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Abstract

Klebsiella pneumoniae accounts for more than 70% of human infections. Especially K. pneumoniae is
considered as a significant cause of bloodstream-associated infections (BSIs), urinary tract infections
(UTIs), and respiratory tract infections in neonatal and intensive care units. A total of 316 K. pneumoniae,
168 isolates from male and 148 isolates from female patients, were isolated from the blood cultures of
intensive care patients in Van Training and Research Hospital of the University of Health Sciences. The
highest isolation was detected in the age group of “72<” in the male and female patients. The lowest
isolation rates were observed in the age group of “18-36” in the male patients and “36-54" in the female
patients. Extended-spectrum f-lactamase (ESBLs) and Carbapenemase (CP) productions of 316 K.
pneumoniae isolates were evaluated by antibiotic resistance results. Two hundred and fifty K.
pneumoniae strains isolated from the patients were observed to be ESBL positive. CP productions of 132
of the 316 K. pneumoniae isolates were revealed to be positive. It was concluded that K. pneumoniae
strains, which cause circulatory system infections in our region, had high ESBLs and CP resistance, and
it was important to analyze them accurately by sex, age, and antibiotic resistance.
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Introduction

Klebsiella spp. are identified within saprophyte bacteria, which are in the family Enterobacteriaceae and
often isolated from the environment. Also, Klebsiella pneumoniae is the Klebsiella species that are most
isolated from clinical infections and account for more than 70% of human infections (Hansen et al., 1998;
Pitout et al., 2016). K. pneumoniae become colonized in humans often in the gastrointestinal tract, skin,
and nasopharynx (Pitout et al., 2016). K. pneumoniae plays an important role in community-acquired
infections such as necrotizing pneumonia, pyogenic liver diseases, and endogenous endophthalmitis
(Broberg et al.,2014; Siu et al., 2012). Since 1970, K. pneumoniae has been regarded as a major cause of
hospital infections, especially bloodstream-associated infections (BSIs), urinary tract infections (UTIs),
and respiratory tract infections, in neonatal and intensive care units, (Hansen et al., 1998; Daikos et al.,
2012; Broberg et al., 2014). Antibiotic resistance profiles of the bacteria (especially K. pneumoniae) that
are cited among the causes of diseases such as bloodstream infections, diarrhea, pneumonia, UTIs, and
gonorrhea have been emphasized in a report published by the World Health Organization (WHO), (World
Health Organization, 2014). In some countries, more than half of the patients associated with K.
pneumoniae have been reported to be incurable because of carbapenem resistance (Pitout et al., 2016).
B-lactam antibiotics are widely used in the treatment of bacterial infections. A considerable resistance is
observed among gram-negative bacteria because of overuse or misuse of these antibiotics (Shaikh et al.,
2015; Pitout and Laupland, 2008). In recent years, the increase in the multiple-drug resistant K.
pneumoniae infections has raised concerns (Falcone et al., 2016; Man et al., 2017). K. pneumoniae that
were isolated from infections have been reported to produce Extended-spectrum Beta-Lactamase (ESBL)
and carbapenemase (CP) and cause considerable increases in mortality and morbidity rates (Meatherall
et al., 2009; Man et al., 2017). ESBL-producing K. pneumoniae have been reported from various regions
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around the world (Girlich et al., 2001; Livermore and Hawkey, 2005; Mena et al., 2006; Carrer et al.,
2008). In 2001, ESBL prevalence in Germany (K. pneumoniae 8,2%) has been reported to be lower when
compared with the USA and Western Pacific regions (Sturenburg and Mack, 2003). In Taiwan, the annual
incidence of ESBL-producing K. pneumoniae has been reported to be 12,1% between 2002 and 2010
(Cheng et al., 2016). According to the data of the National Antimicrobial Resistance Surveillance System
(UAMDSS), where the data on blood cultures are collected in Turkey, GSBL positivity in K. pneumoniae
in 2013 was found to be 49,9% (Saygili and Akgiines, 2017). In Europe, Carbapenem-resistant K.
pneumoniae isolates have been observed to be spreading since 2006 (Mena et al., 2006; Grobner et al.,
2009). In Greece, it has been reported that CP-KP was isolated from 10% of the patients who had been
admitted in intensive care units (Papadimitriou-Olivgeris et al., 2017; Man et al., 2017). In a multi-center
study conducted in Turkey between 2000-2003, Gram-negative bacteria were found to be 99,3%
susceptible to meropenem and 97,6% to imipenem (Cift¢i et al., 2013). In hospital-based studies, the
mortality rate in cases of comorbid infection and K. pneumoniae-induced bacteremia has been reported
to be 20-40% (Meatherall et al., 2009).

