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SUMMARY
Objective: Nosocomial infections have high mortality and morbidity. Acinetobacter is a Gram-negative bacilli and an
important nosocomial pathogen. The number of nosocomial infections caused by antibiotic resistant-Acinetobacter strains
has increased in recent years. Monitoring these bacterial infections which are difficult to treat, and antibiotic susceptibility,
is very important for the appropriate treatment of patients. In this study, nosocomial infections caused by Acinetobacter
in the hospital of Cumhuriyet University Medical Faculty during 2014-2016 were investigated.
Method: Acinetobacter-associated nosocomial infections and their rate of antibiotic resistance in patients hospitalizing
in the Cumhuriyet University Medical Faculty Research Hospital between January 2014 and December 2016 were
retrospectively investigated. The data of this study are the surveillance data of the infection control committee and were
obtained from the 3 years data registered in the infline software.
Results: The rate of infection was 3.81% in the hospital, however, it was 30.86% in the Anesthesiology intensive care
unit (ICU). In 2016, the rate of infection was lower in the hospital, whereas, it was higher in the Anesthesiology ICU.
The number of Acinetobacter strains as a causative agent in the nosocomial infections were higher in 2016, too.
In 7.16% of the nosocomial infections, Acinetobacter species were detected as the causative agent; Acinetobacter
baumannii constituting 94.5%.
Only two cases of colistin resistance were seen. Tigecycline resistance was detected in one strain. Meropenem and
imipenem resistance were 91.1% and 93.8% for A. baumannii, respectively. Ventilator-associated pneumonia was the
most common nosocomial infection due to Acinetobacter baumannii.
Conclusions: Acinetobacter strains are among the most important nosocomial pathogens in our hospital. At the same
time, the antibiotic resistance is increasing among Acinetobacter strains. Regular monitoring of these bacterial infections
and in vitro susceptibility profiles of them is necessary to ensure an appropriate empirical treatment of Acinetobacter-
mediated nosocomial infections.
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INTRODUCTION

Nosocomial infections, i.e. hospital-acquired
infections might lead to an increase of
hospitalization duration and treatment expenses, as
well as an increase in mortality and morbidity.
Especially in the recent years, bacteria of the
Acinetobacter species, a gram-negative bacillus are
encountered as a substantial factor in nosocomial
infections. These bacteria, which also may be
causative in community-acquired infections, may
cause severe infections, including pneumonia,
wound site infections, urinary system infections,
bacteremia and meningitis in hospitalized severe
patients .

In a study conducted in the Anesthesiology
Intensive Care Unit between 2004 and 2008, Akin
et al. identified that a nosocomial infection rate of
17.9% and reported that Acinetobacter baumannii
was the cause in a significant proportion of these
infections 2. Avci et al. reported that Acinetobacter
baumannii determined 9.6% of instrument-
associated infections that occurred in the
Anesthesiology Intensive Care Unit 3. The reported
infections included ventilator-associated
pneumonia, central venous catheter-associated
bloodstream infection and catheter-associated
urinary system infections. Acinetobacter-type
bacteria are able to resist to many antibiotics. Thus,
their infections are difficult to treat and their
mortality may increase. Acinetobacters can also
resist to carbapenem, a broad-spectrum antibiotic.
The rate of resistance to this antibiotic is
increasing. Hence, in the study by Alpat et al., the
reported rate of resistance of Acinetobacter strains
to imipenem and meropenem were as high as
43.2% and 64.4%, respectively *. Also, Balci et al.
investigated the resistance rate of Acinetobacter
strains to antibiotics and found high resistance
values 5. In their study, resistance rates were found
as 84% to piperacillin/tazobactam, 82% to
ciprofloxacin, 81% to ampicillin/sulbactam, 63%
to meropenem and 49% to imipenem. A such high
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resistance to antibiotics may complicate the choice
of the right antibiotic in empiric treatment,
increasing the patients’ mortality. In fact, in the
study by Gorbich et al. investigating patients with
A. baumannii-associated nosocomial infections, it
was confirmed that mortality decreased in patients
that properly received antibiotic treatment ©.

