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n INTRODUCTION

The genus Acinetobacter is a normal inhabitant of
human skin. Humans could be transient skin
carriers, thus facilitating cross-contamination
and a potential source for hospital spread [1-6].
The digestive and upper respiratory tract of in-
tensive care unit (ICU) patients could be an im-
portant epidemiologic reservoir for Acinetobacter
baumannii infections in hospital outbreaks [7].
Control of the outbreaks related to human reser-
voirs requires review of the operating proce-
dures and strict adherence to infection control (e.
g., handwashing).
In the last decade A. baumannii has been in-
volved in several hospital outbreaks, particular-
ly in ICU [8, 9]. Most of these outbreaks are re-
lated to environmental sources and different
inanimate objects in the hospital environment
have been implicated as the principal source of
infections [1, 2]. These outbreaks were controlled
by removal of the reservoir (e.g., respirometers,
urine collection equipment, humidifiers).
To identify the epidemiological characteristics
of an outbreak due to microorganisms, geno-
typing methods are necessary and pulsed-field
gel electrophoresis (PFGE) is the reference

method. However, PFGE is expensive and time-
consuming. A more rapid method (random am-
plified polymorphic DNA, RAPD), with a simi-
lar sensitivity and specificity, may be a useful al-
ternative. Combination therapy including a car-
bapenem or another beta-lactam with an amino-
glycoside such as amikacin has been recom-
mended when Acinetobacter spp. infection is sus-
pected or documented but few studies have ex-
amined the synergistic activity of these combi-
nations.
We describe the clinical and molecular epi-
demiology of an outbreak of infusion-related
bacteremia caused by A. baumannii in an ICU.

n PATIENTS AND METHODS

Foligno Hospital is a 450-bed, secondary-care fa-
cility. The ICU is an 8-bed single ward for sur-
gical and medical patients. From June 6 to July
15, 1997, six cases of A. baumannii bacteremia
were identified in the ward. Bacteremia was de-
fined by the presence of A. baumannii in one or
more positive blood cultures from the central
venous catheter (CVC) and/or peripheral vein,
together with at least 2 clinical signs or symp-
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toms of systemic inflammatory response syn-
drome (MODS) (fever >38°C, tachycardia
>90/min, tachypnea >20/min, leukocytosis
>14.000/mmc).

Microorganisms, antibiotic susceptibility
and synergy tests
A. baumannii isolates were identified by standard
biochemical reactions, ability to grow at 44°C,
and by Sceptor System Panel (Becton Dickinson,
Sparks, MA, USA). Nine A. baumannii strains iso-
lated in the ICU of Foligno Hospital (8 strains
isolated from the peripheral vein or CVC of the
6 patients with bacteremia and one strain isolat-
ed from parenteral solution administered to one
patient) were tested for antibiotic susceptibility
and synergy.
The MICs of carbapenems and several antibi-
otics were determined by microdilution broth
method and the results were interpreted ac-
cording to the National Committee for Clinical
Laboratory Standards (NCCLS) [10]. Synergy
tests for the combination used to treat patients
with bacteremias (meropenem plus amikacin or
piperacillin/tazobactam plus netilmicin) were
performed and the summation of fractional in-
hibitory concentrations (FICs) were calculated
as follows: FIC of drug A (FICA) = MIC of drug
A in combination / MIC of drug A alone. FIC of
drug B (FICB) = MIC of the drug B in combina-
tion / MIC of drug B alone. The summation of
both FICs (Summation FIC = FICA + FICB) was
used to classify the combination of antimicro-
bial agents as synergistic (summation FIC = 0.5),
partially synergistic (summation FIC >0.5 and
<1.0), additive (summation FIC = 1.0), indiffer-
ent (summation FIC  > 1 and <4) or antagonistic
(summation FIC ≥ 4) [11].

