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Beginning in 1992, a sustained outbreak of multiresistant Acinetobacter baumannii infections was noted in
our 1,000-bed hospital in Barcelona, Spain, resulting in considerable overuse of imipenem, to which the organ-
isms were uniformly susceptible. In January 1997, carbapenem-resistant (CR) A. baumannii strains emerged
and rapidly disseminated in the intensive care units (ICUs), prompting us to conduct a prospective investi-
gation. It was an 18-month longitudinal intervention study aimed at the identification of the clinical and mi-
crobiological epidemiology of the outbreak and its response to a multicomponent infection control strategy.
From January 1997 to June 1998, clinical samples from 153 (8%) of 1,836 consecutive ICU patients were found
to contain CR A. baumannii. Isolates were verified to be A. baumannii by restriction analysis of the 16S-23S
ribosomal genes and the intergenic spacer region. Molecular typing by repetitive extragenic palindromic
sequence-based PCR and pulsed-field gel electrophoresis showed that the emergence of carbapenem resistance
was not by the selection of resistant mutants but was by the introduction of two new epidemic clones that were
different from those responsible for the endemic. Multivariate regression analysis selected those patients with
previous carriage of CR A. baumannii (relative risk [RR], 35.3; 95% confidence interval [CI], 7.2 to 173.1), those
patients who had previously received therapy with carbapenems (RR, 4.6; 95% CI, 1.3 to 15.6), or those who
were admitted into a ward with a high density of patients infected with CR A. baumannii (RR, 1.7; 95% CI, 1.2 to
2.5) to be at a significantly greater risk for the development of clinical colonization or infection with CR A. bau-
mannii strains. In accordance, a combined infection control strategy was designed and implemented, including
the sequential closure of all ICUs for decontamination, strict compliance with cross-transmission prevention
protocols, and a program that restricted the use of carbapenem. Subsequently, a sharp reduction in the inci-
dence rates of infection or colonization with A. baumannii, whether resistant or susceptible to carbapenems, was
shown, although an alarming dominance of the carbapenem-resistant clones was shown at the end of the study.

Initial concern about multiresistant, carbapenem-resistant
(CR) Acinetobacter baumannii infections began when the first
hospital-wide outbreak occurred in New York City in 1991 (31,
69). Since then, reports of CR A. baumannii have been accu-
mulating from other parts of the world, such as Argentina,
Belgium, Brazil, Cuba, England, France, Hong Kong, Kuwait,
Singapore, and Spain (3, 9, 10, 22, 53, 66). Currently, the
spread of hospital populations of resistant microorganisms is
of great concern worldwide, raising the idea that we may be
approaching the postantimicrobial era (2, 4, 16, 33, 52, 68).
Although methicillin-resistant staphylococci and vancomycin-
resistant enterococci have been the focus of much of this at-
tention to date (32, 39, 46, 48, 54, 78), in recent years, emerging
gram-negative organisms such as A. baumannii have provided
the same challenge with regard to multiple-antibiotic resis-
tance (7, 8, 21, 38, 55, 72, 73).

In September 1992, an outbreak of infections due to mul-
tiresistant A. baumannii began in the intensive care units
(ICUs) of our institution. Although infection control measures
based on strict barrier precautions were instituted, A. bauman-
nii spread throughout the hospital. Since then, more than 1,400

patients have been colonized or infected, 60 to 70% of them
during an ICU stay. The incidence rates of new colonized or
infected patients ranged from 6.3 cases/100 ICU admissions in
1992 to 14 cases/100 ICU admissions in 1996. Currently, A.
baumannii constitutes the most common cause of infection
among ICU patients. Numerous efforts were conducted in our
institution to investigate the epidemiology of the outbreak (5,
18, 20). Results indicated that colonized patients and environ-
mental contamination might act as the major epidemiological
reservoirs for infection. Inadequate prevention of cross-trans-
mission is the main determinant for A. baumannii persistence.
Control measures were repeatedly reinforced during this time,
but only a transitory decrease in the incidence of A. baumannii
infection or colonization was observed following each rein-
forcement.

From 1992 to 1996, annual susceptibility summaries showed
that all A. baumannii epidemic or endemic isolates were resis-
tant to two or more antibiotic groups, which uniformly in-
cluded b-lactams and gentamicin, and were susceptible only to
carbapenems, sulbactam, and colistin. However, on the basis of
the variable susceptibilities to tobramycin, amikacin, cipro-
floxacin, and tetracycline, three major antibiotic susceptibility
patterns among the A. baumannii population could be defined.
Continued surveillance of A. baumannii isolates by molecular
typing procedures showed three main clonal types that corre-
sponded to the three major antibiotic susceptibility patterns
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detected during the outbreak: clone A, 71%; clone B, 7%;
clone C, 14%; and sporadic clones, 8% (M. A. Dominguez,
J. Ayats, C. Ardanuy, X. Corbella, J. Liñares, and R. Martin,
Abstr. 38th Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. K-124, 1998). During this time, although yearly total
antibiotic consumption decreased following a vigorous antibi-
otic use policy (from 60 daily definite doses [DDDs]/100 ICU
hospitalization days in 1992 to 49.9 DDDs/100 ICU hospital-
ization days in 1996), the inability to control the outbreak
indicated that the use of imipenem, the only recognized anti-
biotic alternative for treatment of infections, remained high,
from 12.8 (21.3%) to 13.2 (26.5%) DDDs/100 ICU hospital-
ization days.

