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Abstract: This study aimed to determine the prevalence and type of hospital acquired infections (HAIs), distribution of 
predominant pathogens and antimicrobial susceptibilities of nosocomial isolates. Diagnosis of HAIs was made sub-
categorized as bloodstream infection (BSI), surgical site infection (SSI), urinary tract infection (UTI), respiratory tract 
infection (RTI). The identification and antibiotic susceptibility of pathogen microorganisms of HAIs was detected with 
the use of the automatic identification and antibiogram system. Coagulase negative Staphylococcus (CNS) has been 
identified as the pathogen microorganism in BSIs and SSIs significantly higher than the UTIs and RTIs (P<0.001). 
Acinetobacter baumanii ve Acinetobacter spp. were significantly higher in RTIs (P<0.001). Klebsiella pneumoniae 
was identified as the significantly higher pathogen microorganism in SSIs than BSIs (P=0.035). Escherichia coli 
was most significantly higher in UTIs, and then in SSIs (P<0.001). Candida spp. ve Enterococcus spp. were signifi-
cantly higher in UTIs (P<0.001). Pseudomonas spp. was significantly higher in RTIs than BSIs (P=0.011). Extended 
spectrum beta lactamase (ESBL) resistance of E. coli ve Klebsiella isolates in HAIs was detected to be 44.6%. 
Carbapenem resistance of non-fermantative microorganisms were established as 69%. Methicilline resistance of 
staphylococci in HAIs was detected as 81.5%. Methicilline and carbapenem resistance were the most frequently 
detected in BSIs (67.4%, 40.2%), ESBL resistance was the most frequently detected in SSIs (36%). The increasing 
detection rates of multiresistant microorganisms in HAIs limits antimicrobial prophylaxis and treatment of infec-
tions. More epidemiological datas are needed to compare different treatment approachments.
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Introduction

Hospital acquired infection (HAI) is an impor-
tant complication bringing along some prob-
lems like prolongation of hospitalization, 
increase in mortality and morbidity rate and 
prolongation of the treatment period [1, 2]. In 
HAIs drug-resistant pathogens has generally 
been ascribed to the widespread use of antimi-
crobial agents [3]. Changes in the types of 
pathogens isolated in serious infections might 
also affect resistance patterns because differ-
ent bacterial species inherently have differing 
antimicrobial susceptibilities [4]. Several stud-
ies have reported that infection with an antibi-
otic resistant strain of an organism is associat-
ed with greater mortality and costs and longer 
intensive care unit (ICU) lengths of stay than 
infection with the non-resistant strain [5-9]. In 
the face of emerging multiresistant organisms, 
antimicrobial prophylaxis and treatment have 

become increasingly difficult, and timely and 
accurate epidemiological information is needed 
for guiding appropriate empirical therapy [10]. 
This study aimed to determine the prevalence 
and type of HAIs, distribution of predominant 
pathogens and antimicrobial susceptibilities of 
nosocomial isolates in hospitalized Cardiology 
and Cardiovascular surgery patients at Bursa 
YuksekIhtisas Training and Research Hospital 
during a 57 month period (January 2011-2015 
October).

Materials and methods

A retrospective observational cohort study was 
conducted at Bursa YuksekIhtisas Training and 
Research Hospital, Turkey which is a tertiary 
care hospital located in the South Marmara 
Region. Cardiology and Cardiovascular surgery 
patients diagnosed with HAI between January 
2011-October 2015 at the clinical departments 
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and intensive care units of Cardiology and 
Cardiovascular surgery were included in the 
study.

The registry of detected infections used the 
classification of infections into the following 
clinical forms of infections: bloodstream infec-
tion (BSI), surgical site infection (SSI), urinary 
tract infection (UTI), respiratory tract infection 
(RTI), skin and soft tissue infection (SSTI). 
Diagnosis of HAIs was made based on Centers 
for Diseases Control criteria.

Microbiological analysis

Microbiological tests were conducted on pa- 
tients with suspected HAI. The following clinical 
material was collected for the microbiological 
tests: blood, urine, swab from the wound, spu-

tum, tracheal aspirate, the tips of vascular 
catheters and others. Positive blood cultures 
were identified by the clinical microbiology labo-
ratory (BACTEC 9240 Blood Culture System; 
Becton Dickinson Biosciences). For nosocomial 
bacteremia, the originating source is then iden-
tified and subcategorized. The identification 
and antibiotic susceptibility of staphylococci, 
bacilli from the Enterobacteriaceae family, non-
fermenting bacilluswas detected with the use 
of the automatic identification and antibio-
gramsystem (Microscan Walkaway). The identi-
fication of Candida spp. was made with the use 
of API c AUX (bioMe’rieux, France).