Genotyping (PFGE, RAPD)
The isolates were typed by chromosomal DNA
macrorestriction analysis using PFGE, as previ-
ously described [12, 13]. Gels were stained with
ethidium bromide and acquired digitally (Gel
Doc 1000, Bio-Rad, Richmond, CA, USA). Into
the MA Fingerprinting (Bio-Rad) data file. MA
Fingerprinting run on Apple Power Macintosh
7300 computer and calculates the similarity val-
ue (SAB) for each pair of fingerprints on the basis
of band position alone. Strains with SAB ≥ 0.9 were
considered as highly similar. All strains were
typed with RAPD, as previously described [14],
using the random primers 1247 (AAGAGCC-
CGT) and 1283 (GCGATCCCCA). Analysis was
as described for PFGE.

n RESULTS

Report of the outbreak
Patient 1. A 74 year-old male, affected by hy-
pertension and hepatic cirrhosis, was admitted
to the ICU on June 3, 1997, with adult respirato-
ry distress syndrome (ARDS) complicating
surgery for acute pancreatitis. Apache II score
was 27. He had CVC, urinary catheter, and en-
dotracheal tube and had received parenteral so-
lutions prepared by the nurses in the ward.
Three days later he developed septic shock; 5
peripheral vein and CVC blood cultures were
positive for A. baumannii. The patient was treat-
ed with a combination of meropenem and
amikacin without clinical or microbiological re-
sponse: fever persisted and blood cultures were
again positive on June 12, 16, 20, and 25 for a to-
tal of 19 days. He died of sepsis and MODS 26
days after ICU admission. CVC tip culture was
positive for A. baumannii.
Patient 2. A 33 year-old male was admitted to the
ICU on May 30, 1997, with thoracic and head
trauma. Apache II score was 19. He developed
ventilator-associated pneumonia; A. baumannii
and methicillin-resistant Staphylococcus aureus
were isolated from the endotracheal aspirate.
The patient received parenteral solutions pre-
pared by the nurses in the ward. Eleven days af-
ter admission he developed septic shock. Phe-
ripheral vein and CVC blood cultures were pos-
itive for A. baumannii. The patient was treated
with a combination of meropenem and amikacin
but fever persisted and blood cultures were
again positive on June 13, 20, 24, 30 and July 1,
2, and 8 for a total of 28 days. Defervescence and
negative blood cultures occurred only after the
interruption of the administration of parenteral
solutions. CVC tip culture was positive for A.
baumannii. The patient was discharged from ICU
on July 15, 1997.
Patient 3. A 49 year-old male was admitted to the
ICU on June 10, 1997, with heat stroke and
MODS. Apache II score was 32. He had a urinary
catheter, endotracheal tube, and CVC and had
received total parenteral nutrition (TPN) and
parenteral solutions prepared by the nurses in
the ward. Seven days after admission, blood cul-
tures drawn from the peripheral vein and CVC
were positive for A. baumannii. The patient was
treated with a combination of meropenem and
amikacin without clinical or microbiological re-
sponse. Fever persisted and blood cultures were
again positive on June 26, 30, and July 7, for a to-
tal of 20 days. The patient died of sepsis and
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MODS one month after admission. CVC tip cul-
ture was positive for A. baumannii.
Patient 4. A 76 year-old male was admitted to the
ICU on June 25, 1997, after large bowel surgery.
He had a recent myocardial infarction and was af-
fected by insulin-dependent diabetes and chron-
ic obstructive pulmonary disease (COPD).
Apache II score was 14. The patient had neither
endotracheal tube nor CVC but received par-
enteral solutions prepared by the nurses in the
ward. The day after admission he developed
chills and fever. Peripheral vein blood culture was
positive for A. baumannii. Therapy was started
with piperacillin/tazobactam plus netilmicin and
the patient presented rapid defervescence and
subsequent blood cultures were negative. The pa-
tient was discharged from ICU on June 30, 1997.
Patient 5. A 56 year-old male was admitted to the
ICU on June 30, 1997, with respiratory failure
and coma complicating acute viral meningoen-
cephalitis. The patient was an alchool addict
with diabetes and hypertension. Apache II score
was 39. He had CVC, urinary catheter, and en-
dotracheal tube and had received parenteral so-
lutions prepared by the nurses in the ward. Phe-
ripheral vein and CVC blood cultures were pos-

itive for A. baumannii on July 1. A sample of par-
enteral solution administered to the patient on
June 30, was cultured and resulted positive for
A. baumannii. The patient was treated with a
combination of meropenem plus amikacin and
blood cultures were again positive on July 8. He
died of sepsis and MODS on July 13. CVC tip
culture was positive for A. baumannii.
Patient 6. A 62 year-old male was admitted to the
ICU on July 11, 1997, with respiratory failure
and coma. The patient was an alchool addict and
was affected by insulin-dependent diabetes and
COPD. He had CVC, urinary catheter, and en-
dotracheal tube. CVC blood cultures were posi-
tive for A. baumannii on July 15 and 16. The pa-
tient was treated with a combination of
meropenem plus amikacin with clinical and mi-
crobiological response. CVC tip culture was pos-
itive for A. baumannii. The patient was dis-
charged from ICU on July 18.

