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Abstract
Background: Klebsiella pneumoniae is a Gram negative bacteria which often causes health-care associated infection. Incidence of K. pneumoniae infection was being reported to be increased. The use of broad spectrum antibiotics as an empiric therapy has also contributed to the increasing of resistance strain of K. pneumoniae. Therefore, the antibiotic susceptibility test of K. pneumoniae is needed as a guide in giving definitive therapy in infection management. 

Objective: The purpose of this study is to know the incidence of K. pneumoniae infection, its antimicrobial susceptibility pattern, and the percentage of multidrug-resistant (MDR) K. pneumoniae at RSUP dr. Soeradji Tirtonegoro, Klaten in 2017.  
Methods: We performed a descriptive analytic study using secondary data from the Archieve of Culture and Susceptibility Testing Result in 2017 at the Clinical Microbiology Laboratorium of RSUP dr. Soeradji Tirtonegoro.
Results: The incidence of K. pneumoniae infection in 2017 was 19.28%. Antibiotic with the highest sensitivity rate was meropenem (99.09%), then followed by amikacin (96.31%), nitrofurantoin (91.67%), fosfomycin (91,67%), tazobactam (86,36%), levofloxacin (76,65%), gentamicin (67,48%), amoxicillin (63.55%), ciprofloxacin (58.89%), tobramycin (57.71%), Co-trimoxazol (53.69%), ceftriaxone (51.08%), cefuroxime (48.42%), cefazolin (42.69%), and ampicilin (2.06%). The percentage of MDR isolate of K. pneumoniae in 2017 was 57%.
Conclusion: Incidence of K. pneumoniae infection at RSUP dr. Soeradji Tirtonegoro, Klaten in 2017 was 19.28%. K. pneumoniae had the high sensitivity rate toward meropenem (99.09%), amikacin (96.31%), and nitrofurantoin (91.67%).
Key words: Klebsiella pneumoniae, antibiotic susceptibility, multidrug-resistant 

Abstrak
Latar Belakang: Klebsiella pneumoniae merupakan bakteri Gram negatif yang sering menyebabkan infeksi terkait pelayanan kesehatan. Kejadian infeksi akibat K. pneumoniae dilaporkan terus meningkat. Penggunaan antibiotik spektrum luas sebagai terapi awal infeksi juga menyebabkan meningkatnya strain K. pneumoniae yang resisten terhadap antibiotika. Oleh karena itu, diperlukan uji kepekaan K. pneumoniae terhadap berbagai antibiotik sebagai dasar pemberian terapi definitif dalam penanganan infeksi.

Tujuan penelitian: Tujuan penelitian ini adalah mengetahui angka kejadian infeksi K. pneumoniae dan  pola kepekaannya terhadap berbagai antibiotik, serta persentase multidrug- resistant (MDR) K. pneumoniae di RSUP dr. Soeradji Tirtonegoro, Klaten pada tahun 2017.
Metode: Penelitian ini merupakan penelitian deskriptif analitik yang menggunakan data sekunder dari Arsip Hasil Kultur dan Uji Kepekaan Bakteri di Laboratorium Mikrobiologi Klinik RSUP dr. Soeradji Tirtonegoro pada tahun 2017.
Hasil: Angka kejadian infeksi K. pneumoniae pada tahun 2017 adalah 19,28%. Pada tahun 2017, antibiotik dengan tingkat kepekaan tertinggi adalah meropenem (99,09%), kemudian diikuti amikacin (96,31%), nitrofurantoin (91,67%), fosfomycin (91,67%), tazobactam (86,36%), levofloxacin (76,65%), gentamicin (67,48%), amoxicillin (63,55%), ciprofloxacin (58,89%), Tobramycin (57,71%), Kotrimoksazol (53,69%), Ceftriaxone (51,08%), Cefuroxime (48,42%), cefazolin (42,69%), serta ampicilin (2,06%). Sedangkan persentase isolat MDR K. pneumoniae pada tahun 2017 adalah 57%.
Kesimpulan: Angka kejadian infeksi K. pneumoniae di RSUP dr. Soeradji Tirtonegoro, Klaten pada tahun 2017 adalah 19,28%. K. pneumoniae memiliki tingkat kepekaan tinggi terhadap pemberian meropenem (99,09%), amikacin (96,31%), dan nitrofurantoin (91,67%).  
Kata kunci: Klebsiella pneumoniae, kepekaan antibiotik, multidrug-resistant
Introduction

