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Abstract

Objectives: This study describes the antibiotic resistance pattern in patients with Acinetobacter bacteremia and investigates the
factors leading to extensively drug resistance (XDR) and mortality.
Methods: This descriptive analytical study was conducted in patients with Acinetobacter bacteremia between February 2014 and
February 2015. The microorganisms were identified with conventional bacteriological methods and then, following the clinical and
laboratory standards institute (CLSI) recommendations, susceptibility testing was performed on all isolates. Moreover, we used
electronic records to extract the patients’ data and analyzed them using Chi-square test or Fisher’s exact test and T-Test.
Results: Among the influencing factors, the severity of clinical symptoms at the time of admission, longer duration of hospital-
ization especially in the ICU, and use of invasive devices such as ventilator had a significant relationship with the occurrence of
resistance and mortality in the patients. In addition, the central venous catheterization and history of drug resistance such as XDR
were associated with mortality.
Conclusions: Given the increasing prevalence of XDR Acinetobacter strains causing resistant nosocomial infection, especially in
immunocompromised patients, it is necessary to reduce the risk factors leading to drug resistance and mortality. Furthermore,
early administration of empiric antibiotic therapy can have a good effect on the outcomes.
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1. Background

Acinetobacter is a non-fermentative gram-negative
bacilli (NFGNB) with a negative oxidase reaction, which
is non-motile, aerobic, and widespread in nature for in-
stance in water, soil, vegetables, and even in skin flora (1,
2).

A. baumannii is the most common strain of this bacilli
and the outbreak of the infection caused by strains re-
sistant to multiple antibiotic classes, including carbapen-
ems, is a serious concern in many hospitals (1, 2). Other
strains like A. Johnsonii and A.haemolyticusare rarely have
been isolated. Bacteremia due to A. lwoffii is mainly associ-
ated with vascular catheters; it also causes infections in im-
munocompromised patients and usually has a good prog-
nosis (1, 2).

The prevalence of antimicrobial resistance among
Acinetobacter species (spp.) has substantially increased
over the last decade all over the world (2, 3). During
the years 2008 - 2011, 100% of isolated strains in Mex-

ico (4) and 75.52% of all detected Acinetobacter strains in
China (5) were Multidrug-Resistant (MDR). As reported
by a meta-analysis conducted in Iran, the prevalence of
MDR Acinetobacter increased from 50% between the years
2001 - 2007 to 74% between the years 2010 - 2015 (6).
Extensively drug-resistant (XDR) Acinetobacter, including
carbapenems-producing strains, is becoming a significant
public health threat as there are fewer treatment options
for them (3, 7).

Unfortunately, colistin resistant Acinetobacter or pan
drug resistant (PDR) strains are also emerging in the world
(4). In Iran, the reported prevalence of this type of strains
varies from zero to 12% (4, 8).

The serious complications of Acinetobacter spp. such as
bacteremia and multiple organ failures are prone to occur
in severely immunocompromised patients (2, 3, 5). Several
studies have reported the high prevalence of carbapenem-
resistant strains in these patients (3, 9, 10). It is also empha-
sized that some factors including admission to intensive
care unit (ICU), mechanical ventilation, two or more organ
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failures, and use of invasive devices in these patients are
more effective than the underlying diseases are in increas-
ing the prevalence of drug resistance and mortality (5, 11).

Given the importance of the subject, this study aimed
to determine the resistance pattern of this microorgan-
ism and identify the factors leading to drug resistance and
mortality.

2. Objectives

The aim of the present study was to identify the an-
tibacterial resistance patterns and factors leading to XDR
and mortality in patients with Acinetobacter bloodstream
infection admitted to Taleghani hospital in Iran within a
period of about one year.

3. Methods

This descriptive-analytic study was conducted in
Taleghani hospital in Tehran, Iran. As the expected
prevalence of Acinetobacter bacteremia as a nosocomial
infection was reported about 1% - 3% in major studies (1,
2), we collected data through a cross-sectional study con-
ducted from February 2014 to February 2015. According to
the study inclusion criteria, of all patients who referred to
the hospital, those who were hospitalized and had at least
a positive blood culture for Acinetobacter spp. during the
hospitalization and had signs and symptoms of infection
were enrolled in the study. Patients who were not hospi-
talized, or those who had positive results other than blood
culture, and those whose data were not accessible met the
exclusion criteria.

