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ABSTRACT

Introduction. To analyze the association between
antibiotic pressure and the risk of colonization/infection by
Acinetobacter baumannii complex (AB), evaluating both the
individual and general prescriptions of antibiotics.

Methods. This is an analytical, observational, case-control
study on patients admitted to an Intensive Care Unit (ICU) during an
AB outbreak (14 months). A five-year time series was constructed
with the monthly incidence of cases of infection/colonization with
strains of AB resistant to each antibiotic administered and with the
monthly consumption of these antibiotics in the ICU.

Results. We identified 40 patients either infected (23) or
colonized (17) by AB and 73 controls. We found an epidemic
multidrug-resistant clone of AB in 75% of cases. Risk factors
associated with the development of AB infection/colonization were:
greater use of medical instruments, the presence of a tracheostomy,
cutaneous ulcers, surgical lesions and prior antibiotic therapies. The
regression analysis of individual use of antibiotics showed that prior
treatment with ceftazidime, ceftriaxone, amoxicillin/clavulanate,
imipenem, levofloxacin, linezolid, and vancomycin was a risk factor
for acquiring AB. ARIMA models showed that the relationship were
greatest and statistically significant when the treatment occurred
between 6 months (ceftazidime) and 9 months (imipenem and
levofloxacin) prior.

Conclusions. The dynamic and aggregate relationship
between the incidence of infection/colonization by multidrug-
resistant strains of AB and prior antibiotic treatment was
statistically significant for intervals of 6 to 9 months.

Keywords: Acinetobacter baumannii complex; time series analysis; case-
control study; antibiotics prescription; outbreak
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Asociacion entre la presion antibiotica

y el riesgo de colonizacion/infeccion

por Acinetobacer baumannii complex
multirresistente: analisis de series temporales

RESUMEN

Introduccion. Analizar la asociacion entre la presion
antibiotica y el riesgo de colonizacion/infeccion por Acine-
tobacter baumannii complex (AB), evaluando tanto las pre-
scripciones individuales como las prescripciones generales de
antibioticos.

Métodos. Estudio analitico, observacional, de casos y
controles en pacientes ingresados en una Unidad de Cuidados
Intensivos (UCI) durante un brote de AB de 14 meses de
duracion. Se construyo una serie temporal de cinco afos con
la incidencia mensual de casos de infeccion/colonizacion por
cepas de AB resistentes a cada antibiotico administrado y con
el consumo mensual de estos antibidticos en la UC.

Resultados. Identificamos 40 pacientes infectados (23) o
colonizados (17) por AB y 73 controles. Encontramos un clon
epidémico de AB multirresistente en el 75% de los casos. Los
factores de riesgo asociados con la infeccion/colonizacion por
AB fueron: el mayor uso de instrumentos médicos, la presencia
de traqueotomia, Ulceras cutdneas, lesiones quirdrgicas vy
las terapias antibioticas previas. El andlisis de regresion del
uso individual de antibioticos mostrd que el tratamiento
previo con ceftazidima, ceftriaxona, amoxicilina-clavulanico,
imipenem, levofloxacino, linezolid y vancomicina fue un factor
de riesgo para adquirir AB. Los modelos ARIMA mostraron
que la relacion fue mayor y estadisticamente significativa
cuando el tratamiento se produjo entre los 6 meses previos
para ceftazidima y los 9 meses anteriores para imipenem y
levofloxacino.

Conclusiones. La relacion dindmica y agregada entre
la incidencia de infeccion/colonizacion por cepas de AB
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multirresistente y el tratamiento antibidtico previo fue
estadisticamente significativa para intervalos de 6 a 9 meses.

Palabras clave: Acinetobacter baumannii complex; analisis de series tem-
porales; estudio de casos-controles; consumo de antibioticos; brote

INTRODUCTION

In the past few decades, Acinetobacter baumannii
complex (AB) has emerged as a microorganism capable of
producing various types of nosocomial infections, mainly of
the respiratory system (pneumonias), bacteremia, of the skin
and soft tissue, and meningitis [1]. The risk of colonization and
infection by AB is associated with factors such as staying in
specific types of hospital units, a prolonged hospital stay, the
presence of serious underlying disease, the use of mechanical
ventilation, invasive interventions (catheter probes), and prior
antibiotic pressure/treatment [2,3]. In turn, AB infection/
colonization leads to increases in morbidity, length of hospital
stays, and cost [4].