On January 4, 1997, a 75-year-old man who was admitted to
our hospital with extensive cerebral infarction developed aspi-
rate pneumonia requiring mechanical ventilation and ICU ad-
mission. Imipenem at 500 mg every 6 h was started, but the
pneumonia progressed after 9 days of treatment. Respiratory
specimens obtained by fiberoptic bronchoscopy with a pro-
tected specimen brush yielded A. baumannii with intermediate
resistance to imipenem (MIC, 8 mg/liter). On day 12, the
imipenem dosage was increased to 1 g every 6 h, but the patient
died 24 h later. After that time, carbapenem resistance among
A. baumannii isolates rapidly spread throughout the ICUs,
prompting us to conduct a prospective investigation.

The emergence and spread of carbapenem resistance were
managed from a combined laboratory-epidemiology point of
view. Our aims were to identify the complexity of factors con-
tributing to the clinical and microbiological epidemiology of
such infections and to determine the effectiveness of a combi-
nation of infection control strategies.

(The work was presented in part at the 38th Interscience
Conference on Antimicrobial Agents and Chemotherapy, 24 to
27 September 1998, San Diego, Calif.).

MATERIALS AND METHODS

Study design. (i) Setting. The Hospital de Bellvitge is a 1,000-bed tertiary-care
teaching hospital for adults in Barcelona, Spain. It provides acute medical and
surgical care to a population of 1.5 million persons, excluding pediatrics, obstet-
rics, and burns, with about 26,000 patient admissions per year. It has four ICUs,
with a total of 46 beds and about 1,200 patient admissions per year. One nurse
cares for each two ICU patients; transplant recipients, however, are managed by
only one nurse. Selective digestive decontamination is not applied to patients.

(ii) Objectives. The objectives of the study were (i) to identify risk factors for
the development of clinical colonization or infection due to CR A. baumannii,
(ii) to characterize molecularly the organisms and clones involved, and (iii) to
evaluate the efficacy of a multicomponent intervention program.

(iii) Design. The study was an 18-month prospective longitudinal intervention
investigation and was centered in the ICUs. From January 1997 to June 1998, all
ICU patients harboring A. baumannii in clinical samples entered into a specially
designed computer-assisted protocol. During the first 6-month period before
intervention (January to June 1997), potential risk factors for the development of
CR A. baumannii-positive clinical samples were identified by comparing demo-
graphic, clinical, and epidemiological data between CR A. baumannii-positive
and carbapenem-susceptible (CS) A. baumannii-positive groups. Since we had
observed that the previous carriage of A. baumannii at different body sites, such
as the digestive tract, was a major attribute for the subsequent development of A.
baumannii-positive clinical samples in our ICU setting (5, 18), rectal swab spec-
imens were prospectively obtained upon ICU admission and weekly thereafter
until ICU discharge or death for screening of A. baumannii carriers during this
first 6-month study period. According to the risk factors identified, a combination
of infection control measures was carefully designed and implemented in the
ICUs in July 1997. The response to the intervention was evaluated during the
subsequent 12-month period (July 1997 to June 1998) by comparing the inci-
dence rates of new A. baumannii cases of the pre- and postintervention study
periods.

Definitions. CR A. baumannii-positive and CS A. baumannii-positive patients
were defined as those patients admitted to the ICUs from whom at least one
clinical sample recovered during the ICU stay contained CR or CS A. baumannii
(rectal swab specimens were not considered clinical samples). Clinical episodes
of colonization or infection were considered acquired in the ICU if they ap-
peared 72 h after ICU admission. Standard Centers for Disease Control and

Prevention (CDC) criteria were carefully used to define nosocomial infections
(28).

Chronic health status was classified into three groups according to the McCabe
classification: group 1 includes chronic or curable disease, group 2 includes
malignancy or any other disease that results in a life expectancy of less than 5
years, and group 3 includes diseases that result in a life expectancy of less than
1 year (44). The severity of illness was calculated by means of evaluation of the
Simplified Acute Physiologic Score (SAPS) measured at ICU admission (40).
SAPS is a validated severity-of-disease scoring system that uses age and 13
physiological parameters to generate a score from 0 to 56 by increasing severity
of illness.

Immunosuppressed patients included those with nonneoplastic immunosup-
pressive diseases or those who had used glucocorticoids, cyclosporine, cyclophos-
phamide, methotrexate, or azathioprine in the 2 weeks prior to the first episode
of clinical colonization or infection due to A. baumannii. A urinary catheter,
intravascular catheterization, parenteral alimentation, mechanical ventilation or
tracheostomy, and antibiotic therapy were considered if they had been in use for
more than 48 h from ICU admission to the day of the ICU stay that A. baumannii
was detected in clinical samples. The term “previous CR A. baumannii carriage”
was defined as the presence of CR A. baumannii in one or more fecal samples,
before the detection of the first A. baumannii clinical isolate (either CR or CS
A. baumannii). The term “concentration of CR A. baumannii-positive patients”
was defined as the mean number of patients per day who were known to harbor
CR A. baumannii and who were admitted to the same ICU ward during the week
before the patient developed the first A. baumannii clinical colonization or in-
fection.

