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CHAPTER I 

INTRODUCTION 

 

 

1.1 Rationale and Background 

 Escherichia coli (E.coli) is a common gram negative bacteria which 

normally exist in the intestine and be necessary for digestion (1). Generally E.coli can 

get into tissues or organs that it does not belong to such as the urinary tract, and can 

lead to symptomatic infection which bladder infection is the most common site where 

antibiotics is necessary (1, 2). Extended spectrum beta-lactamases (ESBLs) are 

produced by gram negative bacteria, which are Escherichia coli (E.coli) and Klebsilla 

pneumoniae (K.pneumoniae) (3, 4), they have the ability to hydrolyze beta-lactam 

antibiotics (Broad-spectrum cephalosporins and aztreonam) (5). They are defined as 

plasmid-mediated enzymes that cephalosporins and monolactams. The ESBLs have 

various genotypes, most of them are in group extended-spectrum cephalosporins, 

monobactams (6). 

 Beta-lactamases are hydrolytic enzymes that can confer bacterial 

resistance to antibiotics, such as penicillins and cephalosporins. A major concern of 

the patients are prone to infection with drug resistance bacteria, especially gram 

negative bacteria which produce extended spectrum beta-lactamases (ESBLs), as a 

higher morbidity, mortality and institution of appropriate antimicrobial therapy (6). 

 In the early 1980, the ESBLs were first recognized, and found to be point 

mutations of broad spectrum enzymes which resulted in resistance to the beta-lactam 

of antibiotic (7, 8). The prevalence of bacteria producing ESBLs have become a 

serious cause of hospital-acquired infection worldwide, particularly in critical patients 

admitted in the intensive care unit (3, 9). The National Nosocomial Infections 

Surveillance System (NNIS) in Thailand reported that the prevalence of ESBLs 

occurred at ICU and non ICU were 5.8% and 1.5% respectively (10). The reports from 

South America showed rates of ESBLs ranked among the highest in the world. 

Surveillance data revealed alarmingly high prevalence of E.coli infection isolated in 
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Latin America ranging from 8.5% to 18%  (11). Report from the SENTRY antimicrobial 

surveillance program 1998-1999 showed prevalence rate of ESBL producing E.coli in 

Asia were higher than other regions in the world isolates, ranged from 13% - 15% 

(12). In 2003, Sirisaj hospital reported the prevalence of ESBLs producing E. coli 

infection in 33.3% (15). Data obtained from Nan hospital during 2004-2010 indicated 

that the prevalence ESBL-producing E.coli were found in 21.9% from clinical 

specimens of patients attending Nan hospital and community hospital in Nan province, 

and 40.5% obtained from urine (13).The risk factors for hospital acquired associated 

ESBLs-producing E.coli infection found in ICU, prolonged hospitalization, used of 

ventilator mechanical, central venous indwelling, prior used of antibiotic, renal failure 

burns, urinary catheter and 3rd generation cephalosporin used (6). Rate of detection of 

ESBL-producing E. coli at Maharaj Nakorn Si Thamarat hospital during January to 

December 2010 was 11.30% (13 of 115) (14). 

 In 1983, the first outbreak involving ESBL-producing organisms in 

Germany where infections caused by these ESBL-producing organisms were 

identified. Since then it has been constantly growing of outbreak. At the present time it 

is widely recognized as clinical relevant causes of infections. ESBL-producing E.coli 

infection in hospital is associated with high rates of morbidity, mortality as well as 

health care costs (15).  

 ESBL-producing E.coli infections have been a significant worldwide 

nosocomial infection. Emergence of drug resistance strains is an alarming problem 

worldwide, especially where use of antibiotics is not strictly controlled. In Thailand, 

the drug smart used programs are uncommon and people can spend money for 

purchasing antibiotics without medical prescription, the rate of antibiotic resistance 

especially ESBL have significantly increased  (15). Data obtains from department of 

Medicals Science, Ministry of Public Health showed that the prevalence of antibiotics 

resistance rate of ESBL-producing E.coli increased during the year 2000 to the year 

2005. The prevalence of resistance rate of Ceftazidime increased from 13% to 23%, 

Cefotaxime from 20% to 33% and have been increased constantly in recent years (16). 

The infections from ESBL-producing E.coli responsible for 10 % up to 22% of urinary 

tract infection, 11% to 13% of bloodstream infection and 19% to 49 % of pneumonia 

(16). 
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 Therefore ESBL-producing E.coli nosocomial infection is considered as 

the major health problem in Thailand and also in other countries. Data derived from 

Taksin hospital showed that the prevalence rate of ESBL-producing E.coli in urine 

increased during 2005-2011 from 2.88% to 30.44%. The infection from ESBL-

producing E.coli in urine caused to secondary bloodstream infection and associated 

with a high mortality rate in hospital. The increasing associated with a high mortality 

rate, and also high cost of treatment including increasing of length of stay in hospital. 

 The purposes of this study are to indentify incidence and risk factors 

associated with ESBL-producing E.coli among inpatients with nosocomial infection at 

Taksin hospital, Bangkok Metropolitan Administration in 2011. The significant 

preventable risk factors from this study will be utilized for strengthening prevention 

and control strategies plan of ESBL-producing E.coli in Taksin hospital, Bangkok 

Metropolitan Administration (BMA). 

 

 

1.2 Research Questions 

1.2.1 What was the incidence density of ESBL–producing E.coli with 

nosocomial urinary tract infection among inpatients in 2011.  

1.2.2 Were there any associations between nosocomial urinary tract 

infection by ESBL-producing E.coli and the following risk factors? 

1) General characteristic: gender, age, department admitted 

and principle diagnosis for present admission 

2) Prior antibiotics used within last year 

3) Urine catheter used within 30 days 

4) Recurrent urinary tract infections 

5) Previous hospitalization  

6) ICU stay during present admission 

7) Patient’s co-morbidity 

8) Invasive urine catheter used during present admission 

9) Antibiotic used during this admission 
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1.3 Research Objectives 

 

 1.3.1 General Objectives 

 To assess incidence and risk factors associated with ESBL-producing 

E.coli among inpatients with nosocomial urinary tract infection at Taksin Hospital, 

Bangkok Metropolitan Administration in 2011. 

 

 1.3.2 Specific Objectives 

1) To determine incidence of ESBL-producing E.coli with 

nosocomial urinary tract infection among inpatients. 

2) To determine the association between nosocomial urinary 

tract infection by ESBL-producing E.coli and the following factors;  

(1) General characteristic: gender, age, department 

admitted and principle diagnosis for present admission 

(2) Prior antibiotics used within last year 

(3) Urine catheter used within 30 days 

(4) Recurrent urinary tract infections 

(5) Previous hospitalization  

(6) ICU stay during present admission 

(7) Patient’s co-morbidity 

(8) Invasive urine catheter used during present 

admission 

(9) Antibiotic used during the admission 

 

 

1.4 Research Hypothesis 

 There were associations of nosocomial urinary tract infection by ESBL-

producing E.coli with the following risk factors: 

1.4.1 General characteristic: gender, age, department admitted and 

principle diagnosis for present admission 

1.4.2 Prior antibiotics used within last year 

1.4.3 Urine catheter used within 30 days 
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1.4.4 Recurrent urinary tract infections 

1.4.5 Previous hospitalization 

1.4.6 ICU stay during present admission 

1.4.7 Patient’s co-morbidity 

1.4.8 Invasive urine catheter used during present admission 

1.4.9 Antibiotic used during the admission 

 

 

1.5 Research Variables 

 

1.5.1 Independent Variable are including: 

1) General characteristic are including: 

(1) Gender 

(2) Age 

(3) Department admitted 

(4) Principle diagnosis for present admission 

2) Risk factors:  

(1) Prior antibiotics used within last year 

(2) Urine catheter used within 30 days 

(3) Recurrent urinary tract infections 

(4) Previous hospitalization  

(5) ICU stay during present admission 

(6) Patient’s co-morbidity 

(7) Invasive urine catheter used during present 

admission 

(8) Antibiotic used during the admission 

 

1.5.2 Dependent Variables 

 Having nosocomial urinary tract infection by ESBL-producing E.coli. 
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1.6 Operational Definitions 

1.6.1 Patients with urinary tract infection referred to patients having 

urinary tract infection bladder, kidneys, urethers, or urethra after 48 hours of admission. 

1.6.2 Department admitted referred to department or ward where patients 

had been admitted before having urinary tract infection.  

1.6.3 Nosocomial infection referred to an infection occurred in a patient 

in a hospital or other health care facilities in whom the infection was not present or 

incubating at the time of admission. This includes infections acquired in the hospital 

but appearing after discharge, and also occupational infections among staffs of the 

facility. Nosocomial infections usually occur after 48 hours of admission (17). 

1.6.4 Extended spectrum beta-lactamase referred to beta-lactamase enzyme 

which can confer bacteria resistance to all Penicillin, Cephalosporins group, and Aztreonam 

through their enzymatic hydrolysis of the four-atom ring (beta-lactam) of these 

antibiotics (6).  

1.6.5 ESBL-producing E.coli referred to bacteria in strains of ESBL-

producing E.coli which induce resistance to antimicrobial agents such as 

aminoglycosides; Gentamicin or third generation Cephalosporins; Cefotaxime or 

Ciprofloxacin (6).  

1.6.6 Prior antibiotic use within last year referred previous taking any 

kind of antibiotics especially antimicrobial agents third-generation Cephalosporin: 

Ceftazidime, Ceftriaxone and Cefotaxime from hospitalization.  

1.6.7 Recurrent urinary tract infection referred to having been 

diagnosed of recurrent urinary tract infection and receiving treatment within 90 days. 

1.6.8 Previous hospitalization referred to previous admission from 

another healthcare sectors within a year before. 

1.6.9 ICU stay during present admission referred to days of staying in 

ICU ward during present admission.  

1.6.10 Patient’s co-morbidity referred to having been diagnosed of co-

morbidity and receiving treatment at the time of admission. 

