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INTRODUCTION

The organisms of the genus Acinetobacter, particu-
larly the species A. baumannii, have recently become
important pathogens causing nosocomial infections.
These microbes, often in connection with other patho-
gens, can infect any organ system, e.g. urinary and lower
respiratory tract, or cause septicaemias. There is a high
risk of infections for debilitated patients in intensive
care units. Frequent sources of these pathogens are
intravenous, urinary catheters or endotracheal intuba-
tions1–4. There is an increasing occurrence of acineto-
bacters in haemocultures and they may represent the
most frequent pathogens isolated from blood in some
hospital departments5. These findings can be interpreted
as mere contaminations, temporary benign bacteriaemias
or fulminant sepsis closely related to septic shock with
high mortality2–4.

In recent years, the resistance of acinetobacters to
antimicrobial agents has been increasing which ham-
pers therapeutical effects and necessitates a combined
application of various antibiotics4,6–11.

The aim of the present study was to isolate strains of
the genus Acinetobacter from haemocultures and to
carry out their identification using currently available
tests. In parallel, a study was made of the frequency of
their occurrence in various clinical departments, the
most common acinetobacter-related clinical diagnoses,
and their susceptibility to antimicrobial agents and pro-
duction of beta-lactamases.

MATERIALS AND METHODS

The strains to be tested were isolated from inpa-
tients’ blood in various clinical departments of the Tea-
ching Hospital in Olomouc (Czech Republic). A total of
85 Acinetobacter strains were collected over the period
from January 1993 to June 1997.

In the years of 1993 and 1994 the haemocultures
were analysed using conventional standard procedures.
After one-day incubation at 37 °C they were stained
according to Gram and inoculated on blood agar, Endo
medium and Sabouraud agar. This procedure was re-
peated after 3, 5, and 7 days’ incubation. Since 1995, the
examination of haemocultures was being performed by
means of a semi-automatic device BacT/Alert 120. The
blood samples were incubated in media for aerobic and
anaerobic cultivations supplied by the Organon-Teknika
Company. Positive haemocultures were removed from
the incubation box and inoculated on the above media.
Microscopic examinations were carried out of blood
smears having been stained according to Gram.

All the isolated strains were identified based on the
properties typical for the genus Acinetobacter1. Species
differentiation was performed according to the newest
identification scheme1,12. Only tests currently available
in routine practice were used: growth ability at 44 °C,
41 °C and 37 °C, glucose oxidation, citrate utilization,
gelatinase production, beta-haemolysis and susceptibil-
ity tests to penicillin and chloramphenicol. Growth abil-
ity at different temperatures was proved by means of
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Mueller-Hinton broth (HiMedia) filled in test-tubes at
10 ml each, and subsequently placed in a water bath.
The inoculation was performed using 0.1 ml of 18 h
broth culture. The results were evaluated after 1 and/or
2-day incubation. Glucose oxidation was recorded ei-
ther on OF medium according to Hugh-Leifson13 or by
means of the NEFERMtest (Lachema). Citrate utiliza-
tion was performed on the medium according to Sim-
mons, and gelatinase production according to Frazier13.
Haemolytic activity was proved on Columbia Blood Agar
Base (HiMedia) supplemented with 5% defibrinated
sheep blood. Penicillin and chloramphenicol suscepti-
bility was determined using a standard dilution mi-
cromethod with a threshold value of minimum inhibitory
concentrations (MIC) ≤ 8 mg/L1,14. For all tests, the
incubation was conducted at a temperature of 30 °C
(except for penicillin and chloramphenicol tests at a
temperature of 37 °C). The tests were read following 1-
and 2-day incubation for penicillin + chloramphenicol
susceptibility, and gelatinase production, respectively.
Citrate utilization and haemolysin activity were recorded
daily for 5 successive days.

In all the strains, the susceptibility to antibiotics was
tested by means of a standard dilution micromethod14.
The “break point” values, i.e. a boundary between sus-
ceptibility and resistance, were determined according to
the guidelines issued by the National Reference Labo-
ratory for Antibiotics in Prague. Tests were made of the
following antibiotics and chemotherapeutics (abbrevia-
tions of antimicrobial preparations and “break point”
values in mg/L are given in brackets): amikacin (AMI,

8), ampicillin (AMP, 4), ampicillin/sulbactam (AMS, 4),
azlocillin (AZL, 16), aztreonam (AZT, 8), cefoperazone
(CPR, 8), cefotaxime (CTX, 4), cefoxitin (CXT, 4),
ceftazidime (CTZ, 4), cefuroxime (CRX, 4), chloram-
phenicol (CMP, 4), ciprofloxacin (CIP, 1), colistin (COL,
4), gentamicin (GEN, 4), meropenem (MER, 4), netil-
micin (NET, 4), ofloxacin (OFL, 2), oxolinic acid (OXO,
8), pefloxacin (PFL, 2), piperacillin (PIP, 16), sulfisoxazol
(SUL, 256), tetracycline (TET, 2), trimethoprim/sulfo-
namide (COT, 32).