Statistical analysis

Datas are expressed by frequency and by relat-
ed percent values. Comparisons between gr- 

Table 1. Comparisons of the presentation rates of the microorganisms in infection groups
Pathogen microorganism BSI n=273 UTI n=51 RTI n=122 SSI n=158 p-value
CNS 66 (19.50%)a* 0b* 0b* 31 (19.60%)a* <0.001
S. aureus 49 (17.90%)a* 0b* 7 (5.70%)b*,c* 20 (12.70%)a*,c* <0.001
Acinetobacter baumanii 33 (12.10%)a* 0a* 36 (29.50%)b* 18 (11.40%)a* <0.001
Acinetobacter spp. 23 (8.40%)a* 2 (3.90%)a* 24 (19.70%)b* 8 (5.10%)a* <0.001
Enterococcus faecalis 20 (7.30%)a* 2 (3.90%)a*,b* 0b* 5 (3.20%)a*,b* 0.009
Klebsiella pneumoniae 11 (4%)a* 3 (5.90%)a*,b* 10 (8.20%)a*,b* 8 (13.80%)b* 0.035
Pseudomonas aureginosa 10 (3.70%) 3 (5.90%) 9 (7.40%) 6 (3.80%) 0.378
E. coli 9 (3.30%)a* 20 (39.20%)b* 8 (6.60%)a* 27 (17.10%)c* <0.001
Candida spp. 9 (3.30%)a* 10 (19.60%)b* 0a* 0a <0.001
Enterococcus faecium 8 (2.90%) 1 (2%) 0 3 (1.90%) 0.235
Candida albicans 8 (2.90%) 1 (2%) 0 1 (0.60%) 0.124
Serratia marcendens 6 (2.20%) 0 2 (1.60%) 3 (1.90%) 0.967
Enterococcus spp. 5 (1.80%)a* 6 (11.80%)b* 0a* 3 (1.90%)a* 0.001
Enterobacter cloacae 3 (1.10%) 0 1 (0.80%) 6 (3.80%) 0.161
Klebsiella spp 2 (0.70%) 1 (2%) 5 (4.10%) 6 (3.80%) 0.051
Enterobacter aerogenes 2 (0.70%) 0 4 (3.30%) 2 (1.30%) 0.232
Citrobacter spp. 2 (0.70%) 1 (2%) 1 (0.80%) 1 (0.60%) 0.688
Enterobacter spp. 2 (0.70%) 0 1 (0.80%) 1 (0.60%) 1.000
Bacillus spp. 2 (0.70%) 0 0 1 (0.60%) 1.000
Pseudomonas spp. 1 (0.40%)a* 0a*,b* 6 (4.90%)b* 3 (1.90%)a*,b* 0.011
Stenotrophomonas maltophilia 1 (0.40%) 0 3 (2.50%) 0 0.115
Streptococcus spp. 1 0 0 0 -
Proteus mirabilis 0 1 (2%) 1 (0.80%) 3 (1.90%) 0.152
Streptococcus pneumoniae 0 0 2 0 -
Morganella morgagni 0 0 1 (0.80%) 1 (0.60%) 0.376
Acinetobacter Iwoffii 0 0 0 1 -
Klebsiella oxycota 0 0 1 0 -
*In the table, if the percent values related to the groups and the letters (a, b, c) presented with them are the same, this cor-
responds to similarity of the related groups. If different, it means discrepancy. **Skin and soft tissue infections are not included 
in the comparisons as the number of data were not enough.
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oups are done with Fisher’s exact chi-square 
test, Pearson chi-square test and Fisher-
Freeman-Halton tests. When the number of the 
group is more than two, analysis of the sub-
groups included the calculation of corrected 
Bonferroni p values. Analysis are done in SPSS 
programme (IBM Corp. Released 2012. IBM 
SPSS Statistics for Windows, Version 21.0. 
Armonk, NY: IBM Corp.) and P<0.05 is accepted 
as statistically significant.

Results

In our study, we have retrospectively identified 
HAIs in 585 (2.09%) of 27.886 patients who 
have been hospitalized in Cardiology and Car- 

Klebsiella pneumoniae 5.3%, Pseudomonas 
spp. 4.8%, E. faecalis 4.5%, Candida spp. 3.2%.

