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Abstract : It is important to recognize risk factors for infection caused by ESBL-producing 

K.pneumoniae and E.colito describe effective strategy dealing with this infection. The aim of 

this research to identify risk factors associated with ESBL-producingK.pneumoniae and E.coli 
infection.A case control study was performed. Patient with ESBL-producing K. pneumoniae 

and E. coli(cases group) were compares to those with non-ESBL-producing K. pneumoniae and 

E. coli(control group). Risk factors analyzed included length of hospital stay before culture, 
prior hospital stay, type of hospital admission ward, recent surgery, invasive procedure and 

previous therapy with third generation cephalosporin.Sixty patients withESBL-producing K. 

pneumoniae and E. coliinfection (cases group) were compares tosixty patients with non-ESBL-

producing K. pneumoniae and E. coli(control group). By bivariate analysis risk factors length of 
hospital stay before culture, recent surgery,  invasive procedure, and previous therapy with third 

generation cephalosporin to be associated with ESBL producing K.pneumoniae and E.coli. In 

multivariate logistic regression analysis, length of hospital stay before culture, recent surgery 
and previous therapy with third generation cephalosporin were remain significantly associated 

with ESBL producing K pneumoniae and E.coli. 
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Introduction 

Extended spectrum beta lactamase (ESBL) is β-lactamase enzyme capable of showing bacterial resistance 

to penicillin, first, second and third generation cephalosporins and aztreonam (except cefamycin and 

carbapenem) by hydrolyzing these antibiotics and can be inhibited by inhibitors such as clavulanic acid
1,2

.Since 
the first time ESBL was identified in 1983, microorganisms that produce ESBL are mainly found in 

Enterobacteriaceae especially K. pneumoniae and E. coli
3,4

. 

The surveillance results in 3 major cities (Surabaya, Semarang and Malang) during January-April 2010 

showed the highest ESBL producers were K. pneumoniae (47.3%) and E. coli (42.7%).The isolation of ESBL 
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found in the cities of Surabaya and Malang mainly came from urine specimens, pus, blood and sputum
3
.Data 

from the Clinical Microbiology Installation of Adam Malik Hospital Medan in July - December 2012 showed 
the prevalence of ESBL for E. coli was 58.6% and for K. pneumoniae 69.7%.  

Patients who have a high risk of being infected with ESBL-producing organisms are seriously ill patients 

who have stayed in the hospital for a long time, especially in Intensive Care Units and use invasive medical 
devices for long time (urine catheter, endotracheal tube, central vein, nasogastric tube, arterial line, patients 

with total parenteral nutrition, post-surgery, hemodialysis, and poor nutritional status). The use of third 

generation cephalosporins and aztreonam is also thought to be the main cause of mutations of ESBL
5,6,7,8,9

. 

Late detection of infection by bacteria that produces this ESBL and improper management will extend 

the length of stay and increase the burden of care costs as well as impact on mortality rates
9,10

.Early 
identification of risk factors for ESBL infection needs to be done to find effective strategies to limit this 

infection
11

. Early identification of risk factors will also make empirical therapy be carried out immediately so 

that it will reduce morbidity and mortality
12,13

. 

Bacterial resistance to certain antibiotics will limit the choice of antibiotics that can be used in the 

incidence of infectious diseases while the choice of new antibiotics is limited
1,6,14

. One of the steps that need to 

be taken to anticipate bacterial resistance is prevention of bacterial resistance by knowing the risk factors 
9,14,15

. 
The researcher considered it is necessary to conduct research on the risk factors associated with ESBL-

producing K. pneumoniae and E. coli infections in Medan. The factors that will be examined are length of 

hospital stay before culture, recent hospital stay, type of hospital admission ward, recent surgery, invasive 
procedure and previous therapy with third generation cephalosporin. 