Production of inductive chromosomal beta-lacta-
mases AmpC (class I according to Richmond and Sykes)
was proved by means of the modified disk test on
Mueller-Hinton agarl5,16 (Figs. 1, 2). A capability to pro-
duce extended-spectrum beta-lactamases (ESBL) was
determined using a double disk synergy test on Mueller-
Hinton agar17, 18 which had been modified by an addition
of an ampicillin/sulbactam disk (Fig. 1).

RESULTS

On the whole, 85 strains of the genus Acinetobacter
were isolated from haemocultures. The established spe-
cies and genospecies (GS) comprised a total of 15 pheno-
typic variants (Table 1). The most numerous group
contained phenotypes 1 to 3 of the Acinetobacter calcoa-
ceticus-baumannii complex (Acb complex) correspond-
ing to GS 2, 3, and 13 according to Tjernberg and Ursing
19. This complex contained a total of 62 (73.0%) strains.
There were 3 (3.5%) strains belonging to phenotype 4
that could not be classified unambiguously as the Acb
complex. In addition, another 20 (23.5%) strains of
phenotypes 5 to 15 did not belong to the Acb complex,
either. The prevailing species within this group was A.
junii (GS 5) represented by 13 strains (56.5%).

Fig. 1. A layout of antibiotic disks for identification of class I inductive
beta-lactamases (AmpC) and extended-spectrum beta-lactamases
(ESBL).
AMC = amoxicillin/clavulanic acid, AMS = ampicillin/sulbactam,
CTX = cefotaxime, CTZ = ceftazidime, IMI = imipenem.

Fig. 2. Growth of a strain with positive production of inductive chro-
mosomal beta-lactamases (AmpC).
Positive outcome = deformation of inhibitory zones around the disks
with ceftazidime and ampicillin/sulbactam.
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A total of 24 (28.2%), 19 (22.4%), and 14 (16.5%)
acinetobacter strains were collected from patients hos-
pitalized at the 2nd Clinic of Internal Medicine, Haema-
tological Clinic, and 1st Surgical Clinic of the Teaching
Hospital, respectively. At other clinics lower occurrences
of the strains under study (32.9% in total) were ob-
served.

As related to positive haemocultures, the most fre-
quent clinical diagnoses were leukaemia, lymphoma,
myelodysplasia (17 strains, 20.0%), and febrile episode
with unclear etiology (12 strains, 14.1%). Other clinical
diagnoses were rather rare.

Our investigations revealed that the most efficient
antimicrobial agents (MIC90 in zone of susceptibility)
included meropenem (98.8% of susceptible strains),
colistin (94.1%), quinolones (90.6 to 94.1%) and ami-
kacin (91.8%). On the contrary, piperacillin showed a
lower efficacy (44.7% of susceptible strains), cefotaxime
(43.5%), cefoperazone (36.5%) and azlocillin (24.7%)
(Table 2).

Production of inductive beta-lactamases AmpC was
confirmed in 42 (49.4%) strains tested. They were pro-
duced by 27 (43.5%) and 15 (65.2%) strains out of 62
and 23 representatives of the Acb complex and other
acinetobacters, respectively. The method used here did
not demonstrate the presence of extended-spectrum
beta-lactamases (ESBL) in the acinetobacter isolates.

DISCUSSION

The representation of the Acb complex in a group of
isolated strains is in good agreement with the current
literature data3,20,21. This complex includes genospecies
GS 1 (A. calcoaceticus), GS 2 (A. baumannii), GS 3 and
GS 13 according to Tjernberg and Ursing19. Genotypic
methods are the only ones which give reliable identifica-
tion within the Acb complex1,19,21–23. It may be supposed
that relatively high occurrences of GS 3 and particularly
GS 13 (according to Tjernberg and Ursing) in clinical
material are comparable with A. baumannii usually pre-
vailing among clinical isolates3, 19–23. On the other hand,
the manifestation of A.calcoaceticus is rather scarce3, 19–22.

Seifert et al.3 reported the most frequent occurrence
of the A. baumannii strains (57%) in haemocultures in
contradiction to other acinetobacters. Nevertheless, the
above authors did not classify GS 13 according to
Tjernberg and Ursing. The next most frequently occur-
ring species was A.johnsonii (GS 7, 13%) even though it
does not usually grow at 37 °C21. Bouvet and Grimont20

identified 75 acinetobacter strains in haemocultures. A.
baumannii was represented by 73 strains, but GS 13
according to Tjernberg and Ursing had not been classi-
fied.

In the context of our findings, the isolates with the
phenotype corresponding to A. junii ranked as the sec-
ond most frequent after the Acb complex. This is the
first written evidence of such a high occurrence of A.
junii in the clinical material3,19,21,24. However, this finding

Table 1. Phenotype variants of 85 strains of the genus Acinetobacter
isolated from haemocultures.

A = phenotype No., B = glucose oxidation, C = gelatinase produc-
tion, D = ß-haemolysis, E = growth at 44 °C, F = growth at 41 °C,
G = growth at 37 °C, H = citrate utilization, I = penicillin susceptibil-
ity, J = chloramphenicol susceptibility, GS = genospecies,
TU = according to Tjernberg and Ursing19, BJ = according to Bouvet
a Jeanjean25, GS 2 = A. baumannii, GS 4 = A. haemolyticus,
GS 5 = A. junii, GS 8 = A. lwoffii.