CNS has been identified as the pathogen micro-
organism in BSIs and SSIs significantly higher 
than the UTIs and RTIs (P<0.001) (Table 1). 
Acinetobacter baumanii ve Acinetobacter spp. 
were significantly higher in RTIs (P<0.001) 
(Table 1). Klebsiella pneumoniae was identified 
as the significantly higher pathogen microor-
ganism in SSIs than BSIs (P=0.035) (Table 1). 
E. coli was most significantly higher in UTIs, and 
then in SSIs (P<0.001) (Table 1). Candida spp. 
ve Enterococcus spp. were significantly higher 
in UTIs (P<0.001) (Table 1). Pseudomonas spp. 
was significantly higher in RTIs than BSIs 
(P=0.011) (Table 1).

In BSIs 55.5% gram-positive microorganisms, 
38.3% gram-negative microorganisms, 6.2% 
fungi was found. The most frequently deter-
mined five microorganisms were CNS (19.50%), 
S. aureus (17.90%), Acinetobacter baumanii 
(12.10%), Acinetobacter spp. (8.40%), E. faeca-
lis (7.30%) (P<0.001).

The most common microorganisms in SSIs 
were CNS (19.62%), E. coli (17.09%), S. aureus 
(12.66%), Acinetobacter baumanii (11.39%), 
Acinetobacter spp. (5.06%) (P=0.004).

The most common microorganisms in RTIs 
were Acinetobacter baumanii (29.51%), Aci- 
netobacter spp. (19.67%), Klebsiella pneumoni-
ae (8.20%), Pseudomonas aeruginosa (7.38%), 
E. coli (6.56%) (P<0.001).

Table 2A. ESBL resistance ratios of gram-negative patho-
gen microorganisms in HAIs
Pathogen microorganism ESBL (+) ESBL (-)
E. coli 27 (54%) 38 (61.3%)
Klebsiella pneumoniae 17 (34%) 15 (24.2%)
Klebsiella spp. 5 (10%) 9 (14.5%)
Klebsiella oxycota 1 (2%) 0

Table 2B. Carbapenem resistance rates of gram negative 
pathogen microorganisms in HAIs

Pathogen microorganism Carbapenem 
resistant

Carbapenem 
sensitive

Colistin 
resistant

Acinetobacter baumanii 79 (62.2%) 8 (14.0%) 0
Acinetobacter spp. 40 (31.5%) 17 (29.8%) 0
Acinetobacter Iwoffii 0 1 (%1.8) 0
Pseudomonas aureginosa 6 (4.7%) 23 (40.4%) 0
Pseudomonas spp. 2 (1.6%) 8 (14.0%) 0

Table 3. Resistance rates of staphylococci in 
HAIs
Pathogen micro-
organism

Methicilline 
resistant

Methicilline 
sensitive

S. aureus 51 (36.2%) 25 (78.1%)
CNS 90 (63.8%) 7 (21.9%)

Table 4. Distribution of resistance patterns 
rates in HAIs

HAI ESBL (+) Carbapenem 
resistant

Methicilli-
neresistant

BSI 11 (22%) 51 (40.2%) 95 (67.4%)
RTI 10 (20%) 49 (38.5%) 4 (2.8%)
UTI 11 (22%) 2 (1.6%) 0
SSI 18 (36%) 25 (19.7%) 42 (29.8%)

diovascular Surgery clinical depart-
ments and ICUs of our hospital between 
January 2011-October 2015. 64.1% of 
the patients were followed in ICU and 
35.9% of then were followed in the clin-
ical department. HAIs in our hospital 
were identified with the following fre-
quency: BSIs were the most common 
with 36.5% of the cases, SSIs 29.4%, 
RTIs 24.8%, UTIs 8.7% and SSTIs 3.4%.

606 pathogen microorganisms were 
isolated in HAIs and those were distrib-
utes as: BSIs 45,3%, SSIs 26%, RTIs 
20.1%, UTIs 8.4%, SSTIs 0.3%. Distri- 
bution of the microorganisms in HAIs is 
shown in Table 1. The most frequent 
microorganism was identified as CNS 
16% and then comes Acinetobacter 
baumanii 14.3%, S. aureus 12.5%, E. 
coli 10.8%, Acinetobacter spp. 9.4%, 
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The most common five microorganisms in UTIs 
were E. coli (39.22%), Candida spp. (19.61%), 
Enterococcus spp. (11.76%), Klebsiella pneu-
moniae (5.88%), Pseudomonas aeruginosa 
(5.88%) (P=0.006).