It is essential to know which possible agents may
cause nosocomial infections, especially in units
hospitalizing severe patients, including intensive
care units (ICU), and their antimicrobial sensitivity
patterns. These data are valuable in immediately
starting the right treatment in patients with severe
prognosis. Bacterial culture of patients results in
approximately 3 days, yet, treatment for septic
patients has to begin in hours, even minutes. In
every hospital, even department, there are different
infection agents and different resistance patterns.
Therefore, the Infection Control Committees of
hospitals regularly watch the occurring hospital
infections, their causative factors and their status of
antibiotic susceptibility, records their registries and
reports them to the clinics and organs of the
Ministry of Health.

In this study, it was aimed to assess the
Acinetobacter-associated nosocomial infections
that developed in patients hospitalized between
2014 and 2016, proportional incidence of
Acinetobacter-type bacteria in all nosocomial
infections, nosocomial infection rate, distribution
of these infections according to systems and their
susceptibility to antibiotics. Thus, significant data
on Acinetobacter-associated nosocomial infections
and their status of resistance to antibiotics will be
obtained and a contribution to determining the
empiric treatments of patients in terms of
surveillance data will be available.

MATERIAL AND METHODS

In this study, Acinetobacter-associated nosocomial
infections and their rate of antibiotic resistance in
patients hospitalizing in the Cumhuriyet University



Medical Faculty Research Hospital between
January 2014 and December 2016 were
retrospectively investigated. This study was
approved by the ethical committee.

In our hospital, active prospective surveillance
based on patients and laboratory is performed by
the infection control unit in order to detect and
prevent nosocomial infections. The obtained data
were reported to the ‘“National Nosocomial
Infections Surveillance Network” (UHESA) via
the infline databank. The data of this study are the
surveillance data of the infection control committee
and were obtained from the 3 years data registered
in the infline software. Nosocomial infection
diagnosis was made according to the criteria of the
Centers for Disease Control and Prevention (CDC)
published in 2008 7. Nosocomial infection rate was
calculated with the following formula: The number
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of nosocomial infections during a defined time
frame/Number of all hospitalized patients at the
same time interval X100. Infections/causative
agents counts and status of antibiotic resistance
were expressed as numbers or percentage.

RESULTS

During our study period, between 01.01.2014 and
31.12.2016, 53369 patients hospitalized. Of these
patients, 2033 developed a nosocomial infection.
The infection rate of our hospital during the
mentioned period was 3.81% (Table 1). Of the
detected nosocomial infections, 467 were in the
anesthesiology ICU, 197 in the general surgery
department, 144 in the nephrology department, 136
in the haematology department and 133 in the
neonatal ICU.

Table 1. The patients hospitalized in the anesthesiology ICU and in our hospital, number of nosocomial infections and

infection rates by years.

TOTAL

Year Number of patients (n) | Number of infections (n) | Rate of infection
2014 16270 713 4.38
2015 18726 682 3.64
2016 18373 638 3.47
Toplam | 53369 2033 3.81
ANESTHESIOLOGY INTENSIVE CARE UNIT

2014 498 154 30.92
2015 528 150 28.41
2016 487 163 33.47
Total 1513 467 30.86

When inspected by years, it was found that the
lowest infection rate level in the hospital was in
2016. Although the infection rate of that year was
lower, the infection rate in the Anesthesiology and
reanimation ICU in 2016 was remarkably high
(henceforth, Anesthesiology and Reanimation ICU
will be expressed as "Anesthesiology ICU" in this
manuscript). During the 3 years period, a total of
2024 pathogens were detected in nosocomial

infections in the hospital. The common causative
agents of nosocomial infections in our hospital
from 2014 to 2016 was shown Table 2. 145
(7.16%) of these were Acinetobacters. Among the
Acinetobacter types, Acinetobacter baumannii was
the most common with 94.5% (137/145). The
number of Acinetobacter types detected as a
nosocomial infection pathogen by year is presented
in Table 3.

Table 2. The common causative agents of nosocomial infections in Cumhuriyet University Medical Faculty Research

Hospital from 2014 to 2016.