1.6.11 Invasive urine catheter used during present admission referred 

to invasive urine catheter used at the time of admission. 
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1.7 Conceptual Framework  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

General characteristics of patients 

1. Gender 

2. Age 

3. Department admitted 

4. Principle diagnosis for present admission 

Risk factors 

1. Prior antibiotics used within last year 

2. Urine catheter used within 30 days 

3. Recurrent urinary tract infections 

4. Previous hospitalization 

5. ICU stay during present admission 

6. Patient’s co-morbidity 

7. Invasive urine catheter used during 

present admission 

8. Antibiotic used in present admission 

Having nosocomial 

urinary tract infection by 

ESBL-producing E.coli. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

 The aims of this study were to identify risk factors associated with 

nosocomial urinary tract infection by extended spectrum beta-lactamase-producing 

Escherichia coli (ESBL-producing E.coli) among inpatients at Taksin hospital, 

Bangkok Metropolitan Administration. Review of literature includes the following: 

2.1 Nosocomial infection and Urinary tract infections 

2.1.1 Definition of nosocomial infection  

2.1.2 Definition of urinary tract infection 

2.2 Extended spectrum beta-lactamase-producing E.coli. (ESBL-producing 

E.coli) 

  2.2.1 Classification of ESBL- producing E.coli 

  2.2.2 History and epidemiology of ESBL- producing E.coli 

  2.2.2 Antibiotic resistance of ESBL- producing E.coli 

  2.2.3 Diagnosis and detection of ESBL- producing E.coli 

  2.2.4 Antimicrobial treatment of ESBL- producing E.coli 

2.3 Related literature 

 

 

2.1 Nosocomial infection and urinary tract infection  

 

 2.1.1 Definition of nosocomial infection 

 Nosocomial infections are important contributors to morbidity and 

mortality. They are more important public health problem with increasing economic 

and human impact. They are increasing numbers of the patients and frequent impaired 

immunity. Nosocomial infections are new organisms and increasing bacterial drugs 

resistance (17).  
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 The World Health Organization (WHO) defined nosocomial infection (NI) 

or hospital- acquired infection (HAI) as “An infection acquired in hospital by a patient 

who was admitted for a reason other than that infection (1). An infection occurring in 

a patient in a hospital or other health care facilities in whom the infection was not 

present or incubating at the time of admission. This includes infections acquired in the 

hospital but appearing after discharge, and also occupational infections among staffs 

of the facility” (17, 18).  

 The nosocomial infections acquired during hospital care which are not 

present or incubating at admission, occurring more than 48 hours after admission. The 

infections have been developed for specific infection sites (e.g. urinary, respiratory, 

pulmonary) (19, 20). Nosocomial infections are considered either endemic or 

epidemic. Endemic infections are the most common. While epidemic infections occur 

during an unusual increase above the baseline of a specific infection or infecting 

organism, an outbreak.  

 The type of nosocomial infections are four most common types, urinary 

infections, surgical site infection, nosocomial pneumonia and nosocomial bacterimia. 

Urinary tract infections are the most common, 80% are associated with the used of an 

indwelling catheter. These infections are less associated with morbidity, but can lead 

to septicemia and death. About 0.5% to 15% of surgical infections are depending on 

the type of surgery and the patient’s underlying disease. The indicator of surgical 

infection is the presence of purulent discharge around the wound or the insertion site 

of drain, or presence sign of cellulites. Nosocomial pneumonia is the significant 

problem. Approximately 3% of patients who has ventilators associated pneumonia can 

lead to a high fatality rate. The source of infections are endogenous and exogenous 

microorganism with transfer from respiratory equipments (15, 21). 

 The microorganisms, bacteria, viruses, fungi, and parasites, can causes of 

nosocomial infections and can be cross-infection. The normal flora bacteria are 

transmitted to sites outside of their normal environment can cause infection, occur 

with wound or with inappropriate antibiotic treatment that allows overgrowth of 

endogenous bacteria. The exogeneous bacteria cross infection can occur with transfer 

of microorganism from one patient or healthcare worker to another patient or 

healthcare worker. WHO summarizes mode of transmission between patients as 
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following statement: “Bacteria are transmitted between patients: (a) through direct 

contact between patients hands, saliva droplets or other body fluids), (b) in the air 

(droplets or dust contaminated by a patient’s bacteria), (c) via staff contaminated 

through patient care (hands, clothes, nose and throat) who become transient or 

permanent carriers, subsequently transmitting bacteria to other patients by direct 

contact during care, (d) via objects contaminated by the patient (including 

equipment), the staff’s hands, visitors or other environment sources(e.g. water, other 

fluids, food)” (17, 21). Another route of acquisition is normal flora from the healthcare 

environment. The microorganism may live in sterile products or disinfectants 

(Pseudomonas spp., Acenetobactor spp., Mycobacteriaceae), in damp areas, in water, 

in lines, in food, in fine dust, in droplet nuclei, in equipment and supplies use in care 

(21). 

 The NNIS system defined a nosocomial infection as a localized or 

systemic condition, resulting firstly from adverse reaction to the presence of the 

infection or its toxin, and secondly that was not present or incubating at the time of 

admission to the hospital (18). 

 CDC recommends two important principles upon which the nosocomial 

infection definitions are based. Firstly, the information used to determine the presence 

and the classification of infection should be a combination of the clinical findings and 

the results of laboratory tests. Clinical evidence is derived from direct observation, 

source of infection and reviews of the patient’s record. Results of the laboratory tests 

include culture reports, antigen or antibody detection tests and microscopic 

visualization. Another data from the diagnostic tests that support and determine the 

classification of an infection are x-ray, ultrasound, computed tomography (CT), 

magnetic resonance imaging (MRI), radiolabeled scan, endoscopic procedure and 

biopsy or needle aspiration. Secondly, principle is the physician’s diagnosis from 

direct observation during the treatment and clinical judgement utilizing the acceptable 

criteria for infection (18). 

 Infections are considered nosocomial infection in two special situations: 

the first one is acquired in the hospital but does not become evident before being 

discharged from the hospital. The second one is in a neonate that results from the 

passage through the birth canal. There are two special situations which are not 



Fac. of Grad. Studies, Mahidol Univ.                                                                  M.Sc.(Public Health) / 11 

considered the nosocomial infection, one of which is associated with complication or 

extension of the infection already present on admission without a change in pathogens 

or symptoms associated with the acquisition of a new infection. In another situation, 

the infection is appearance at or before 48 hours after the birth, and acquired 

transplacentally for example toxoplasmosis, rubella, cytomegalovirus or syphilis (18). 

 Conditions that are not considered nosocomial infections are colonization 

which is the presence of microorganisms (on the skin, mucous membranes, in the 

opened wounds, excretion or secretion) that are not causing adverse clinical signs or 

symptoms and inflammation that results from tissue response to injury or stimulation 

by non infectious agents such as chemical (18). 

 

 2.1.2 Definition of urinary tract infection  

 The urinary tract infections, an infection of bladder, kidneys, ureters, or 

urethra are the most common nosocomial infections about 80% are associated with 

indwelling urine catheter (17). The infections occur when bacteria enter the urinary 

system. There are 4 portals of entry for microorganisms in urinary drainage systems: 

the urethral meatus-catheter junction; the catheter-drainage tubing junction; the 

drainage tubing-bag junction; and the outlet that drains urine from the bag (17). 

 CDC recommends the criteria for urinary tract infections diagnosis as 

following statement (19): 

 Definition: Symptomatic urinary tract infection must meet at least one of 

the following criteria:  

  Criterion 1: Patient has at least one of the following signs or 

symptoms with no other recognized cause: fever (>38°c), urgency, frequency, dysuria, 

or suprapubic tenderness and patient has a positive urine culture, that is, ≥105 

microorganisms per cm.3 or urine with no more than two species of microorganisms. 

  Criterion 2: Patient has at least two of the following signs or 

symptoms with no other recognized cause: fever (>38°c), urgency, frequency, dysuria, 

or suprapubic tenderness and at least one of the following:  

a. positive dipstick for leukocyte esterase and / or 

nitrate  
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b. pyuria (urine specimen with ≥10 wbc./mm.3 or 

≥3 wbc./high power field of unspun urine)  

c. organisms seen on gram stain of unspun urine  

d. at least two urine cultures with repeated 

isolation of the same uropathogen (gram negative bacteria or S.saprophyticus) with 

≥102 colonies/ml. in non voided specimens  

e. ≥105 colonies/ml. of a single uropathogen (gram 

negative bacteria or S.saprophyticus) in a patient being treated with an effective 

antimicrobial agent for a urinary tract infection  

f. physician diagnosis of a urinary tract infection  

g. physician institutes appropriate therapy for a 

urinary tract infection.  

 Definitions: Asymptomatic bacteriuria  

  Criterion 1: Patient has had an indwelling urinary catheter 

within 7 days before the culture and patient has a positive urine culture, that is, ≥105 

microorganisms per cm.3 of urine with no more than two species of microorganisms 

and patient has no fever (>38°c), urgency, frequency, dysuria, or suprapubic 

tenderness.   

  Criteria 2: Patient has not had an indwelling urinary catheter 

within 7 days before the first positive culture and patient has had a least two positive 

urine cultures, that is, ≥105 microorganisms per cm.3 of urine with repeated isolation 

of the same microorganism and no more than two species of microorganisms and 

patient has no fever (>38°c), urgency, frequency, dysuria, or suprapubic tenderness.  

 Definitions: Other infections of the urinary tract must meet at least one of 

the following criteria:  

  Criterion 1: Patient has organisms isolated from culture of 

fluid (other than urine) or tissue from affected site. 

  Criterion 2: Patient has an abscess or other evidence of 

infection seen on direct examination, during a surgical operation, or during a 

histopathologic examination.  
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  Criterion 3: Patient has at least two of the following signs or 

symptoms with no other recognized cause: fever (>38°c), localized pain, or localized 

tenderness at the involved site and at least one of the following: 

a. purulent drainage from affected site. 

b. organisms cultured from blood that are 

compatible with suspected site of infection. 

c. radiographic evidence of infection, e.g., abnormal 

ultrasound, CT scan, magnetic resonance imaging (MRI), or radiolabel scan (gallium, 

technetium). 

 CDC/NHSN recommends the definitions of catheter-associated urinary 

tract Infection (CAUTI) as following statement: Catheter-associated urinary tract 

infection must meet one of the following criterion:  

  Criterion 1: Patient has had an indwelling urinary catheter 

within 7 days before the culture and has a positive urine culture, that is, ≥105 

microorganisms/ml of urine with no more than two species of microorganisms and 

Patient has no fever (>38°c), urgency, frequency, dysuria, or suprapubic tenderness.  

  Patient has had an indwelling urinary catheter within 7 days 

before the culture and at least one of the following:  

1. One urine culture ≥105 microorganisms/ml. of urine with no 

more than two species of microorganisms. 

2. One positive urine culture with no more than two species 

identified and 10 wbc./hpf.  

3. One positive urine culture with ≤105 colonies/ml. of a single 

uropathogen in a patient currently on effective antibiotic treatment.  

