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The results of molecular epidemiologic investigations in patients
infected with strains of the genus Acinetobacter

Abstract
Introduction: Acinetobacter spp. is an important opportunistic pathogen responsible for increasing number of nosocomial
infections. The majority of infections are of epidemic origin, and treatment has become difficult because many strains are
resistant to a wide range of antibiotics. The aim of this study was to investigate the local infections caused by various
species of the genus Acinetobacter, occurring in the hospital wards IGiChP in periods of increased prevalence: August 2007
and February and March 2008.
Material and methods: Twenty three strains of Acinetobacter spp. were isolated from 19 patients residing in the same
period and the same hospital ward (2007 — 13 strains from 11 patients, 2008 — 10 strains from 8 patients). Acinetobacter
isolates obtained from these patients were characterized by phenotypic methods and genotypically by arbitrarily primed PCR
(AP-PCR).
Results: All strains of Acinetobacter (n = 23) were multi-drug resistant. Used AP-PCR method showed 10 genotypes among
the all strains. Acinetobacter spp. strains cultivated in 2007 and 2008 belonged to one genotype, came from patients
hospitalized on the same wards, which confirms the transmission of infection in the patient’s residence.
Conclusions: The same genotype Acinetobacter baumannii strains isolated from two patients in 2007, and two patients in
2008, showed the presence of bacteria in the hospital environment. In the present study, we also established the usefulness
of AP-PCR in molecular epidemiological investigations.
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Introduction
Nosocomial infections are a serious worldwide
problem, both in terms of treatment and economics. The risk is closely associated with diagnostic
and therapeutic procedures. According to statistics,
the incidence of nosocomial infections in Poland
ranges from 3–7% [1]. All medical facilities are
required to have control programmes aimed at rapidly detecting a nosocomial infection, establishing
its aetiology, and, if possible, determining its transmission routes.
Acinetobacter spp. are characterised by their
widespread distribution in nature. They can survive in various environments, often ones that are

poor in nutrients, and are highly resistant to antibiotics, disinfectants, and ultraviolet radiation [2–7].
Acinetobacter spp. have long been thought of as
saprophytic microorganisms of no clinical relevance. In recent years, however, they have become
one of the major causative pathogens of nosocomial infections [8, 9]. Infection is usually preceded by colonisation of the skin, mucous membranes,
respiratory tract, and vascular catheters. This
mainly applies to high-risk patients hospitalised
at intensive care units (ICUs), surgical wards, oncology wards, and transplantation wards [10–12].
Molecular methods are increasingly used in
microbiologic diagnostics, particularly in epidemiologic investigations [1, 13]. The genetic relation-
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ship of the cultured bacterial strains is investigated
using various techniques depending on the equipment available at a given facility and the knowledge possessed by its staff. The arbitrarily-primed
polymerase chain reaction (AP-PCR) technique is
commonly used. APR-PRC is based on DNA amplification using primers of randomly selected sequences. The use of this technique in investigations of infections caused by Acinetobacter spp. is
very useful for determining their genetic diversity
[1, 3, 13, 14].
During routine diagnostic activities we observed an increased incidence of Acinetobacter
spp., which prompted us to perform molecular
epidemiologic investigations and to determine
whether the same strains were responsible for infections in different patients.
The aim of our study was to investigate local
infections caused by various Acinetobacter species
at the hospital wards of the Institute of Tuberculosis and Lung Diseases in Warsaw, Poland during two
periods of their increased prevalence, namely in
August 2007 and in February and March 2008.

Material and methods
We analysed 23 strains of various Acinetobacter species cultured from 19 patients (10 men
and 9 women) hospitalised over the same period
on the hospital wards of our Institute:
— August 2007: 13 strains from 11 patients hospitalised at the ICU of the Surgery Ward and
Ward 1;
— February and March 2008: 10 strains from
8 patients hospitalised at the ICU of the Surgery
Ward and Ward 2.
The strains came from different clinical samples: bronchoscopy samples (10), sputum (4), blood
(4), endotracheal tube swabs (2), drains (2), and
a wound swab (1). We investigated phenotypic
traits (drug susceptibility, biochemical traits) and
genetic relationship. Identification of the cultured
strains and antibiotic susceptibility testing were
performed on an automated system: Phoenix (BD).
DNA was isolated using a GenElute Bacterial Genomic Kit, Mini (Sigma).
AP-PCR was performed using ReadyMix™ Tag
PCR Reaction Mix With MgCl 2 (Sigma) and
AP2-5’GTTTCGCTCC3’ and AP4-5’AAGAGCCCGT3’
primers. The amplification conditions were as follows: initial denaturation at 94°C for 5 minutes,
followed by 35 cycles of 15 seconds at 94°C,
30 seconds at 35°C, and 2 minutes at 72°C. After the
final elongation, 10 minutes at 72°C, the samples
were cooled down to 4°C.