AB is a microorganism endemic to some hospital centers
and is responsible for numerous nosocomial outbreaks
throughout the world [5]. Its heightened ability to spread
is due to various factors, including its ability to develop
resistance to antimicrobial substances [6]. In the past decade,
researchers have detected the emergence of multi-drug
resistant strains of A. baumannii complex (MDR-AB) [7], as
well as pan-resistant strains [8], both due to selective antibiotic
pressure from the use of wide-spectrum antibiotics as well as
to patient-to-patient transmission of drug-resistant strains of
the microorganism [9].

The goal of our work was to analyze the association
between antibiotic pressure and the risk of infection/
colonization by AB, examining both the individual prescriptions
of antimicrobials as well as the more general use of antibiotics
during an outbreak in the ICU of a Spanish hospital.

METHODS

Ethical approval. This study was approved by the
Institutional Review Board of La Mancha Centro General
Hospital (HGMC). The research was conducted in accordance
with the Declaration of Helsinki and national and institutional
standards.

Setting. This study was conducted in a multipurpose
Intensive Care Unit (ICU) of a rural Spanish Hospital which
provides healthcare to a population of approximately 210,000
inhabitants. The ICU has 10 beds for adult patients, who
receive care from health care professionals specialized in
Intensive Care Medicine.

Study design and patient selection. This analytical,
observational, matched case-control study was carried out
during an AB outbreak occurred in this particular ICU (14
months during the years 2010 and 2011, although sporadic
cases were detected in the following years; therefore this strain
has remained endemic in the hospital). The matched case-

control design allows us to analyze and compare significantly
different cases as long as they are matched to similar controls.

The study included a total of 40 cases and 73 controls. The
cases were defined as patients admitted to the ICU during the
outbreak and in whom AB infection/colonization was detected
through the isolation of this microorganism in clinical samples
and/or epidemiological surveillance cultures. The clinical
significance of colonization or infection by the AB isolates and
the type of infection developed in each case was established
by means of the criteria proposed by the Centers for Disease
Control and Prevention (CDC) [10]. The controls were defined
as patients admitted to the ICU during the same period as the
cases (usually on the same day and sometimes in the same
week) that developed neither an AB infection nor colonization.
Two controls were selected for each case in order to allow the
detection of odds ratios (ORs) greater than or equal to 2 with
a power of 80% and an alpha risk of 5% (95% confidence
interval, Cl).

Data collection. The following information was collected
from the patients' clinical histories and the data base of the
ICU: patient age, sex, and origin (home, another hospital,
or an old-age residence facility); time interval between
admission to the ICU and the appearance of AB infection/
colonization; mechanical ventilation; tracheotomy; presence
of surgical lesions or skin ulcers; use of invasive procedures or
instruments such as central venous catheters, drainage tubes,
urinary probes, and/or nasogastric probes; parenteral feeding;
underlying illnesses such as diabetes mellitus, neoplasia,
chronic pulmonary disease, chronic kidney disease, heart
disease, chronic liver disease, chronic neutropenia, parenteral
drug addiction; Charlson Index as an indicator of associated
comorbidities; patient condition as measured with the APACHE
[l scale; and any prior antibiotic therapies.

The data on antimicrobial use was obtained from the
database of the hospital Pharmacy Department. Cases that
had received prior antibiotic therapies were defined as those
having been administered antimicrobials during the period
between admission to the ICU until the isolation of an AB
strain in clinical samples or surveillance cultures. For patients
in the control group, prior antibiotic treatment was defined
as the use of antibiotics from the time of admission to the
ICU until the isolation of an AB strain in their matching case.
Antibiotic agents were grouped pharmacologically according
to the widely accepted Anatomical Therapeutic Chemical
Classification, developed by the Nordic Council of Medicines,
which allows for comparisons between distinct active
principals or groups [11].

Two parameters were studied regarding exposure levels to
antibiotics: the accumulated dose and the average treatment
potency. The Defined Daily Dose (DDD) was used as a unit to
measure the prescription of antimicrobials and to compare the
effects of the accumulated dose and the treatment potency
(DDD/day).