4. Physician diagnosis of hospital acquired UTI  

 Definition: Asymptomatic bacteriuria not catheter associated must meet at 

least one of the following criterion:  

  Criterion: Patient has not had an indwelling urinary catheter 

within 7 days before the first positive culture and has had at least two positive 

cultures, that is ≥105 microorganisms/ml. of urine with repeated isolation of the same 

microorganisms and no more than two species of microorganisms and patient has no 

fever (>38°c), urgency, frequency, dysuria, or suprapubic tenderness.  
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2.2 Extended spectrum beta-lactamase - producing E. coli 

 

 2.2.1 Classification of Extended spectrum beta-lactamase-producing 

E. coli 

 Beta-lactams are the most utilized antibiotics for clinical treatment, high 

effectiveness, low cost and minimal side effects. They can inhibit bacterial cell wall 

synthesis (22). Production of beta-lactamases are the most common mechanism of 

resistance for the using of beta-lactam antibiotics in gram negative bacteria treatment 

(23). They are two scheme for classification beta-lactamase, molecular classification 

system and functional classification system (23). 

 The molecular classification divides beta-lactam into four major class, A 

to D. Class A, C and D enzymes are hydrolyze substrates by forming an acyl enzymes 

through a serine residue at their active site, but class B enzymes are metallo enzymes 

that utilize at least one active-site zinc ion to facilitate beta-lactam hydrolysis (23). 

 The functional classification devides beta-lactamases according to their 

hydrolytic and inhibition properties, four main groups (1-4) and multiple subgroups 

(a-f).    

  Group 1 cephalosporinases 

  The enzymes are cephalosporinases able to hydrolyze and 

resistance to Cephalosporins, Benzylpenicillin, Cephamycins. They are also resistant 

to inhibition by calvulanic acid (24). 

  Group 2 serine beta-lactamases 

  Subgroup 2 penicillinases are the largest groups of beta-

lactamese. Enzymes in this group have been divided into many subgroups as follow:  

  Subgroup 2a penicillinases, a small group of beta-lactamases 

which have limited spectrum of hydrolytic activity. They can be inhibited by 

clavulanic acid and tazobactam. The majority of these enzymes are chromosomal 

encoded and predominant in gram positive cocci, including the staphylococci and 

occasionally enterococci (24). 

  Subgroup 2b beta-lactamases are able to hydrolyze Penicillin 

and early Cephalosporins, Cephaloridine and Cephalothin, they are strongly inhibited 

by clavulanic acid and tazobactam. The most common plasmid-mediaed beta-
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lactamases are TEM-1, TEM-2, and SHV-1. At the present, 9 TEM and 29 SHV 2b 

were found in high prevalence among the Enterobacteriaceae prior to the introduction 

of broad spectrum Cephalosporins, Cefotaxime and Ceftazidime (24). 

  Subgroup 2be enzymes have hydrolytic against Penicillins and 

Cephalosporins of subgroup 2b beta-lactamases and one or more oxyimio beta-

lactams, Cefotaxime, Ceftazidime, and Aztreonam. These ability are named extended-

spectrum beta-lactamases or ESBLs. 

  Subgroup 2br enzymes are broad-spectrum beta-lactamases that 

resistant to clavulanic acid and related inhibitors subgroup 2b spectrum of activity 

(25). 

  Subgroup 2ber enzymes hydrolytic activity are similar subgroup 

2bc beta-lactamases but resisitant to clavulanic acid inhibition. 

  Subgroup 2c enzymes are penicillinases that can hydrolyze 

Carbenicillin or Ticarcillin more than 60% as speedily as benzylpenicillin. They are 

easily inhibited by clavulanic acid or tazobactam. 

  Subgroup 2ce enzymes are a group of carbenicillinase with 

expanded activity against Cefepime and Cefpirome.  

  Subgroup 2d or oxacillinase family, their ability to hydrolyze 

Cloxacillin or Oxacillin. Many enzymes are the second largest family of beta-

lactamase and high important, it is a causative factor for decreasing Carbapenem 

susceptibility in non-fermentative bacteria, Acenetobacter spp. and P.aeruginosa (25). 

  Subgroup 2de is a new group of ESBLs which in the 

oxacillinase family. These are able to hydrolyze Cloxacillin or Oxacillin and extended 

sprectrum include oxyimino but not Carbapenems.  

  Subgroup 2df is a new group of OXA enzymes which has 

Carbapenem-hydrolyzing ability. They are most frequently emerge in A.baumanii. 

However, plasmid-borne OXA-type enzymes, OXA-23, OXA-48 have been identified 

in the Enterobacteriaceae. These enzymes and their producing organisms are typically 

unresponsive to inhibition by clavulanic acid (25). 

  Subgroup 2e cephalosporinases can hydrolyze extended-spectrum 

Cephalospolins and inhibited by clavulanic acid or tazobactam (25). 
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  Group 3 metallo-beta-lactamases (MBLs) 

  These group inhibited by metal ion chelators such as 

dipicolinic acid, ethylene diamine tetraacetic acid (EDTA), or 1, 10-0-phenanthroline. 

There were identified as chromosomal enzymes in gram positive or occasional gram 

negative bacilli, Bacteroides fragilis, Stenotrophomonas maltophilia (25). 

  Group 4 beta-lactamases 

  These enzymes remain to be incompletely characterized and 

need more information (25). 

 

 2.2.2 History and Epidemiology of ESBL-producing E. coli 

 ESBLs are enzymes that can hydrolyze a wide range of substrates, 

Penicillins, Monobactams and Cephalosporins with the exception of the Cephamycins 

(6). The resistance patterns are different in the both national and international level of 

epidemiology. Therefore it is important to know the incidence of ESBL-producing 

E.coli in the national group. The first beta-lactamase was described as a Penicillinase, 

can be hydrolyzed Penicillin in E.coli in 1940. In 1941, the plasmid-encoded Penicillin 

resistance spread rapidly in clinical isolates among S.aureus (26). In 1960s, the 

emergence of TEM-1 was ascribed in gram negative organisms, rising in Ampicillin 

resistance. The first report of an ESBL-producing organism in Germany and France in 

the 1980s was the structural mutants of the common penicillinases. Rising interests in 

spreading, constant evolution and resistances to the commonly used antibiotics 

showed evidence in 1990, including many reports from France, UK (27), Chile (28), 

Tunesia (29) and the USA (30). During 1990s there were also rising reports of 

genotypes of TEM and SHF derived ESBLs, particularly in association with the 

nosocomial outbreaks from many countries including the UK. The outbreaks were 

reported from the chronic care facilities (31), neonatology (32-34), neurosurgery (35), 

pedriatrics (36, 37), and obstetrics (38).  

 Over the last two decades, ESBLs have been detected most commonly in 

K.pneumoniae and E.coli. They have been implicated in numerous outbreaks of the 

nosocomial infection (39, 40). Since 2000, the survey from several European countries 

( including Spain, Italy, Greece, the UK and Canada) have shown an alarming trend of 

associated resistance to the antimicrobial agents among ESBLs producing organism 
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isolated from community (41-45). The resistance to Ciprofloxacin in Canada 

accounted for 66% of the isolates (45). These reports showed co-resistance to Co-

trimoxazole, Tetracycline, Gentamicin and Ciprofloxacin. The reports from Israel and 

Spain have shown that ESBLs producing E.coli were important causes of community 

onset bloodstream infections (46, 47).  

 In Thailand 2000-2005, the Department of Medical Sciences, the Ministry 

of Public Health reported the prevalence of the extended spectrum beta-lactamase- 

producing E.coli to be regularly rising. During 2003 to 2005 the resistance rate to 

Ceftazidime in the reports by the screening test were 19%, 21% and 23%. While, those 

to Cefotaxime were 29%, 32% and 33% (48). The target sites namely the urine, blood 

and sputum had increasing rate of the extended spectrum beta-lactamase-producing 

E.coli (48). 

 Extended spectrum beta-lactamases (ESBLs) are enzymes produced by the 

non fermentative gram negative bacteria. Beta-lactamases are hydrolytic enzymes that 

break down the beta-lactam ring resulting in resistance to the beta-lactam antibiotics 

including the expanded spectrum Cephalosporins or third generation antibiotics such 

as Cefoxime, Ceftriazone, Ceftazidime and Monolactam e.g. Aztreonam. Extended 

spectrum beta-lactamase-producing E. coli (ESBL-producing E.coli) refers to bacteria 

in strains of E.coli producing enzyme beta-lactamase which induce resistance to 

antimicrobial agents such as aminoglycosides; Gentamicin or third generation 

Cephalosporins; Cefotaxime or Ciprofloxacin (6). 

 

 Epidemiology of ESBLs-producing E. coli in urinary tract nosocomial 

infection  

 ESBLs have been identified in the Enterobacteriaceae family especially 

K.pneumoniae and E.coli (4), also in non-fermentative gram-negative organisms, 

P.aeruginosa and A.baummanii (49). During the 1980s and 1990s, K.pneumoniae was 

mostly responsible for producing ESBLs. Since 2000, E.coli has emerged as an 

important organism responsible for producing ESBLs (49). The Study for Monitoring 

Antimicrobial Resistance Trends Program (SMART) has been ongoing monitors the 

activity of several antimicrobial agents against gram negative bacteria since 2002 in 

most regions of the world. The data from Asia-Pacific region showed the highest level 
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of antimicrobial resistance among the five global regions of the world. The prevalence 

of ESBLs in isolates show some increasing high rates of ESBL-producing E.coli more 

than 50% in some area in Asia. In Thailand during 2007, the rate as high as 50.8% 

were reported and a staggering 79% of E.coli collected in India were positive for 

ESBLs. The ESBLs prevalence in India was equally high among E.coli collected from 

the hospital and the community setting (50). 

 In the past, Enterobacteriaceae namely K.pneumoniae producing SHV and 

TEM types of ESBLs have traditionally been responsible for serious nosocomial 

infections until the end of the 1990s. At the present, this event has changed 

significantly, E.coli producing CTX-M beta-lactamases has emerged as an important 

cause of community-onset infections, mostly urinary tract infections (49). This 

infections are an important cause of invasive infections (51). The study from Spain, 

from January 1999 to December 2004, indicate that the number of urine culture processed 

from 11,936 to 16,128 (p=0.014) and the proportion of cultures with significant 

bacteriuria caused by E.coli and significant increase in proportion of ESBL-producing 

E.coli isolates from urine samples from 0.20% to 5.52%, P<0.001. The National 

Antimicrobial Resistance Surveillance Thailand (NARST) found that the incidence of 

ESBL-producing E.coli are a trend towards the increasing rate from 2000 to 2005 (48). 