3.1. Microbiological Methods

After the transmission of blood samples to the labo-
ratory, blood and eosin-methylene blue (EMB) agar media
were used and the samples were incubated at 37°C for 24
hours. The biochemical tests were carried out to identify
different species. Catalase, oxidase, and ALK/ALK reaction
were tested on triple sugar iron (TSI). Moreover, we used ox-
idation/fermentation (OF) test for differentiation between
A. baumannii and A. lwoffii colonies.

In order to assess antimicrobial susceptibility, a sus-
pension of each colony with half McFarland turbidity was
collected, and then cultivated on Mueller Hinton agar
medium. After antibiotic disks were placed on the medium
and incubated at 35°C for 24 hours, the zone of inhibition
was measured as recommended by CLSI (2013) tables (12).

In keeping with CLSI, we selected 12 antibiotics from
seven different categories including Ceftriaxone (30 µg),
Cefotaxime (30µg), Ceftazidime (30µg), Cefepime (30µg),

Gentamycin (10 µg), Amikacin (30 µg), Ciprofloxacin (5
µg), Imipenem (10 µg), Meropenem (10 µg), Piperacillin-
Tazobactam (100/10 µg), Amoxicillin-clavulanate (30 µg),
and Trimethoprim-Sulfamethoxazole (25µg) (4). The disks
were purchased from PadtanTeb, Iran. Pseudomonas
aeruginosa ATCC 27853 and E. Coli ATCC 25922 were used
for quality control.

In our study, we did not use complementary methods
to determine sensitivity to colistin and tigecycline. There-
fore, we did not report the verified cases of PDR.

3.2. Data Collection

In order to investigate the factors affecting the develop-
ment of resistance and mortality in patients, we used elec-
tronic records to extract patients data including the follow-
ing: age, sex, hospital department, underlying disease, co-
morbidities, severity of clinical signs and symptoms on ad-
mission, duration of hospital stay before the development
of bacteremia, use of invasive devices, history of dialysis,
taking corticosteroids and other Immunosuppressors and
chemotherapy during the past two weeks.

3.3. Definition

In this study, bacteremia was defined as a pathogen iso-
lated from at least one blood sample in patients with clin-
ical symptoms and signs of infection (5). Considering Pitt
Bacteraemia score (PBS), the severity of the disease fell into
three categories of low, moderate, and high severity. It had
a grading system that was used to assess the severity of ill-
nesses, calculated based on five items: Temperature (35.1
- 36°C or 39 - 39.9°C: 1 point, ≤ 35°C or ≥ 40°C: 2 points),
blood pressure (hypotension: 2 points), mental status (dis-
orientation: 1 point, stupor: 2 points, coma: 4 points), res-
piratory status (mechanical ventilation: 2 points), and car-
diac status (cardiac arrest: 4 points). A sum of scores equal
to 0 - 1 represented low severity, 2 - 3 represented moderate
severity, and ≥ 4 represented high severity (5, 13).

3.4. Statistical Analysis

For data description, we used two dimensions (Tables
2 and 3). The collected data were analyzed using Chi-
square test or Fisher’s exact test; in addition, to compare
the means, we used independent samples test (T-Test). Mul-
tivariate significant factors for XDR acquisition and mor-
tality were presented as odds ratio (OR) with a 95% confi-
dence interval (95% CI).

All the tests of significance were two-sided and the re-
sults with a P value < 0.05 were reported as significant.
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Table 1. The Pattern of Drug Resistance in A. Baumannii Isolates

Antibiotics Susceptible, % Intermediate, % Resistant, %

Ceftriaxone 3 4 93

Ceftizoxime 3 4 93

Cefepime 3 0 97

Ceftazidime 23 4 73

Gentamycin 17 3 80

Amikacin 10 3 87

Ciprofloxacin 47 0 53

Imipenem 44 3 53

Meropenem 20 0 80

Pipracillin-
tazobactam

30 7 63

Trimetoprim-
sulfamethoxazole

28 3 69

Amoxi-clavunate 3 0 97

4. Results

Of a total of 3436 blood culture samples sent to the lab-
oratory of Taleghani hospital, 276 positive cultures were
isolated. Of these, 210 samples were gram-negative bacte-
ria. Among the isolated gram-negative strains, 90 samples
were NFGNB that included 57 Pseudomonas, 32 Acinetobac-
ter, and one Stenotrophomonasmaltophilia.

