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Background: Acinetobacter baumannii (A. baumannii) has emerged globally as a significant pathogen in hospitals. It is 
also present in soil and water. In a previous study, we discovered that the A. baumannii class 2 integron occurred most 
frequently. Here, we determined whether the A. baumannii class 2 integron is in the soil around our hospital, and if the 
soil is the cause for increasing numbers of A. baumannii infections in our intensive care unit (ICU) patients.
Methods: This cross-sectional prospective study was conducted in two ICUs at Loghman-Hakim Hospital, Tehran, Iran, 
from November 2012 to March 2013. Patient, soil, and hospital environment samples were collected. All isolates were 
identified using standard bacteriologic and biochemical methods. The phenotypes and genotypes were characterized. The 
standard disc diffusion method was utilized to test antimicrobial susceptibility. Integron identification was performed by 
multiplex polymerase chain reaction.
Results: A total of 42 A. baumannii clinical strains were isolated, all from patient samples; 65% of the isolated species 
were classified as class 2 integrons. The strains were 100% resistant to piperacillin, piperacillin-tazobactam, ceftazidime, 
ceftriaxone, cotrimoxazole, cefepime, ceropenem, and cefotaxime. However, all of the strains were sensitive to polymyxin 
B. A. baumannii was detected around the lip of one patient.
Conclusions: Further research is necessary to establish a relationship between A. baumannii and soil, (especially in re-
gards to its bioremediation), as well as to determine its importance in nosocomial infections and outbreaks in the ICU. 
(Korean J Anesthesiol 2014; 66: 295-299)
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Introduction

Acinetobacter baumannii (A. baumannii) has emerged as a 
significant pathogen for health care institutes and hospitals globally 
[1]. This opportunistic human pathogen causes a broad spectrum 
of nosocomial infections including ventilator-associated pneu-
monia, meningitis, endocarditis, skin and soft tissue infections, 
urinary tract infection, conjunctivitis, burn wound infections, 
and bacteremia, all of which increase the risk of mortality [2,3].

A. baumannii is a non-fermentative, non-motile, oxidase-
negative, catalase-positive, Gram-negative bacillus that has de-
veloped resistance to several classes of antimicrobial drugs [3]. 
Similar to other Gram-negative bacteria, particularly psychro-
philes, A. baumannii is found in soil and water. A. baumannii 
isolates that have intermediate sensitivity or are resistant to at 
least three different classes of antibiotics are known as a multi-
drug-resistant A. baumannii (MDRAb).

An integron is a mobile capture and gene dissemination 
system involved in antibiotic-resistant gene dissemination [4]. 
There are various reports regarding the distribution patterns of 
the integron classes. The A. baumannii class 1 integron is the 
most common among MDRAb isolates [4,5]. Class 2 integrons 
are located on transposon Tn7 [6]. The frequencies of class 1 and 
2 integrons are not known. In addition, the association between 
soil and A. baumannii in Iran has not been established.

In our prior research, we determined that class 2 integrons 
were the most frequent among Acinetobacter isolates [7]. Also, 
there has recently been construction in and around our hospital. 
In the present study, we investigated whether the environment 
in the intensive care unit (ICU) at Loghman Hakim Hospital, 
Tehran, Iran, is contaminated with A. baumannii, and if so, 
which class of integron is most prevalent. We also evaluated the 
in situ role of inoculums in bioremediation of contaminated soil.

Materials and Methods

Study design and protocol

This prospective study was performed from November 2012 
to March 2013 in the toxicological ICU (454 patients) and gen-
eral ICU) (272 patients) units at Loghman Hakim Hospital. The 
research ethics committee of Shahid Beheshti University, Tehran, 
Iran, approved the study protocol.

Patient sampling

The mean age of patients was 50.47 ± 21.32 years, and 55% 
of the patients were male. Most (87.18%) were under mechani-
cal ventilation. Sputum was detected in 75% of the cases. All 
patients with clinical signs including temperature > 38oC, leu-

kocyte count > 10000 /μl, development of a purulent respiratory 
secretion, rales or dullness on chest examination, and A. bau-
mannii outbreaks were defined as clinically suspicious for this 
microorganism. Patients who developed infections in the wards 
before admittance to the ICU and patients who received antibi-
otics < 24 h prior to admission were excluded. Patients who de-
veloped infection within 48 h of admission to the ICU were also 
excluded because any infection they developed most likely was 
acquired outside the ICU. Inclusion criteria for patients under 
mechanical ventilation included age > 18 years and at least 48 h 
on mechanical ventilation with a clinical suspicion of pneumo-
nia. Patients had no clinical evidence of nosocomial infections 
upon admission to the ICU. A total of 60 patients were deter-
mined to be clinically suspicious for Acinetobacter infections. 
Patient samples included tracheal aspirates for investigation of 
the lower respiratory tract, urine and blood samples, and wound 
catheter and nasal swab cultures. Repeatedly isolated species 
from the same patient were excluded.