Klebsiella pneumoniae is a Gram-negative encapsulated bacterium that resides in the mucosal surfaces of mammals and the environment such as soil, vegetation, and water. In humans, K. pneumoniae typically colonizes the oropharynx and gastrointestinal tract. K. pneumoniae is known as the most common cause of health-care associated infection (HAIs) in the world. This bacteria caused urinary tract infections, hospital acquired pneumonia, ventilator-associated pneumonia, surgical wound infection, bacteremia and septicemia1,2. Children and patient with immunocompromised immune system, such as patient in ICU, patient with malignancy, patient with HIV, patient with chemotherapy, or patient with diabetes are more susceptible to K. pneumoniae infection3.
Some studies reported the increasing cases of HAIs caused by K. pneumoniae4,5.  Chung and collegues4 that conducted a prospective surveillance study in 73 hospitals in 10 countries from 2008-2009, reported that K. pneumoniae  was one of the most frequent isolates from adults with hospital acquired pneumonia (HAP) or ventilator associated pneumonia (VAP) in Asian countries.
WHO has  defined K. pneumoniae infection as a threat to the global health because of the increasing number of resistance strains6. The production of extended-spectrum beta-lactamases and other mechanisms of antibiotics resistance are favored by the constant horizontal transfer of antimicrobial resistance genes through mobile elements such as plasmids and transposons, which are essential factors for K. pneumoniae to survive in hospital environments. The development of resistant bacteria have been increased due to frequent use of broad-spectrum antibiotics in hospitalized patients, especially in the ICU department7. The high incidence of K. pneumoniae resistance will cause limited choice of antibiotics for the treatment of infections leading to increased morbidity, mortality and hospital costs6.
Antibiotic sensitivity pattern of K. pneumoniae will vary from time to time in particular location.  So, it is important to do surveilance for monitoring multi-drug resistance organisme. Antibiotic susceptibility test also is needed by the clinician to determine the definitive therapy in the management of infection8,9. Therefore this study was conducted to determine the incidence of K. pneumoniae infection in RSUP dr. Soeradji Tirtonegoro, Klaten and their sensitivity pattern to various antibiotics.
Methods
This study was an observational study with a cross sectional design using the secondary data in Clinical Microbiology Laboratory RSUP dr. Soeradji Tirtonegoro, Klaten. The subjects of the study were K. pneumoniae isolates obtained from various clinical samples of hospitalized patients in dr. Soeradji Tirtonegoro Hospital, during January–December 2017. Identification of K. pneumoniae was done by culturing on Mc Conkey agar, microscopic examinations with Gram staining and biochemical test using MicrobactTM GNB 24E (Oxoid, UK). 
Antibiotic susceptibility tests were performed by Kirby Bauer method based on the Clinical and Laboratory Standards Institute (CLSI). The antibiotics that were used included ampicillin (10µg), gentamicin (10µg), ceftriaxone (30µg), trimethoprim-sulfamethoxazole (25µg), cefuroxime (30µg), ciprofloxacin (5µg), cephazolin (30µg), nitrofurantoin (100µg), amikacin (30µg), meropenem (10µg), levofloxacin (5µg), tobramycin (10µg), and piperacillin-tazobactam (100/10µg). Antibiotics were tested according to the panel of agreement from the Indonesian Society for Clinical Microbiologist (PAMKI) 2015 based on CLSI references. K. pneumoniae was classified as a multi-drug resistant K. pneumoniae if the isolate was resistant to three or more different classes of antimicrobials10.  
The research protocol was approved by the Ethical Committee, Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada, Yogyakarta, Indonesia  with number KE/FK/0862/EC/2017.
Results
During the period of January-December 2017 there were 213 K. pneumoniae isolates from 1,105 (19.28%) total clinical bacterial isolates at RSUP dr. Soeradji Tirtonegoro Hospital. K. pneumoniae isolates were obtained mostly from male (54.46%) patients. Based on the age, K. pneumoniae were mostly isolated from patients aged 18-64 years old (47.89%). Most of the K. pneumoniae isolates were obtained from Melati Ward (20.66%) and ICU (19.72%). K. pneumoniae mostly isolated from the respiratory specimens (61.97%) that consisted of sputum, bronchial washing, tracheal aspirate, and bronchoalveolar lavage fluid (Table 1). 
Table 1. Clinical characteristics of patients from which K. pneumoniae were isolated
	Characteristics
	Total