Since we detected positive Acinetobacter blood cultures
in 32 inpatients, the prevalence of bacteremia caused by
this microorganism was estimated to be about 9.3 per
thousand people (1%). Observing the exclusion criteria, two
patients were eliminated from the study and finally, we
evaluated a total of 30 patients. Of the 30 selected patients,
22 patients had underlying diseases causing immunodefi-
ciencies such as hematologic malignancies, solid tumors,
history of bone marrow transplantation, organ transplan-
tation, and renal failure. However, the other eight pa-
tients had no detectable underlying disease leading to im-
munodeficiency problems. Although 73% of bloodstream
infections caused by Acinetobacter were observed in im-
munocompromised cases, as compared with other pa-
tients, there was no significant relationship between the
type of underlying diseases and XDR strains (Table 2).

As shown in Table 1, we checked the resistance of Acine-
tobacter species to 12 types of routinely reported antibi-
otics, and based on the definitions, we divided them into
XDR and non-XDR strains.

At first, we evaluated risk factors that made patients
prone to XDR Acinetobacter bacteremia. Based on the re-
sults of multivariate analysis, a hospital stay of more than
48 hours, high PBS, admission to the ICU, and use of ventila-

tor were independently associated with XDR Acinetobacter
bacteremia (Table 2).

In the next stage, we assessed the risk factors for 30-day
mortality in patients with Acinetobacter bacteremia.

The mortality rate was significantly higher in XDR
Acinetobacter bacteremia group than in non-XDR Acineto-
bacter bacteremia group and had a significant relationship
with the administration of inappropriate antibiotics (not
consistent with the results of antibiogram) in XDR patients
(Table 3).

Furthermore, based on the results of multivariate anal-
ysis, a hospital stay of more than 14 days, high PBS, admis-
sion to ICU, use of a ventilator, and central venous catheter-
ization were identified as the independent risk factors for
30-day mortality in patients (Table 3).

5. Discussion

Infection with NFGNBs such as Acinetobacter is of
great importance and is considered as a major cause
of healthcare-associated infections, especially among pa-
tients with immunodeficiency problems (3).

In addition to previously mentioned studies (1, 2),
some research in Iran and China showed that the preva-
lence of Acinetobacter, as a nosocomial bloodstream infec-
tion, was about 1% - 3% (5, 14, 15), that is almost similar to the
results of our study which estimated a prevalence of about
1%.

Given the increasing prevalence of resistance of Acine-
tobacter spp. to broad-spectrum antibiotics such as car-
bapenems, we assessed its antimicrobial susceptibility pat-
tern (Table 1) and based on resistance classifications, we as-
sessed risk factors that affect the resistance and outcome.

Since in most articles the general term of MDR is used
to refer to a variety of strains non-susceptible to different
classes of antibiotics, which indeed includes XDR and PDR
cases, more attention must be paid when interpreting the
results of this study and comparing it with the results of
other studies (16-18).

Based on one of the most recent reviews, MDR Acine-
tobacter spp. is defined as an isolate resistant to at least
three classes of antimicrobial agents, including penicillins
and cephalosporins (and inhibitor combinations), fluoro-
quinolones, and aminoglycosides. XDR Acinetobacter spp.
is defined as the isolate resistant to the three classes of an-
tibiotics described above (MDR), which must also be resis-
tant to carbapenems (7, 16, 17). However, we must notice
that carbapenem-resistant isolates often, but not always,
are XDR and resistance to a carbapenem does not ensure
the resistance to other types of carbapenems (18, 19), as
in our study, all the patients with XDR strains were resis-
tant to imipenem and meropenem, but some cases, which
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Table 2. The Comparison of Demographic and Clinical Characteristics of Patients with XDR Acinetobacter Bacteremia and Non-XDR Acinetobacter Bacteremia, Using a Multi-
variate Model (N = 30)a