E. coli (50%) and Pseudomonas aeruginosa 
(50%) were isolated from SSTIs (n=2).

ESBL resistance of E. coli ve Klebsiella isolates 
in HAIs was detected to be 44.6%. Among HAIs, 
ESBL resistance was 54% in E. coli, 34% in K. 
pneumoniae (Table 2A).

Carbapenem resistance of non-fermantative 
microorganisms were established as 69%. 
Acinetobacter species showed resistance to 
carbapenem 82% and Pseudomonas species 
showed carbapenem resistance 20.5% (Table 
2B). The highest resistance tocarbapenem was 
detected in Acinetobacter baumanii (62.2%). 
There were no gram negative bacteria resistant 
to colistin (Table 2B).

Methicilline resistance of staphylococci in HAIs 
was detected as 81.5%. Methiciline resistance 
of CNS was 63.8%, and of S. aureus was 36.2% 
(Table 3).

Methicilline and carbapenem resistance were 
the most frequently detected in BSIs (67.4%, 
40.2%), ESBL resistance was the most fre-
quently detected inSSIs (36%) (Table 4).

Discussion

The rate of HAIs was found as 2.09% in ours 
study. Davoudi A. et al. [11] found the rate of 
HAIs was 8.3% in patient underwent open heart 
surgery, Coskun D et al. [12] reported the inci-
dence of 2.9% HAIs in about of patients that 
underwent heart surgery. When we compair the 
the rate of HAIs in our study to the studies 
examining similar patients, it is found to be low.

HAIs in our hospital revealed those percents: 
the most frequent was BSIs with 36.5%, SSIs 
were 29.4%, RTIs were 24.8%, UTIs were 8.7%, 
SSTIs were 3.4%. Davoudi A. et al. [11] found 
the rates of SSIs, RTIs UTIs, BSIs as 27.80%, 
25.66%, 17.11%, 8.55% respectively. Santo L. 
et al. [13] found that patients underwent cardi-
ac surgeries showed most commonly RTIs with 
51.8%, and then SSIs with 27.7% and BSIs with 
20.5%. The rate of HAI type shows difference 
from study to study.

In our study, the most frequent BSIs was detect-
ed to be caused by gram-positive microorgan-
isms with 55.5%, gram negative microorgan-
isms with 38.3% and fungi with 6.2%. The most 
frequently determined five microorganisms 
were CNS (19.50%), S. aureus (17.90%), A. bau-
manii (12.10%), Acinetobacter spp. (8.40%), E. 
faecalis (7.30%) (P<0.001). Wisplinghoff H. et 
al. [10] found that gram-positive microorgan-
isms caused 65% of BSIs, gram-negative micro-
organisms caused 25%, fungi caused 9.5% and 
the most-common organisms causing BSIs 
were CNS (31%), S. aureus (20%), enterococci 
(9%), and Candida species (9%). In several 
studies, as it has been in our study, it is showed 
that CNS followed by S. aureus comprised the 
most prevalent bacteria isolated from BSIs [14-
17]. In our study, the most frequent gram nega-
tive microorganism in BSIs was found as A. 
baumanii (12.10%) and inRTIs the most fre-
quent pathogens were A. baumanii (29.51%), 
Acinetobacter spp. (19.67%) (P<0.001) (Table 
1). The prevalence rate of A. baumaniive 
Acinetobacter spp. in RTIs was significantly 
higher than other types of HAIs. (P<0.001) 
(Table 1). Reports of Acinetobacter spp. bacte-
remia are increasing, especially from Asian 
countries and Iran, Iraq, Kuwait, Afghanistan, 
India [17-20]. A surveillance study from Iran 
reported that Acinetobacter spp. were the most 
frequently isolated bacteria in the hospital and 
community acquired BSIs (32%) [21]. Price LS. 
et al. [22] reported that the most frequent clini-
cal manifestations of Acinetobacter infection 
are ventilator-associated pneumonia (VAP) and 
BSIs. Jaggi N. et al. [23] reported that A. bau-
mannii contributed to 30.4% VAP, 35.2% cath-
eter associated BSIs, 12.5% SSIs and 2.94% 
catheter associated UTIs. Overall resistance of 
A. baumannii towards carbapenems was 90% 
from all hospital isolates. In our study, the rates 
of Acinetobacter infection in RTIs and SSIs 
were found to be similar with the results of the 
study by Jaggi N. et al. and even it is the most 
frequent gram negative microorganism in BSIs, 
the rate of A. baumanii was found as 12.10%. 
We have determined carbapenem resistance of 
Acinetobacter species with rate of 82% in our 
study (Table 2B). Antibiotic resistance in A. 
baumannii is increasing at an alarming rate 
leading to increased morbidity, mortality and 
treatment costs in ICU settings as revealed by 
surveillance studies from Europe, the Asia 
Pacific region, Latin America and North America 
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over the last 3-5 years [24]. The antibiotic sus-
ceptibility patterns clearly showed the increas-
ing resistance of A. baumanniito various antibi-
otics as compared to other gram negatives. 
Colistin (Polymixin E) is one agent which is 
active against A. baumannii. Jaggi N. et al. has 
been reported colistin resistance as 1.2%. A 
recent study of clinical isolates from the 
Western Pacific region showed 3.3% resistance 
of A. baumanniito colistin [23, 25]. We have not 
detected any resistance of Acinetobacter spe-
cies to colistin in our study.