Causative agent

Escherichia coli

425

Klebsiella (K. pneumoniae, K. oxytoca, K. rhinoscleromatis and K. spp.) | 259

Enterococcus (E. faecalis, E. faecium and E. spp.) 251
Staphylococcus aureus 204
Coagulase-negative staphylococci 185
Pseudomonas (P. aeruginosa and P. spp.) 157
Acinetobacter (A. baumannii, A. lwoffii and A. spp.) 145
Candida albicans 88

Non-albicans Candida species 59
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| Enterobacter (E. aerogenes, E. cloacae and E. spp.) |59 |

Table 3. The distribution of Acinetobacter types detected as a nosocomial infection pathogen by years.

Year Acinetobacter baumannii (n) | Acinetobacter Iwoffii (n) | Acinetobacter spp. (n) | Total (n)
2014 50 1 1 52

2015 31 1 5 37

2016 56 0 0 56
2014-2016 | 137 2 6 145

During the study period, Acinetobacter-associated
nosocomial infections were the most common in
2016.

According to the resistance to antibiotics, colistin
resistance was detected in 2 strains in the 3-years
period. Both of these infections were central
venous catheter-associated bloodstream infections
that developed in the anesthesiology ICU. While
one of their pathogens was Acinetobacter

baumannii, the other pathogen was Acinetobacter
spp. In 2014 and 2015, no strain was studied on
tigecycline, while in 2016, only 2 strains were
studied and resistance was detected in one. It was
shown that the number of antibiotic resistant
Acinetobacter  strains  causing  nosocomial
infections by years in Table 4.

Table 4. The number of antibiotics resistant Acinetobacter strains causing nosocomial infections by years.

Antibiotic Acinetobacter baumannii (n) | Acinetobacter lwoffii (n) | Acinetobacter spp. (n)
2014 2015 2016* 2014 2015 2014 2015
Amikacin 40 29 50 0 0 1 3
Imipenem 40 28 54 0 0 1 3
Colistin 1 0 0 - 0 0 1
Meropenem 38 22 43 0 0 1 2
Ciprofloxacin 44 28 50 - - 1 3
Cefepime 45 13 - 0 0 1 2
Piperacillin-tazobactam | 47 15 2 1 0 1 2
Ampicillin-sulbactam | 46 15 - 0 0 1 2
Tigecycline - - 1 - - - -
*There is no Acinetobacter lwoffi and Acinetobacter spp.-associated infection in 2016.
- :Resistance or susceptibility was not studied

Antibiotic resistance was most seen in ICUs.
During the 3-years period, nosocomial infection
causing Acinetobacter types were analyzed in
Anesthesiology ICU, the largest ICU of our
hospital. Acinetobacter baumannii and
Acinetobacter spp.-associated infections were
present in this unit, but no Acinetobacter Iwoffii-
associated infection was detected.

In our study, Acinetobacter-associated nosocomial
infections were analyzed for 2014, 2015 and 2016,
separately.

In 2014, 16270 patients were admitted to our
hospital and 713 of them developed a nosocomial
infection (Table 1). A total of 728 nosocomial
infections were detected in our hospital in 2014. Of
these infections, 50 were caused by Acinetobacter
baumannii, 1 by Acinetobater Iwoffii, and 1 by
Acinetobacter spp., thus, total 52 of them were
caused by Acinetobacter. Table 5 demonstrates the
distribution of Acinetobacter-associated
nosocomial infections according to infection site.
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Table 5. The distribution of Acinetobacter-associated nosocomial infections according to infection site by years.

Acinetobacter
baumannii (n)

Infection site

Acinetobacter Iwoffii

(n) (n)

Acinetobacter spp.

2014 | 2015

2016

2014 | 2015 | 2016 | 2014 | 2015 | 2016

Ventilator-associated 17 13

pneumonia

27

Central venous catheter- 13 9

bloodstream infection

10

Laboratory-confirmed 5 1
bloodstream infection

Catheter-associated urinary 2 5
tract infections

Pneumonia with specific 5 -
laboratory findings

Clinically defined pneumonia - -

Lower respiratory tract - -
infection, other
than pneumonia

Conjunctivitis 2 1

Deep incisional primary 4 -
surgical site infection

Superficial incisional primary - -
surgical site infection

Post-neurosurgical meningitis

Postoperative intracranial - 1
infection

Soft tissue infection 1 -

Postoperative intraabdominal - 1
infection

-: Not detected as an agent

In 17 patients, Acinetobacter baumannii caused
ventilator-associated pneumonia in 2014. Fifteen
(15) of them were studied for colistin resistance; all
were found susceptible to colistin.