The study in Thailand, found that in 2009, rates of ESBL-producing E.coli detected 

Cefotaxime screening were ranging from 20.8% to 69.3% (72). The study in Spain, 

found that in 2009, 23,839 urine samples were processed in the Microbiology Service 

of Rio Hortega University Hospital of which 4,522, E.coli was isolates in 60% 

(N=2,725), of which 6% (N=162) were ESBL-producing strains. In 2010, 30,438 

cultures were processed of which 5062 were positive. E.coli was isolated in 59.4 

(N=3007), of which 7% (N=210) were ESBL-producing E.coli (52).  
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Figure 2.1 Prevalence of Extended spectrum beta-lactamases producing-E.coli in Thailand 

Source: The National Antimicrobial Resistance Surveillance Thailand (NARST) 

 

 2.2.3 Antibiotic resistance of ESBL- producing E.coli 

 E. coli can spread both in the community and in the healthcare setting or 

nosocomial infection and has developed resistance to a number of antibiotics. It’s the 

most commonly implicated and caused urinary tract infection for hospitalization (53, 

54). The antimicrobial resistance varies in various countries commonly used the oral 

and parenteral antimicrobials including aminoglycosides, 3nd generation, Carbapenems 

Cephalosporins, and beta-lactam or beta-lactamase inhibitor combinations (55, 56). 

The mechanism of ESBL-producing E.coli consists in production of beta-lactamases, 

hydrolytic enzymes, with the ability to inactive antibiotics before they reach the 

penicillin-binding protein located at the cytoplasmic membrane (55, 56). 

 Common bacterial mechanism of antibiotic resistance can either chemically 

modify the antibiotic, and render it inactive through physical removal from the cell, or 

modify target site so that the antibiotic does not recognize it, the enzymatic 

inactivation of the antibiotic is the most common way. An existing cellular enzyme is 

modified to react with the antibiotic in such a way that it no longer affects the 

microorganism. An alternative strategy utilized by many bacteria is the alteration of 

the antibiotic target site. The change in genetic composition of bacterium confer that 

the drug effective is no longer active, resulting in drug resistance (57). The resistance 

to beta-lactams is mediated by a wide variety of beta-lactamases that can hydrolyze 

inactivate these drugs. Beta-lactamases can be either plasmid or chromosomally 
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mediated, and their expression can be constitutive or induced. Beta-lactamases of 

gram negative organisms are confined to the periplasmic space, which may explain 

some of the differences in their phenotypic expression and ease of laboratory 

detection.  

 

 2.2.4 Diagnosis and detections for ESBL-producing E coli 

 Laboratory diagnosis 

 The clinical laboratory is an early warning sign, alerting the medical to the 

new resistance mechanisms in clinical bacteria. There are two methods for detection of 

ESBLs, the first one is the phenotypic methods that use non-molecular techniques. 

This method detects the ability of these enzymes. ESBLs can hydrolyte different 

Cephalosporins. Another one is genotypic methods which is molecular techniques. 

These techniques detect the gene responsible for the production of the ESBL. The 

phenotypic methods are the most technique to clinical diagnosis because these tests 

are easy to do and cost effective (58).  

 

 Methods for ESBLs detection in ESBL-producing E coli  

 The clinical and laboratory standards institute (CLSI) has suggested three 

methods for detection ESBL production (59). There are screening, phenotypic 

confirmatory test and commercial available methods for ESBL producers.  

 

 Screening for ESBL producers 

 The one of the screening test for ESBL production by K.pneumoniae, 

E.coli and Proteus mirabilis, is using the disk diffusion methods for antibiotic 

susceptibility testing can screen for ESBL production by noting specific zone 

diameters which indicate a high level of suspicion for ESBL production (59). These 

agents: Cefpodoxime, Ceftazidime, Aztreonam, Cefotaxime, or Ceftrizone are used for 

screening improves the sensitivity of detection. The CLSI recommended a zone 

diameter of 22 mm. for a 10 microgram Cefpodoxime disk. Therefore, the CLSI 

recommends a change in Cefpodoxine screening breakpoint to17 mm. (59). The 

second one for screening for ESBL production by K.pneumoniae and E.coli is dilution 
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antimicrobial susceptibility tests. Using of Ceftazidime, Cefotaxime, Ceftrizone or 

Aztreonam, at a screening concentration of 1µg./ml (59). The growth at the screening 

antibiotic concentration, that is MIC of Cephalosporin of 2µg./ml. is suspicious of 

ESBL production. It is an indication for the organism to be tested by a phenotypic 

confirmatory test (4).  
 

 Phenotypic confirmatory tests for ESBL production 

 The CLSI advocates two methods for confirmatory tests for ESBL- 

producing E.coli and K.pneumoniae. First, the Cephalosporin/Clavulanate combination 

disks, that uses of Cefotaxime 30µg. or Ceftazidime disks 30µg. with or without 

Clavulanate 10µg. Disk for use in this method are available from several suppliers 

(Becton Dickison, Oxoid, and Mast). The recommendation from CLSI is prior to the 

combination disks becoming available, it was suggested that clavulanic acid solution 

be applied to the agar plates. The CLSI recommended that the disk test be performed 

with confluent growth on Mueller-Hinton agar, a difference of 5 mm. between the 

zone diameters of either of the Cephalosporin disk and their respective 

Cephalosporin/Clavulanate disk is taken to be phenotypic confirmation of ESBL 

production(60). The second, broth microdilution assays, these methods are using 

Ceftazidime ≥0.25 to 128µg./ml., Ceftazidime plus Clavulanic acid 0.25/4 to 

128/4µg./ml., Cefotaxime 0.25 to 64µg./ml.. The broth microdilution assays is a 

standard methods. The quality control is advocated that simultaneous testing with both 

non ESBL-producing organism and ESBL-producing organism. The implications of 

positive phenotypic confirmatory tests should be reported as resistant to all 

Cephalosporins and Aztreonam except Cephamycins, Cefoxitin and Cefotexan (60).  
  

 Commercially methods for ESBL detection 

 There are many commercial tools for laboratory diagnosis, including 

double disk, combination disc method and specific Etest. The Etest for ESBL 

detection is a plastic drug-impregnated strip, one of which contains a gradient of 

Ceftazidime (MIC test range 0.5 to 32µg/ml.) and the other with Ceftazidime plus a 

constant concentration of Calvulanate 4µg/ml., and now available the strips containing 

Cefotaxime and Cefotaxime/Clavulanate (15). Etest strips are useful for both 
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screening and phenotypic confirmation of ESBL-producing organism. The sensitivity 

of this method as a phenotypic confirmatory test is 87 to 100% and the specificity is 

95% to 100% (59).  

 

 2.2.5 Antimicrobial treatment for ESBL-producing organisms 

 The antimicrobial treatment of hydrolyzing the beta-lactam ring found in 

Penicillin, Cephalosporins and Aztreonam except Cephamycins often have other 

mechanisms that confer resistance to the classed of antimicrobials. The empirical 

antibiotic choices should be individual basing on institutional antibiograms, that are 

different from hospital to hospital, from city to city, and from country to country (4).  

 The Clinical Laboratory Standard Institute (CLSI) recommended that 

ESBL-producing E.coli should be reported as a resistant to Penicillins, Cephalosporins 

and Aztreonam unrelatedly of in vitro susceptibility data. The level of antibiotics 

resistant in vitro conferred by the presense of ESBL to beta-lactam/beta-lactamase 

inhibitor combinations is variable (60). 

 

 Beta-lactams/Beta-lactamase inhibitor combination  

 Tazobactam has been found to be more potent compared with clavunic 

acid against certain CTX-M type ESBL. The available clinical evidence regarding the 

utility of beta-lactams/beta-lactamase inhibitor combination for treatment of ESBL is 

rather limited. In some study, the patient outcomes have been related to Piperacillin/ 

Tazobactam treatment.  

 

 Cephalosporins use 

 In clinical trial, the success rate were similar in seven patients with CTX-

M producing E.coli treated with Ceftazidime compared with eight patients that treated 

with Imipenem (86% compared with 88%) (4). The most experts dispute against the 

using of Cephalosporin for the treatment of choice for ESBL-producing E.coli. 

 

 Cephamycin use 

 The Cephamycin including Cefoxitin and Cefotexan are general to use (4). 

There are some reports of the use of Cephamycins in the treatment of ESBL- 
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producing oranisms. One of these study, selection of porin resistant mutants occurred 

during therapy, resulting in Cefoxitin resistance and relapse of infection. However, 

there is a general reluctance to use because of it may decrease the expression of outer 

membrane proteins, then creasing resistance to these drug during therapy 

 

 Carbapenems use 

 Carbapenems are the antibiotic of choice and against the infections caused 

by ESBL. The major drugs in this class are Imipenem, Meropenem and Ertapenem, 

these have become widely recognized as the first choice for treatment of ESBL-

producing E.coi. These drugs are highly stable to hydrolysis by ESBL and distributed 

the high concentrations into the tissue and there is no inoculums effect (4).  

 

 

2.3 Related literatures 

 There are many studies have used a case-control study and cohort study to 

find risk factors, the results were conflicted due to the differences in study population, 

method of selection cases and controls and sample size. 

 

 Gender 

 Apisanthanarak et.al. found that the proportion of female patients were 

higher than male (72% vs 28%) (4). Y.S Yang, et al. found that the proportion of male 

patients were higher in the ESBL group than the non ESBL group (66.7% vs. 23.9%; 

p=0.005) (61). 

  

 Prior antibiotics used within last year and Cephalosporin used within 

last year 

 In addition, using of heavy antibiotic is a risk factor that has the 

relationship between third generation, Cephalosporin, and acquirement of ESBL 

producing gram negative bacteria (62). Furthermore, the antibiotics exposure in last 

month and inpatient use of urinary catheter were found the significant association with 

ESBL producing organisms (63). Using of variety of antibiotics classes include 

Quinolones, Trimethoprim-Sulfamethoxazole, Aminoglycosides and Metronidazole 
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has been found to be associated with infections too (63). Goyal, K.N et.al found that 

the used of antibiotic in last 1 month was a risk factor for ESBL infection (OR=3.154, 

95%CI; 1.727-5.761, p<0.001) (63). Kruter S.P. et.al. found that antibiotic therapy 

within the year was a risk factors for ESBL-producing strain infection (OR=3.03, 

95%CI; 1.33-7.68, p=0.006) (64). Apisarnthanarak et.al found that the previous using 

antibiotics, especially to third-generation Cephalosporins and Fluoroquinolones were 

the risk factors for community onset ESBL-producing E.coli infection (4). Chaiwarith, 

R., et al. found that prior exposure to Cephalosporins (OR=3.92, 95%CI; 2.72-6.77) (67). 