Infection control intervention. Multicomponent intervention included the se-
quential closure of all ICUs for extensive decontamination; partial structural
redesign of the units with placement of hand-washing facilities within the rooms;
continued ICU personnel educational programs; rigorous open surveillance of
adequate compliance with barrier precautions, cleaning protocols, and house-
keeping procedures; and restriction of carbapenem use. Adequate compliance
with the control program was supervised by two specially designated members of
the infection control team (one physician and one nurse), who attended to the
ICUs daily after the implementation of the intervention program in July 1997.
Furthermore, since the ability of A. baumannii to survive in the hospital envi-
ronment is well known (77), an environmental survey was conducted on the basis
of the weekly performance of environmental sampling. A previously reported
modification of the swab technique, which involved the use of sterile gauze rather
than cotton applicator swabs, was used (20). The focus was on those ICU items
that should have been free of contamination under adequate compliance with
cleaning procedures and barrier precautions. During the 12-month postinterven-
tion study periods, continuous feedback information that comprised data on
outbreak evolution, environmental contamination, and carbapenem consump-
tion was provided.

During carbapenem restriction use, a “fourth-generation” cephalosporin (cefe-
pime) or an antipseudomonas penicillin plus a b-lactamase inhibitor (piperacil-
lin-tazobactam), preferably in combination with an aminoglycoside, was recom-
mended as a broad-spectrum empirical regimen for ICU patients. On the basis
of both susceptibility tests and previous published experiences (34–36), 1 to 2 g
of intravenous sulbactam alone every 6 to 8 h (19), with or without tobramycin,
or polymyxin E (colistimethate) administered at recommended doses (12, 37, 74,
80), either parenterally, intrathecally, topically, or aerosolized, was used as an
alternative to imipenem against A. baumannii strains, when indicated.

Microbiology procedures. A. baumannii isolates were identified by the micro-
biology laboratory by using standard biochemical reactions (24) and its ability to
grow at 37, 41, and 44°C. Confirmation of the identification as A. baumannii
(either CS or CR A. baumannii) was verified by restriction analysis of the
16S-23S ribosomal genes and the intergenic spacer sequence (27) from repre-
sentative isolates.

The antibiotic susceptibility of A. baumannii was determined by the microdi-
lution method (MicroScan; NegCombo Type 6I plates; Dade International Inc.,
West Sacramento, Calif.). Susceptibility to the following antibiotics was deter-
mined: ampicillin, ticarcillin, piperacillin, ceftazidime, cefepime, imipenem,
meropenem, gentamicin, tobramycin, amikacin, ciprofloxacin, and tetracycline.
Imipenem resistance was confirmed by the E-test (AB Biodisk, Solna, Sweden)
and the agar dilution method. Results were interpreted according to National
Committee for Clinical Laboratory Standards (NCCLS) criteria (51). Suscepti-
bilities to sulbactam and colistin were tested by the disk diffusion method with
use of 10/10-mg ampicillin-sulbactam disks and 10-mg colistin disks (Becton
Dickinson, Sparks, Md.), and isolates were considered susceptible if the inhibi-
tion zones were $15 and $11 mm, respectively. Sulbactam and colistin MICs
were studied by the agar dilution method (50) with Mueller-Hinton agar (Oxoid,
Basingstoke, United Kingdom). The breakpoints for sulbactam were those of
NCCLS for ampicillin-sulbactam (51). Breakpoints for colistin were those de-
fined by the French Society for Microbiology (1, 65); thus, isolates were consid-
ered susceptible to colistin if the MIC was #2 mg/liter.

Since all multiresistant A. baumannii strains, either CR or CS A. baumannii
strains, isolated from clinical specimens during the outbreak were uniformly
found to be gentamicin resistant, this antibiotic was selected for the screening of
rectal and environmental specimens. Rectal swabs and environmental cultures
were sampled on MacConkey agar plates (supplemented with 6 mg of gentamicin

VOL. 38, 2000 MULTIRESISTANT, CARBAPENEM-RESISTANT A. BAUMANNII 4087



per ml) and 5% sheep blood agar plates. The plates were incubated at 37°C for
48 h.

Molecular typing studies. Genotyping was performed by the repetitive extra-
genic palindromic PCR (REP-PCR) and by pulsed-field gel electrophoresis
(PFGE). For the present study we selected 77 CR A. baumannii strains isolated
in 1997 from 45 patients. Sixty-one CR A. baumannii isolates were selected from
29 consecutive patients colonized or infected during the first 6-month period
before the intervention (January to June 1997); of those isolates, 16 CR A.
baumannii strains, were isolated from rectal swabs and 45 were isolated from
clinical specimens (respiratory tract, n 5 17; blood, n 5 7; urine, n 5 7; catheter
sites, n 5 5; and other, n 5 9). The remaining 16 clinical strains (respiratory tract,
n 5 6; blood, n 5 2; wound, n 5 2; and other, n 5 6) belonged to 16 CR A.
baumannii-colonized or -infected patients selected at random during the second
6-month period following the intervention (July to December 1997). In addition,
five environmental CR A. baumannii strains isolated from ICU items were
available for genotyping.

REP-PCR was performed with the primers and under the conditions described
elsewhere (71). For PFGE, DNA extraction and purification were carried out as
described previously (43, 61). For this analysis, two low-frequency restriction
enzymes, SmaI and ApaI, were used separately, following the manufacturer’s
specifications (New England BioLabs, Beverly, Mass.). DNA restriction frag-
ments were separated in a CHEF-DR III unit (Bio-Rad, Hercules, Calif.) for
20 h at 200 V, with pulse times ranging from 1 to 30 s when SmaI was used for
restriction and from 0.5 to 15 s when ApaI was used for restriction.