The antibiotic resistant Acinetobacter strains that
were causative for nosocomial infections in the
hospital by years are presented in Table 4.

In 2014, only one Acinetobacter baumannii strain
was identified as resistant to colistine. This
bacterium was the agent in a central venous
catheter-associated bloodstream infection in the
Anesthesiology ICU.

We also analyzed Acinetobacter-associated
nosocomial infections for 2015.

In 2015, it was found that 18726 patients were
admitted to our hospital and 682 of them
experienced a nosocomial infection. Of the
admitted patients, 528 were hospitalized in the
Anesthesiology ICU and 150 of them developed an
infection (Table 1).

In 2015, a total of 622 nosocomial infection
causative agents were detected in our hospital; 37

of these causative agents were Acinetobacters,
including  Acinetobacter baumannii  (n=31),
Acinetobacter Iwoffi (n=1) and Acinetobacter spp..
The distributions of Acinetobacter-associated
infections are listed in Table 5.

In 2015, only one Acinetobacter infection was
identified as resistant to colistin. This infection was
an Acinetobacter spp.-associated central venous
catheter-bloodstream infection.

We also investigated the Acinetobacter-associated
nosocomial infections for 2016 in our study.

In 2016, 18373 patients hospitalized, 638 of them
developed a nosocomial infection (Table 1). In that
year, a total of 674 nosocomial infection agents
were identifies; 56 of them were Acinetobacter
baumannii. No Acinetobacter Iwoffi and
Acinetobacter spp.-associated infection was
observed. The distribution of Acinetobacter-
associated infections according to type of
infections is listed in Table 5.

No Acinetobacter strain that determined a
nosocomial infection in our hospital in 2016 was
found resistant to colistin (Table 4).



DISCUSSION

In the 3-year period, between 2014 and 2016, the
nosocomial infection rate in our hospital was found
as 3.81%. The infection rate in the Anesthesiology
ICU was 30.86%. When analyzed by year, 2016
was the year with the lowest infection rate in our
hospital. In contrast, it was observed that in that
year, the Anesthesiology ICU had the highest
infection rate and that the number of causative
Acinetobacters was higher compared to other
years. 945% of the infection-causing
Acinetobacters were Acinetobacter baumannii.

During the 3-year period, colistin resistance was
only identified in 2 patients who were hospitalized
in Anesthesiology ICU and developed “central
venous bloodstream infection”. While one of the
colistin-resistant ~ strains was  Acinetobacter
baumannii, the other one was Acinetobacter spp..
Tigecycline resistance was only tested in 2
Acinetobacter baumannii strains in 2016 and one
of them was found resistant. According to
carbapenem resistance, 91.1% of the Acinetobacter
baumannii strains that caused a nosocomial
infection and whose susceptibility was reported
were resistant to meropenem, and 93.8% were
imipenem-resistant. In 2014, 38 strains were found
to be resistant to meropenem, while in 2016, this
number increased to 43.

During the three-year period, the most common
nosocomial infection due to Acinetobacter
baumannii in our hospital was ‘“‘ventilator-
associated pneumonia”, followed by “central
venous catheter-associated bloodstream infection”.

Acinetobacter-type bacteria, especially
Acinetobacter baumannii, is a significant cause of
nosocomial infections.

Acinetobacters are oxidase negative, aerobic, gram
negative coccobacilli that ferment no glucose.
These dryness-resistant bacteria can be isolated
from reusable medical equipments, including
ventilator tubes, monitors for artherial blood
pressure and vaporisators. They were also isolated
from settings like hands of health care
professionals, sinks or pillows®. While its virulence
is generally low in patients with no immune system
disorder, these bacteria may lead to infections with
high mortality in immune-deficient patients,
patients with malignancy, burn patients and
newborn children®. Specifically, Acinetobacter
type bacteria are a significant nosocomial pathogen
in patients that hospitalize in ICUs for a prolonged
time and patients mounted a medical device,
including a long-term urinary catheter, central
venous catheter or mechanical ventilator.
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The frequency of this microorganism varies widely
by region, but it’s the second most common
etiologic agent in nosocomial pneumonia among
all gram-negative bacterial factors®. Apart from
pneumonia, it may also induce infections in
different  systems, including  bloodstream
infections, wound site infections and urinary
system infections, specifically associated with
catheters.