Experimental 

The research was conducted with anunmatched case control studyat Haji Adam Malik Hospital, Medan, 

North Sumatra, from March 2014 to June 2014.The population of this study was hospitalized patients at Haji 

Adam Malik Hospital.The samples were population that met the inclusion and exclusion criteria.  

The inclusion criteria were hospitalized patients of Haji Adam Malik Hospital with ages 18-60 years and 

the culture results positive for K. pneumoniae and E. coli. Exclusion criteria were incomplete data, the 
duplication of bacterial isolates and Multi Drugs Resistant Organisms other than ESBL. 

Case samples were patients with culture results for ESBL-producing bacteria K. pneumoniae and E. coli. 

The control samples were patients with culture results for non-ESBL-producing bacteria K. pneumoniae and E. 
coli. Case and control samples were taken by using a consecutive non repeated sampling. Everyhospitalized 

patient inHaji Adam Malik Hospital with the culture results of K. pneumoniae and E. coli bacteria that fulfilled 

the study inclusion criteria will be included as research samples until the required number of samples is 
fulfilled

16
. 

From the calculation of the number of samples for the 6 independent variables to be examined, the 
minimum number of samples taken was 58 samples for the case group and the control group, respectively. So 

that the total number of minimum samples needed for this study is 116. 

The study started from the Clinical Microbiology Installation of Haji Adam Malik Hospital. All clinical 

specimens were processed and isolated using standard microbiological methods. Identification of  ESBL and 

non-ESBL  producing K. pneumoniae and E. coliwas determined by automated Vitek 2 system (bioMérieux). 

 The clinical specimens were found with the growth of K. pneumoniae and E. coli bacteria, the patient 

who was the origin of the specimen would be visited on his ward. 

The patient's identity, ward type of hospitalization (classified as categorical variables in two categories, 

namely ICU and non-ICU), specimen origin, length of stay before culture, history of hospitalization in the last 

12 months, surgical history 30 days before, invasive procedure 72 hours before and history of third generation 
cephalosporin antibiotic therapy 30 days before were recorded using aquestionnaire. 

Bivariate analysis was carried out to see whether there was a relationship between each independent 

variable with the ESBL-producing K. pneumoniae and E. coli infections. Bivariate analysis for categorical 
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variables was done by Chi Square test. For numerical variables bivariate analysis was performed with Mann-

Whitney test to see a significant difference in mean length of stay before culture between positive ESBL group 
and negative ESBL group. 

If a p value of <0.25 is obtained, the variable can be included in the multivariate analysis. In this study 

the multivariate analysis used was logistic regression analysis. To determine the significance of the results of 
statistical calculations used p value <0.05. 

Result 

During the study at Haji Adam Malik Hospital Medan, 120 samples of K. pneumoniae and E. coli from 

hospitalized patients were collected. From this samples, 60 patients from whom ESBL-producing K. 
pneumoniae and E. coliESBLwere detected (cases) and 60 patients from whom non-ESBL-producing 

K.pneumoniae and E.coliwere detected (controls).  

In this study, the mean age was 43.4 ± 12.6 years in ESBL-producing      K. pneumoniae and E. 
coliESBL group and 45.3 ± 11.2 years in non-ESBL-producingK.pneumoniae andE.coligroup. From ESBL-

producing K. pneumoniae and E. coligroup, male were 46(76.67%) and female were 14(23.33%). From the 

non-ESBL-producing K.pneumoniae and E.coli group, male were 36(60%) and female were 24(40%). 

The source of clinical specimens in this study were 33,3% from sputum, 31,7% from pus, 10% from 

urine, 7,5% from feces, 5% from wound swab, 3,3% from blood and 9,2% from other type of speciments. From 
ESBL-producing K. pneumoniae and E. coligroup, 34(56,67%) were K. pneumoniae and 26(43,33%) were E. 

coli. From the non-ESBL-producing K.pneumoniae and E.coli group, 30(50%) were K. pneumoniae and 

30(50%) were E. coli. 