Statistical analysis. Potential risk factors were compared between the CR and
CS A. baumannii groups by chi-square, Fisher’s exact, or Student’s t test, when
appropriate. For the purpose of statistical analysis, all those patients who har-
bored both CR and CS A. baumannii during their ICU stay were considered to
be two patients. All variables with a two-tailed P value of #0.05 in the univariate
analysis were considered statistically significant and were included in logistic
regression modeling. Multivariate analysis was done by logistic regression, with
significant variables selected by a backward stepwise procedure. To identify
differences in the evolution of the outbreak before and after the interventions,
the study was divided in three 6-month periods: period 1, preintervention (Jan-
uary to June 1997); period 2, early postintervention (July to December 1997);
and period 3, late postintervention (January to June 1998). Temporal trends in
incidence rates were evaluated before and after interventions by comparing the
mean numbers of new CR- or CS-A. baumannii-colonized or -infected patients
per 100 ICU admissions among periods 1, 2, and 3 by using the Kruskal-Wallis
one-way analysis of variance and the Mann-Whitney U Wilcoxon Rank Sum W
test. The impact of restricted use of carbapenem on the carbapenem resistance
trend among periods was analyzed by using linear trend analysis with propor-
tions. Statistical analysis was performed by using the SPSS/PC (Microsoft Corp.,
Redmond, Wash.) and the BMDP (BMDP Statistical Software, Cork, Ireland)
statistical packages, and EPI Info software (version 6.04a; CDC, Atlanta, Ga.).

RESULTS

Risk factors for clinical colonization or infection due to CR
A. baumannii. From January to June 1997, 106 (15.7%) of the
676 consecutive patients admitted to the ICUs developed clin-
ical colonization or infection due to multiresistant A. bauman-
nii: 22 (20.7%) due to CR A. baumannii, 67 (63.3%) due to CS
A. baumannii, and 17 (16%) due to both CR and CS A. bau-
mannii (Fig. 1). Risk factors were compared between the 39
CR A. baumannii-infected or -colonized patients and the 84 CS
A. baumannii-infected or -colonized patients (Table 1), with no
differences in terms of sex, underlying diseases, severity of
illness at admission, type of ICU ward, mean number of days in
an ICU prior to colonization or infection, and prior number of
days with invasive devices or antibiotics being found. In con-
trast, patients infected or colonized with CR A. baumannii
isolates were younger than those infected or colonized with CS
A. baumannii isolates and belonged to group 1 of the McCabe
classification (chronic or curable diseases) in a significantly
greater proportion. Moreover, a higher proportion of CR A.
baumannii-infected or -colonized patients had undergone ma-
jor digestive surgery, had received parenteral nutrition or prior
therapy with carbapenems, had been admitted into a ward with
a high density of CR A. baumannii-infected or -colonized pa-
tients, and were more frequently previous fecal carriers of CR
A. baumannii. Results of the logistic regression analysis are
shown in Table 2 and identified the previous state of CR A.
baumannii carriage, the previous use of imipenem, and the
presence of a higher concentration of CR A. bauman-

nii-infected or -colonized patients in the same ICU ward to be
the independent risk factors for the development of clinical
colonization or infection due to CR A. baumannii.

Over the entire 18-month study period, 262 (14%) of a total
of 1,836 consecutive patients admitted to our ICUs had clinical
samples positive for multiresistant A. baumannii: 109 (42%)
due to CS A. baumannii, 102 (39%) due to CR A. baumannii,
and 51 (19%) due to both CS and CR A. baumannii (Fig. 1). Of
the total of 153 patients from whom clinical samples harbored
CR A. baumannii, 90 (59%) met the CDC criteria for infection
and 63 (41%) met the CDC criteria for clinical colonization;
similarly, 99 (62%) of 160 CS A. baumannii-infected or -colo-
nized patients met the CDC criteria for infection. A compar-
ison of the characteristics of patients with CR and CS A.
baumannii infections revealed no statistical differences be-
tween the groups in terms of sex, age, severity of disease,
chronic health status, or prevalence and type of underlying
diseases. The clinical characteristics of patients with infections
and the mortality rates are shown in Table 3 and do not reveal
major differences when patients infected or colonized with CR
A. baumannii are compared with those infected or colonized
with CS A. baumannii. Intubation-associated respiratory tract
infections, catheter-related bacteremia, and surgical wound in-
fections were the most common infections found among mem-
bers of both groups.

Microbiology results. Restriction analysis of the 16S-23S
ribosomal operon was performed with representative strains of
the CS and CR A. baumannii genotypes found during this
study. This analysis confirmed the biochemical results and
identified all the strains as belonging to DNA group 2, named
A. baumannii. Results of the antibiotic susceptibility tests for
the A. baumannii strains isolated during the study period are
summarized in Table 4. The antibiotic susceptibility patterns
among the CS A. baumannii isolates (susceptible only to car-
bapenems, sulbactam, and colistin) were consistent with those
obtained by PFGE in previous studies (5, 18) and pertained to
clone A, the major CS A. baumannii clone isolated during the
outbreak. Among CR A. baumannii isolates, we found two
antibiotic susceptibility patterns that corresponded to two new
A. baumannii genotypes by REP-PCR and PFGE (named D

FIG. 1. Temporal trends in incidence of new patients colonized or infected
with CR A. baumannii (CR-Ab) and CS A. baumannii (CS-Ab) and carbapenem
consumption from January 1997 to June 1998.