 

 Urine catheter used within 30 days 

 Mansouri M, et al. found that the use of catheter was the risk factor for 

ESBL-producing E.coli (OR= 6.28, 95%CI; 1.86-21.02, p<0.001) (62). Goyal et al. 

found that the use of urinary catheter was a risk factor for ESBL infection (OR=4.28, 

95%CI; 2.21-8.29, p<0.001) (63). Yang Y.S., et al. found that the patients in the ESBL 

group with indwelling urinary catheters had statistically significance association 

(41.7% vs 6.5%; p=0.002) (61).  

 

 Previous hospitalization 

 Kuster SP., et.al. found that prior hospitalization did not enhance the risk 

factor for infection (64). Van der Starre WE., et al. found that hospitalization in the 

past 6 month was an acquisition risk factors for that infection (OR=2.28, 95%CI; 1.17-

4.44, p 0.013) (66). Briongos–Figuero L.S, et al. found that hospitalization in previous 

month did not enhance the risk factor for infection (52). 

 

 ICU stay 

 ICU stay was an acquisition risk factors for that infection (OR=2.55, 

95%CI; 1.10-5.90) (64). Kuster et.al. found that urinary catheter used, diabetes, 

malignoma and co-morbidities were not associated with increasing risk (64). Goyal et 

al. found that an admission in intensive care unit was not associated with urinary tract 

infection (OR=2.16 95% CI; 0.98-4.73) (63). Yang YS, et al. found that the patients in 

ESBL group had statistical significance more patients with prior ICU admissions 

(41.7% vs 4.4%; p=0.003) than the non-ESBL group (61). 
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 Invasive urine catheter 

 Briongos-Figuero L.S, et al. found that the patients who indwelling urinary 

catheter did not enhance the risk factor for infection (52). 

 

 Chronic renal failure 

 Willize E et al. found that urinary tract disorder was an acquisition risk 

factors for that infection (OR=2.30, 95%CI; 1.21-4.35, p=0.009 (68). Briongos L.S  

et al. found that CRF did not enhance the risk factor for infection (52). 

 

 Diabetic mellitus 

 Goyal et al. found that diabetes mellitus was not associated with urinary 

tract infection (OR=1.12 95%CI; 0.51-2.47) (63). Pena et.al. found that diabetes 

mellitus was not associated with urinary tract infection (p-value<0.001) (5). Briongos-

Figuero L.S et al. found that Diabetes mellitus did not enhance the risk factor for 

infection. 

 

 Recurrent UTI 

 Willize E et al. found that recurrent UTI was a acquisition risk factors for 

that infection (OR=2.24 95%CI; 1.22-4.10, p=0.008) (66). Briongos L.S et al. found 

that recurrent UTI did not enhance the risk factor for infection (p=0.032) (52). 
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CHAPTER III 

MATERIALS AND METHODS 

 

 

3.1 Research Design 

 Retrospective cohort study was conducted to indentify incidence and risk 

factors associated with ESBL-producing E.coli among inpatients with nosocomial 

urinary tract infection at Taksin hospital, Bangkok Metropolitan Administration by 

using retrospectively reviewing hospital records of patients who admitted during the 

year 2011. 

 

 

3.2 Study Population 

Patients who were admitted at Taksin Hospital, Bangkok Metropolitan 

Administration during January 1, 2011 through December 31, 2011 and had urine 

culture positive. The patients who satisfied the following criteria. 

 

 Inclusion criteria  

1. Patients who had admitted in hospital for more than 48 hours. 

2. Patients who admitted in the departments of medicine (male), medicine 

(female), surgery (male), surgery (female), gynecology and obstetrics, ICU, stroke 

unit, private floor 14-16, orthopedics (male) and orthopedics (female). 

3. Patients who had sign of urinary tract infection and had the urine 

culture positive after 48 hour of admission at the first time in this hospital.  

 

 Exclusion criteria 

1.  Patients who had community acquired infection with ESBL-producing 

E.coli by having urinary tract infection before 48 hours. 

2. Patients who had incomplete data for analysis. 
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 A total of 937 patients were included in the analysis. Total 197 patients 

had culture positive with E.coli, 83 patients had ESBL-producing E.coli and 114 

patients had non ESBL-producing E.coli (Figure 3.1).  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure 3.1 Study Population Diagram 

 

 

3.3 Sample Size and Sample Selection 

 The sample size was calculated by the following formula (67);  

 

 

n1 

(Z  Z )2 PQ (r 1)

(P1  P0)2  r  

 

 

  

 

 

 Q 1 P   


r 

n0

n1


P 

P1  rP0

1 r
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n1 = The number of sample who had urinary tract infection by ESBL-

producing E.coli. 

n2 = The number of sample who had urinary tract infection by non 

ESBL-producing E.coli. 

r = Ratio of non exposed and exposed = 1 : 1 

P1 = The proportion of patients who exposed to prior antibiotic used 

and had urinary tract infection by ESBL-producing E.coli (63).= 

0.75 

P0 = The proportion of patients who did not expose to prior antibiotic 

used and had urinary tract infection by ESBL-producing E.coli 

(63). = 0.49 

Z = Z value from table standard normal distribution at the specific 

level of alpha = 1.96 

Z

 

= Z value from table standard normal distribution at the specific 

level of beta = 0.84 

 

 From the original article “Extended spectrum beta-lactamases in 

Escherichia coli & Klebseilla pneumoniae & associated risk factors” (63). 

 Computation of sample size; 
 

 
1)49.075.0(

238.062.0)84.096.1(
2

2

1 


n  

 

  n1 = 52.7 

  

 Therefore, this study included minimum sample size of 53 for exposed 

group with prior antibiotic used and 53 for comparison group. The total number of 

patients in this study who had exposed to prior antibiotic used were the expose group, 

and had not exposed to prior antibiotic used as the comparison group, they were 384 

and 553 cases respectively. 
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3.4 Research Tools 

 Data was retrieved from medical records using data collection form 

prepared by the investigator. It’s consisted of;  

1. General characteristics; gender, age, department admitted, principle 

diagnosis for present admission and antibiotic used during this admission. 

2. The clinical characteristics risk factors; prior antibiotics used within last 

year, urine catheter used within 30 days, recurrent urinary tract infection, previous 

hospitalization, ICU stay during present admission, patient’s co-morbidity and 

antibiotic used during this admission. 

3. The co-morbidity of total study population 

4. Overall incidence density and incidence density of ESBL-producing 

E.coli nosocomial urinary tract infection among factors. 

5. Comparison of median survival time of ESBL-producing E.coli 

nosocomial urinary tract infection among factors. 

6. Crude analysis of associations between factors and ESBL-producing 

E.coli nosocomial urinary tract infection. 

7. Multivariated analysis of association between the risk factors and 

ESBL-producing E.coli nosocomial urinary tract infection 

8. Antimicrobial susceptibility of ESBL-producing E.coli infection. 

 

 

3.5 Method of Data Collection 

3.5.1 This research were submitted and approved by ethical committee of 

Faculty of Public Health, Mahidol University and Taksin Hospital, Bangkok 

Metropolitan Administration. 

3.5.2 Permission from directors of Taksin Hospital was asked. 

3.5.3 Data was retrieved from the inpatients record and laboratory reports  

 of study population in Taksin Hospital, Bangkok Metropolitan Administration. 
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3.6 Statistical Analysis 

 The data were statistically analyzed by using Statistical Package for the 

Social Science (SPSS) with the significance level at p-value ≤0.05. 

3.6.1 Descriptive statistics: frequency, percentage, mean, standard deviation 

to describe characteristic of study population 

3.6.2 Analytic statistics:  

1) Univariate analysis  

a. Kaplan-Meier was used to demonstrate survival 

graphs of the ESBL- producing E.coli infection among categories of each factor. 

b. The log-rank test was used to demonstrate 

significant differences of ESBL- producing E.coli infection among categories of each 

factors. 

2) Multivariate analysis  

  Cox’s regression was used to demonstrate crude and adjusted 

association between ESBL-producing E.coli and risk factors by hazard ratio (HR) with 

95% CI and p-value. 

     

 

3.7 Ethic Issue 

 The research was reviewed and approved according to the Standard 

Operating Procedures of Ethical Review Committee for Human Research, Faculty of 

Public Health, Mahidol University.  



Fac. of Grad. Studies, Mahidol Univ.                                                                  M.Sc.(Public Health) / 31 

 

CHAPTER IV 

RESULTS 

 

 

 This retrospective cohort study was carried out among inpatients with 

urinary tract infection after admission for more than 48 hours at Taksin hospital, 

Bangkok Metropolitan Administration. It aimed to determine incidence density and 

factors associated with extended spectrum beta-lactamases-producing E.coli 

nosocomial infection. Data was retrieved from the medical records of inpatients 

admitted during the year 2011 among total 2,603 patients who had urinary tract 

infection with positive urine culture. These groups of population consisted of 1,776 

inpatients and 827 outpatients. Of those 1,776 inpatients, only 937 patients were 

considered to be studied population who had nosocomial urinary tract infection due to 

infection occurred after 48 hours of admission. However, total study population 

included in the analysis was 937. Out of 937 patients, there were 83 patients were 

positive on ESBL-producing E.coli and 114 patients were positive with non ESBL-

producing E.coli. The length of stay in hospital in this study ranging from 2 days to 

398 days (56.9 weeks) with the average of 29.52 days.  With to total number of new 

cases of 83, the overall incidence density of ESBL-producing E.coli infection was 5.1 

per 100 person-weeks and the total person-weeks of study population was 1,644 

weeks.  