Results
The predominating species among the investigated Acinetobacter spp. originating from the respiratory tract was Acinetobacter baumannii
(16 strains, 70%) (Table 1).
All the strains (n = 23) were characterised by
a very low susceptibility to the tested drugs and were
only susceptible to carbapenems (74%, 17 strains),
the following aminoglycosides: tobramycin (61%,
14 strains) and gentamycin (57%, 13 strains), and
to Unasyn (ampicillin/sulbactam; 30%, 7 strains).
The molecular analysis of the genetic relationship of the 23 strains of Acinetobacter spp. isolated in 2007 (13 strains) and 2008 (10 strains) revealed the presence of 10 genotypes (Table 2): genotype I was present in 4 patients, genotype II in
4 patients, genotype III in 2 patients, genotype IV in
3 patients, and genotypes V to IX and genotype X
exhibited unique patterns (Figures 1 and 2). Acinetobacter strains cultured from two different materials from the same patient had an identical molecular pattern (Figure 1, lanes 1 and 2 and lanes
11 and 12; Figure 2: lanes 2 and 3).
A comparison of all the analysed strains revealed the presence of a common genotype for two
Acinetobacter baumannii strains isolated from two
patients in 2007 (lanes 5 and 7 in Figure 1) and
three strains isolated from two patients in 2008
(lanes 2, 3 and 5 in Figure 2) at the ICU. The analysis shows that this is the same nosocomial strain
which has been present in the hospital environment since at least 2007.
We found no relationship between the genotype and the pattern of antibiotic resistance. Most
of the analysed strains of the same amplification
pattern, both in the first and in the second period,
were characterised by different drug resistance.
The differences were related to one or two drugs.
This phenomenon may be associated with longterm antibiotic treatment and/or exchange of the
genetic material between the strains. Genotype III
from 2007 is an exception (lanes 9 and 10 in Figure 1) where the antibiotic resistance patterns were
identical. The Acinetobacter baumannii strains cultured in 2007 and 2008 of the same genotype originated from patients hospitalised on the same
wards (Department of Surgery and ICU). It may
therefore be assumed that the infection was transmitted within the patients’ places of residence.

Discussion
Nosocomial infections are difficult to avoid
and require constant monitoring on hospital wards.
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Table 1. Species of Acinetobacter spp. isolated from 19 patients hospitalized in IGIChP during the study period
Year

Hospital ward

Clinical material

Species

2007

Surgery

Bronchoscopy (2)
Drain (2)
Wound swab (1)

Acinetobacter baumannii (5)

ICU

Blood (3)
Tracheostomy tube (2)

Acinetobacter baumannii (1)
Acinetobacter baumannii/calcoaceticus complex (1)
Acinetobacter lwoffii/haemolyticus (1)
Acinetobacter baumannii (2)

2008

Ward I

Sputum (2)
Bronchoscopy (1)

Acinetobacter baumannii/calcoaceticus complex (2)
Acinetobacter lwoffii/haemolyticus (1)

Surgery

Bronchoscopy (3)

Acinetobacter baumannii (2)
Acinetobacter baumannii/calcoaceticus complex (1)

ICU

Bronchoscopy (3)
Blood (1)

Acinetobacter baumannii (4)

Ward II

Sputum (2)
Bronchoscopy (1)

Acinetobacter baumannii (1)
Acinetobacter baumannii/calcoaceticus complex
Acinetobacter baumannii (1)

Table 2. Genotypes of Acinetobacter spp. isolated from patients in 2007 and 2008
2007 year