4088 CORBELLA ET AL. J. CLIN. MICROBIOL.



and E). Clone D was susceptible to sulbactam (MIC, 4 mg/
liter) and colistin (MIC, #0.5 to 1 mg/liter) and was interme-
diate to tobramycin (MIC, 8 mg/liter) and imipenem (MIC, 8
mg/liter). Imipenem MICs were confirmed both by the E-test
and the agar dilution method to avoid false imipenem resis-
tance due to degradation of the drug during storage of the
MicroScan panels. Clone E was only susceptible to colistin
(MIC, #0.5 to 1 mg/liter), intermediate or highly resistant to
tobramycin (MIC, 8 to .128 mg/liter), and highly resistant to

imipenem (MIC, .32 mg/liter). Neither clone D nor clone E
seemed to be related to previous clones isolated during the
outbreak (Fig. 2). The results obtained by PFGE reaffirmed
those obtained by REP-PCR analysis, which also identified two
new clones among the CR A. baumannii strains (Fig. 3).

Genotyping of CR A. baumannii isolates from patients col-
onized or infected during the first 6 months before intervention
(January to June 1997) showed a dominance of clone D over
clone E: 25 of the 29 patients studied harbored clone D, while

TABLE 1. Potential risk factors for ICU patients with clinical colonization or infection with CR A. baumannii compared with
those for ICU patients with clinical colonization or infection with CS A. baumanniia

Characteristics Patients with CR-Ab
(n 5 39)

Patients with CS-Ab
(n 5 84) P value

Mean age (yr) 48.7 6 20 57.3 6 18 0.02

Male sex (no. [%] of patients) 29 (74) 63 (75) 1.0

Chronic health status (no. [%] of patients)
McCabe criterion (groups 2 and 3) 5 (13) 24 (29) 0.05
Diabetes 7 (18) 11 (13) 0.66
Chronic pulmonary disease 7 (18) 20 (24) 0.46
Cardiovascular disease 12 (31) 26 (31) 0.98
Liver cirrhosis 1 (3) 5 (6) 0.70
Chronic renal failure 4 (10) 4 (5) 0.44
Solid cancer 3 (8) 14 (17) 0.17
Hematologic cancer 2 (5) 2 (2) 0.80
Immunosuppression 2 (5) 1 (1) 0.49

Disease at ICU admission
SAPS 12.2 6 4 12.3 6 4 0.90
No. [%] of patients with:

Polytrauma 8 (21) 12 (14) 0.38
Major digestive surgery 9 (23) 8 (10) 0.04
Cardiopulmonary surgery 4 (10) 14 (17) 0.50
Neurosurgery 4 (10) 12 (14) 0.74
Liver transplantation 1 (3) 3 (4) 1.0
Other 13 (33) 33 (41) 0.21

ICU of admission (no. [%] of patients)
ICU-A 10 (26) 26 (31) 0.69
ICU-B 5 (13) 20 (24) 0.24
ICU-C 22 (56) 37 (44) 0.27
ICU-D 2 (5) 1 (1) 0.49

Concentration of CR-Ab patients 2.02 6 2 0.87 6 0.6 ,0.001

Mean no. of days in ICU prior to isolation 15.7 6 16 13.9 6 23 0.61

No. (%) of patients with CR-Ab fecal carriage prior to isolation 16 (52) 3 (5) ,0.001

Presence of invasive devices (no. [%] of patients)
Bladder catheter 39 (100) 82 (99) 1.0
Intravascular catheter 39 (100) 81 (98) 0.83
Parenteral nutrition 19 (49) 19 (23) 0.004
Intubation or tracheostomy 38 (97) 72 (87) 0.12

Prior no. of days with invasive devices
Bladder catheter 19.9 6 18 15.1 6 11 0.13
Intravascular catheter 20.8 6 18 15.3 6 10 0.08
Parenteral nutrition 16.3 6 9 13.1 6 9 0.26
Intubation or tracheostomy 18.4 6 17 12.9 6 9 0.08

Use of antibiotics prior to isolation (no. [%] of patients) 39 (100) 68 (82) 0.01
Use of carbapenems prior to isolation (no. [%] of patients) 17 (44) 9 (11) ,0.001

Prior no. of days with antibiotic therapy 13.6 6 10 13.3 6 10 0.84
Prior no. of days with carbapenems 8.4 6 5 10.2 6 7 0.49

a Plus-or-minus values are means 6 standard deviations. Ab, A. baumannii.
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the remaining 4 patients harbored clone E. Identical genotypes
were found for paired isolates (fecal swabs and clinical sam-
ples) from the 16 patients from whom both isolates were avail-
able. Among the 16 CR A. baumannii-colonized or -infected
patients selected at random during the second period following
intervention, clone D was found in 4 patients and clone E was
found in 12 patients.

In view of the molecular typing results, the first CR A. bau-
mannii isolate noted to have occurred in January 1997 was a
clone D isolate. The first clone E strain was noted to have
occurred in May 1997 and was isolated from the urinary tract
of a 45-year-old polytraumatic man who had been transferred
to our ICU from a hospital in Madrid, where he had been
colonized with CR A. baumannii strain with susceptibility pat-
tern identical to that of the clone E strain.

From January 1997 to June 1998, a total of 1,164 cultures of
environmental samples were performed, showing a significant

decrease in the rates of contamination with either CS or CR
A. baumannii after the intervention (Fig. 4). Five of the envi-
ronmental isolates studied were clone D and clone E isolates
(two and three isolates, respectively). These CR A. baumannii
strains had the same antibiotypes described for the clinical
isolates. On the basis of antibiotic susceptibility, CR A. bau-
mannii environmental isolates had the same clonal distribution
throughout the study period as that documented for clinical
samples containing CR A. baumannii strains.