 However, most of previous investigations mostly reported prevalence 

instead of incidence. Which prevalence includes both new and old cases, so it could 

not forecast the evidence of new group of patients in these study hospital.  So term of 

incidence density and this retrospective cohort design would further provide 

substantial data for epidemiological need. The results were presented as follows: 

 4.1 General characteristics of study population; gender, age, department 

admitted and principle diagnosis 

4.2 Clinical characteristics of study population; prior antibiotics used 

within last year, urine catheter used within 30 days, recurrent urinary tract infections, 
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previous hospitalization, ICU stay during present admission, patient’s co-morbidity, 

invasive urine catheter used during present admission and antibiotic used in this 

admission 

4.3 The co-morbidity of study population 

4.4 Overall incidence density and incidence density of ESBL-producing 

E.coli nosocomial urinary tract infection among factors 

4.5 Comparison of median survival time of ESBL-producing E.coli 

nosocomial urinary tract infection among factors 

4.6 Crude analysis associations between risk factors and ESBL-producing 

E.coli nosocomial urinary tract infection 

4.7 Multivariate analysis associations between risk factors and ESBL-

producing E.coli nosocomial urinary tract infection 

4.8 Antimicrobial susceptibility of ESBL-producing E.coli infection 

 

 

4.1 General characteristics of study population; gender, age, department 

admitted and principle diagnosis 

 Among total study population of 937, there were 54.4% females and 

45.6% were males. With mean of age 56.9+23.5 years, the majority of study 

population (36.4%) aged between 56-75 years. While aged 76-95 years group was 

23.1 percent, less than 35 years age group was 21.6 percent, 36-55 years age group 

was 18.1 percent and over 95 years was 0.9 percent. By departments of admission, 

about 65.3 percent of study population were from medical ward, 11.8 percent were 

from surgical ward, 11.3 percent were from ob-gyn ward, 11.5 percent were from 

intensive care unit. The results from urine culture showed no growth for 41.8 percent, 

other organisms for 37.1 percent, E.coli for 12.2 percent and ESBL-producing E.coli 

for 8.9 percent. The majority of principle diagnosis were others diagnosis for 78.8 

percent, diabetic mellitus and renal disease in 6.5 percent, urinary tract infection in 5.9 

percent, heart disease in 3.2 percent, hypertension in 3.1 percent, sepsis in 1.5 percent, 

malignant 0.4 percent and other diagnosis in 78.8 percent (Table 4.1). 
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Table 4.1 General characteristics of total study population 

 

Variable Number (N=937) Percentage 

Gender   

 Male 427 45.6 

 Female 510 54.4 

Age (year)   

 ≤ 35 202 21.6 

 36-55 170 18.1 

 56-75 341 36.4 

 76-95 216 23.1 

 >95 8 0.9 

 Mean of age 56.9 ±23.5 years   

Department   

 Medical ward 612 65.3 

 Surgical ward 111 11.8 

 Intensive care unit 108 11.5 

 Ob-gyn ward 106 11.3 

Results of urine culture   

 E.coli 114 12.2 

 ESBL-producing E.coli 83 8.9 

 Others organism 348 37.1 

 No growth 392 41.8 

Principle diagnosis   

 Diabetes mellitus 61 6.5 

 Hypertension 29 3.1 

 Renal disease 61 6.5 

 Heart disease 30 3.2 

 UTI 55 5.9 

 Sepsis 14 1.5 

 Malignancy disease 4 0.4 

    Others diagnosis 738 78.8 
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4.2 Clinical characteristics of study population 

 During the year before admission, majority of study population did not 

received antibiotic (59.0%), and had no previous hospitalization (77.1%). In this 

admission, most of them did not stay in ICU (95.1%), did not use the urine catheter 

within 30 days (82.1%). During this admission, most of them neither had no recurrent 

urinary tract infections (94.2%), and 43.3 of them received Cephalosporin group, used 

other antibiotic in 7.7 %, and did not use antibiotic in 49.0 percent. The majority of 

study population did not have co-morbidity (44.9%) and 10.8 percent had other                 

co-morbidity (Table 4.2).  

 

Table 4.2 Clinical characteristics of study population 

 

Variable Number (N=937) Percentage 

Prior antibiotics used within last year   

 Yes 384 41.0 

 No 553 59.0 

Previous hospitalization   

 Yes 215 22.9 

 No 722 77.1 

ICU stay during present admission   

 ICU stay 46 4.9 

 Non ICU stay 891 95.1 

Urine catheter used within 30 days   

 Yes 168 17.9 

 No 769 82.1 

Antibiotic used in this admission   

 Cephalosporin group 406 43.3 

 Other antibiotics 72 7.7 

 No use antibiotic 459 49.0 

Recurrent urinary tract infection   

 Yes 54 5.8 

 No 883 94.2 
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Table 4.2 Clinical characteristics of study population (cont.) 

 

Variable Number (N=937) Percentage 

Invasive urine catheter   

 Yes 314 33.5 

 No 623 66.5 

Co-morbidity   

 Yes 516 55.1 

 No 421 44.9 

 

 

4.3 The co-morbidity of study population 

 It was found that patients in this group had diseases of co-morbidity. They 

were diabetes mellitus (17.6%), hypertension (17.6%), renal disease (9.8%), 

malignancy disease (1.5%), heart disease (9.1%), and septicemia (7.3%) (Table 4.3).  

 

Table 4.3 Co-morbidity factor of study population 

 

Variable Number (N=937) Percentage 

Diabetes mellitus   

 Yes 165 17.6 

 No 772 82.4 

Hypertension   

 Yes 165 17.6 

 No 772 82.4 

Renal disease   

 Yes 92 9.8 

 No 845 90.2 

Malignancy disease   

 Yes 14 1.5 

 No 923 98.5 
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Table 4.3 Co-morbidity factor of study population (cont.) 

 

Variable Number (N=937) Percentage 

Heart disease   

 Yes 85 9.1 

 No 852 90.9 

Septicemia   

 Yes 68 7.3 

 No 869 92.7 

 

 

4.4 Overall incidence density and incidence density of ESBL-

producing E.coli nosocomial urinary tract infection among factors 

 Among 937 patients, the total follow up person-weeks of study population 

was 1,644 weeks minimum, there were 83 cases of ESBL-producing E.coli. Overall 

incidence density of ESBL-producing E.coli infection was 5.1 per 100 person weeks. 

The incidence density of ESBL-producing E.coli infection among female was higher 

than male (6.7 vs. 3.0 per 100 person-week). By age group, incidence density of 

ESBL-producing E.coli infection was 6.4 per 100 person-weeks in study population 

with age group 56 years or over, 2.7 per 100 person-weeks in study population with 

age group under 56 years. By department admitted, incidence density of ESBL-

producing E.coli infection was 8.1 per 100 person-weeks in study population with 

admitted in intensive care unit, incidence density of ESBL-producing E.coli infection 

was 6.3 per 100 person-weeks in study population with admitted in ob-gyn ward, 

incidence density of ESBL-producing E.coli infection was 5.0 per 100 person-weeks 

in study population with admitted in medical ward and incidence density of ESBL-

producing E.coli infection was 1.9 per 100 person-weeks in study population with 

admitted in surgical ward. It was found that incidence density of ESBL-producing 

E.coli with chronic disease was higher than those other diagnosis and infection disease 

(18.3 vs.3.5 and 2.5 per 100 person-weeks). By antibiotic used in this admission, 

incidence density of ESBL-producing E.coli infection was 35.8 per 100 person-weeks 

in study population with used other antibiotic was higher than those used 
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Cephalosporin group and no used antibiotic (35.8 vs. 3.0 and 0.4 per 100 person-

weeks). The incidence density of ESBL-producing E.coli of study population who had 

co-morbidity was 6.0 per 100 person-weeks which was higher than who had no co-

morbidity was in 3.8 per 100 person-weeks (Table 4.4). 

  By the risk factors, the incidence density of ESBL-producing E.coli of 

study population who used antibiotic prior to the admission within last year was 9.4 

per 100 person-weeks which was higher than those who never used antibiotics prior to 

the admission within last year in 1.4 per 100 person-weeks. The incidence density of 

ESBL-producing E.coli of study population who never previous hospitalization was 

5.5 per 100 person weeks which was higher than those who had previous 

hospitalization in 3.9 per 100 person-weeks. The incidence density of ESBL-

producing E.coli of study population who had never admitted in ICU during present 

admission was 5.4 per 100 person-weeks which was higher than those who had 

admitted in ICU during present admission in 0.8 per 100 person-weeks. The incidence 

density of ESBL-producing E.coli of study population who used urine catheter within 

30 days was 11.4 per 100 person weeks which was higher than who never used urine 

catheter within 30 days was in 2.9 per 100 person-weeks. The incidence density of 

ESBL-producing E.coli of study population who had recurrent urinary tract infection 

was 7.2 per 100 person-weeks which was higher than who had no recurrent urinary 

tract infection was in 4.8 per 100 person-weeks. The incidence density of ESBL-

producing E.coli of study population who had invasive urine catheter was 7.8 per 100 

person-weeks which was higher than those who never had invasive urine catheter was 

in 3.6 per 100 person-weeks. The incidence density of ESBL-producing E.coli of 

study population who had no diabetic mellitus was 2.1 per 100 person-weeks which 

was higher than those who had diabetic mellitus was in 2.0 per 100 person-weeks. The 

incidence density of ESBL-producing E.coli of study population who had 

hypertension was 6.0 per 100 person-weeks which was higher than who never had 

hypertension was in 4.8 per 100 person-weeks. The incidence density of ESBL-

producing E.coli of study population who never had renal disease was 2.1 per 100 

person-weeks which was higher than who had renal disease was in 1.5 per 100 person-

weeks. The incidence density of ESBL-producing E.coli of study population who had 

malignancy diseases was 3.6 per 100 person-weeks which was higher than those who 
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never had malignancy diseases was in 2.0 per 100 person week. The incidence density 

of ESBL-producing E.coli of study population who had heart diseases was 2.40 per 

100 person-weeks which was higher than those who never had heart diseases was in 

2.0 per 100 person-weeks. The incidence density of ESBL-producing E.coli of study 

population who never had septicemia was 2.1 per 100 person-weeks which was higher 

than those who had septicemia was in 1.0 per 100 person-weeks. (Table 4.4) 

 

Table 4.4 Incidence density of ESBL-producing E.coli by risk factors  

 

Variables 

Total Number of 

ESBL-producing 

E.coli 

Person-

weeks 

Incidence 

density (per100 

person-weeks)

Overall 937 83 1644 5.1 

Gender     

 Male 427 22 736 3.0 

 Female 510 61 908 6.7 

Age (year)     

 ≤ 55 372 16 599 2.7 

 ≥ 56 565 67 1045 6.4 

Department     

 Medical ward  612 54 1090 5.0 

 Surgical ward 111 4 207 1.9 

 Intensive care unit 108 14 175 8.1 

 Ob-gyn ward 106 11 172 6.3 

Principle diagnosis     

 Infection disease 69 33 1302 2.5 

 Chronic disease 126 47 257 18.3 

 Other diagnosis 742 3 85 3.5 

Antibiotic used in this admission    

 Cephalosporin group 406 22 739 3.0 

 Other antibiotic 72 58 162 35.8 

 No use antibiotic 459 3 743 0.4 
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Table 4.4 Incidence density of ESBL-producing E.coli by risk factors (cont.) 