Microbiological studies. Identification of the AB strain
phenotypes was carried out in the microbiology laboratory
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of the HGMC with the aid of an automated Vitek-2 system
(BioMérieux® France). Confirmation of the identification, along
with the clonality analysis carried out with pulsed-field gel
electrophoresis, was performed after deoxyribonucleic acid
digestion with the Apal enzyme (Takara, Shiga, Japan) at the
National Center for Microbiology [12], by using a clamped
homogeneous electric field electrophoresis apparatus (Bio-
Rad Laboratories, Hercules, CA). The study of antimicrobial
sensitivity was carried out in the microbiology laboratory of
the HGMC by means of microdilution, performed with the
automated Vitek-2 system in accordance with the norms
described in the Clinical and Laboratory Standards Institute.

We isolated MDR-AB as a strain showing resistance to at
least one agent of three or more of the following classes of
antimicrobials: broad spectrum cephalosporins (ceftazidime or
cefepime), carbapenems (imipenem or meropenem), ampicillin/
sulbactam, antipseudomonal penicillins with beta-lactamase
inhibitors (piperacillin-tazobactam), fluoroquinolones (cipro-
floxacin or levofloxacin), aminoglycosides (gentamycin, tobra-
mycin, or amikacin), colistin, and tetracyclines [13].

Prevention and infection control. An AB infection/
colonization surveillance system was established to prevent
cross-transmission by health personnel. Infection control
methods included strict environmental cleaning (1:10 sodium
hypochlorite dilution), effective sterilization of reusable
medical equipment, staff formation on proper hand hygiene
practices and use of contact precautions, strict patients

together with effective antibiotics stewardship programs. In a
nosocomial outbreak context, locating the source of infection
and hospital Unit closure are often essential in order to
eradicate it [14].

Statistical analysis.

A. Descriptive phase. The incidence of cases of AB
infection/colonization during the outbreak was calculated
as accumulated incidence (the ratio between the number of
detected cases and total ICU admissions).

B. Bivariate analysis. The response variable (case/con-
trol) was related to each of the independent variables by con-
structing contingency tables. For each table we estimated the
statistical significance (chi-square test or Fisher exact test if
the expected number of events was less than 5) for categorical
variables and t-student test for continuous variables and meas-
ured the magnitude of the association as OR and 95%(Cl.

C. Multivariate analysis. All independent variables that
were associated with the response variable with a significance
of p<0.20 formed part of the multivariate models of condition-
al logistic regression. We use a significant change (p <0.05) in
the likelihood of the model as input criteria in the final models.

Statistical calculations were made with the aid of the STA-
TA program, version 11.0 (StataCorp LP, Texas, USA).

D. Time series analysis: ARIMA (autoregressive
integrated moving average models). Although outbreak

isolation and surveillance and environmental cultures, lasted 14 months, sporadic cases were detected in the
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Figure 1 Distribution of monthly cases of new patients with infection/colonization

by A. baumannii
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Table 1 Demographic and clinical data for cases

and controls

Table 2 Risk factors associated with infection/
colonization of Acinetobacter baumannii

complex during a nosocomial outbreak

Cases (n=40) Controls (n=73)  p

Age, media + SD 615+ 152 653+162  023°
Sex, n (%) 0.23°
Men 26 (65%) 39 (53.4%)
Women 14 (350%) 34 (46.6%)
Origen, n (%) 0.018°
Home 28 (700%) 65 (89%)
Another Hospital 12 (30%) 7 (9.6%)
Nursing homes - 1(1.4%)
Prior admission, n (%) 0.09°
No 9 (22.5%) 28 (38.4%)
Yes 31 (77.5%) 45 (61.6%)
Charlson Index score, media + SD 074+099 092+1.11  042°
APACHE Il Severity Index score, media + SD~ 20.3 + 9.1 126 +85  <0.001°

SD: standard deviation; ®t-student test; ® X2 test

following years. Therefore, a five-year time series (including
the 14 months of the outbreak) was constructed with the
monthly incidence of cases of infection/colonization with
strains of AB resistant to each antibiotic administered and
with the monthly consumption of these antibiotics in the ICU.
Each time series was modeled for the construction of different
ARIMA models according to the method adapted by Monet and
Lozano [15]. Therefore, these models allowed us to determine
a possible association between the antibiotic consumption and
the appearance of cases of infection/colonization by resistant
AB strains, as well to estimate the time interval in which
this occurred. The delays for which the association between
consumption and resistance was more significant were
identified by means of cross-correlation graphs.