Response to infection control intervention program. The
incidence rate of new patients with clinical samples positive for
CR A. baumannii reached its peak in July 1997, with 18 new
CR A. baumannii-positive patients per 100 ICU admissions
(Fig. 1). This represented a prevalence of 20 new CR A. bau-
mannii-positive patients, or 60% of all those ICU patients with
new clinical isolates that were multiresistant A. baumannii. The
implementation of the multicomponent intervention in late

TABLE 2. Multivariate relative risks for potential variables
independently associated with infection or

colonization with a CR strain

Potential risk factor
Multivariate analysisa

RR (95% CI) P value

Age 0.98 (0.95–1.14)
McCabe criterion (groups 2 and 3) 0.57 (0.14–2.37)
Major digestive surgery 1.29 (0.21–7.89)
Parenteral nutrition 2.34 (0.63–8.62)
Concentration of CR-Abb patients 1.73 (1.21–2.47) ,0.001
Prior carbapenem use 4.58 (1.34–15.60) ,0.001
CR-Ab fecal carriage prior to isolation 35.30 (7.20–173.10) ,0.001

a RR, relative risk; CI, confidence intervals. Variables with a P value of 0.05 or
less by univariate analysis (Table 1) were used in the multivariate model. Sub-
group of prior carbapenem use rather than the composite variable of prior
antibiotic use was included in the multivariate analysis.

b Ab, A. baumannii.

TABLE 3. Characteristics of ICU patients with infection due to
CR A. baumannii compared with those with infection

due to CS A. baumanniia

Characteristics
Patients with

CR-Ab
(n 5 90)

Patients with
CS-Ab

(n 5 99)

Type of infection (no. [%] of patients)
Tracheobronchitis 52 (58) 54 (55)
Bacteremiab 27 (30) 33 (33)
Wound infection 23 (26) 21 (21)
Pneumonia 12 (13) 10 (10)
Urinary tract infection 4 (4) 1 (1)
Catheter-associated ventriculitisc 2 (2) 1 (1)
Other 5 (6) 3 (3)
Polymicrobial 50 (56) 55 (56)

Total no. of days of ICU stay 32.7 6 21 31.7 6 26

Total no. of days of hospital stay 54.9 6 35 50.7 6 30

Crude mortality rate (no. [%] of patients) 38 (42) 50 (51)

Mortality at #5 days of infection
(no. [%] of patients)

18 (20) 21 (21)

a Plus-or-minus values are means 6 standard deviation. There were no signif-
icant differences between the CR and CS A. baumannii (Ab)-infected groups.

b Bacteremia was considered secondary to a distant site in three patients in the
CR A. baumannii-infected group (wound, n 5 2; intra-abdominal infection, n 5
1) and in five patients in the CS A. baumannii-infected group (wound, n 5 3, soft
tissue 1, infection, n 5 1; intra-abdominal infection, n 5 1).

c Data were from a previous report (74).

TABLE 4. Antibiotic susceptibility patterns of A. baumannii
clones isolated during the studya

Antibiotic

MIC (mg/liter)

Clone A (CS)
CR clones

Clone D Clone E

Ticarcillin 32–.96 .96 .96
Piperacillin .96 .96 .96
Sulbactam 2 4 .64
Ceftazidime .16 .16 .16
Cefepime .32 .32 .32
Imipenem #1 8 .32
Meropenem #4 .16 .16
Gentamycin .128 .128 .128
Tobramycin .128 8 8–.128
Amikacin .128 .128 .128
Ciprofloxacin .32 .32 .32
Colistin ,0.5–1 ,0.5–1 ,0.5–1

FIG. 2. Patterns obtained by PFGE for A. baumannii after digestion with
SmaI. Lanes 1 to 4, CS isolates belonging to clone A (lane 1), clone B (lanes 2
and 3), and clone C (lane 4); lanes 5 to 12, CR isolates belonging to clone D
(lanes 5 to 10) and clone E (lanes 11 and 12); lanes mm, molecular size marker.
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July l997 resulted in a sharp reduction in the incidence rate of
new A. baumannii infection or colonization, either CR or CS
A. baumannii, from 30.6 cases per 100 ICU admissions in that
month to 6.3 cases per 100 ICU admissions in December 1997.
The incidence rates then remained at a constant, moderate
level until the end of the study. The comparison of the mean
incidence rates among periods 1, 2, and 3 is shown in Table 5
and indicates a relevant reduction between periods 1 and 3 that
reached statistical significance.

The mean level of monthly carbapenem consumption was
reduced 85% between the periods before (period 1) and early
after implementation of restricted use of carbapenem (period
2), from 11.6 to 1.8 DDDs/100 ICU hospitalization days (Fig.
1). Afterward, low levels of monthly carbapenem consumption
were maintained until the end of the study (period 3). Subse-
quently, the progressive dominance of CR A. baumannii in
relation to CS A. baumannii was observed before the interven-
tion was stopped (Fig. 5). Comparison of periods 1 and 2 and
periods 1 and 3 showed differences that reached statistical
significance. Of great concern was the fact that although the
rates of CR and CS A. baumannii infection and colonization
were similar for periods 2 and 3 (linear trend analysis between
periods 2 and 3 showed nonsignificant differences), molecular
typing of the CR A. baumannii isolates revealed an alarming
dominance of clone E at the end of the study.