The risk factors found significantly associated with the ESBL-producing K. pneumoniae and E. coli 

infections in bivariate analysis were length of hospital stay before culture, invasive procedure, recent surgery, 

and previous therapy with third generation cephalosporin.ICU ward type and prior hospital stay were not 
associated with ESBL producing K.pneumoniae and E.coli.  

Table1. Bivariate Analysis Results 

Variables ESBL positive 

(60) 

ESBL negative (60) p-value OR(95% CI) 

ICU ward type, n(%) 8 (13,33%) 4 (6,67%) 0,224 2,15 (0,54-10,30) 

Length of stay before 

culture, days 

8,12± 7,0 days 3,5± 3,5 (p<0,001) 1,22 (1,10-1,35) 

Prior hospital stay, n(%) 13 (21,67%) 6 (10,0%) 0,080 2,49 (0,80-8,58) 

Invasive procedure, n(%) 45 (75,0%) 18 (30,0%) <0,001 7,00 (2,92,-16,99) 

Recent surgery, n(%) 24 (40,0%) 5 (8,33%) <0,001 7,33 (2,41-26,45) 

Previous therapy with 
third generation 

cephalosporin, n(%) 

59 (98,33%) 29 (48,33%) <0,001 63,10 (9,26-2612) 

 

Multivariate analysis was applied by a logistic regression model to identify the risk factors associated 
with the ESBL-producing K. pneumoniae and E. coli infections. Previous therapy with third generation 

cephalosporin, recent surgeryand length of hospital stay before culture remained as risk factors associated with 

the ESBL-producing K. pneumoniae and E. coli infections. 
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Table 2. Multivariate Analysis Results 

Variables p-value OR 95%CI 

Previous therapy with third generation 
cephalosporin 

<0,001 79,60 7,60-834,13 

Recent surgery 0,024 4,66 1,22-17,77 

Length of hospital stay before culture 0,002 1,24 1,08-1,42 

Discussion 

Identification of risk factors associated to ESBL-producing K. pneumoniae and E. coli infections is 

important to carry out management and control of infections that occur in hospitals
17

. The risk factors examined 

in this study were type of hospital admission ward (ICU, non-ICU), length of hospital stay before culture, prior 
hospital stay, invasive procedure, recent surgery, and previous therapy with third generation cephalosporin. 

Results of bivariate analysis found that there were significant differences in the length of stay before 
culture between ESBL-producing K. pneumoniae and E. coli infections with non-ESBL-producing K. 

pneumoniae and E. coli infections. Previous studies also found length of stay before culture was significantly 

different between ESBL-producing K. pneumoniae and E. coli with non-ESBL-producing K. pneumoniae and 

E. coli infections 
7,11,14,18

. Patients with longer hospitalizations have more severe disease and have more 
comorbid conditions

19,20
. Patients with more severe disease conditions have altered immune responses that have 

a greater risk of infection especially with K. pneumoniae which is an opportunistic pathogen
11,19

. 

Invasive procedures was significant risk factor for ESBL-producing K. pneumoniae and E. coliinfection 

by bivariate analysis.Previous studies stated that the using of invasive devices (urinary catheter, intravenous 

catheter, arterial catheter, central venous catheter, intubation and mechanical ventilation) was associated with 
ESBL-producing K. pneumoniae and E. coli infection

14,22
. Invasive procedure damages the mechanical barrier 

which facilitates direct transmission of pathogen which often begin following contact with colonized patients, 

medical staff or contaminated objects
14

. 

Bivariate analysis in this study found a significant association between the recent surgery with ESBL-

producing K. pneumoniae and E. coli infection. Previous studies also found a relationship between recent 

surgery with ESBL-producing K. pneumoniae and E. coli infection
14,17,24

.  In surgery tissue damage occurs and 
the suppression of cellular immune response increasing the risk of infection in patients

25
. Risk factors for 

surgery are also related to epidemiological aspects such as the effectiveness of infection control carried out in a 

hospital
17

. 