Table 2. Susceptibility of 85 strains of the genus Acinetobacter to
antimicrobial agents.

a = minimum inhibitory concentrations for 50% and 90% of strains.

A B C DE FGH I J No. of strains Identification (phenon)

1 +– – + + – – 53 GS 2, TU 13
2 – – – + + – – 1 GS 2
3 +– – – + + – – 8 GS 3, TU 13
4 +– – – – ++ – – 3 GS 1, 3, 10
5 – – – – – ++ – + 2 GS 5
6 – – – – + + – + 5 GS 5
7 – – – – – ++ – – 3 GS 5
8 – – – – + + – – 2 GS 5
9 – – – – – +– ++ 1 GS 8, 9, TU 15

10 – – – – + – ++ 1 GS 5, 8, 9, TU 15
11 +– +– + + – – 2 GS 4
12 +– +– + + – + 1 GS 4
13 +++– – ++ – + 1 GS 4, 6, BJ 14
14 – ++– – ++ – + 1 GS 4, BJ 15–17
15 – – +– – ++ +– 1 GS 5

ATB MIC50
a MIC90

a MIC range % of susceptible strains

AMI 1 8 0.25–128 91.8
AMP 16 32 0.5–256 3.5
AMS 1 8 0.125–32 80.0
AZL 32 128 2–256 24.7
AZT 64 128 1–256 12.9
CIP 0.125 1 0.125–16 94.1
CMP 16 32 1–64 17.6
COL 1 4 0.125–128 94.1
COT 8 64 0.5–128 75.3
CPR 16 64 2–64 36.5
CRX 16 32 1–64 7.1
CTX 8 16 0.5–64 43.5
CTZ 2 8 0.125–64 82.4
CXT 16 32 1–128 3.5
GEN 1 16 0.125–64 68.2
MER 0.5 2 0.125–8 98.8
NET 1 8 0.125–16 81.2
OFL 0.25 2 0.125–16 90.6
OXO 2 8 0.5–64 90.6
PFL 0.25 2 0.125–16 92.9
PIP 32 64 0.5–256 44.7
SUL 128 512 64–512 63.5
TET 4 32 0.25–64 42.4



76 Acta Univ. Palacki. Olomuc., Fac. Med.

should not be accepted without reserve in view of the
existence of some strains with transient biochemical
profiles and few discrimination tests used. As a result,
this species could be easily confused with GS 8 (A.
lwoffii) or GS 9 and GS 15 according to Tjernberg and
Ursing1,19,21.The same applies for the differentiation
among GS 4 (A. haemolyticus), GS 6 and GS 14 accor-
ding to Bouvet and Jeanjean, and possibly other haemo-
lytical genospecies1,21,25.

The literature data concerning the susceptibility of
acinetobacters to antimicrobial agents seem to be rather
inconsistent4,7,8,10,11,24,26. The strains belonging to the Acb
complex are generally regarded as less susceptible to
antimicrobial preparations contrary to other acine-
tobacters 1,4,7,8.10,11,24,26. A comparison of our results with
the above data has clearly shown that the isolated strains
are characterized by good susceptibility, in particular to
aminoglycosides and quinolones. Another typical fea-
ture is that the action of tetracycline against acine-
tobacters is not identical with that of doxycycline and
minocycline. The frequency of susceptibility to these
antibiotics has been reported to range between 88 and
98 %7,10,11,26. A high efficiency of ampicillin/sulbactam is
worth considering. Sulbactam is known to be much more
efficient against acinetobacters than clavulanic acid
which is closely related to its affinity to PBP 26,9–11. It has
to be pointed out that the opinions about the efficacy of
beta-lactamase inhibitor tazobactam rather differ6,9.

The resistance of acinetobacters to beta-lactam anti-
biotics can be due to basic mechanisms27, namely en-
zyme destruction through beta-lactamases, alterations
of target sites and reduced permeability of bacterial
walls. Beta-lactamase production seems to be the most
important of the above-mentioned factors. This enzyme
production is more and more stimulated by the increa-
sing applications of cephalosporin antibiotics. These
products are class C beta-lactamases (AmpC) encoded
with chromosomal genes and class A beta-lactamases
controlled by plasmid genes28,29. As far as acinetobacters
are concerned, an important role is played by chromo-
somal constitutive class I beta-lactamases according to
Richmond and Sykes15 that correspond with group 1 ac-
cording to Bush30,31. It is an important factor in treating
infections caused by acinetobacters accompanied by
beta-lactamase production, because the therapeutical
action of higher generation cephalosporins (i.e. cefo-
taxime, ceftazidime) may fail.

Our results demonstrated an ability to induce chro-
mosomal beta-lactamases AmpC in half of the strains
under study. Nevertheless, it has no limiting effect on
clinical applications of beta-lactam antibiotics. A nega-
tive influence was only caused by the selection of mu-
tants with production of these enzymes subsequently
leading to the resistance of the strain to numerous beta-
lactam antibiotics.
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