Variables XDR, N = 16 Non-XDR, N = 14 Multivariate Analysis

OR 95 CI% P Value

Age, mean ± SD 58.06 ± 19.69 54.43 ± 16.89 - - 0.590

Sex

Male 9 (56.2) 9 (64.3) - - 0.722

Length of hospital stay before positive blood culture

< 48 h 0 (0) 12(85.7) 0.14 (0.04 - 0.51) 0.001

2 - 14 days 10 (62.5) 2 (14.3) 10 (1.64 - 60.92) 0.011

> 14 days 6 (37.5) 0 (0) 1.60 (1.09 - 2.34) 0.019

Underlying disease

Solid tumor 5 (31.2) 5 (35.7) - - > 0.999

Hematologic malignancy 2 (12.5) 4 (28.6) - - 0.261

ESRD 2 (12.5) 1 (7.1) - - > 0.999

Transplant patients 4 (25) 1 (7.1) - - 0.336

PBSb (severity) ≥ 4 12 (75) 1 (7.1) 39 (3.80 - 399.25) 0.001

Invasive devices

Ventilator 10 (62.5) 1 (7.1) 91.67 (2.23 - 210.11) 0.002

Urinary catheter 7 (43.7) 4 (28.6) - - 0.466

Central vein catheter 9 (56.2) 5 (35.7) - - 0.299

Liver stent 2 (12.5) 1 (7.1) - - > 0.999

Comorbidity

Diabetes 6 (37.5) 5 (35.7) - - > 0.999

Heart disease and HTN 3 (18.7) 4 (28.6) - - 0.675

Stay in the ICU 8 (50) 0 (0) 2 (1.22 - 3.26) 0.002

Stay in hemato-oncology wards 3 (18.7) 9 (64.3) 0.13 (0.02 - 0.68) 0.024

Chemotherapy use within past 14 days 5 (31.2) 7 (50) - - 0.457

Dialysis within past 14 days 3 (18.7) 3 (21.4) - - > 0.999

Corticosteroid/immunosuppressor use within past 14 days 6 (37.5) 6 (42.8) - - > 0.999

aValues are expressed as No. (%).
bPitt bacteremia score: calculated based on temperature (35.1 - 36°C or 39.0 - 39.9°C: 1 point, ≤ 35 or ≥ 40°C: 2 points), blood pressure (hypotension: 2 points), mental
status (disorientation: 1 point, stupor: 2 points, coma: 4 points), respiratory status (mechanical ventilation: 2 points), and cardiac status (cardiac arrest: 4 points).

were only resistant to meropenem, were not included in
the XDR group (Table 1).

Finally, PDR spp. is an XDR isolate resistant to Polymyx-
ins and Tigecycline (7, 16, 17).

Based on our results, of a total of 30 cases that were
included in our study, 25 cases were A. baumannii and five
cases were A. lwoffii. Of the five A. lwoffii cases, no XDR strain
was isolated. In most other studies, in line with our study,
the prevalence of A.Lwoffii has been much lower than the
prevalence of A. baumannii; moreover, the prevalence of
MDR A. lwoffii has been low and no case of XDR has been
reported (9, 20).

Of all A. baumannii cases in our study, 84% were resis-
tant (MDR: 20% and XDR: 64%); it is consistent with the re-
ports on the prevalence of resistant Acinetobacter strains in
Imam Khomeini hospital in Ahvaz in 2013 (81.3%) and with a
meta-analysis conducted in Iran from 2007 to 2015 to deter-
mine the prevalence of imipenem resistant Acinetobacter
that was 55% (6, 21).

Several studies have investigated the prevalence of PDR
strains in Iran and they have reported a prevalence of
about 0% to 12% (4, 8).

It should be noted we were not able to report PDR Acine-
tobacter species in our study because, during the time of

4 Arch Pediatr Infect Dis. 2018; 6(3):e12202.

http://pedinfect.com


Abolghasemi S et al.