 

Variables 

Total Number of 

ESBL-producing 

E.coli 

Person-

weeks 

Incidence 

density (per100 

person-weeks)

Co-morbidity     

 Yes 516 43 778 5.5 

 No 421 27 713 3.8 

Prior antibiotics used within last year    

 Yes 384 71 757 9.4 

 No 553 12 887 1.4 

Previous hospitalization     

 Yes 215 19 483 3.9 

 No 722 64 1161 5.5 

ICU stay during present admission    

 ICU stay 46 1 122 0.8 

 Non ICU stay 891 82 1522 5.4 

Urine catheter used within 30 days    

 Yes 168 48 421 11.4 

 No 769 35 1223 2.9 

Recurrent urinary tract infection    

 Yes 54 10 138 7.2 

 No 883 73 1506 4.8 

Invasive urine catheter    

 Yes 314 44 565 7.8 

 No 623 39 1079 3.6 

Diabetes mellitus    

 Yes 165 7 351 2.0 

 No 772 27 1293 2.1 

Hypertension    

 Yes 165 21 351 6.0 

 No 772 62 1293 4.8 
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Table 4.4 Incidence density of ESBL-producing E.coli by risk factors (cont.) 

 

Variables 

Total Number of 

ESBL-producing 

E.coli 

Person-

weeks 

Incidence 

density (per100 

person-weeks)

Renal disease    

 Yes 92 3 198 1.5 

 No 845 31 1446 2.1 

Malignancy disease    

 Yes 14 1 28 3.6 

 No 923 33 1616 2.0 

Heart disease    

 Yes 85 3 125 2.4 

 No 852 31 1519 2.0 

Septicemia    

 Yes 68 1 100 1.0 

 No 869 33 1544 2.1 

 

 

4.5 Comparison of median survival time ESBL-producing E.coli 

nosocomial urinary tract infection and among factors 

  Kaplan-Meier test was used to construct survival curve or function and 

Log-rank test was used to compare the equivalence of two or more survival curves or 

function for each categories of factor by p-value.  

 

 Overall incidence 

 Overall incidence density among this group of study population was 5.1 

per 100 person-weeks. The median survival times for overall were 181 weeks. 

Survival rates for 4, 6, 8 and 16 weeks of follow up on urinary tract infection for 

82.0%, 72.7%, 56.6%, and 37.6%, respectively. 

 The factors, gender, age, principle diagnosis, antibiotic used during present 

admission, antibiotics used within last year, ICU stay during present admission, urine 
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catheter used within 30 days, having co-morbidity and invasive urine catheter in this 

admission were different with survival time. (Figure 4.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4.1 Overall survival curves of nosocomial urinary tract infection by ESBL- 

    producing E.coli 

 

 Gender 

 Female patients had higher incidence density of having urinary tract 

infection with ESBL-producing E.coli than among male patients significantly, which 

were 6.7 and 3.0 per 100 person-weeks, respectively (Figure 4.2).  
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Figure 4.2 Comparison of survival curves of nosocomial urinary tract infection with  

     ESBL-producing E.coli by gender (p <0.001) 

 

 Age  

 Patients with age group ≥56 years had the higher incidence density of 

having urinary tract infection with ESBL-producing E.coli than among age group ≤ 55 

years significantly, which were 6.4 and 2.7 per 100 person-weeks, respectively (Figure 

4.3).  
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Figure 4.3 Comparison of survival curves of nosocomial urinary tract infection with  

     ESBL-producing E.coli by age group (p <0.001) 

 

 Principle diagnosis  

 Patients with chronic disease had the higher incidence density of having 

urinary tract infection with ESBL-producing E.coli than among patients with others 

diagnosis and infectious disease significantly, which were 18.3 vs 3.5 and 2.5 per 100 

person-weeks, respectively (Figure 4.4).  
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Figure 4.4 Comparison of survival curves of nosocomial urinary tract infection with  

     by ESBL-producing E.coli by principle diagnosis (p <0.001) 

 

 Admitted department 

 Patients admitted in intensive care unit had the higher incidence density of 

having urinary tract infection with ESBL-producing E.coli than among patients 

admitted in ob-gyn ward, medical ward and surgical ward significantly, which were 

8.1vs. 6.3, 5.0 and 1.9 per 100 person-weeks, respectively (Figure 4.5). 
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Figure 4.5 Comparison of survival curves of nosocomial urinary tract infection with  

     ESBL-producing E.coli by Department (p =0.047) 

 

 Antibiotic used in this admission 

 Patients with other antibiotics used in this admission had the higher 

incidence density of having urinary tract infection with ESBL-producing E.coli than 

among patients with used cephalosporin group and no used antibiotic significantly, 

which were 35.8 vs 3.0 and 0.4 per 100 person-weeks, respectively (Figure 4.6). 
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Figure 4.6 Comparison of survival curves of nosocomial urinary tract infection with  

     ESBL-producing E.coli by antibiotic used in this admission. (p <0.001) 

 

 Prior antibiotic used within last year 

 Patients with prior antibiotics used within last year had the higher 

incidence density of having urinary tract infection with ESBL-producing E.coli than 

among patients with never prior antibiotics used significantly, which were 9.4 and 1.4 

per 100 person-weeks, respectively (Figure 4.7). 

 



Fac. of Grad. Studies, Mahidol Univ.                                                                  M.Sc.(Public Health) / 47 

 

 

Figure 4.7 Comparison of survival curves of nosocomial urinary tract infection with  

       ESBL-producing E.coli by prior antibiotic used within last year. (p <0.001) 

 

 Previous hospitalization 

 Patients with no history previous hospitalization had the higher incidence 

density of having urinary tract infection with ESBL-producing E.coli than among 

patients with previous hospitalization significantly, which were 5.5 and 3.9 per 100 

person-weeks, respectively (Figure 4.8). 
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Figure 4.8 Comparison of survival curves of nosocomial urinary tract infection with  

     ESBL-producing E.coli by previous hospitalization. (p=0.128) 

 

 ICU stay during present admission 

 Patients with no history of admission in ICU during present admission had 

the higher incidence density of having urinary tract infection with ESBL-producing 

E.coli than among patients with admitted in ICU during present admission 

significantly, which were 5.4 and 0.8 per 100 person-weeks, respectively (Figure 4.9). 
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Figure 4.9 Comparison of survival curves of nosocomial urinary tract infection with   

     ESBL-producing E.coli by ICU stay during present admission. (p =0.019) 

 

 Urine catheter used within 30 days 

 Patients with urine catheter used within 30 days had the higher incidence 

density of having urinary tract infection with ESBL-producing E.coli than among 

patients with never used urine catheter within 30 days significantly, which were 11.4 

and 2.9 per 100 person-weeks, respectively (Figure 4.10). 
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Figure 4.10 Comparison of survival curves of nosocomial urinary tract infection with  

       ESBL-producing E.coli by urine catheter used within 30 days. (p <0.001) 

 

 Recurrent urinary tract infection 

 Patients with recurrent urinary tract infection had the higher incidence 

density of having urinary tract infection with ESBL-producing E.coli than among 

patients with nonrecurrent urinary tract infection, which were 7.2 and 4.8 per 100 

person-weeks, respectively, with no significant difference (Figure 4.11). 
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Figure 4.11 Comparison of survival curves of nosocomial urinary tract infection with  

       ESBL-producing E.coli by recurrent urinary tract infection. (p =0.252) 

 

 Co-morbidity 

 Patients with co-morbidity had the higher incidence density of having 

urinary tract infection with ESBL-producing E.coli than among patients with no           

co-morbidity significantly, which were 6.0 and 3.8 per 100 person-weeks, respectively 

(Figure 4.12). 
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Figure 4.12 Comparison of survival curves of nosocomial urinary tract infection with  

       ESBL-producing E.coli by co-morbidity during this admission. (p =0.042) 

 

 Invasive urine catheter during this admission 

 Patients with invasive urine catheter used during this admission had the 

higher incidence density of having urinary tract infection with ESBL-producing E.coli 

than among patients with non invasive urine catheter used during this admission 

significantly, which were 7.8 and 3.6 per 100 persons-week, respectively (Figure 4.13). 
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Figure 4.13 Comparison of survival curves of nosocomial urinary tract infection with  

       ESBL-producing E.coli by invasive urine catheter during this admission.  

       (p <0.001) 

 

 

4.6 Crude analysis of associations between factors and ESBL-producing 

E.coli nosocomial urinary tract infection (Table 4.5) 

 

 4.6.1 General characteristic  

  Gender 

 Females had higher risk to develop incidence of infection by ESBL-

producing E.coli than males for 2.33 times (HR= 2.33, 95%CI; 1.43-3.80, p=0.001). 

  

 Age  

 The risk of nosocomial urinary tract infection by ESBL-producing E.coli 

in the age group ≥56 years had higher risk than the age group ≤ 55 for 2.49 times 

(HR=2.49, 95%CI; 1.45-4.32, p=0.001). 
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 Department 

 Medical ward (HR=0.78, 95%CI; 0.45-1.49, p=0.776), surgical ward 

(HR=0.32, 95%CI, 0.10-0.99, p=0.315), and intensive care unit (HR=1.30, 95%CI; 

0.59-2.85, p=1.291) did not demonstrate significant risk to develop nosocomial urinary 

tract infection by ESBL-producing E.coli more than other wards.  

 

 Principle diagnosis 

 Patients with diagnosis of having chronic non communicable diseases had 

higher risk to develop nosocomial urinary tract infection by ESBL-producing E.coli 

5.82 times (HR=5.82, 95%CI; 3.75-9.02, p<0.001) more than those without chronic 

non communicable diseases. 

 

 4.6.2 Clinical risk factors 

 Prior antibiotic used within last year 

 Patients who used antibiotic within one year before had higher risk for 

7.00 times (HR=7.00, 95%CI; 3.79-12.95, p<0.001) to develop nosocomial urinary 

tract infection by ESBL-producing E.coli more than who did not use antibiotic. 

 

 Previous hospitalization 

 Previous hospitalization did not demonstrate significant risk to develop to 

develop nosocomial urinary tract infection by ESBL-producing E.coli (HR=0.73, 

95%CI; 0.43-1.22, p<0.232) more than patients who did not have previous 

hospitalization.  

 

 ICU stay during present admission 

 Patients who stay in ICU during present admission had lower risk to 

develop nosocomial urinary tract infection by ESBL-producing E.coli for 7.18 times 

(HR=7.18, 95%CI; 0.99-51.81, p=0.051) more than who never stay in ICU during 

present admission. However, there was one factor showed a slight p-value (0.051) 

higher than 0.05.  Considering this factor is a discriminant vulnerable for the incidence 

of ESBL-producing E.coli infection. Therefore it is possibly considered as a borderline 

factor. 
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 Urine catheter used within 30 days 

 Patients who used urine catheter within 30 days had higher risk for 4.24 

times (HR=4.24, 95%CI; 2.71-6.64, p<0.001) to develop nosocomial urinary tract 

infection by ESBL-producing E.coli more than who did not use urine catheter. 