This study aimed to determine the presence and prevalence of K. pneumoniae in the blood culture
samples obtained from the inpatients in the intensive care units of Van Training and Research Hospital
of the University of Health Sciences. Also, the study aimed to reveal the antibiotic resistance profiles of
the K. pneumoniae isolates and determine the risks they pose to human health in intensive care units.

Materials and Method

Isolation and Identification of Bacteria, and Antibiogram Test:

The inpatients in the intensive care units of Van Training and Research Hospital of the University of
Health Sciences between February and December of 2018 were monitored. The distributions of the
intensive care patients were classified by their sexes and average ages (<18, 18-36, 36-54, 54-72, 72<).
Blood culture bottles were monitored in Bactec/Alert 3D (Biomerieux, USA) for 72 hours. Positive blood
culture bottles were evaluated microbiologically. The blood culture bottles were inoculated on 5% sheep-
blooded agar (Acumedia, USA), McConkey Agar (Oxoid, UK), and Eosin Methylene Blue agar (EMB,
Oxoid, UK). The cultures were left for incubation at 37 C for 48 hours. The colony morphology of the
cultures was evaluated. Their biochemical tests such as Gram staining, Catalase test, and Oxidase test
were carried out. Vitek 2 Compact (Biomerieux, USA) device was used for the identification of the
bacteria and antibiogram test.

Statistical Analysis:

Descriptive statistics for the studied variables (characteristics) were presented as count and percent.
Proportions styled outfits were compared with the Z test for two proportions styled outfits. Statistical
significance levels were set at 5% and MINITAB for windows (: 14) statistical program was used for all
statistical computations.

Ethics:
The Ethics Committee of Van Training and Research Hospital of the University of Health Sciences
approved this study.

Conclusion

Results of Isolation and Identification of Bacteria, and Antibiogram Test:

Three hundred and sixteen K. pneumoniae, 168 isolates from the male patients and 148 from the female
patients, were isolated from the blood cultures of the intensive care patients. The highest isolation was
detected in the age group of “72<” in the male and female patients. The second highest isolation rates
were found to be at the age group of “36-54” in the male patients and “<18” in the female patients. The
lowest isolation rates were observed in the age group of “18-36” in the male patients and “36-54" in the
female patients (Table 1).

The antibiotic resistance rates of the K. pneumoniae isolates detected in the female and male patients
were given in Table 2. The highest antibiotic resistance of the K. pneumoniae strains in the female
patients was found to be against Ceftazidime (118, 80%) and Ampicillin (116, 78,4%). The lowest
antibiotic resistance of the K. pneumoniae isolates isolated from the female patients was found to be
against Nitrofurantoin (140, 94,6%). The highest intermediate resistance in female patients was found to
be against Tigecycline (39, 26,3%). K. pneumoniae isolates isolated from the male patients were found
to show the highest resistance against Ampicillin (126, 75%) and Ceftazidime (120, 71,4%). The highest
antibiotic susceptibility of the K. pneumoniae isolates isolated from the male patients was found to be
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against Fosfomycin (158, 94%). The highest intermediate resistance in male patients was found to be
against Amikacin (51, 30,4%).