Number of patients

Genotypes
I

II*

III

V

VI

VII

4

2

2

1

1

1

2008 year

Number of patients

Genotypes
IV

II*

VIII

IX

X

3

2

1

1

1

*the same genotype in 2007 and 2008

Figure 1. AP-PCR products of Acinetobacter spp. isolates in 2007.
Lane M: molecular marker (100 bp); lanes 3, 4, 6 and 8 — genotype
I; lane 5 and 7 — genotype II (common to strains from 2007 and
2008); lane 9 and 10 — genotype III; lane 1 and 2 (the same
patient), lane 11 and 12 (the same patient) and lane 13 — unique
genotypes
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Figure 2. AP-PCR products of Acinetobacter spp. isolates in 2008.
Lane M: molecular marker (100 bp); lanes 1, 4 (the same patient)
and lane 6, 7 — genotype IV; lane 2, 3 (the same patient) and lane
5 — genotype II (common to strains from 2007 and 2008); lane 8,
9, 10 — unique genotypes
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Patients hospitalised on surgical wards and in intensive care units are at higher risk of nosocomial
infections due to the presence of indwelling vascular and urinary catheters and surgical wounds,
which are favourable environments for pathogenic bacterial strains, and due to the use of broadspectrum antibiotics, which promotes the emergence of resistant strains [1, 10].
Acinetobacter spp. are of great significance in
nosocomial infection statistics [2, 7, 15, 16]. Infections with these opportunistic pathogens may take
various clinical forms, such as pneumonia, urinary
tract infections, wound infections, and sepsis [7,
11, 12, 16]. Falagas et al. [17] demonstrated the
effect of inappropriate treatment of infections
caused by Acinetobacter spp. on the mortality rate
of patients infected by multidrug-resistant strains
(25.8%).
Among non-fermenting bacteria, Acinetobacter
spp. are the second-most-common microorganisms
isolated from clinical samples [2, 7, 10, 11, 18].
These reports are consistent with our previous
findings. The bulletins published since 1998 covering the bacterial spectrum of respiratory diseases
managed at our Institute indicate an increasing proportion of Acinetobacter spp. in nosocomial infections (from 3.9% in 43 patients in 2001 to 5.5% in
75 patients in 2006). In 90% of the cases they were
predominantly isolated in samples from the respiratory tract. According to numerous reports, Acinetobacter spp. are often isolated from patients hospitalised in intensive care units [2, 7, 15, 16, 19]. This
is consistent with our study presented here and is
most likely associated with the lack of antibacterial
immunity in patients (immunosuppression, metabolic defects), long hospitalisation, and invasive
diagnostic and therapeutic procedures.
Infections caused by multidrug-resistant Acinetobacter spp. are difficult to treat due to the limited therapeutic options [5, 11, 12, 14, 20]. This
problem affects the whole world, including Poland.
Ranjbar et al. [14] reported high resistance to antibiotics among 21 strains of Acinetobacter baumannii. The strains were only susceptible to tobramycin and amikacin (50%), piperacillin plus tazobactam (66%), and colistin (100%). Lahiri et al. [11]
also showed the highest resistance of these strains
to amikacin and netilmicin (73%), and piperacillin and cefotaxime (55%).
Studies conducted in Polish hospitals have
shown that the most active antibiotics against Acinetobacter spp. species are imipenem, netilmicin,
ampicillin plus sulbactam, and cefoperazone plus
sulbactam [2, 16]. These results are comparable to
ours. Among all the investigated strains, 74% were

susceptible to carbapenems and more than 50%
were susceptible to aminoglycosides. Despite the
occasional resistance to carbapenems, these drugs
are considered the most active against Acinetobacter spp. [10, 12, 15]. Colistin also proves effective, although its toxicity largely limits its use in
clinical practice [21].
Recent reports suggest the high efficacy of
combination treatment, mainly combinations
of a b-lactam and an aminoglycoside or a fluoroquinolone. This treatment reduces the emergence
of resistant strains and increases the efficacy of antibiotic therapy [9].
An important role in combatting nosocomial
infections is played by the microbiology laboratory which monitors the drug resistance of pathogens
by detecting resistance mechanisms. Molecular
methods, which use unique genetic material and
constant for each of the microorganisms, are becoming more and more frequently utilised by the
laboratories.
The importance of using assays based on nucleic acid amplification by PCR in epidemiologic
investigations has been increasing for more than
a decade. According to Kura et al. [13], the use of APPCR for differentiating Acinetobacter spp., among
other microorganisms, enables rapid identification
of epidemiological risks. The high discriminatory
value makes AP-PCR very useful in the analysis of
local epidemics and infections caused by pathogenic
microorganisms. The method does not require knowledge of the bacteria’s genome, as primers of any nucleotide sequence specifically bind to complementary regions of matrix DNA. Gel electrophoresis of
the amplification product visualises differences between the investigated strains [1, 3, 13, 14].
The AP-PCR method we used, demonstrated
the presence of an identical molecular pattern for
two Acinetobacter baumannii strains isolated in
2007 and three isolated in 2008. The strains came
from patients hospitalised at the ICU. This proves
that infection occurred at the patient’s place of residence and that Acinetobacter baumannii has been
present in the hospital environment since at least
2007. It is most likely associated with the living
requirements of Acinetobacter spp. and their ability to colonise patients and medical equipment [1,
4–6, 8, 17]. Most commonly the infection is transmitted by direct contact during nursing and therapeutic procedures. If the sanitary regime is not
complied with, asymptomatic carriers or infected
individuals are a potential risk [1, 8, 10, 15, 16].
Horizontal transmission of Acinetobacter spp.
strains requires greater surveillance of nosocomial infections and stricter sanitary regimes.
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Conclusions
1.

The same molecular pattern of Acinetobacter
baumannii strains isolated from two patients
in 2007 and from two in 2008 confirms the
presence of this microorganism in the nosocomial environment.
Molecular testing coupled with determination
of drug resistance should be the responsibility of laboratories as part of nosocomial infection surveillance activities.