All isolates were identified using standard bacteriologic and 
biochemical methods, which included Gram staining, oxidase 
tests, oxidation/fermentation (O/F) tests, catalase tests, motility, 
citrate tests, and growth at 37 and 44oC. 

Soil and environmental sampling

Soil sampling was performed by passing cotton-tipped 
transfer swabs over the soil within 30 m of the hospital using a 
standard protocol. Copan Venturi swabs (Copan Diagnostics) 
were passed over sample surfaces, labeled, and shipped at room 
temperature to laboratories in two centers including Loghman 
Hakim and Mofid hospitals. A total of 16 soil samples were 
evaluated.

Cotton-tipped swabs moistened with BBL (We used either a 
single culture swab [BBL culturette with liquid Amies; BD Di-
agnostics] to sample the skin in both the axilla and groin areas, 
or 2 swabs to sample the axilla and groin areas separately [Scott 
P 2007]). Trypticase soy broth (BD Diagnostics, Sparks, MD, 
USA) were placed in the soil samples and streaked across BBL 
trypticase with 5% sheep blood and BBL MacConkey agar, then 

Table 1. Primers Used in the Study

Primer Nucleotide sequences Reference

Int 1-F
Int 1-R
Int 2-F
Int 2-R
Int 3-F
Int 3-R
CS-F
CS-R

5’ CAG TGG ACA TAA GCC TGT TC 3’
5’ CCC GAG GCA TAG ACT GRA 3’
5’ TTG CGA GTA TCC ATA ACC TG 3’
5’ TTA CCT GCA CTG GAT TAA GC 3’
5’ ACG GAT CTG CCA AAC CTG ACT 3’
5’ GCC TCC GGC AGC GAC TTT CAG 3’
5’ GGC ATC CAA GCA GCA AC 3’
5’ AAG CAG ACT TGA CCT GA 3’

[8]

[9]

[10]
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incubated at 35oC for 72 h. Organisms were identified as being 
a part of the A. baumannii-calcoaceticus complex (ABC) using 
standard automated biochemical testing methods as described 
previously [11].

Hospital environment samples were collected from the win-
dow of the ICU, equipment such as the mechanical ventilator 
machine, instrument storage area (The sterilized tools literally 
on the walls of the ICU), heaters, air conditioners, patient beds, 
wall corners, refrigerators, and the cardex (nursing treatment 
cards). Samples from the lips and hands of health care workers 
and patients were also examined. 

Phenotypic and genotypic characterization

Clinical isolates were collected for phenotypic and genotypic 
characterization.

Antimicrobial susceptibility testing

The standard Mast Co (UK) disc diffusion method was used 
for antimicrobial susceptibility testing based on the Clinical and 
Laboratory Standards Institute (CLSI) guidelines for clinical 
samples. The antibiotics evaluated were as follows: meropenem 
(10 μg), imipenem (10 μg), gentamicin (10 μg), ceftazidime (10 
μg), tetracycline (30 μg), ceftriaxone (30 μg), cefepime (30 μg), 
cefotaxime (30 μg), ciprofloxacin (5 μg), cotrimoxazole (25 μg), 
piperacillin (100 μg), piperacillin-tazobactam (100/10 μg), and 
polymyxin B (300 μg). Pseudomonas aeruginosa ATCC 27853 
was used as the control strain [7].

DNA extraction and PCR assay

Extraction of genomic DNA from A. baumannii isolates was 
performed using the iNtRON G-spinTM Total DNA Extraction 

kit. Determination of integron classes 1 and 2 was performed via 
multiplex PCR using the primers BioNeer (Table 1) [8-10]. PCR 
of this gene was performed by Int2-R, Int2-F, Int1-R, and Int1-F 
with the size ranging from 160-288 bp (Table 1). A PCR assay 
used to define the complete gene makeup of the class 1 integron 
was performed in 20 μl total volume of (according to the the iN-
tRON G-spinTM kit)the same concentration mixture previously 
mentioned.

Statistical methods

Data are reported as means ± SD, frequency, and relative 
frequency. The Chi-square test or Fisher’s exact test was used to 
compare proportions. P < 0.05 was considered statistically sig-
nificant. The statistical analysis was performed with SPSS (ver-
sion 16, Chicago, IL, USA).

Results

A total of 42 A. baumannii clinical strains were isolated from 
the lower respiratory tract (n = 20), blood (n = 6), urine (n = 8), 
and wound catheters and nasal swabs (n = 8). Of these, 65% 
(n = 27) of the isolated species were class 2 integrons, 12% (n = 5) 
were class 1 integrons, and 23% (n = 10) had no integron defined.