Antibiotic susceptibility and synergy tests
All 9 strains isolated in the ICU of Foligno Hos-
pital were susceptible to meropenem (MIC = 2
mg/L), imipenem (MIC = 8 mg/L), ampi-

Figure 1 - PFGE of 8 A.
baumannii blood iso-
lates and 1 isolate
from parenteral solu-
tion (LF9) during the
outbreak.
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cillin/sulbactam (MIC = 8 mg/L), pipera-
cillin/tazobactam (MIC < 4 mg/L), and
amikacin (MIC < 1 mg/L) and resistant to ce-
fepime (MIC = 64 mg/L), ampicillin (MIC > 512
mg/L), and piperacillin (MIC = 2048 mg/L). The
combination of meropenem plus amikacin and
piperacillin/tazobactam plus netilmicin was
synergistic (FIC < 0.5) against all tested strains.

Genotyping (PFGE, RAPD)
All 9 strains isolated had identical PFGE patterns
(SAB > 0.9): 8 strains isolated from the blood of 6
patients (LF1-LF6, LF8 and LF10) and an isolate
from the parenteral solution administered to pa-
tient 5 (LF9) (Fig. 1).
RAPD with primer 1247 was unable to identify
A. baumannii isolates. RAPD with primer 1283
identified a single profile for the epidemic isolate
obtained from patients at the Foligno Hospital
ICU (blood, parenteral solution).

n DISCUSSION

The major epidemiological features of the noso-
comial outbreak of A. baumannii are not yet clear.
The ability of this organism to acquire antibiot-
ic multiresistance and survive on different sur-
faces and objects facilitated nosocomial spread.
Different contaminated fomites have been im-
plicated as the main source of infection [1, 2, 15].
Fecal carriage of the patients has been also pos-
tulated as one of the main factors in the chain of
transmission [7].
We documented an outbreak of A. baumannii
bacteremia in ICU patients possibly related to
the improper preparation and/or contamination
of parenteral nutrition and electrolyte solutions
in the ward. This route of transmission has been
suggested by several observations. First, geno-
type analysis identified an identical epidemic
strain from the blood of all patients with A. bau-
mannii bacteremia and from the parenteral solu-
tion administered to one of them. Second, de-
spite adequate antibiotic therapy, A. baumannii
bacteremia persisted in almost all patients, prob-
ably because of the repeated infusion of conta-
minated parenteral solutions. Third, the prepa-
ration of parenteral solutions in aseptic condi-
tions at the hospital pharmacy allowed for the
interruption of the outbreak.
Surveillance cultures were not obtained from our
bacteremic patients, but a retrospective microbi-
ological survey on the isolates from ICU patients
identified A. baumannii in tracheal aspirate of 3 pa-