In our study, the most frequent five microorgan-
isms in SSIs were found to be CNS (19.62%), E. 
coli (17.09%), S. aureus (12.66%), A. baumanii 
(11.39%), Acinetobacter spp. (5.06%) (P= 
0.004). As similar to the results of study, S. 
Cossin et al. revealed the distribution rate of 
the microorganisms in SSIs after cardiac sur-
gery as CNS, S. aureus, E. coli [26].

In our study, the most frequently five microor-
ganisms in RTIs were A. baumanii (29.51%), 
Acinetobacter spp. (19.67%), K. pneumoniae 
(8.20%), P. aeruginosa (7.38%), E. coli (6.56%) 
(P<0.001). Chung DR. et al. in their multination-
al study shows that Acinetobacter spp., P. aeru-
ginosa, S. aureus, and K. pneumoniae are the 
most frequent isolated agents from adults with 
hospital-acquired pneumonia (HAP) and VAP in 
10 Asian countries, and these isolated agents 
are highly resistant to major antimicrobial 
agents [27]. Acinetobacter pneumonia occurs 
predominantly in intensive care unit (ICU) 
patients who require mechanical ventilation 
and tends to be characterized by a late onset. 
Positive blood cultures and signs of sepsis usu-
ally portend a bad prognosis. Additionally, 
patients with pneumonia due to Acinetobacter 
spend more ventilator days in the ICU before 
detection of positive cultures than do patients 
with pneumonia due to other gram-negative 
bacilli or uninfected patients [28]. The reason 
of high rate determination of Acinetobacter 
species in our study has been found to be 
linked to the fact that the ventilator use rate of 
our hospital was at the average usein Turkey 
between the years 2011-2015 (ICU data of our 
hospital was 0.28-UHESA 2014 ICU data was 
0.12-0.46) together with our RTI rate which is 
higher than the Turkey’s average. (ICU inci-
dence density of 1000 ventilator days was 
7.83 in our hospital-UHESA 2014 ICU datas 
were 6.5-6.8).

The prevalences of five most frequent microor-
ganisms of UTIs in our study were E. coli 
(39.22%), Candida spp. (19.61%), Enterococcus 
spp. (11.76%), K. pneumoniae (5.88%), P. aeru-
ginosa (5.88%) (P=0.006). E. coliwas the most 
common pathogenin UTIs and secondly in SSIs. 
(P<0.001). Candida spp. ve Enterococcus spp. 
was determined significantly high in UTIs 
(P<0.001). As similar to the UTI results of our 
study, multi-center study of Tasbakan M. et al. 
in Turkey reported that the prevalence of UTIs 
was 6.77% in ICU with the five leading microor-
ganisms were E. coli 45.5%, Candida spp. 
15.9%, Klebsiella spp. 13.3%, Enterococcus 
spp. 10.2% and Pseudomonas spp. 10.0% 
(n=42) [28]. Similar to the results of our study, 
many studies indicate that at least 10%-15% of 
hospital acquired UTIs are caused by Candida 
species. Candiduria is especially common in 
ICUs and may represent the most frequent UTIs 
encountered in adult surgical ICUs [29, 30].