	
	n
	%

	Sex
	Male
	116
	54.46

	
	Female
	86
	40.38

	
	Unknown
	11
	5.16

	Age (year)
	< 18
	42
	19.72

	
	18 – 64
	102
	47.89

	
	( 65 
	60
	28.17

	
	Unknown
	9
	4.23

	Sampling Location

	Melati Ward
	44
	20.66

	
	ICU
	42
	19.72

	
	Dahlia Ward
	25
	11.74

	
	Edelweis Ward
	25
	11.74

	
	PICU
	15
	7.04

	
	HCU
	10
	4.69

	
	Menur Ward
	10
	4.69

	
	Out patient 
	10
	4.69

	
	Peninatology Ward
	7
	3.29

	
	Mawar ward
	5
	2.35

	
	Teratai Ward
	5
	2.35

	
	Kenanga Ward
	4
	1.88

	
	NICU
	3
	1.41

	
	Aster Ward
	2
	0.94

	
	ICCU
	2
	0.94

	
	Unknown
	4
	1.88

	Clinical Specimen
	Respiratory
	132
	61.97

	
	Wound
	48
	22.54

	
	Blood
	20
	9.39

	
	Urine
	13
	6.10

	Total
	
	213
	100


The majority of K. pneumoniae were resistant to a wide range of antibiotics. K. pneumoniae had only a good sensitivity to meropenem (99.09%), amikacin (96.31%) and piperacillin-tazobactam (86.36%) (Figure 1).
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Table 3. Antibiotic susceptibility pattern of K. pneumoniae isolated from wound, blood, respiratory and urine specimens at RSUP dr. Soeradji Tirtonegoro, Klaten year 2017
	Specimen
	Respiratory
	Wound
	Blood
	Urine

	
	 tested
	sensitive 
	tested
	sensitive 
	 tested
	sensitive 
	 tested
	sensitive 

	Antibiotics
	n
	n
	%
	n
	n
	%
	n
	n
	%
	n
	n
	%

	Ampicillin
	115
	2
	1.74
	42
	1
	2.38
	16
	0
	0.00
	9
	1
	11.11

	Piperacillin-Tazobactam
	94
	80
	85.11
	36
	33
	91.67
	8
	6
	75.00
	8
	8
	100.0

	Ceftriaxone
	108
	55
	50.93
	41
	26
	63.41
	16
	2
	12.50
	8
	3
	37.50

	Cefuroxime
	127
	64
	50.39
	47
	26
	55.32
	20
	3
	15.00
	13
	6
	46.15

	Cefazolin
	114
	48
	42.11
	40
	22
	55.00
	-
	-
	-
	9
	2
	22.22

	Meropenem
	128
	127
	99.22
	46
	46
	100.0
	19
	19
	100.0
	13
	13
	100.0

	Amikacin
	128
	125
	97.66
	44
	42
	95.45
	18
	17
	94.44
	13
	13
	100.0

	Gentamicin
	99
	65
	65.66
	36
	27
	75.00
	9
	5
	55.56
	9
	6
	66.67

	Tobramycin
	119
	78
	65.55
	48
	31
	64.58
	20
	6
	30.00
	13
	7
	53.85

	Ciprofloxacin
	-
	-
	-
	-
	-
	-
	20
	13
	65.00
	13
	6
	46.15

	Levofloxacin
	132
	110
	83.33
	48
	33
	68.75
	20
	14
	70,00
	13
	7
	53.85

	Trimetophrim sulfamethoxazole 
	128
	67
	52.34
	47
	28
	59.57
	-
	-
	-
	12
	5
	41.67