tients a few months prior to the outbreak. Fur-
thermore, the epidemic A. baumannii was isolat-
ed from stool culture of a patient transferred from
Foligno to the Perugia Hospital ICU two months
later, suggesting continuous circulation of the epi-
demic strain in the Foligno Hospital ICU.
A. baumannii bacteremia persisted for several
days in almost all patients. This may be related
to the repeated infusion of contaminated par-
enteral solutions and/or to the colonization of
CVC. Catheter tip cultures were always positive
for A. baumannii. Tip colonization may be relat-
ed to the infusion-related bacteremia or, less like-
ly, to improper catheter care with hub contami-
nation by the hands of health-care workers.
The bacteremic outbreak caused a high mortality
rate: 3 of the 6 patients died of sepsis although the
A. baumannii epidemic strain was relatively sus-
ceptible to antibiotics and patients received ade-
quate, synergistic combination antibiotic thera-
py. A similar high mortality rate was previously
reported in 14 patients with A. baumannii infection
also receiving synergistic antibiotic combination
therapy (imipenem or piperacillin/tazobactam
with aminoglycosides) [11].
All deaths occurred in patients treated with the
combination of meropenem and amikacin. A
higher Apache II score of these patients (mean
score 33 vs 17) and persistent bacteremia may
have contributed to the deaths. Inadequate ac-
tivity of carbapenems may also be hypothesized.
Carbapenems have a short half-life and reach a
very low concentration at the infection site short-
ly after administration [16]. The therapeutic ac-
tivity may be partly related to the post-antibiot-
ic effect (PAE) that has been demonstrated for
this class of antibiotics [17]. In experimental con-
ditions in mice, PAE may be shortened by the
repetition of doses [18]. In the case of persistent
introduction of microorganisms, as in our pa-
tients, and with the possible reduction of PAE
for carbapenems, lack of an adequate antibiotic
concentration to control the infection may occur.
This suggests that in life-threatening infection
caused by A. baumannii, shorter intervals of car-
bapenem administration could be beneficial.
PFGE has been validated as a useful epidemio-
logic tool to study A. baumannii outbreak [13, 19,
20]. Unfortunately, this method is time consum-
ing and requires expensive instruments and ex-
pert personnel. RAPD is more rapid and easy to
perform than PFGE but is frequently influenced
by many conditions such as amplification pro-
cedures, type of enzyme used, concentration of
salts, primers used, etc. [21]. In our study, RAPD
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with primer 1283, previously validated for Es-
cherichia coli [22], had the same discriminatory
power as PFGE.
Reinforcement of isolation procedures (hand-
washing, gloves, gowns) and special education
of ICU personnel is necessary in a ward were A.
baumannii is frequently isolated. The role of the
hospital pharmacy in the aseptic preparation of

parenteral solutions is pivotal in preventing in-
fusion-related nosocomial outbreaks.

Key words: A. baumannii bacteremia outbreak,
intensive care unit, molecular epidemiology.
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Objective: To describe the clinical and molecular
epidemiology of an outbreak of infusion-related
Acinetobacter baumannii bacteremia in an inten-
sive care unit (ICU).
Methods: Six cases of A. baumannii bacteremia
identified in the Foligno Hospital ICU, Italy, were
peer reviewed. Antibiotic susceptibility and geno-
typing (PFGE and RAPD) of A. baumannii iso-
lates were carried out.
Results: All A. baumannii blood isolates and a
strain isolated from parenteral solution had an iden-
tical genotype. The strains were susceptible to car-

bapenems and the combination of meropenem plus
amikacin or piperacillin/ tazobactam plus netilmicin
was synergistic. A. baumannii bacteremia persisted
for several days in almost all patients; catheter tip
cultures were always positive for A. baumannii.
Three patients, with an elevated Apache II score, died
of sepsis. 
Conclusions: The outbreak was related to conta-
minated parenteral solutions improperly prepared
in the ward. Aseptic preparation in the hospital
pharmacy allowed for an interruption of the out-
break.

SUMMARY

Obiettivi: Gli autori descrivono l’epidemiolo-
gia clinica e molecolare di un’epidemia di bat-
teriemie da Acinetobacter baumannii in una
Unità di Terapia Intensiva.
Metodi: Sono stati osservati sei casi di batte-
riemia da A. baumannii verificatisi presso
l’Unità di Terapia Intensiva dell’Ospedale di
Foligno, Italia. Per i sei ceppi isolati è stata de-
terminata sia il sensibilità in vitro agli antibio-
tici sia il genotipo (PFGE e RAPD). 
Risultati: Sia i ceppi isolati dalle emocolture
sia quello isolato dalla soluzione parenterale
possedevano un identico genotipo e erano

sensibili a carbapenemici; le associazioni me-
ropenem + amikacina e piperacillina/tazo-
bactarn + netilmicina sono risultate sinergi-
che. A. baumannii è stato isolato in tutte le col-
ture delle punte dei cateteri. Tre pazienti con
un elevato score Apache II sono deceduti a se-
guito di sepsi.
Conclusioni: L’epidemia è risultata correlata
alla contaminazione di soluzioni parenterali
allestite in maniera impropria nel reparto.
L’impiego di soluzioni asettiche preparate
presso la farmacia dell’ospedale ha consenti-
to l’interruzione dell’epidemia.
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