In this study, bivariate analysis found a significant relationship between the use of third generation 

cephalosporins with ESBL-producing K. pneumoniae and E. coli infection. Previous studies also finding a 

relationship between the use of third generation cephalosporins with ESBL-producing K. pneumoniae and E. 
coli infection

7,14,17,21,24
. Third generation cephalosporin antibiotics are widely used in many hospitals. This 

antibiotic causes selective pressure so that ESBL-producing K. pneumoniae and E. coli emerge
7,19,21,23

. The use 

of this antibiotics will also eliminate or reduce the number of normal flora so that it will increase the 
susceptibility of individuals to get new strains that are resistant

19,26
. 

Type of ward (ICU ward type) and prior hospital stay were not associated with ESBL-producing 
K.pneumoniae and E.coli infection. Previous study also found no significant association between type of ward 

(ICU ward type) with ESBL producing K.pneumoniae and E.coli infection
11

.  While other studies stated ESBL-

producing K.pneumoniae and E.coli infection more commonly found in ICU
14,15

. ICU patients are generally at 

high risk, in a severe clinical state, have a high frequency of invasive procedures and large antibiotic pressure so 
that infection control is difficult to implement

14,15,19
. The findings of research vary from one study to another are 

related to the practice of prescribing local antibiotics and local infection control
19

.  Previous study also found no 

association between prior hospitalization with ESBL producing K.pneumoniae and E.coli infection
17

. Whereas 
other study found a significant association between prior hospitalization with ESBL producing K.pneumoniae 

and E.coli infection
9,15,19

. More frequent contact with health facilities increases the likelihood of getting 

infection with ESBL producing K.pneumoniae and E.coli
23

. 
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Multivariate logistic regression analysis in this study identified variables that still remainedas risk 

factors for ESBL producing K.pneumoniae and E.coli infection were the use of third generation cephalosporin, 
recent surgery and length of stay before culture . 

In this study the OR for third generation cephalosporin use was 79,60 (95% CI 7,60-834,13). Previous 

research and multivariate analysis of third generation cephalosporin use for  ESBL producing K.pneumoniae 
and E.coli infection also found a significant relationship (OR 6,0-28,4 ; 95% CI 2,59-215,8)

7,24,27
. 

Recent surgery in this study was still significant risk factor with OR 4,66 (95% CI 1,22-17,77). 
Previous study with multivariate analysis also found relationship between recent surgery andESBL producing 

K.pneumoniae and E.coli infection(OR 10.35 ; 95% CI 1,9-55,6)
17

. 

Length of stay before culture in multivariate analysiswas also associated with ESBL producing 

K.pneumoniae and E.coli infection (OR 1,24 ; 95% CI 1,08-1,42). Previous research with multivariate analysis 

also found an association between length of stay before culture with ESBL producing K.pneumoniae and E.coli 
infection (OR 1,06-1,10; 95% CI 1,02-1,16)

19,20
. 

These risk factors that have been identified are an important starting point for the management and 

control of ESBL producing K.pneumoniae and E.coli infection. Early identification by knowing risk factors can 
improve empirical therapy and thus reduce morbidity and mortality rates. 

References 

1. Paterson, D.L. and Bonomo, R.A. Extended-Spectrum βLactamases : a Clinical Update. Clinical 

Mikrobiology Reviews.,2005, 18(4):657–676.  
2. Torok, M.E. , Cooke, F.J., and Moran, E. Oxford Handbook of Infectious Disease and Microbiology. 

Oxford University Press.2009, 1
st
  edition. p.68-69.  

3. Kuntaman, Santoso, S., Wahjono, H., Mertaniasih, NM., Lestari, ES., Farida, H.,et al.The sensitivity 

Pattern of Extended Spectrum Beta Laktamase-Producing Bacteria Against Six Antibiotics that 
Routinely Used in Clinical Setting. Journal Indonesia Medical Association.,2011, 61(12):482-486. 