Table 2 shows the microorganisms that were isolated. The 
antibiogram pattern is shown in Table 3. Based on the antibio-
gram results, all A. baumannii clinical strains were resistant to 
piperacillin, piperacillin-tazobactam, ceftazidime, ceftriaxone, 
cotrimoxazole, cefepime, meropenem, and cefotaxime. They 
showed 4.76, 2.38, 14.28, and 31% sensitivity to tetracycline, cip-
rofloxacin, imipenem, and gentamicin, respectively, and 100% 
sensitivity to polymyxin B. There were no A. baumannii bacteria 
isolated from the hospital environment or soil, although the 
bacterium was detected around the lip of one patient.

Table 2. Samples Studied

Hospital environment samples Microorganisms

Window of intensive care unit (n = 3)
Mechanical ventilator machine (n = 3)
Instrument storage area* (n = 3)
Heater (n = 3)
Air conditioner (n = 3)
Patient bed (n = 3)
Wall corner (n = 3)
Refrigerator (n = 3)
Nursing treatment card (n = 3)

Gram-positive colony (n = 20)
Gram-positive colony (n = 5)
Gram-positive colony (n = 15)
-
-
Many Gram-positive colonies
Gram-positive colony (n = 5)
-
-

Patient and healthcare worker samples Microorganisms

Around lips (n = 7)

Hands (n = 5)

Acinetobacter + Klebsiella 
 colonies (in 1 patient)
-

*Instrument storage area: The sterilized tools literally on the walls of the ICU. 

Table 3. Antibiogram Pattern of Isolated Acinetobacter from Patient Sampling 

Antibiotic Sensitivity 
 frequency (%)

Intermediate 
frequency (%)

Resistance
frequency (%)

Meropenem
Polymyxin B
Gentamicin
Imipenem
Tetracycline
Ciprofloxacin
Cotrimoxazole
Cefotaxime
Ceftazidime
Ceftriaxone
Cefepime
Piperacillin
Piperacillin tazobactam

0
42 (100)
13 (31)

6 (14.28)
2 (4.76)
1 (2.38)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
1 (2.4)

11 (26.2)
2 (4.76)
1 (2.38)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

42 (100)
0 (0)

28 (66.6)
 25 (59.52)
38 (90.48)
40 (95.24)
42 (100)
42 (100)
42 (100)
42 (100)
42 (100)
42 (100)
42 (100)

Values are number of samples. 
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Discussion

Class 2 integrons are the most common type of A. baumannii 
isolated among ICU patients at our hospital [7]. This opportu-
nistic human pathogen is often found in soil and water, which is 
similar to other Gram-negative bacteria [4]. Also, there were 50 
buildings under construction around the hospital in the 5 years 
prior to the study. Given the bioremediation of A. baumannii 
in soil, we originally believed the outbreaks of A. baumannii in 
the hospital were related to its presence in the soil. However, 
the present study indicates otherwise. Prior reports from the 
ICU during the same months in previous years showed a lower 
prevalence of A. baumannii than reported in the present study.

In a previous study in Iraq, the majority of infections were 
caused by antimicrobial-resistant organisms and occurred in 
soldiers who were critically ill from severe traumatic injuries [11]. 
Similarly, in the present study, the majority of A. baumannii 
infections occurred in critically ill patients, particularly in ICU 
patients with a prolonged duration of hospitalization.

Scott et al. [11] suggested that the source of A. baumannii out-
breaks are multifactorial, although the primary source is nosoco-
mial hospital transmission of organisms. Our results are in agree-
ment with that study, although several reports have indicated that 
environmental exposure is the primary source of infection [12-14].

In the present study, the only antimicrobial compound to 

which A. baumannii was highly susceptible was polymixin B 
(100% sensitive). It was 100% resistant to meropenem, ceftazi-
dime, ceftriaxone, cefepime, cotrimoxazole, and piperacillin in 
accordance with a previous study (CLSI 2011). In contrast, Scott 
et al. [11] found that A. baumannii had >90% susceptibility to 
imipenem and colistin, and that clinical isolates showed broad-
spectrum resistance to fluoroquinolones, cephalosporins, and 
piperacillin/tazobactam. Considering that we did not isolate A. 
baumannii from the soil or hospitcal environment, except in one 
patient with an infection around the lips, other sources of infec-
tion should be explored.

In conclusion, further research is necessary to establish a re-
lationship between A. baumannii and soil, (especially in regards 
to its bioremediation), as well as to determine its importance in 
nosocomial infections and outbreaks in ICUs.
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