Table 3. The comparison of risk factors associated with mortality in patients with Acinetobacter bacteremia using a multivariate model (N = 30)a

Variables Survive, N = 16 Death, N = 14 Multivariate Analysis

OR 95 CI% P Value

Age, mean ± SD 54.5 ± 18 58.5 ± 19 - - 0.558

Sex 0.722

Male 9 (56.2) 9 (64.3) - -

Female 7 (43.8) 5 (35.7)

Resistance

Non-XDR 13 (81.2) 1 (7) 0.41 (0.26 - 0.67) 0.019

XDR 3 (18.8) 13 (92.9) 0.18 (0.002 - 0.19) 0.001

Length of hospital stay before positive blood culture

< 48 h 12 (75) 0 0.22 (0.09 - 0.53) 0.001

2 - 14 days 4 (25) 8 (57) - - 0.135

> 14 days 0 6 (43) 0.33 (0.19 - 0.59) 0.005

Underlying disease

Solid tumor 5 (31.2) 5 (35.7) - - > 0.999

Hematologic malignancy 4 (25) 2 (4.3) - - 0.657

ESRD 2 (12.5) 1 (7.1) - - > 0.999

Transplant patients 1 (6.2) 4 (28.6) - - 0.157

Pitt bacteremia score b(severity) ≥ 4 0 13 (92.9) 0.06 (0.009 - 0.39) 0.001

Invasive devices number

Ventilator 0 11 (78.5) 0.16 (0.06 - 0.44) 0.001

Urinary catheter 3 (18.8) 8 (57) - - 0.057

Central vein catheter 4 (25) 10 (71) 0.13 (0.026 - 0.67) 0.026

Liver stent 3 (18.8) 3 (21.5) - - 0.228

Comorbidity

Diabetes 7 (43.8) 4 (28.6) - - 0.488

Heart disease and HTN 5 (31.2) 2 (14.3) - - 0.399

Stay in the ICU 0 8 (57.1) 0.27 (0.14 - 0.54) 0.001

Stay in hemato-oncology wards 8 (50) 4 (28.6) - - o.284

Chemotherapy use within past 14 days 6 (37.5) 6 (43) - - > 0.999

Dialysis within past 14 days 3 (18.8) 3 (21.5) - - > 0.999

Corticosteroid / Immunosuppressor use within past 14 days 5 (31.2) 7 (50) - - 0.457

Antibiotic inappropriate with antibiogaram

XDR patients 3 (18.8) 11 (78.5) 4.66 (1.71 - 12.72) 0.005

Non-XDR patients 5 (31.2) 0 0.214 (0.079 - 0.584) 0.005

aValues are expressed as No. (%).
bPitt bacteremia score: calculated based on temperature (35.1 - 36°C or 39.0 - 39.9°C: 1 point, ≤ 35 or ≥ 40°C: 2 points), blood pressure (hypotension: 2 points), mental
status (disorientation: 1 point, stupor: 2 points, coma: 4 points), respiratory status (mechanical ventilation: 2 points), and cardiac status (cardiac arrest: 4 points).

the study, there was limited access to E-test, which is re-
quired to determine the resistance to colistin (11, 19).

Some studies have investigated the factors making pa-
tients vulnerable to Acinetobacter bloodstream infections

(3, 22). In our study, in line with several other studies (5, 11),
there was no significant relationship between underlying
diseases leading to immunodeficiency and the emergence
of resistance and mortality (Tables 2, 3).
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In some articles published in 2014, it has been stated
that cancer patients, (especially those with hematologic
malignancies), solid organ transplant and hematologic
stem cell transplant recipients are at risk of developing
resistant gram-negative bacteria, especially extended-
spectrum beta-lactamases (ESBL) and carbapenem-
resistant enterobacteriaceae (CRE). However, as reported,
the risk of developing resistant Acinetobacter is more
associated with hospitalization and the length of stay in
the hospital and the ICU, rather than underlying diseases
(3, 11, 22).

In our study, detecting bacteremia 48 hours after ad-
mission had a direct relationship with the emergence of
resistant strains (Table 2) and detecting the bacteremia af-
ter more than two weeks had a relationship with increased
mortality (Table 3). It is consistent with the results of the
majority in other studies (3, 5, 23-25).