In a study by Alict et al. that investigated invasive
device-associated nosocomial infections in the
ICU, Acinetobacter spp. was reported to be the
most common cause for ventilator-associated
pneumonia °. Karasu et al. analyzed patients in the
ICU that developed nosocomial infections and
Acinetobacter spp. was found to be responsible for
most cases °. In their study, Acinetobacter strains
composed 24% of the nosocomial pathogens. They
reported that bloodstream infections (48%) and
ventilator-associated pneumonia (33%) were the
most frequent among nosocomial infections and
that Acinetobacter spp. was the most detected
pathogen in both infections. In the study by
Mahamat et al. that investigated A. baumannii
strains isolated from clinic samples of hospitalized
patients, it was found that respiratory tract
infections were more common in the ICU and
wound site infections in the other departments.
Amongs A. baumannii-associated infections,
bloodstream infections were the second most seen
in both the ICU and the other departments in their
study . Tasova et al. investigated the nosocomial
Acinetobacter-associated infections in Cukurova
University in 1999, and the most common infection
was pneumonia with 40.8% *2. 66.3% of the
Acinetobacter types isolated by the investigators
were A. baumannii, and 33.7% of them were A.
Iwoffi. In our study, it was seen that a total of 2024
agents were responsible for nosocomial infections
during the 3-year period, and that 7.16% (n = 145)
were identified as Acinetobacter strains. Across the
infection causes, Escherichia coli was the most
frequent among the gram negative bacteria,
followed by Klebsiella pneumoniae, Pseudomanas
aeruginosa and Acinetobacter species. A.
baumannii  (94.5%) was the most seen
Acinetobacter species, as also reported in other
studies. The most frequent Acinetobacter-
associated infection was ventilator-associated
pneumonia, followed by central venous catheter-
associated bloodstream infection.

The fact that A. baumannii creates a biofilm layer
and is able to resist to many antibiotics makes it
difficult to control these bacterial infections®.
Antibiotic resistance is a substantial issue faced in
the treatment of these bacteria. Hence, many



multidrug-resistant  Acinetobacter baumannii-
associated nosocomial infections are reported
globally®. In the recent years, carbapenem is
suggested to be the first choice in treatment of
Acinetobacter-associated  infections due to
increasing antibiotic resistance to many drugs.
Especially, units like ICUs that follow up severe
patients and have a higher antibiotic resistance are
more likely to encounter this condition. However,
in our country, carbapenemase-producing and
carbapenem-resistant Acinetobacter isolates are
increasing, as it is globally. This situation is likely
to result in difficult in patient treatment and
treatment failure, drawing attention of health
authorities.

The World Health Organization (WHO) published
a list of pathogens that primarily and urgently need
new antibiotics in 2017 (http://www. who.
int/medicines/publications/WHO-PPL-Short_
Summary_25Feb-ET_NM_WHO.pdf?ua=1). In
this list, carbapenem-resistant Acinetobacter
baumannii is addressed under the title of primary
and critical pathogens with priority. Indeed, the
presence of resistance to carbapenem is a serious
issue in terms of patient treatment. Unfortunately,
the resistance rates of Acinetobacter baumannii
strains to many antibiotics, including carbapenem,
has been increasing in the recent years.

Cesur et al. investigated the antibiotic
susceptibility of multidrug-resistant Acinetobacter
baumannii strains isolated from ICUs in the Etlik
Training and Research Hospital . The vast
majority of these strains (94%) were found to be
resistant to imipenem and meropenem; no
resistance to colistin was identified.