ESBLs and CP production of the 316 K. pneumoniae isolates obtained from the blood cultures of the
inpatients of intensive care units were evaluated by antibiotic resistance results (Table 2). While ESBLs
of the 122 K. pneumoniae strains isolated from the female patients were observed to be positive, ESBLS
of the 128 K. pneumoniae strains isolated from the male patients were observed to be positive. In the
evaluation of the 316 K. pneumoniae strains, the CP production of the 63 K. pneumoniae isolates in the
female patients and 69 K. pneumoniae isolates in the male patients were revealed to be positive.
Statistical Analysis Results:

Distribution of the K.pneumonia isolates by sex and age was examined and the difference between the
incidence rates of the infection was found to be statistically significant between the age groups of <18
and 18-36 ages (Table 1). The statistical evaluation of the antibiotic resistance profiles of the
K.pneumonia isolates in the males and females were expressed by Pg, Py, and Ps . The Pgr value was
observed to be significant only in Meropenem and Fosfomycin by sex. The P, value was found to be
significant in Meropenem, Gentamicin, and Cefepime. When compared with the other antibiotics, only
Ps values of the antibiotics Ciprofloxacin and Fosfomycin were revealed to be significant (Table 2).

Table 1. Distribution of the K.pneumonia isolates by sex and age

Yas Erkek (n=168,%) Kadin (n=148,%) P degeri

<18 18 (11) 40 (27) 0,001
18-36 8 (5) 22 (15) 0,002
36-54 32 (19) 21(14) 0,249
54-72 28 (17) 29 (20) 0,499

72< 62 (37) 56 (38) 0,864

Table 2. Antibiotic resistance profiles of the K. pneumonia isolates

Woman (n=148) (%) Man (n=168) (%) P

ANTIBIYOTIK R | S R | S Pr P Ps

SXT* 63 (43) - 85 (57) 77 (45,8) - 91 (54,2) 0,560 - 0,560

Levofloksasin 31(21) 3(2) 114 (77) | 30(17.9) 1(0,6) 137 0,488 0,256 0,321
(81,5)

Ciprofloxacin 94 (63,5) 747 41(318) | 92(548) 42,4) 72 0,115 0,256 0,005
(42,8)

Ampicillin 116 (78,4) - 32(21,6) | 126 (75) - 42 (25) 0,479 - 0,479

Piperacillin 22 (15) - 126 (85) | 21(125) - 147 0,541 - 0,541
(87,5)

Piperacillin/Tazobactam 97 (65,5) 11(74) | 40(271) | 98(583) | 15(89) | 55 (32.8) 0,188 0,629 0,269

Imipenem 32(135) | 23(155) 93 (71) 35(20,8) | 24(143) 109 0,864 0,754 0,790
(64,9)

Meropenem 56 (37,8) 747 85(57,5) | 46(27.4) | 23(13,7) | 99(588) 0,047 0,007 0,871

Ertapenem 49 (33,1) 1(0,7) 98 (66,2) | 49 (29,2) 5(3) 114 0,450 0,135 0,757
(67,8)

Amikacin 40 (38) 32(216) | 76(404) | 36(21,4) | 51(304) | 81(482) 0,245 0,078 0,578

Netilmicin 17 (11,5) - 131(88,5) | 18(10,7) - 150 0,827 - 0,827
(89,3)

Tobramycin 17 (11,5) - 131(88,5 | 18(10,7) - 150 0,827 - 0,827
(89,3)

Gentamisine 43 (29) 27(182) | 78(528) | 56(33,3) | 17(10,1) | 95(56,6) 0,413 0,037 0,493

Colistin 15 (10,1) - 133(89,9) | 30 (17,9 - 138 0,500 - 0,500
(82,1)

Nitrofurantoin 8 (5.4) - 140 (94,6) | 15(8.9) - 153 0,229 - 0,229
(91,1)

Tigecycline 12 (8.1) 39(26,3) | 97(656) 13 (7,7) 32 (19) 123 0,903 0,121 0,139
(73,3)