DISCUSSION

Over the past two decades, the ability to control multiresis-
tant A. baumannii epidemic infections has differed widely from
one hospital to another, probably depending on several epide-
miological factors (6, 11, 13, 17, 26, 30, 49, 57, 60, 63, 70, 76).
In some institutions, in which epidemic infections were circum-
scribed to a sole ICU ward, a common contaminated object in
the environment could usually be identified as the source of
infection. In these cases, the implementation of isolation pre-
cautions and modification of cleaning procedures resulted in
the prompt eradication of the outbreak. In contrast, in other
hospitals, epidemic infections have become endemic, and the
clinical and microbiological epidemiologies of these infections
remain obscure.

It is of great concern that when directives regarding effective
infection control measures for large and sustained outbreaks

due to multiresistant A. baumannii were still not well defined,
resistance involved carbapenems in our outbreak setting. Al-
though resistance emerged after considerable pressure from
imipenem use, a molecular typing approach showed that this
was not due to the acquisition of resistance mechanisms by the
clones responsible for the outbreak but, rather, was due to the
sequential introduction of two new clones. After detection of
the first CR A. baumannii infection, a dramatic increase in the
incidence rate of new ICU patients infected or colonized with
carbapenem-resistant isolates was observed. CR A. baumannii
strains initially showed intermediate resistance to imipenem
(clone D), but afterward a new, different clone (clone E) highly
resistant to all commercially available antibiotics except poly-
myxins appeared and became dominant.

The risk factors associated with the development of A. bau-
mannii infections have raised controversy. In most studies, the
risk factors identified were in accordance with those associated
with other nosocomial infections, such as the severity of illness,
the prior use of antibiotics, or the previous number of days
with invasive devices in place (41, 47, 75). However, when
prospective screening for colonized patients was done by body
site, we previously observed that a large proportion of ICU
patients became secondarily colonized with A. baumannii at
different body sites, similar to that which occurs in patients
infected or colonized with other nosocomial pathogens (64).
This previous state of A. baumannii carriage was a major at-
tribute for the subsequent development of A. baumannii infec-
tions (18, 20). Under special epidemiological circumstances
such as those noted in our ICUs, the inadequate prevention of
cross-transmission determined that A. baumannii carriage oc-
curred very early during ICU admission. In the present study
our aim was not to again identify potential attributes for A.
baumannii colonization of body sites for our ICU population
but, rather, those risk factors particularly associated with the
development of clinical episodes of CR A. baumannii coloni-
zation or infection among those patients harboring clinical A.
baumannii isolates. The logistic regression analysis selected the
previous state of CR A. baumannii carriage and the presence
of a larger proportion of CR A. baumannii-infected or -colo-
nized patients in the same ICU ward as statistically significant

FIG. 4. Temporal trends in environmental contamination with A. baumannii
clones before and after interventions.

FIG. 3. Repetitive PCR patterns for A. baumannii. Lanes 1 and 2, CS isolates
of clone A; lanes 3 and 4, other CS sporadic clones previously isolated during the
endemic; lanes 5 to 10, CR isolates of clone D (lanes 7 and 8) and clone E (lanes
5, 6, 9, and 10); lane mm, 100-bp molecular size marker.
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risk factors with regard to other classical risk factors for nos-
ocomial infections, such as the severity of illness or the previ-
ous number of days an invasive device was in place. These
results reaffirmed some of our previous observations regarding
the epidemiology of A. baumannii and demonstrate the impor-
tant role of horizontal transmission in the acquisition of A.
baumannii organisms (either CR or CS strains). In such cir-
cumstances, exposure to carbapenems may provide a selective
advantage for CR A. baumannii colonizing clones competing
with CS A. baumannii clones.

Before the emergence of CR A. baumannii, the outbreak
was never under control, although measures including strict
attention to cleaning procedures and barrier precautions were
repeatedly implemented. The urgent need for control of the
outbreak increased definitively when our ability to treat A. bau-
mannii infections became severely threatened by the spread of
carbapenem resistance. With the risk factors mentioned above
kept in mind, this spread was attacked by a complex combina-
tion of procedures that did not include the topical administra-
tion of antibiotics for decontamination of patients. Although
selective intestinal decontamination might be considered a rea-
sonable additional measure for control (58), in view of the high
rates of fecal carriage observed in A. baumannii outbreaks
(18, 67), in our ICU setting, several arguments discouraged us
from using it during the study. These reasons were the possible
exogenous route of the origin of such infections, either from
the inanimate environment or from other concomitantly colo-
nized body sites such as the skin, and the extremely narrow
range of therapeutic options for our A. baumannii-infected
patient population. Multiple-antibiotic resistance casts doubt
on the real efficacy of digestive decontamination, since many
strains were highly resistant to aminoglycosides (a family of
antibiotics usually included in decontamination schedules,
along with polymyxins). Taking all these factors into account,
we believed that there was a true risk not only of failure from
the use of monotherapy but also of the emergence of more re-
sistant A. baumannii strains.