	Nitrofurantoin
	-
	-
	-
	-
	-
	-
	-
	-
	-
	13
	11
	84.62


K. pneumoniae which were isolated from wound specimens had the highest sensitivity to meropenem (100%), followed by amikacin (95.45%) and piperacillin-tazobactam (91.67%). In contrast, the sensitivity for other antibiotics were low such as to gentamicin (75%), levofloxacin (68.75%), tobramycin (64.58%), ceftriaxone (63.41%), trimetoprim-sulfamethoxazole (59.57%), cefazolin (55.56%) and cefuroxime (55.32%) (Table 3).
Resistance rates of K. pneumoniae isolated from blood specimens to meropenem, amikacin, tazobactam, levofloxacin, ciprofloxacin and gentamicin were 100%; 94.44%; 75%; 70%; 65%; and 55.56% respectively. K. pneumoniae that were obtained from respiratory specimens had the highest sensitivity to meropenem (99.22%), followed by amikacin (97.66%), tazobactam (85.11%), levofloxacin (83.33%), gentamicin (65.66%), tobramycin (65.55%), trimetoprim-sulfamethoxazole (52.34%), ceftriaxone (50.93%), and cefuroxime (50.39%) (Table 3). 
All of K. pneumoniae isolates obtained from urine sensitive to amikacin, meropenem, and piperacillin-tazobactam. Among them, 84.62% was susceptible to  nitrofurantoin, whereas only 66.67% was susceptible to  gentamicin,  and 53.85% to levofloxacin and tobramycin  (Table 3).

During the period of study, there were 122 multi-drug resistant  (MDR) K. pneumoniae isolates (57.28%). K. pneumoniae was classified as a MDR K. pneumoniae if the isolate was resistant to three or more different classes of antimicrobials10.  

Discussion
This study showed the high incidence of K. pneumoniae infection in RSUP dr. Soeradji Tirtonegoro Hospital, Klaten. This result was in line with several studies. Setyati and Murni11 reported K. pneumoniae as the common causative agent in the patients admitted to PICU of Sardjito General Hospital. In the other study, Manikandan and Amsath12 also reported K. pneumoniae infection in Tamil Nadu, India. The high incidence of K. pneumoniae infection correlate with the decresing immune system function. Patients with diabetes or malignancy are more susceptible to get K. pneumoniae infection. The use of invasive medical instrument such as catheter or endotracheal tube for a long time will contribute to the incidence of K. pneumoniae infection as well13. 
Based on the sex characteristic, K. pneumoniae isolates were mostly obtained from male patients. This result was in concordant with other studies. Eventhough showed various result, most of the studies reported that K. pneumoniae isolates were obtained mostly from the male patients. However, there were no statistical significance between male and female14–17.
K. pneumoniae in this study were mostly obtained from adult patients aged between 18-64 years of age. This result was in concordant with a study conducted by Osagie  and collegues16 who collected the samples from 5 primary health care in Nigeria. The adult group is the productive age where the individual will be exposed directly to their surroundings16. An increased age also leads to a higher risk of K. pneumoniae infection due to increased  incident of comorbid illness.
In this study,  K. pneumoniae mostly isolated from Melati Ward – which provide 5 beds in one room.  Because of its density, K. pneumoniae was spread easily from one patient to the other.  The high incidence of K. pneumoniae infection also happened in the ICU department. This may be caused by the exposure toward invasive procedure, such as intubation, mechanical ventilation, urine catheterization, artery catheterization, or central vein catetherization. The duration of care in the ICU will determine the incidence of infection as well18–20.
Based on the source of  specimen, K. pneumoniae isolates were mostly found in the respiratory specimen. This is because K. pneumoniae is the primary bacteria that usually cause infection in the respiratory tract, which can be manifested as pneumoniae, sinusitis, or even otitis21. Other studies supported our findings as well21,22. Some of the K. pneumoniae isolates were obtained from the wound specimens. Infection in the wound site usually obtained when the patients received the care in the hospital after trauma, burn injury, or surgery procedure23. Wound site infection may cause sepsis, longer hospital stay, increase in the healthcare cost, and also will affect the morbidity and mortality of an individual24. Other studies also showed the same result as our findings25,26.
Based on our study, in general, amikacin, meropenem and piperacillin-tazobactam were highly effective against K. pneumoniae infection. In contrast, K. pneumoniae was found to exhibit high resistance against ampicillin, gentamicin, ceftriaxone, trimethoprim-sulfamethoxazole, cefuroxime, ciprofloxacin, cefazolin, levofloxacin, and tobramycin. Especially for K. pneumoniae isolated from urine, nitrofurantoin was still highly effective.

