICUs, and the occurrence of outbreaks due to mul-
tidrug-resistant organism, already reported in a sample of

Figure 1. Resistance rates of selected species during the four editions of the SPIN-UTI project.

Figura 1. Tassi di resistenza delle specie selezionate durante le quattro edizioni del progetto SPIN-UTI.

Original papers

97 PROCEEDINGS OF THE 48TH SItI NATIONAL CONGRESSEpidemiol Prev 2015; 39(4) Suppl 1: 1-158

anno 39 (4) luglio-agosto 2015e&p

3GC-resistant K. pneumoniae 41.90 70.70 60.50 79.30

carbapenem-resistant K. pneumoniae 9.40 17.50 38.80 50.00
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ICUs participating in the SPIN-UTI network,17-19 should be
taken into account to explain this complex issue.
In conclusion, the present study describes high RRs and in-
creasing trends of resistant microorganisms and highlights the
need for continuous comprehensive strategies targeting not
only the prudent use of antibiotics, but also infection control
measures to limit the epidemic spread of resistant isolates.

Conflicts of interest: none declared

Acknowledgements
O.C. Grillo, L. Fabiani, M.D. Masia, V. Torregrossa, E. Righi

Acknowledgements
The Authors wish to thank all colleagues, physicians, and nurses in the
participating hospitals and ICUs for providing surveillance data.

Funding: Project realized with partial financial support by the Ministry
of Health – CCM 2012.

1. European Centre for Disease Prevention and Control. Antimicrobial resistance
surveillance in Europe 2012. Annual Report of the European Antimicrobial
Resistance Surveillance Network (EARS-Net). Stockholm, ECDC, 2013.

2. European Centre for Disease Prevention and Control. Surveillance of antimi-
crobial consumption in Europe 2012. Stockholm, ECDC, 2014.

3. Ministero della salute. Piano Nazionale della Prevenzione 2014-2018.

http://www.quotidianosanita.it/allegati/create_pdf.php?all=9561948.pdf.

4. Ricchizzi E, Morsillo F, Buttazzi R, et al. Studio di prevalenza europeo su infezioni
correlate all’assistenza e uso di antibiotici negli ospedali per acuti. Rapporto
nazionale. 2013. http://assr.regione.emilia-romagna.it/it/servizi/pubblicazioni/

rapporti-documenti/studio-prevalenza-europeo-ICA-ospedali-acuti

5. Aarestrup FM. Veterinary drug usage and antimicrobial resistance in bacteria

of animal origin. Basic Clin Pharmacol Toxicol 2005;96:271-81.

6. Cabello FC. Heavy use of prophylactic antibiotics in aquaculture: a growing

problem for human and animal health and for the environment. Environ Mi-
crobiol 2006;8:1137-44.

7. Rodríguez-Rojas A, Rodríguez-Beltrán J, Couce A, Blázquez J. Antibiotics and

antibiotic resistance: A bitter fight against evolution. Int J Med Microbiol
2013;303:293-97.

8. World Health Organization. Antimicrobial Resistance Global Report on sur-
veillance 2014.

http://www.who.int/drugresistance/documents/surveillancereport/en/

9. Carlet J, Jarlier V, Harbarth S, et al. Ready for a world without antibiotics? The

Pensières antibiotic resistance call to action. Antimicrobial Resistance and
Infection Control 2012;1:11.

10. Agodi A,Auxilia F, Barchitta M, et al. Building a benchmark through active sur-

veillance of ICU-acquired infections: the Italian network SPIN-UTI. J Hosp
Infect 2010;74: 258-65.

11. Masia MD, Barchitta M, Liperi G, et al. Validation of intensive care unit-

acquired infection surveillance in the Italian SPIN-UTI network. J Hosp Infect
2010;76:139-42.

12. Agodi A, Auxilia F, Barchitta M, et al. Trends, risk factors and outcomes of

health care associated infections within the Italian network SPIN-UTI. J Hosp
Infect 2013;84:52-58.

13. European Centre for Disease Prevention and Control. European surveillance
of healthcare-associated infections in intensive care units. ECDC HAIICU pro-
tocol V1.01 Standard and Light. Stockholm, ECDC, 2010.

14. WHO Collaborating Centre for Drug Statistics Methodology. ATC/DDD Index.

http://www.whocc.no/atc_ddd_index/

15. Goel N, Wattal C, Oberoi JK, Raveendran R, Datta S, Prasad KJ. Trend analy-

sis of antimicrobial consumption and development of resistance in non-fer-

mentersin a tertiary care hospital in Delhi, India. J Antimicrob Chemother
2011;66:1625-30.

16. Meyer E, Schwab F, Schroeren-Boersch B, Gastmeier P. Dramatic increase of

third-generation cephalosporin-resistant E. coli in German intensive care units:

secular trends in antibiotic drug use and bacterial resistance, 2001 to 2008.

Critical Care 2010;14:R113.

17. Agodi A, Voulgari E, Barchitta M, et al. Containment of an outbreak of KPC-3

carbapenemase-producing Klebsiella pneumoniae in Italy. J Clin Microbiol 2011;

49: 3986-89.

18. Agodi A, Barchitta M, Valenti G, et al. Cross-transmission of Klebsiella pneu-
moniae in two intensive care units: intra- and inter-hospital spread. J Hosp
Infect 2011;77:279-80.

19. Agodi A, Voulgari E, Barchitta M, et al. Spread of a carbapenem- and colistin-

resistant Acinetobacter baumannii ST2 clonal strain causing outbreaks in two

Sicilian hospitals. J Hosp Infect 2014;86(4):260-66.

20. Ministero della salute. Circolare «Sorveglianza, e controllo delle infezioni da

batteri produttori di carbapenemasi (CPE)» n. 4968 del 26.02.2013.

http://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=0&codLeg

=45499&parte=1%20&serie=

21. Magiorakos AP, Srinivasan A, Carey RB, et al. Multidrug-resistant, extensively

drug-resistant and pan drug resistant bacteria: an international expert proposal

for interim standard definitions for acquired resistance. Clin Microbiol Infect
2012;18:268-81.

22. Magiorakos AP, Suetens C, Monnet DL, Gagliotti C, Heuer OE, and EARS-Net

Coordination Group and EARS-Net participants. The rise of carbapenem re-

sistance in Europe: just the tip of the iceberg? Ant Res Infect Control 2013,

2:6.

23. European Centre for Disease Prevention and Control. Risk assessment on the
spread of carbapenemase-producing Enterobacteriaceae (CPE) through patient
transfer between healthcare facilities, with special emphasis on cross-border
transfer. Stockholm, ECDC, 2011.

24. Johnson AP. Methicillin-resistant Staphylococcus aureus: the European land-

scape. J Antimicrob Chemother 2011;66:43-48.

25. Zou YM, Ma Y, Liu JH, et al. Trends and correlation of antibacterial usage and

bacterial resistance: time series analysis for antibacterial stewardship in a Chi-

nese teaching hospital (2009-2013). Eur J Clin Microbiol Infect Dis 2014; doi:

10.1007/s10096-014-2293-6.

References/Bibliografia

Original papers

98 PROCEEDINGS OF THE 48TH SItI NATIONAL CONGRESSEpidemiol Prev 2015; 39(4) Suppl 1: 1-158

anno 39 (4) luglio-agosto 2015e&p