4. Winarto.Prevalensi Kuman ESBL dari Material Darah di RSUP Dr. Kariadi Tahun 2004-2005. Media 

Medika Indonesiana.,2009, 43(5):260-267. 
5. Couque, T.M., Baquero F., dan Canton, R. Increasing Prevalence of ESBL-Producing 

Enterobacteriaceae in Europe. Eurosurveillance.,2008,  13(47) : 1-11. 

6. Daoud, Z. and Hakime, N. Prevalence and susceptibility patterns of extended-spectrum betalactamase-
producing Escherichia coli and Klebsiella pneumoniae in a general university hospital in Beirut, 

Lebanon. Rev Esp Quimioterap.2003, 16(2):233-238. 

7. Graffunder, E.M. , Preston, K.E. , Evans, A.M. and Venezia, R.A.Risk factors associated with 

extended-spectrum β-lactamase-producing organism at a tertiary care hospital. Journal of Antimicrobial 
Chemotherapy.2005, 56:139-145. 

8. Quirante, O. F. , Cerrato, S. G. , and Pardos, S. L. Risk factors for bloodstream infections caused by 

extended-spectrum b-lactamase-producing Escherichia coli and Klebsiella pneumoniae.  Braz J Infect 
Dis. 2011, 15(4):370-376. 

9. Schoevaerdts, D., Bogaerts, P., Grimmelprez, A., Saint Hubert, M., Delaere,  B., Jamart, J.,et al. 

Clinical Profiles of Patients Colonized or Infected with Extended-Spectrum Beta-Lactamase Producing 
Enterobacteriaceae Isolates : a 20 Month Retrospective Study at A Belgian University Hospital. BMC 

Infectious Diseases.2011, 11(12):1-10. 

10. Samaha-Kfoury, Joumana N. , and Araj, George F. Recent Development in β Lactamases and Extended 

Spectrum β Lactamases. British Medical Journal. 2003, 327 : 1209-1213. 
11. Lautenbach, E., Patel, J.B., Bilker, W.B., Edelstein, P.H., and Fishman, N.O. Extended-Spectrum β-

Lactamase-Producing Escherichia coli and Klebsiella pneumoniae : Risk Factors for Infection and 

Impact of Resistance on Outcomes. Clinical Infectious Disease.2001, 32:1162-1171. 
12. Marchaim, D., Gottesman, T., Schwartz, O., Korem, M., Maor, Y.,  Rahav, G., et al. National 

Multicenter Study of Predictors and Outcomes of Bacteremia upon Hospital Admission Caused by 

Enterobacteriaceae Producing Extended-Spectrum β-Lactamases. Antimicrobial Agents and 

Chemotherapy. 2010, 54(12):5099-5104. 



Maria M. Simatupang et al /International Journal of ChemTech Research, 2019,12(2): 64-69. 69 

 
 

13. Musikatavorn K. , Chumpengpan C. , and Sujinpram C. Risk Factors of Extended-Spectrum Beta-

Lactamase Producing Enterobacteriaceae Bacteremia in Thai Emergency Department : a retrospective 
case-control study. Asian Biomedicine.2011, 5(1):129-138. 

14. Ozgunes, I. , Erben, N. , Kiremitci, A. , Kartal, E. D. , Durmaz, G. , Colak, H., et al. The prevalence of 

extended-spectrum beta lactamase-producing Escherichia coli and Klebsiella pneumoniae in clinical 

isolates and risk factor. Saudi Medical Journal.2006, 27(5):608-612. 
15. Mehrgan, H. , Rahbar  M. , and Arab-Halvaii, Z. High Prevalence of extended spectrum beta-

lactamase-producing Klebsiella pneumoniae in a tertiary care hospital in Tehran, Iran. J Infect Dev 

Ctries.2010, 4(3):132-138. 
16. Sastroasmoro, S. Pemilihan Subyek Penelitian. Dalam : Dasar-dasar Metodologi Penelitian Klinis. 