In our study, ESBL resistance of E. colive 
Klebsiella isolates in HAIs was detected to be 
44.6%. Among HAIs, ESBL resistance was 54% 
in E. coli, 34% in K. pneumoniae (Table 2A). 
ESBL resistance was the most frequently 
detected in SSIs (36%) (Table 4). Blanco MG. et 
al. reported among nosocomial Enterobac- 
teriacea in Latin America up to 32% of E. coli 
and up to 58% of K. pneumoniae isolates are 
ESBL positive, rates that are higher than in 
other world regions [31]. The publication of the 
SMART program medatas of Hawser S. et al. 
from the Asia-Pacific region in 2007 shows that 
42.2% and 35.8% of Escherichia coli and 
Klebsiella spp., respectively were ESBL posi-
tive; For India for ESBL-positive E. coli, K. pneu-
moniae were 79.0%, 69.4%, ESBL-positive E. 
coli rates were also high in China (55.0%) and 
Thailand (50.8%) [32]. Our study’s 44.6% ESBL 
resistance rate compared with 30%, 17%, 10%, 
and 8% for Latin America, the Middle East and 
Africa, the European Union, and North America, 
respectively [33].

In our study, methicilline resistance of staphylo-
cocci in HAIs was detected to be 81.5% respec-
tively (Table 3). Methicilline resistance was 
63.8% in CNS, 36.2% in S. aureusand the most 
frequently detected in BSIs (67.4%) (Tables 3, 
4). Madani N. et al. found that 25.5% of all S. 
aureus HAIs were caused by methicillin-resis-
tant strains and in HAIs 78.3% of CNS were 
methicillin resistant [34]. In International No- 
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socomial Infection Control Consortium (INICC) 
reportglobal study were found resistance of S. 
aureus isolates to methicillin 84.4% vs 56.8% 
[35].

The increasing detection rates of multiresistant 
microorganisms in HAIs limits antimicrobial 
prophylaxis and treatment of infections. More 
epidemiological datas are needed to compare 
different treatment approachments.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Sanem Karadag 
Gecgel, Department of Microbiology and Clinical 
Microbiology, Yuksek Ihtisas Training and Research 
Hospital, Department of Infectious Diseases and 
Clinical Microbiology, Yuksek Ihtisas Training and 
Research Hospital, 152 Evler, Prof. Tezok Cd. No:2, 
Yıldırım/Bursa, Turkey. Tel: 0-224-3605050; Fax: 
0-224-3605055; E-mail: sanemkaradag@yahoo.
com 

References

[1] Geffers C, Sohr D, Gastmeier P. Mortality at-
tributable to hospitalacquired infections 
among surgical patients. Infect Control Hosp 
Epidemiol 2008; 29: 1167-70.

[2] Noone A, O’Brain SJ. National surveillance of 
hospital-acquired infection-can performance 
indicators be developed. J Hosp Infect 1977; 
37: 85-8.

[3] Jones RN. Impact of changing pathogens and 
antimicrobial susceptibility patterns in the 
treatment of serious infections in hospitalized 
patients. Am J Med 1996; 100: 3-12.

[4] Jones RN, Pfaller MA. Bacterial resistance: a 
worldwide problem. Diagn Microbiol Infect Dis 
1998; 31: 379-388.

[5] Cosgrove SE. The relationship between antimi-
crobial resistance and patient outcomes: mor-
tality, length of hospital stay, and health care 
costs. Clin Infect Dis 2006; 42: 82-89.

[6] Macedo-Vinas M, De Angelis G, Rohner P, Saf-
ran E, Stewardson A, Fankhauser C, Schrenzel 
J, Pittet D, Harbarth S. Burden of meticillin-re-
sistant Staphylococcus aureus infections at a 
Swiss University hospital: excess length of stay 
and costs. J Hosp Infect 2013; 84: 132-137.

[7] Rubio-Terres C, Garau J, Grau S, Martinez-Mar-
tinez L. Cost of bacteraemia caused by methi-
cillin-resistant vs. methicillin-susceptible Sta- 
phylococcus aureus in Spain: a retrospective 
cohort study. Clin Microbiol Infect 2010; 16: 
722-728.

[8] Patel G, Huprikar S, Factor SH, Jenkins SG, Cal-
fee DP. Outcomes of carbapenem-resistant 
Klebsiella pneumoniae infection and the im-
pact of antimicrobial and adjunctive therapies. 
Infect Control Hosp Epidemiol 2008; 29: 1099-
1106.

[9] Salgado CD, Farr BM. Outcomes associated 
with vancomycin-resistant enterococci: a me-
ta-analysis. Infect Control Hosp Epidemiol 
2003; 24: 690-698.