The study held in RSUP dr. Kariadi Semarang also showed the high sensitivity toward meropenem27. Meropenem is the third line antibiotic which is used in the management of K. pneumoniae infection, so the exposure of K. pneumoniae toward this antibiotic is infrequent. This may causes the susceptibility rate of K. pneumoniae toward meropenem is still high28. 

In the Aminoglycoside group, K. pneumoniae had the highest sensitivity toward amikacin (96.31%), then followed by gentamicin (67.48%) and tobramycin (57.71%). The study conducted in the Fatmawati Hospital, Jakarta also showed the high sensitivity rate toward amikacin29. Other study conducted in Kashan, Iran similarly showed the high sensitivity toward amikacin (51.9%) and gentamicin (40.7%)30 . In the Cephalosporine group, K. pneumoniae had the highest sensitivity toward ceftriaxone (51,08%). The high sensitivity toward ceftriaxone was also reported in the study conducted in Jakarta31.

In Quinolone group, K. pneumoniae had high sensitivity toward levofloxacin (76.65%) and ciprofloxacin (58.59%). Other studies also showed the same result31,32. In the Beta Lactamase Inhibitor Group, the sensitivity toward tazobactam was 86.36%. The high sensitivity toward tazobactam was also reported in the studies conducted in Semarang and Vietnam27,32. Susceptibility tests toward cotrimoksazole, nitrofurantoin, and fosfomycin were also done, with the sensitivity rate were 53.6%, 91.67%, and 91.67% respectively. Study in the Vietnam also showed the high sensitivity toward cotrimoxazole (75.9%)32. 

In this study, we found the high number of MDR K. pneumoniae isolates (57.28%). The study that was held in India also showed the high number of MDR K. pneumoniae isolates29. Study that was held in Iran showed that 46.6% of K. pneumoniae were MDR, with the high rate of resistance toward ampicillin, cefalosporin 3rd generation, and also aminoglycoside (especially gentamycin)30. The high number of MDR K. pneumoniae isolates may be caused by history and duration of in patient care in the hospital, history of antibiotic use, and also history of health care obtained in the ward30. The use of invasive device in the hospital for a long term is also a significant risk factor33. 
The management of infection caused by MDR K. pneumoniae becomes a challenge for the clinician. The combination antibiotic of colistin is a drug of coice, which is can be colistin-meropenem, colistin-meropenem-tigecycline, colistin-tigecycline, colistin-gentamycin, and also colistin-vancomycin. Nevertheless, these combination of antibiotic may have side effect such as nephrotoxicity34. A study showed that the therapy using combination of antibiotics can prevent from the emerging of new resistance strain during the therapy process, so its use in the management of MDR K. pneumoniae is highly recommended35.
Conclusion
Most of K. pneumoniae cinical isolates in RSUP dr. Soeradji Tirtonegoro, Klaten were resistant to various antibiotics. Based on their susceptibility test, meropenem and amikacin can be considered for empiric therapy for K. pneumoniae infection. Especially for K. pneumoniae isolated from urine, nitrofurantoin also considered as a choice. It was also shown that MDR K. pneumoniae isolates in RSUP dr. Soeradji Tirtonegoro, Klaten was high. Therefore, it is very important to conduct hospital infection control and antibiotic stewardship effectivelly.
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Figure 1. Antibiotic susceptibility pattern of K. pneumoniae  clinical isolates at RSUP dr. Soeradji Tirtonegoro, Klaten year 2017
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				Sensitive		Resistant

		Amoxicilin		64%		36.45

		Ampicillin		21%		97.94

		Piperacillin-Tazobactam		86%		13.64

		Ceftriaxone		51%		48.92

		Cefuroxime		48%		51.58

		Cefazolin		43%		57.31 

		Meropenem		99%		0.91

		Amikacin		96%		3.69

		Gentamicin		67%		32.52

		Tobramycin		58%		42.29

		Ciprofloxacin		59%		41.41

		Levofloxacin		77%		23.35

		Trimetophrim sulfamethoxazole		54%		46.31