Fosfomycine 22 (15) - 126 (85) 10 (6) - 158 (94) 0,009 - 0,009

Ceftazidime 118 (80) 4(2,7) 26 (17,3) 120 8 (4.8) 40 (23,8) 0,088 0,339 0,173

(71,4)
Cefuroxime 102 (69) - 46 (31) 111 (66) - 57 (34) 0,590 - 0,590
CefuroximeAxetil 102 (69) 1(0,7) 46 (30,3) 108 2(1,2) 58 (34,6) 0,384 0,638 0,516
(64,2)

Cefoxitin 54 (36,5) 1(0,7) 93(62,8) | 59(351) 3(18) 106 0,800 0,378 0,962
(63,1)

Cefepime 74 (50) 1(0,7) 73(49,3) | 67(39,9) 9 (5,4) 92 (54,7) 0,071 0,018 0,334

Cefixime 44.(29,7) - 104 (70,3) | 55(32,7) - 113 0,565 - 0,565
(67,3)

Aztreonam 20 (13,5) - 128 (86,5 | 19 (113) 1(06) 148 0,552 - 0,552
(88,1)

R: Resistant; I: Intermediate Susceptible; S: Susceptible; SXT*: Trimethoprim-sulfamethoxazole
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Discussion

It has been revealed by various studies that K. pneumoniae isolated from blood cultures vary by sex and
age (Meatherall et al., 2009; Boo et al., 2005; Pessoa-Silva et al., 2003). In Brazil, 55% of blood cultures
were found to be isolated from male patients (Martins-Loureiro et al., 2001). Again, Leikin-Zach et al.
found in their study that 65% of male patients were isolated. In a study Pessoa-Silva et al. conducted in
2003, K. pneumoniae isolation rate was reported to be higher in female patients. It was determined in
several other studies that there was no difference between K. pneumoniae isolation rate and sex (Boo et
al., 2005; Cassettari et al., 2009). In a study conducted in Canada between 2000 and 2007, 640
bacteraemic K. pneumoniae isolates were found to be highest in patients who were aged 60 and over
(Meatherall et al., 2009). 853 K. pneumoniae were isolated from the blood cultures of intensive care unit
patients in China and it was reported that the highest isolation rate was found in the male patients who
were aged over 65 (Man et al., 2017). Melot et al. reported that 68 (57%) of the 119 K. pneumoniae
isolates they isolated from blood between 2008 and 2013 were isolated from female patients. In this
study, 316 K. pneumoniae were isolated from the blood cultures of intensive care patients and male
patients aged over 72 were found to have the highest isolation (62, 19,6%).

The risk associated with ESBL and Carbapenem resistance of K. pneumoniae strains poses a significant
problem in intensive care patients (Salmanov et al., 2019; Sharma et al., 2010). The isolation rate of
ESBL positive K. pneumoniae isolated from hospitals in Germany between 2003 and 2007 was reported
to be 66 (18%). 5 (7,6%) of the 66 ESBL positive K. pneumoniae isolates were found to produce
carbapenemase (Grobner et al., 2009). Espinar et al. (2011) revealed in their study, in which they used
Vitek 2 automated system, that 72 K. pneumoniae isolates were ESBL positive. 25 (25%) of 100 K.
pneumoniae isolates have been reported to be ESBL positive in the Nehru hospital of India (Sharma et
al., 2010). K. Pneumoniae (21,8%) has been reported to be isolated at the highest rate from the samples
collected from 642 patients in intensive care units in Ukraine. Third generation Cephalosporin resistance
and carbapenem resistance of K. pneumoniae isolates have been reported to be 53,8% and 29,3%,
respectively (Salmanov et al., 2019). In a retrospective study conducted in a pediatric intensive care unit
in Israel between 2013 and 2014, it has been reported that 57 (65,5%) K. pneumoniae were isolated out
of 87 blood cultures and ESBL resistance was observed in 5 (5,7%) K. pneumoniae (Leikin-Zach et al.,
2018). 49 (70%) out of 70 K. pneumoniae isolates have been reported to be ESBL positive in the Al-
Zahra hospital of Iran (Masjedian Jazi et al., 2007). It was observed in this study that 250 (79%) of the
316 K. pneumoniae isolates were ESBL positive and 132 (42%) were CP positive. When compared with
the other studies, it was revealed that the people in our region were highly exposed to K. pneumoniae
colonization and that health care professionals in intensive care units of hospitals should be provided
more in-service training.