RESULTS

We found 40 patients infected or colonized by AB during
their stay in the ICU (figure 1). The analysis of AB strains
by means of pulsed-field gel electrophoresis detected the
presence of 6 circulating clones, with one prevalent epidemic
clone of MDR-AB in 30 of the 40 patients (clone 1). Of the
40 patients, 23 (57.5%) developed various types of infections
while 17 (42.5%) were colonized solely by this microorganism.
The overall incidence of AB infection/colonization in The ICU
during the outbreak was 9.0 cases per 1000 patients/day
(CI95%: 6.5-12.3 cases per 1000 patients/day). In the years
following the outbreak, new cases of AB infection/colonization
appeared sporadically, making it necessary to maintain
appropriate policies for controlling nosocomial infection in our
hospital.

Cases Controls p?
(n=40) (n=73)
Intrinsic Factors
Alcoholism 4 (10%) 4 (5.5%) 0.45
Parenteral Drug Addiction 1 (2.5%) - 0.35
Liver Disease 2 (5%) - 0.12
Chronic Renal Failure 10 (25%) 9 (12.3%) 0.09

Heart Disease 10 (25%) 14 (19.29%) 048

Chronic Obstructive Lung Disease 8 (20%) 6 (8.2%) 0.08

Neoplasia 2 (5%) 6 (8.200) 0.71

Diabetes mellitus 10 (25%) 22 (30.1%) 0.56

Neutropenia 1(2.5%) - 035

Obesity 9 (22.5%) 10 (13.7%)

Extrinsic Factors

Central venous catheter 40 (100%) 19 (26%) <0.001
Parenteral feeding 16 (400%) 2 (2.7%) <0.001
Urinary probe 40 (100%) 27 (37%) <0.001
Nasogastric probe 34 (85%) 14 (19.2%) <0.001
Mechanical ventilation 35 (87.5%) 12 (16.4%) <0.001

Tracheotomy 7 (17.5%) - <0.001

Drains 20 (5090) 9 (12.3%) <0.001

Surgical lesion 17 (42.5%) 9 (12.3%) <0.001

Skin lesion or ulcer 16 (400%) 2 (2.7%) <0.001

Prior antibiotic therapy 40 (100%) 29 (39.7%)  <0.001
2 test

In both the cases and the controls there was a
predominance of men over women, with a median age of
60 years (Table 1). The two groups presented with a similar
frequency of comorbidities (data no shown) and with a low
final Charlson Index score with no statistically significant
differences (0.74 + 0.99 vs. 0.92 + 1.11; p=0.42). In contrast,
the APACHE severity index was significantly higher in the
cases than in controls (20.3 + 9.1 vs. 12.6 + 8.5; p<0.001)
(Table 1).

The cases presented with a higher prevalence of intrinsic
risk factors for developing a nosocomial infection, although
the difference did not reach statistical significance. The risk
factors associated with the development of AB infection/
colonization found in our study were: mechanical ventilation;
parenteral feeding; greater invasive devices, such as the use
of CVCs, probes, and drains; the presence of a tracheostomy,
cutaneous ulcers or surgical lesions; and prior antibiotic
treatments (Table 2).
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Table 3 Bivariate analyses of the individual
use of antimicrobials overall and on a
daily basis in cases and controls and its
association with colonization/infection by
Acinetobacter baumannii complex during
a nosocomial outbreak
Antibiotic Controls Cases
Media SD  Media  SD p
Amoxicillin/Clavulanate ~ DDD 03 13 11 22 0047
DDD/day 0.1 0.3 0.3 0.5 0.051
Ceftazidime DDD 00 00 04 2.1 0.230
DDD/day 0.0 0.0 0.1 0.3 0.040
Ceftriaxone DDD 04 17 35 65  0.005
DDD/day 0.1 0.5 0.7 1.0 0.004
Imipenem DDD 0.0 0.0 2.5 59 0.01
DDD/day 0.0 0.0 0.3 0.6 0.004
Levofloxacin DDD 0.1 05 27 6.2 0.012
DDD/day 0.1 0.2 0.4 0.7 0.003
Linezolid DDD 0.0 0.0 1.5 4.6 0.047
DDD/day 0.0 0.0 0.2 0.4 0.002
Vancomycin DDD 00 02 1.4 3.2 0.009

DDD/day 0.0 0.1 0.2 0.4 0.003
SD: standard deviation; *t-student test

In general, greater antibiotic pressure was observed in
cases than in controls. All the cases had received previous
antibiotic treatment compared to only one of every three
controls. The regression analysis of individual use of antibiotics
showed that prior treatment with ceftazidime, ceftriaxone,
amoxicillin/clavulanate, imipenem, levofloxacin, linezolid, and
vancomycin was a risk factor for acquiring AB. This association
was observed in both measurements of antibiotic exposure
studied (DDD and DDD/day) (Table 3).