[10] Wisplinghoff H, Bischoff T, Tallent SM, Seifert 
H, Wenzel RP, Edmond MB. Nosocomial Blood-
stream Infections in US Hospitals: Analysis of 
24,179 Cases from a Prospective Nationwide 
Surveillance Study. Clin Infect Dis 2004; 39: 
309-17.

[11] Davoudi A, Najafi N, Alian S, Tayebi A, Ahangar-
kani F, Rouhi S, Heydari A. Resistance Pattern 
of Antibiotics in Patient Underwent Open Heart 
Surgery with Nosocomial Infection in North of 
Iran. Glob J of Health Sci 2016; 8: 2.

[12] Coskun D, Aytaç J. Evaluation of nosocomial 
infections following cardiovascular surgery. An-
adolu Kardiyol Derg 2007; 7: 164-8.

[13] De Santo LS, Bancone C, Santarpino G, Roma-
no G, De Feo M, Scardone M, Galdieri N, Co-
trufo M. Microbiologically documented nosoco-
mial infections after cardiac surgery: an 
18-month prospective tertiary care centre re-
port. Eur J Cardiothorac Surg 2008; 33: 666-
672.

[14] Mitt P, Adamson V, L˜oivukene K, Lang K, Tell-
ing K, Päro K, Rõõm A, Naaber P, Maimets M. 
Epidemiology of nosocomial bloodstream in-
fections in Estonia. J Hosp Infect 2009; 71: 
365-370.

[15] Moyo S, Aboud S, Kasubi M, Maselle SY. Bacte-
ria isolated from bloodstream infections at a 
tertiary hospital in Dar es Salaam, Tanzania-
antimicrobial resistance of isolates. S Afr Med 
J 2010; 100: 835-838.

[16] Richards M, Thursky K, Buising K. Epidemiolo-
gy, prevalence, and sites of infections in inten-
sive care units. Semin Respir Crit Care Med 
2003; 24: 3-22.

[17] Ghadiri H, Vaez H, Khosravi S, Soleymani E. 
The Antibiotic Resistance Profiles of Bacterial 
Strains Isolated from Patients with Hospital-
Acquired Bloodstream and Urinary Tract Infec-
tions. Crit Care Res Pract 2012; 2012: 890797.

[18] Houang ET, Chu YW, Leung CM, Chu KY, Berlau 
J, Ng KC, Cheng AF. Epidemiology and infection 
control implications of Acinetobacter spp. in 
Hong Kong. J Clin Microbiol 2001; 39: 228-
234.

[19] Munoz-Price LS and Weinstein RA. Acineto-
bacter infection. N Engl J Med 2008; 358: 
1214-1281.

[20] Tien HC, Battad A, Bryce EA, Fuller J, Mulvey M, 
Bernard K, Brisebois R, Doucet JJ, Rizoli SB, 

mailto:sanemkaradag@yahoo.com
mailto:sanemkaradag@yahoo.com


The pathogen microorganisms in hospital acquired infections

22316 Int J Clin Exp Med 2016;9(11):22310-22316

Fowler R, Simor A. Multi-drug resistant Acineto-
bacter infections in critically injured Canadian 
forces soldiers. BMC Infect Dis 2007; 7: 95.

[21] Barati M, Taher MT, Abasi R, Zadeh MM, Barati 
M, Shamshiri AR. Bacteriological profile and 
antimicrobial resistance of blood culture iso-
lates. Iran J ClinInfect Dis 2009; 4: 87-95.

[22] Munoz-Price LS, Weinstein RA. Acinetobacter 
infection. N Engl J Med 2008; 358: 1271.

[23] Jaggi N, SissodiaP, Sharma L. Acinetobacter 
baumannii isolates in a tertiary care hospital: 
Antimicrobial resistance and clinical signifi-
cance. J Microbiol İnfect Dis 2012; 2: 57-63.

[24] Ko KS, Suh JY, Kwon KT, Jung SI, Park KH, 
Kang CI, Chung DR, Peck KR, Song JH. High 
rates of resistance to colistin and Polymixin B 
in subgroups of Acinetobacter baumannii iso-
lates from Korea. J Antimicrob Chemother 
2007; 60: 1163-1167.

[25] Yau W, Owen RJ, Poudyal A, Bell JM, Turnidge 
JD, Yu HH, Nation RL, Li J. Colistin heteroresis-
tance in multidrug-resistant Acinetobacter 
baumannii clinical isolates from the western 
pacific region in the SENTRY antimicrobial sur-
veillance programme. J Infect 2009; 58: 138-
144.