2.

References
1. Krawczyk B. Diagnostyka molekularna w zakażeniach szpitalnych. Post. Microbiol. 2007; 46: 367–378.
2. Ecker J., Massire Ch., Hall T. et al. Identification of Acinetobacter species and genotyping of Acinetobacter baumannii by
multilocus PCR and mass spectrometry. J. Clin. Microbiol. 2006;
44: 2921–2932.
3. Ko WC., Lee HC., Chiang SR. et al. In vitro and in vivo activity
of meropenem and sulbactam against a multidrug-resistant Acinetobacter baumannii strain. J. Antimicrob. Chemother. 2004;
53: 393–395.
4. Reboli A., Houston E., Monteforte J., Wood C., Hamill R. Discrimination of epidemic and sporadic isolate of Acinetobacter
baumannii by repetitive element PCR-mediated DNA fingerprinting. J. Clin. Microbiol. 1994; 32: 2635–2640.
5. Stephens C., Francis J., Abell V., DiPersio J., Wells P. Emergence of resistant Acinetobacter baumannii in critically ill patients within an acute care teaching hospital and a long-term
acute care hospital. Am. J. Infect. Control 2007; 35: 212-215.
6. Wendt C., Dietze B., Dietz E., Ru¨den H. Survival of Acinetobacter baumannii on dry surfaces. J. Clin. Microbiol. 1997; 32:
1591–1593.
7. Zmudziński M., Gospodarek E. Mechanizmy oporności
pałeczek Acinetobacter spp. na antybiotyki b-laktamowe. Post.
Microbiol. 2007; 46: 263–273.

390

8. Jakoniuk P., Wieczorek P., Sacha P., Zalewska M., Leszczyńska K.
Wrażliwość in vitro na cefoperazon/sulbaktam wieloopornych
szczepów Acinetobacter spp. Zakażenia 2007; 2: 50–54.
9. Prashanth K., Badrinath S. Epidemiological investigation of nosocomial Acinetobacter infections using arbitrarily primed PCR
& pulse field gel electrophoresis. Indian J. Med. Res. 2005; 122:
408–418.
10. Bergogne-Bérézin E., Towner K. Acinetobacter spp. as nosocomial pathogens: microbiological. Clinical and epidemiological
features. Clin. Microbiol. Rev. 1996; 9: 148–165.
11. Lahiri K., Mani N., Purai S. Acinetobacter spp. as nosocomial
pathogen: clinical significance and antimicrobial sensitivity.
MJAFI 2004; 60: 7–10.
12. Lortholary O., Fagon J., Hoi A. et al. Nosocomial acquisition of
multiresistant Acinetobacter baumannii: risk factors and prognosis. Clin. Infect. Dis. 1995; 20: 790–796.
13. Kur J., Lewandowski K., Krawczyk B., Samet A. Metody genotypowania bakterii z rodzaju Acinetobacter. Post. Microbiol. 2000;
39: 271–290.
14. Ranjbar R., Sadeghifard N., Ahmadi A. et al. Antimicrobial susceptibility and AP-PCR typing of Acinetobacter spp. strains.
Iranian J. Publ. Heath. 2007; 36: 50–56.
15. Roberts S., Findlay R., Lang S. Investigation of an outbreak of
multi-drug resistant Acinetobacter baumannii in an intensive
care burns unit. J. Hosp. Infect. 2001; 48: 228–232.
16. Zarrilli R., Crispino M., Bagattini M. et al. Molecular epidemiology of sequential outbreaks of Acinetobacter baumannii in an
Intensive Care Unit shows the emergence of carbapenem resistance. J. Clin. Microbiol. 2004; 42: 946–953.
17. Falagas M., Rafailidis P. Attributable mortality of Acinetobacter baumannii: no longer a controversial issue. Crit. Care 2007; 11: 134.
18. Gospodarek., Ziółkowski G. Antybiotykooporne szczepy Acinetobacter baumannii występujące w Polsce. Przeg. Epid. 2000;
54 (supl. 1): 88–96.
19. Wang S., Sheng W., Chang Y. et al. Healthcare-associated outbreak due to pan-drug resistant Acinetobacter baumannii in
a surgical intensive care unit. J. Hosp. Infect. 2003; 53: 97–102.
20. Koeleman J., Stoof J., Van der Bijl M., Vandenbroucke-Grauls Ch.,
Savelkoul P. Identification of epidemic strains of Acinetobacter
baumannii by integrase gene PCR. J. Clin. Microbiol. 2001; 39:
8–13.
21. Zmudziński M., Gospodarek E., Gierlotka K. Mechanizmy oporności pałeczek Acinetobacter spp. na antybiotyki nie-b-laktamowe. Post. Microbiol. 2007; 46: 335–342.

www.pneumonologia.viamedica.pl