Likewise, when analyzed by group of antibiotics, prior
treatment with carbapenems, third-generation cephalosporins,
penicillins  with beta-lactamase inhibitors, glycopeptides,
quinolones, and aminoglycosides constituted a risk factor for
acquiring AB. These differences remained even after adjusting
for patient age and the severity of infection. This association
was observed in both measurements of antibiotic exposure
studied (Table 4).

The results of the ecological analysis of the association
between antibiotic pressure in the ICU and the appearance
of resistant strains of AB (by means of ARIMA models) show
that the relationship was greatest and statistically significant
when the treatment had occurred between 6 months
(ceftazidime) and 9 months (imipenem and levofloxacin)
prior (Table 5).

Table 4 Differences adjusted for age and severity
(APACHE II) of accumulated and daily
consumption by groups of antibiotics in
cases and controls

Antibiotic group Difference (IC95%) p

Aminoglycosides DDD  0.59(-0.002 to 1.45)  0.051

DDD/day  0.13 (0.05 to 0.21) 0.003

Quinolones DDD 3.15(1.20 to 5.10) 0.002

DDD/day  0.33(0.13 to 0.53) 0.002
30 generation Cephalosporins DDD 3.60(1.70 to 5.50)  <0.001
DDD/day ~ 0.52 (0.20 to 0.84) 0.002
Glycopeptides DDD 1.74(0.79t0 2.69)  <0.001
DDD/day ~ 0.26 (0.13 to 0.39) <0.001
Penicillins/B-lactamase inhibitors DDD 1.11(0.19 to 2.04) 0.019
DDD/day  0.15(-0.01 to 0.31) 0.069
Carbapenems DDD 4.26 (2.52 to 5.90) <0.001

DDD/day  0.43(0.26 t0 0.60)  <0.001
Differences adjusted by means of multiple lineal regression

Table 5 ARIMA model parameters of the dynamic
relationship between prior antibiotic
treatment and the development of
infection/colonization of a resistant strain
of Acinetobacter baumannii complex

Antibiotic ARIMA model  Time interval (months) ~ Coefficient (SE) p

Ceftazidime (1,00 6 0.446 (0.127)  0.001

Imipenem (1,00 9 0.026 (0.006)  <0.001

Levofloxacin (1,0,0) 9 0.225 (0.151) 0.14

SE: standard error

DISCUSSION

Our results show that prior antibiotic treatment is
an important risk factor for infection/colonization by AB.
Previous use of the antimicrobials analyzed acted like a risk
factor regardless of patient age or disease severity in the
acquisition of AB infection/colonization. The dynamic and
aggregate relationship between the incidence of infection/
colonization by antibiotic resistant AB strains and prior
antibiotic treatment was significant for intervals of 6 to 9
months.

We also found that disease severity (as measured with
APACHE I criteria), along with the presence of catheters,
drains, probes, and mechanical ventilation, all were risk
factors associated with AB infection/colonization. The use of
invasive procedures may give rise to colonization/infection
by opportunistic bacteria such as Acinetobacter sp., and have
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previously been identified as risk factors for the acquisition of
this particular microorganism [16-18].

The use of broad-spectrum antibiotics can displace the
bacterial flora of patients, thus facilitating colonization/
infection by antibiotic resistant strains such as AB. In fact,
previously published studies have demonstrated that prior
exposure to certain antimicrobials such as third-generation
cephalosporins heightens the risk of AB infection/colonization
[17,19,20]. This is also true of exposure to carbapenems
[17,21,22], fluoroquinolones [17,23], aminoglycosides [17],
and glycopeptides [9]. Unfortunately, none of these studies
adequately analyzed the dynamic nature of the evolution
of resistance in this microorganism in order to establish the
time relationship between prior treatment with various
antimicrobials and the subsequent development of resistant
AB strains [15]. In this sense, it would be helpful to establish
analysis protocols to examine the evolution of resistance over
prolonged periods of time (minimum: 5 years) by analyzing
the small variations that occur within shorter time intervals
(monthly). Such studies would allow us to describe the current
state of resistance as well as to predict future developments
from data on the use of antibiotics in a given setting [15].
With this aim in mind, we conducted a time series analysis to
allow us to assess the dynamic relationship between global
use of antibiotics in the ICU and the appearance of AB strains
that were resistant to each particular antibiotic. This method
allowed us to observe how the associations reached their
peak and became statistically significant for time intervals of
6 months for ceftazidime and 9 months for imipenem and
levofloxacin.