It is difficult to state whether the subsequent decrease in
incidence rates was the consequence of interventions in Acine-
tobacter epidemics, since several confounding factors such as
seasonality are known to influence incidence rates (56). In our
case, the trend was slowed down and, thereafter, was dramat-
ically reversed during the late summer months, the season in
which Acinetobacter epidemics tend to rise worldwide. Deter-
mination of the relative role of the different interventions
applied is problematic, because they concurred in time and

probably interacted with one another. However, we believe
that the fact that the proportions of A. baumannii isolates were
reduced similarly among the CR and CS A. baumannii groups
(both clinical and environmental) strongly reinforces the roles
of adequate compliance with hand-washing procedures, the
use of barrier precautions, and cleaning procedures in control-
ling A. baumannii outbreaks. On the other hand, restriction of
carbapenem use appeared to be useful in delaying the progres-

FIG. 5. Temporal trends in clonal spread of carbapenem resistance among
A. baumannii isolates by using molecular characterization of epidemic and en-
demic clones. Differences before and after the interventions were analyzed by
comparing CR A. baumannii (clones D and E) and CS A. baumannii (clone A)
groups for periods 1, 2, and 3 by using linear trend analysis with proportions. Six
levels of exposition were selected per each period; these corresponded to months
1 to 6 for each period compared. Differences reached significant differences
when periods 1 and 2 were compared (chi-square for linear trend, 6.14; P 5
0.013) and periods 1 and 3 were compared (chi-square, 5.38; P 5 0.02) but not
when periods 2 and 3 were compared (chi-square, 1.13; P 5 0.28).

TABLE 5. Temporal trends in incidence of new ICU patients colonized or infected with CR and CS A. baumannii strains:
differences before and after interventionsa

Evolution by period Patients with
CR-Abd

Patients with
CS-Ab

All patients
(CR-Ab and CS-Ab)

Mean 6 SD no. of new cases monthly
Period 1 (January to June 1997) 6.2 6 4.7 12.6 6 3.3 18.9 6 3.6
Period 2 (July to Dec. 97) 10.2 6 5.5 9.4 6 5.8 19.7 6 10.4
Period 3 (January to June 1998) 7.1 6 1.8 3.1 6 1.7 10.3 6 1.4

Comparison (Z value UMWb [P value])
Period 1 versus period 2 21.04 (0.29) 21.28 (0.20) 20.16 (0.87)
Period 1 versus period 3 20.16 (0.87) 22.88 (0.003) 22.88 (0.003)
Period 2 versus period 3 20.64 (0.52) 21.92 (0.054) 21.12 (0.26)

Global evolution (x2KWc [P value]) 1.02 (0.59) 9.31 (0.009) 5.71 (0.057)

a Patients were adjusted per every 100 ICU admissions.
b Z value UMW, Z value of Mann-Whitney U test.
c x2KW, chi-square Kruskal-Wallis one-way analysis of variance.
d Ab, A. baumannii.
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sive increase in the incidence of CR A. baumannii infections or
colonizations in relation to the incidence of CS A. baumannii
infections or colonizations, although carbapenem resistance
did not revert to susceptibility after 1 year of restricted use.

Multiresistant, carbapenem-resistant A. baumannii outbreaks
are now gradually posing a threat to the hospitalized popula-
tions in some public tertiary-care hospitals (14, 15, 31, 42, 59,
66). However, only very few of these outbreaks, such as that
described by Go et al. (31), were managed from a combined
clinical-microbiological point of view (23, 45). In contrast to
our results, those investigators achieved not only a progressive
decrease in the A. baumannii incidence rates but also a com-
plete reversion of carbapenem resistance. It is difficult to as-
sess the extent to which this different response may be due in
part to the fact that in the outbreak reported by Go et al. (31)
imipenem resistance developed from A. baumannii strains be-
longing to the previous clones responsible for the endemic,
while in our case, the carbapenem resistance was due to the
acquisition of two new epidemic clones (clones D and E).

Similar to other multiresistant populations, for A. baumannii
organisms it is difficult to separate resistance from their clinical
behavior (29). Prior to the spread of CR A. baumannii,
the clinical virulence of CS A. baumannii had not been well
defined, although it was noted to be almost uniformly associ-
ated with high crude mortality rates (about 40 to 50%) (6, 14,
25, 62). However, the facts that the isolation of A. baumannii
from clinical specimens may often reflect colonization rather
than significant infection, that most isolates occur in severely ill
ICU patients with several underlying diseases, that a large
proportion of infections are polymicrobial, and that most in-
fections are usually associated with multiple invasive proce-
dures make controlled investigations extremely difficult.
Therefore, in the immediate future, only clinical judgment in
the selection of the sort of patients who really need antibiotics
and animal models may provide an appropriate basis to assess
the role of CR A. baumannii in such infections and of antibiotic
alternatives in modifying the final outcomes for patients (79).

This study has provided evidence that the fateful trend to-
ward antibiotic resistance in A. baumannii may finally include
carbapenems, the last recognized antibiotic alternative for most
strains isolated worldwide, during large and sustained hospital
outbreaks. Management of these emerging organisms is com-
plex and requires a combination of molecular typing tech-
niques and epidemiological studies. High-level and extended
environmental contamination, close contact between colonized
patients and health care workers, and widespread imipenem
use were the main determinant factors that promoted rapid
clonal dissemination of CR A. baumannii throughout the hos-
pital. Restriction of carbapenem use and, probably more im-
portantly, strict compliance with basic infection control mea-
sures may have a strong impact on controlling A. baumannii
outbreaks, although carbapenem resistance may not be elimi-
nated. In summary, to confront the imminent threat of untreat-
able A. baumannii infections, physicians should sharpen their
good clinical judgment when making antibiotic treatment de-
cisions and should strongly ensure strict compliance with basic
control measures for the containment of infection. Although
controversial, other potential measures, such as the use of
selective decontamination programs that prevent patient car-
riage, may be considered in addition to basic infection control
strategies when the “traditional” approach fails to control an
outbreak.
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