[26] Cossin S, Malavaud S, Jarno P, Giard M, 
L’Hériteau F, Simon L, Bieler L, Molinier L, Mar-
cheix B, Venier AG; ISO-RAISIN Steering Com-
mittee. Surgical site infection after valvular or 
coronary artery bypass surgery: 2008-2011 
French SSI national ISO-RAISIN surveillance. J 
Hosp Infect 2015; 91: 225-230.

[27] Chung DR, Song JH, Kim SH, Thamlikitkul V, 
Huang SG, Wang H, So TM, Yasin RM, Hsueh 
PR, Carlos CC, Hsu LY, Buntaran L, Lalitha MK, 
Kim MJ, Choi JY, Kim SI, Ko KS, Kang CI, Peck 
KR; Asian Network for Surveillance of Resis-
tant Pathogens Study Group. High Prevalence 
of Multidrug-Resistant Nonfermenters in Hos-
pital-acquired Pneumonia in Asia. Am J Respir-
Crit Care Med 2011; 184: 1409-1417.

[28] Garnacho-Montero J, Ortiz-Leyba C, Fernán-
dez-Hinojosa E, Aldabó-Pallás T, Cayuela A, 
Marquez-Vácaro JA, Garcia-Curiel A, Jiménez-
Jiménez FJ. Acinetobacterbaumannii ventila-
tor-associated pneumonia: epidemiological 
and clinical findings. Intensive Care Med 2005; 
31: 649.

[29] Isikgoz Tasbakan M, Durusoy R, Pullukcu H, 
Sipahi OR, Ulusoy S; 2011 Turkish Nosocomial 
Urinary Tract Infection Study Group. Hospital-
acquired urinary tract infection point preva-
lence in Turkey: differences in risk factors 
among patient groups. Ann Clin Microbiol Anti-
microb 2013; 12: 31.

[30] Sobel JD, Fisher JF, Kauffman CA, Newman CA. 
Candida urinary tract infections epidemiology. 
Clin Infect Dis 2011; 52: 433-436.

[31] Guzmán-Blanco M, Labarca JA, Villegas MV, 
Gotuzzo E; Latin America Working Group on 
Bacterial Resistance. Extended spectrum -lac-
tamase producers among nosocomial Entero-
bacteriaceae in Latin America. Braz J Infect Dis 
2014; 8: 421-433.

[32] Hawser SP, Bouchillon SK, Hoban DJ, Badal 
RE, Hsueh PR, Paterson DL. Emergence of 
High Levels of Extended-Spectrum-Lactamase-
Producing Gram-Negative Bacilli in the Asia-
Pacific Region: Data from the Studyfor Monitor-
ing Antimicrobial Resistance Trends (SMART) 
Program, 2007. Antimicrob Agents Chemother 
2009; 53: 3280-3284.

[33] Badal R, Bouchillon S, Hoban D, Johnson A, 
Hackel M, Johnson J. 2008. Abstr. 48th Inter-
sci. Conf. Antimicrob. Agents Chemother./46th 
Ann. Meet. Infect. Dis. Soc. Am., poster C1-
131.

[34] Madani N, Rosenthal VD, Dendane T, Abidi K, 
Zeggwagh AA, Abouqal R. Health-care associ-
ated infections rates, length of stay, and bacte-
rial resistance in an intensive care unit of Mo-
rocco: findings of the International Nosocomial 
Infection Control Consortium (INICC). Int Arch 
Med 2009; 2: 29.

[35] Rosenthal VD, Bijie H, Maki DG, Mehta Y, 
Apisarnthanarak A, Medeiros EA, Leblebicioglu 
H, Fisher D, Álvarez-Moreno C, Khader IA, Del 
Rocío González Martínez M, Cuellar LE, Navoa-
Ng JA, Abouqal R, Guanche Garcell H, Mitrev Z, 
Pirez García MC, Hamdi A, Dueñas L, Cancel E, 
Gurskis V, Rasslan O, Ahmed A, Kanj SS, Ugal-
de OC, Mapp T, Raka L, Yuet Meng C, Thu le TA, 
Ghazal S, Gikas A, Narváez LP, Mejía N, Had-
jieva N, Gamar Elanbya MO, Guzmán Siritt ME, 
Jayatilleke K; INICC members. International 
Nosocomial Infection Control Consortium (IN-
ICC) report, data summary of 36 countries, for 
2004-2009. Am J Infect Control 2012; 40: 
396-407.