Editor : Sastroasmoro, S., Ismael, S., 2008. Jakarta : Sagung Seto. 88, 320. 

17. Demirdag, K. and Hosoglu, S.Epidemiology and Risk Factors for ESBL-Producing Klebsiella 
pneumoniae : a Case Control Study. J Infect Dev Ctries.2010, 4(11):717-722. 

18. Annunnatsiri, S., Towiwat, P., and Chaimanee, P. Risk Factors and Clinical Outcomes of Extended 

Spectrum Beta Lactamase Producing Escherichia coli Septicemia at Srinagarind University Hospital, 

Thailand. Southeast Asian Journal Tropical Medicine Public Health. 2012, 43(5):1169-1177. 
19. Tumbarello, M. , Spanu, T. , Sanguinetti, M. , Citton, R. , Montuori, E. , Leone, F.,et al. Bloodstream 

Infections Caused by Extended-Spectrum-β-Lactamase-Producing Klebsiella pneumoniae : Risk 

Factors, Molecular Epidemiology, and Clinical Outcome. Antimicrobial Agents and Chemotherapy. 
2006, 50(2): 498-504. 

20. Kuang, C.K., Yea, H.S., and Kao, P.H. Clinical Implication and Risk Factors of Extended Spectrum 

Beta-Lactamase Producing K.pneumoniae Infection in Children : a Case Control Retrospective Study 

in Medical Center in Southern Taiwan. Journal of Microbiology, Immunology and Infection. 2007, 40: 
248-254. 

21. Panhotra, B.R., Saxena, A.K. and Al-Ghamdi, A.M. Extended Spectrum Beta-Lactamase Producing 

Klebsiella pneumonia Hospital Acquired Bacteremia,  Risk Factor and Clinical Outcome. Saudi 
Medical Journal. 2004, 25(12):1871-1876. 

22. Kang, C.I., Kim, D.M., Park, W.B., Lee, K.D., Kim H.B., Oh, M.D.,et al. Risk Factors for and Clinical 

Outcomes of Bloodstream Infections Caused by Extended Spectrum Beta-Lactamase Producing 
Klebsiella Pneumoniae. Infection Control Hospital Epidemiology. 2004, 25(10):860-867. 

23. Silva, N. , Oliveira, M. , Bandeira, A. C. and Brites, C. Risk Factors for Infection by Extended-

Spectrum Beta-Lactamase Producing Klebsiella pneumoniae in a Tertiary Hospital in Salvador, Brazil. 

The Brazilian Journal of Infectious Disease.2006, 10(3):191-193. 
24. Kanafani, ZA., Mehio-Sibai, A., Araj, GF., Kanaan, M., and Kanj, SS. Epidemiology and risk factors 

for extended-spectrum β-lactamase-producing organisms: A case control study at a tertiary care center 

in Lebanon. American Journal  of Infection Control.2005, 33 (6) : 326–332. 
25. Marik, P.E., and Flemmer, M. The Immune Response to Surgery and Trauma : Implication for 

Treatment. Journal Trauma Acute Care Surgery. 2012, 73(4):801-808. 

26. Shanti,M., and Sekar, U. Extended Spectrum Beta Lactamase Producing Escherichia coli and 
Klebsiella pneumonia: Risk Factors for Infection and Impact of Resistance on Outcomes. Journal of the 

Association of Physicians of India. 2010, 58 :41-44.  

27. Lee, SO., Lee, ES., Park, SY., Kim, SY., Seo, YH., Cho, YK. Reduced Use of Third-Generation 

Cephalosporins Decreases The Acquisition of Extended-Spectrum Beta-Lactamase-Producing 
Klebsiella Pneumonia. Infection Control Hospital Epidemiology.2004, 25 (10):832-837. 

 

***** 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20SO%5BAuthor%5D&cauthor=true&cauthor_uid=15518024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=15518024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=15518024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=15518024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seo%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=15518024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=15518024