The evolution of resistance thus seems to be associated
with prior antibiotic treatment occurring 6 to 9 months
before the appearance of resistant AB strains. Previously
published ecological studies have associated the increase in
the prevalence of pan-resistant AB with increases in the use
certain antibiotics such as carbapenems [24] in a given hospital
unit; others have described how the increase in Acinetobacter
spp. resistant to meropenem was significantly associated
with the increased use of broad spectrum cephalosporins
[25]. However, these ecological studies used annual rather
than monthly aggregates, making it difficult to establish a
better understanding of both this association as well as the
time frame in which resistance appears. Nowadays, MDR-AB
is a matter of growing concern and various studies, based
on time series, analyze the influence of antibiotic pressure
on the appearance of resistant gram-negative bacilli to
cephalosporines and carbapenems, including AB [26,27].

This method of analysis has allowed us to overcome
several methodological limitations found in prior research.
Although several previously published studies have examined
the association between the use of antibiotics and infection/
colonization by various multi-drug resistant microorganisms
such as AB [28,29], few have used measurements of cumulative
dose or therapeutic potency to study how this relationship
is affected by prior exposure to antibiotics [22]. In our study
we have collected accurate information about antibiotic

exposure, using DDD as a unit of measurement to assess the
effect of cumulative dose and therapy potency (DDD/day) in
the acquisition of AB. In addition, whereas other studies have
found that from the point of view of the dose-response effect,
therapy potency was the measurement of antibiotic exposure
that presented the greatest association with the highest ORs
[22], our results show an association for both of the indicators
studied (the cumulative dose, or DDD, and the therapeutic
potency, or DDD/day), although the association was greater for
the latter. We feel that this information could be useful when
designing therapeutic regimens, not only for knowing whether
the use of a given antibiotic is related to the appearance of
AB, but also for calculating which of the two variables is more
important in this process.

One of the limitations of our study is the inclusion of
asymptomatic, but colonized patients within the case group.
This inclusion could be considered inappropriate by some
researchers; however, following the criteria of previous
authors [8,22], we have decided to include them, considering
colonization to be a precursor to AB infection and also
because these patients tend to constitute an important
transmission reservoir. We likewise feel that including the
active epidemiological surveillance culture samples provides
valuable information on colonization, allowing us to overcome
the limitations of prior studies that only include data on
AB isolated in clinical samples. Such studies may have thus
mistakenly considered colonized patients with no clinical
manifestations to have been controls [30].

The paired case-control design allowed us to minimize,
if not wholly eliminate, the effect of confounding variables,
(the ICU personnel, equipment and organizational aspects,
infection control and prevention, or colonization pressure in
the ICU), since these were the same for each case and its two
paired controls, so that the risk of infection is similar. Given
the small size of our ICU, it would be recommended to verify
these results in ICUs with a greater number of beds.

Our work has important practical implications since it
allows for the identification of the causal factors associated
with this type of infection, some of which are modifiable, such
as antibiotic pressure. The restriction of the use of broad-
spectrum antimicrobials (whenever possible) and antibiotic
rotation policies are both measures aimed at the rational use
of antimicrobials to reduce the evolution of resistant strains
[31]. It would be advisable to carry out a multicenter study
to confirm the consistency of our findings on the dynamic
relationship between antibiotic pressure and the outbreak of
a resistant AB and to find out whether a separate relationship
exists in other centers, either within a 6 to 9-month timeframe
or a similar interval. This would allow us to elaborate predictive
models to help elucidate and manage the antibiotic policies of
each hospital.

In conclusion, our results verify that the epidemic
distribution of a microorganism such as AB can be predicted,
monitored, and its causes known in a hospital setting. We
have also demonstrated the association between AB infection/
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colonization and previous antibiotic therapy, both at the level
of individual use and at an ecological level in an ICU.
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