Cuzon et al. reported in their study that all of the 16 K. pneumoniae isolates they collected from five
different countries were resistant against penicillin and cephalosporins. They reported that K.
pneumoniae isolates showed the highest resistance against Tetracyclin (87,5%) and the lowest against
Gentamicin (75%) among the other antibiotics. In a study in Portugal, 72 K. pneumoniae isolates were
reported to show the highest antibiotic resistance against Trimethoprim-sulfamethoxazole (87,4%) and
the lowest against Levofloxacin (44,2%) (Espinar et al., 2011). Meatherall et al. reported that the 640
bacteraemic K. pneumoniae strains showed the highest resistance against Ampicillin (100%). In this
study, the K. pneumoniae strains isolated from the female and male patients were found to show the
highest resistance against Ceftazidime (118, 80%; 120, 71,4%) and Ampicillin (116, 78,4%; 126, 75%).
The lowest antibiotic resistance of the K. pneumoniae isolates isolated from the female and male patients
were found to be against Nitrofurantoin (140, 94,6%) and Fosfomycin (158, 94%), respectively. The
highest intermediate resistances in the female and male patients were found to be against Tigecycline
(39, 26,3%) and Amikacin (51, 30,4%), respectively. It was detected that the antibiotic susceptibilities
of the K. pneumoniae isolates isolated from the blood cultures collected from the female and male
patients might vary and resistance should be revealed correctly in the selection of the antibiotic to be
used in treatment.

The statistical evaluation of the K. pneumoniae strains isolated from the blood cultures of the patients
was carried out regarding their sex and age distributions and antibiotic resistance patterns. The difference
between the K. pneumoniae isolates isolated from the female and male patients who were aged “<18”
and “18-36” was found to be statistically significant. Based on this, the female patients were found to be
more susceptible to K. pneumoniae-induced circulatory system infections at young ages. It was
determined that no such difference occurred in the other age groups. In statistically evaluating the
differences in the antibiotic resistance by sex, the Pr value was found to be significant only in Meropenem
and Fosfomycin. It was revealed that the resistance of the K. pneumoniae isolates isolated from the female
patients against Meropenem and Fosfomycin might be higher. The P, value was found to be significant

76 |Page
www.iiste.org


http://www.iiste.org/

International Journal of Scientific and Technological Research www.iiste.org
ISSN 2422-8702 (Online), DOI: 10.7176/JSTR/6-03-10 l's.i-'
Special Issue of Health Sciences, Vol.6, No.3, 2020 ISE

in Meropenem, Gentamicin, and Cefepime by sex. The intermediate resistance of the K. pneumoniae
strains isolated from the male patients against the antibiotics Meropenem and Cefepime was found to be
higher. The K. pneumoniae isolates isolated from the female patients showed higher resistance against
Gentamicin. In the evaluation of the Ps value by sex, the difference between the antibiotics Ciprofloxacin
and Fosfomycin was found to be significant. The K. pneumoniae strains isolated from the male patients
were found to be more susceptible to Ciprofloxacin and Fosfomycin. It was observed that the sex, age,
and resistance characteristics of K. pneumoniae-induced circulatory system infections might vary and it
was important to perform annual follow-ups regularly in light of this information.

In conclusion, it was observed that K. pneumoniae-induced circulatory system infections that people in
our region are exposed to posed a high risk in female and male patients. Especially, it was found that
ESBLs and CP positive K. pneumoniae isolation rates were high and the patients were at serious risk.
Based on this, it was revealed that the distribution of antibiotic resistance of circulatory system-induced
K. pneumoniae isolates by age and sex might vary and that it was important to use antibiotic susceptibility
results in correctly forming treatment methods to be prepared. It has been concluded that it is important
to improve in-service training in hospitals and share the association between antibiotic resistance and
agent with specialists.
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