The definition of hospital-acquired bloodstream infec-
tion, i.e. an infection emerging 48 hours after hospital
admission (5, 24, 25), clarifies the impact of healthcare-
associated infections in the acquisition of resistant types
of this organism. In addition, increased mortality in pa-
tients with a long stay in a hospital highlights the effect of
debilitating factors in hospital on patients.

Furthermore, as found in this study, admission to the
ICU had a significant effect on the development of XDR
Acinetobacter bacteremia and mortality. These results are
in line with the results of other studies (3, 5, 16, 24). For ex-
ample, in a study in India that was conducted on infants
during 2010 - 2012, long stay in the pediatric intensive care
unit (PICU) was identified as a major factor predisposing to
XDR Acinetobacter infections (24)

In some studies, the increase in PBS is considered as
one of the factors increasing the risk of resistance and mor-
tality in patients with Acinetobacter bacteremia, especially
in patients with hematologic malignancy (5, 9). In our
study, similar to the mentioned studies, 75% of patients
with XDR Acinetobacter bacteremia and 93% of mortalities
in infected patients were associated with severe symptoms
on admission, as measured based on PBS.

In addition, like some other reports, in the present
study, we did not find a significant relationship between
the history of using corticosteroid and non-corticosteroid
immunosuppressors, chemotherapy, and the emergence
of resistance and mortality (5). Indeed similar to other
studies, these factors in immunocompromised patients
make them prone to infections caused by Acinetobacter
spp.; but other factors are more important in developing
resistance (3, 5, 9, 22).

According to several studies, renal failure with or with-
out dialysis is a risk factor for developing multidrug resis-
tance (2, 23). In our study, as only five patients were under-

going dialysis, we did not find any relationship between
dialysis and the emergence of resistance and mortality.

To our knowledge, every invasive procedure in hospi-
talized patients, especially in those admitted to the ICU,
can accelerate the process of infection. Among the inva-
sive devices used during hospitalization, especially for pa-
tients admitted to ICU, mechanical ventilation had a sig-
nificant relationship with developing resistant strains and
mortality (Tables 1, 2). Moreover, the use of central venous
catheterization was associated with poor prognosis (Table
3). These results are consistent with the results of other
studies (3, 16, 24).

Several studies have been conducted to investigate
the use of antibiotic therapy before performing culture
test and antibiogram in nosocomial infections, especially
caused by Acinetobacter; as most of them have reported,
the inappropriate empiric antibiotic administration can
be a major reason for bad prognosis in severe infections
(5, 18). In our study, inappropriate antimicrobial therapy
was significantly more associated with poor outcome and
high mortality in XDR patients than in non-XDRs. Because
of the delay in starting the administration of appropri-
ate antibiotics in most patients, all the 16 XDR patients
were included in “inappropriate antimicrobial groups”; so,
we were not able to show differences between treatment
groups in terms of receiving appropriate or inappropriate
antimicrobial therapy.

Previous studies have recommended the use of combi-
nation therapy including colistin, which must be adminis-
tered based on the severity of the disease and epidemiolog-
ical results, especially in an area with a high prevalence of
XDR or carbapenem-resistant strains, even before obtain-
ing the results of susceptibility tests; according to the men-
tioned studies, it could be much better than waiting for the
results of microbiological tests as it could reduce mortality
(1, 18).

5.1. Conclusion

Based on the results of studies conducted in Iran
and other countries, the prevalence of XDR Acinetobacter
strains is apparently rising although there are a very lim-
ited number of reported cases of PDR. To reduce the preva-
lence of the disease and mortality especially in immuno-
compromised patients, it is recommended to adopt pre-
ventive measures such as early discharge of patients from
the ICU, removing unnecessary invasive devices, early on-
set of empiric antibiotics in patients with severe symptoms
on the basis of resistance patterns in the region or in the
treatment center, and through combination therapy using
colistin and carbapenems, sulbactam or rifampin.

Because of the probable increase in the prevalence of
PDR strains in our country, in addition to recognizing the
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risk factors predisposing people to infection, it is recom-
mended to improve and revise antibiotic prescription and
infection control policies in future.
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