In the study Alpat et al., nosocomial infection-
causing Acinetobacter strains were found to be
resistant to imipenem (43.2%) and meropenem
(64.4%)*. The carbapenem resistence of
nosocomial infection-inducing  Acinetobacter
strains in the study by Balc1 et al. was similar. In
that  study, high resistance rates to
piperacillin/tazobactam as 84%, ciprofloxacine as
82%, ampicillin/sulbactam as 81%, meropenem as
63% and imipenem as 49% were reported®. One
study conducted in India that studied nosocomial
infections developing in the cardiovascular surgery
ICU, the most common pathogen was reported to
be Acinetobacter. In this study by Sahu et al., it was
found that Acinetobacter strains specifically infect
the lower respiratory tract and that the resistance to
imipenem was 86% and 18% to colistin *°. In the
study by Sohail et al., the analyzed Acinetobacter
strains were found to be resistant to imipenem at
90.9%, and meropenem at 90.8%, while only one
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strain was identified as resistant to cholistin. This
bacterium was most commonly isolated form
respiratory secretions in the mentioned study €.

Recently, carbapenem resistance of Acinetobacters
is found to be high, while being lower before. For
instance, in the study by Tasova et al.,
ciprofloxacine  resistance of  Acinetobacter
baumannii strains were reported as 60.4% and
imipenem resistance as 15.5%. Imipenem
resistance was slightly higher for A. Iwoffi and
22.2% *2, In another 2007 study by Yurtsever et al.
in Izmir, the resistance to imipenem for nosocomial
infection-causing A. baumannii strains was found
as 35% 7.

In our study, 91.1% of the Acinetobacter
baumannii  strains that caused nosocomial
infections were resistant to meropenem and 93.8%
of them to imipenem. Carbapenem resistance
peaked in 2016. In our 3-year study period, only 2
patients were found to be resistant to colistin.
These were 2 patients admitted to the
Anesthesiology ICU and developed “central
venous bloodstream infection”. One of the colistin-
resistant strains was Acinetobacter baumannii, the
other one was Acinetobacter spp..

The resistance statuses of Acinetobacter baumannii
strains isolated from blood and cerebrospinal fluid
samples are collected from some countries,
including our country, via a surveillance program
of WHO. The activity report of this surveillance
network, called CAESAR (Central Asian and
Eastern European Surveillance of Antimicrobial
Resistance), was published in 2016 8. According
to this report that includes data from certain
laboratories in Turkey, in 2014 and 2015,
Actinobacter strains reproduced from blood and
cerebrospinal fluid samples had a carbapenem
resistance at 89%, however, no colistin resistance
was identified. In a study by Ozdem et al. in a
training and research hospital in Ankara, it was
seen that meropenem resistance increased from
31.8% in 2007 to 77.3% in 2009, and that
resistance to imipenem increased from 32.7% to
64% *°.

These data indicate that carbapenem resistance in
Acinetobacter strains are increasing. Of course, if
the increase in resistance rates can not be
controlled, the treatment of patients will be more
difficult in the near future. Some centres reported
high resistance rates to aminoglycosides and
quinolons, apart from  carbapenem, in
Acinetobacter strains. In a study by Cosar et al.
conducted in Konya, status of resistance for
Acinetobacter baumannii strains isolated from
blood cultures of hospitalized patients was



analyzed %. In the mentioned study, the resistance
to amikacin, imipenem, tetracycline and
trimethoprim/sulfamethoxazole, ciprofloxacin,
cefepime, piperacillin-tazobactam and ceftriaxone
were 67%, 71%, 83%, 85%, 87%, 99% and 100%,
respectively, and no colistin resistance was found.
Tigecyclin and colistin resistance are still found
low in Acinetobacter strains. In the study by Doruk
et al.,, only two nosocomial infection-causing
Acinetobacter strains were found to be resistant to
tigecycline, while one was resistant to colistin 2.

It is important to give proper antibiotic treatment to
patients developing a nosocomial infection in terms
of the patient’s survival. Hence, in the study by
Gorbich et al. on patients with A. baumannii-
associated nosocomial infection, it was stated that
patients given proper antibiotic treatment had a
lower 30 day mortality ©.

Conclusively, Acinetobacter-type bacteria are a
significant nosocomial pathogen. Their treatment is
difficult due to their high resistance to variable
antibiotics. The antibiotic resistance status of the
bacteria may vary upon centres, even departments.
The empiric treatment of Acinetobacter-associated
nosocomial infections should be given considering
the susceptibility of the bacteria. In order to prevent
inappropriate antibiotic usage and to determine
rational treatment protocols, the in vitro
susceptibility profile of this bacteria that is able to
cause infections with high mortality and morbidity,
should be tracked continuously.
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