 

 Recurrent urinary tract infection 

 Having recurrent urinary tract infection did not demonstrate significant 

risk to develop nosocomial urinary tract infection by ESBL-producing E.coli (HR= 

1.48, 95%CI; 0.74-2.92, p=0.269).  

 

 Invasive urine catheter during present admission  

 Patients with invasive urine catheter during present admission had higher 

risk for 2.14 times (HR=2.14, 95%CI; 1.40-3.30, p<0.001) to develop nosocomial 

urinary tract infection by ESBL-producing E.coli more than those who did not have 

invasive urine catheter.  

 

 Antibiotic used in the admission 

 Patients who used antibiotics in the admission had higher risk for 22.18 

times (HR=22.18, 95%CI; 7.0-70.3, p<0.001) to develop nosocomial urinary tract 

infection by ESBL-producing E.coli more than who did not use antibiotics. 

     

  Co-morbidity 

 Having co-morbidity did not demonstrate significant risk to develop 

nosocomial urinary tract infection by ESBL-producing E.coli (HR=1.57, 95%CI; 0.99-

2.49, p=0.056). 
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Table 4.5 Crude analysis of the risk factors and ESBL-producing E.coli nosocomial  

 urinary tract infection 

 

Factors Crude HR 95%CI of Crude HR p-value 

General characteristic    

Gender    

 Male    1   

 Female 2.33 1.43-3.80 0.001* 

Age (year)    

 ≤ 55 1   

 ≥ 56 2.49 1.45-4.32 0.001* 

Department    

 Medical ward 0.41 0.15-1.12 0.082 

 Surgical ward 1.66 0.92-3.01 0.093 

 Intensive care unit 1.29 0.67-2.47 0.446 

 Ob-gyn ward 1   

Principle diagnosis    

 Chronic disease 5.82 3.75-9.02 <0.001* 

 Non chronic disease 1   

Clinical risk factors 

Prior antibiotics used within last year 

  

 Yes 7.00 3.75-12.95 <0.001* 

 No 1   

Urine catheter used within 30 days   

 Yes 4.24 2.71-6.64 <0.001* 

 No 1   

Recurrent urinary tract infection   

 Yes 1.48 0.74-2.92 0.269 

 No 1   

Previous hospitalization   

 Yes 0.73 0.43-1.22 0.232 

 No 1   
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Table 4.5 Crude analysis of the risk factors and ESBL-producing E.coli nosocomial  

 urinary tract infection (cont.) 

 

Factors Crude HR 95%CI  p-value 

ICU stay during present admission    

 ICU stay 1   

 Non ICU stay 7.18 0.99-51.81 0.051* 

Co-morbidity    

 Yes 1.57 0.99-2.49 0.056 

 No 1   

Invasive urine catheter    

 Yes 2.14 1.40-3.30 0.001* 

 No 1   

Antibiotic used in this admission    

 Yes 22.18 7.0-70.3 <0.001* 

 No 1   

*Statistical significance at α ≤0.05 

 

 

4.7 Multivariated analysis of association the risk factors and ESBL-

producing E.coli nosocomial urinary tract infection (Table 4.6) 

 Cox’s proportional hazard regression analysis was used to demonstrate 

adjusted risk to develop nosocomial urinary tract infection by ESBL-producing E.coli 

among significant factors from univariate analysis which were gender, age group, 

principle diagnosis, prior antibiotics used within last year, ICU stay during present 

admission, urine catheter used within 30 days and invasive urine catheter. 

 The factors were significantly associated with survival time (p<0.05) base 

on multivariate analysis of gender, principle diagnosis, prior antibiotic used within a 

year before, ICU stay during present admission, urine catheter used within 30 days and 

invasive urine catheter.  

 

 



Somying  Tipmongkol                                      Results / 58 

 Gender 

 The risk of nosocomial urinary tract infection by ESBL-producing E.coli 

in female was significantly different when compared to male (HR=1.67, 95%CI; 1.01-

2.76, p=0.044). 

 

 Principle diagnosis 

 The risk of nosocomial urinary tract infection by ESBL-producing E.coli 

in patient who had chronic disease was significantly higher risk when compared to 

who did not had chronic disease (HR=3.02, 95%CI; 1.91-4.78, p<0.001). 

 

 Prior antibiotics used within last year 

 The risk of nosocomial urinary tract infection by ESBL-producing E.coli 

in patient who used antibiotic within last year was significantly higher risk when 

compared to patient who never used antibiotic within a year before (HR=3.02, 95%CI; 

1.58-5.77, p=0.001). 

 

 ICU stay during present admission 

 The risk of nosocomial urinary tract infection by ESBL-producing E.coli 

in patient who never admitted in ICU during present admission was significantly 

higher risk when compared to patient who admitted in ICU during present admission 

(HR=8.85, 95%CI; 1.21-64.47, p=0.031). 

 

 Urine catheter used within 30 days 

 The risk of nosocomial urinary tract infection by ESBL-producing E.coli 

in patient who had used urine catheter within 30 days was significantly higher risk 

when compared to patient who never used urine catheter within 30 days (HR=1.63, 

95%CI; 1.01-2.62, p=0.044). 

 

 Invasive urine catheter during present admission 

 The risk of nosocomial urinary tract infection by ESBL-producing E.coli 

in patient who had invasive urine catheter during present admission was significantly 

different when compared to patient who never had invasive urine catheter during 

present admission (HR=1.76, 95%CI; 1.13-2.70, p=0.012). 
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 Antibiotic used during present admission 

 The risk of nosocomial urinary tract infection by ESBL-producing E.coli 

in patient who had used antibiotic during present admission was significantly different 

when compared to patient who never used antibiotic during present admission 

(HR=9.82, 95%CI; 3.02-31.97, p<0.001). 

 

Table 4.6 Multiple analysis of the risk factors and ESBL-producing E.coli nosocomial  

 urinary tract infection  

 

Factors 
Crude HR 

(95%CI) 
p-value 

Adjusted HR 

(95%CI) 
p-value 

Gender     

 Male 1  1  

 Female 2.33 (1.43-3.80) 0.001* 1.67 (1.01-2.76) 0.044** 

Age group (years)     

 ≤ 55 1  1  

 ≥ 56 2.49 (1.45-4.32) 0.001* 1.29 (0.74-2.27) 0.393 

Principle diagnosis     

 Chronic disease 5.82 (3.75-9.02) <0.001* 3.02 (1.91-4.78) <0.001** 

 Non chronic disease 1  1  

Prior antibiotics used within 

last year 

    

 Yes 7.00 (3.75-12.95) <0.001* 3.02 (1.58-5.77) 0.001** 

 No 1  1  

ICU stay during present 

admission 

    

 ICU stay 1  1  

 Non ICU stay 7.18 (0.99 –51.81) 0.051 8.85 (1.21-64.47) 0.031** 

Urine catheter used within 

30 days 

    

 Yes 4.24 (2.71 – 6.64) <0.001* 1.63 (1.01-2.62) 0.044** 

 No 1  1  

* Statistical significance at α ≤0.05 

** Adjust HR= adjusted all variable in the table 
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Table 4.6 Multiple analysis of the risk factors and ESBL-producing E.coli nosocomial  

 urinary tract infection (cont.) 

 

Factors 
Crude HR 

(95%CI) 
p-value 

Adjusted HR 

(95%CI) 
p-value** 

Invasive urine catheter     

 Yes 2.14(1.40-3.30) 0.001* 1.76(1.13-2.70) 0.012** 

 No 1  1  

Antibiotic used during 

present admission 

    

 Yes 22.18(7.00-70.30) <0.001* 9.82 (3.02-31.97) <0.001** 

 No 1  1  

* Statistical significance at α ≤ 0.05 

** Adjust HR= adjusted all variable in the table 

 

 

4.8 Antimicrobial susceptibility of ESBL producing-E.coli infection 

ESBL producing-E.coli was 100% resisted to Ampicillin, 98.8% resisted 

to Cefuroxime and Ciprofloxacin, 97.5% resisted to and Cefpirome and mostly were 

sensitive to Meropenem and Ertapenem 100%. The sensitivity to Cefroxime, 

Cepfotaxime and Ceftazidime were very low as 1.3%. (Table 4.7)  

 

Table 4.7 Antimicrobial susceptibility of ESBL-producing E.coli infection 

 

 
Susceptible Resistance Intermediate 

n % n % n % 

Amikacin 71 92.3 2 2.6 4 5.2 

Gentamicin 24 31.2 52 67.6 1 1.3 

Netilmycin 56 72.8 9 11.7 12 15.6 

Ampicillin - - 77 100 - - 

Amoxacillin/clavu 20 26.0 31 40.3 26 33.8 

Cefoperazone/Sulb 40 52 12 15.6 25 32.5 
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Table 4.7 Antimicrobial susceptibility of ESBL-producing E.coli infection (cont.) 

 

 
Susceptible Resistance Intermediate 

n % n % n % 

Cephalothin 3 3.9 70 91 4 5.2 

Cefuroxime 1 1.3 76 98.8 - - 

Cepfoxitin 61 79.3 14 18.2 2 2.6 

Cepfotaxime 1 1.3 58 75.4 - - 

Ceftazidime 1 1.3 58 75.4 - - 

Cefpirome 2 2.6 75 97.5 - - 

Imipenem 75 97.5 2 2.6 - - 

Meropenem 77 100 - - - - 

Ertapenem 77 100 - - - - 

Ciprofloxacin - - 76 98.8 1 1.3 

Trimetro/sulfa 12 18.18 63 81.82 - - 

Tetracyclin 13 16.9 64 83.2 - - 

Piperaci/Tazob 57 74.1 14 18.2 6 7.8 

Doripenem 70 90.91 7 9.1 - - 
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CHAPTER V 

DISCUSSIONS 

 

 

 This retrospective cohort study was carried out among inpatients with 

urinary tract infection after 48 hours of admission at Taksin Hospital, Bangkok 

Metropolitan Administration during January to December 2011. The objectives of the 

study were to assess the incidence density and its risk factors of ESBL-producing 

E.coli nosocomial infection. Data collection was performed through medical records 

reviewing. 

 

  

5.1 Statements of the principle findings 

 Result from this study demonstrated overall incidence density of ESBL-

producing E.coli infection among this group of patients was 5.1 per 100 person weeks 

when incidence density among males (3.0 per 100 person week) was lower than 

among female patients (6.7 per 100 person week). However, results from previous 

study in China found that male patients had higher incidence of ESBL-producing 

E.coli than female patients (66.7% vs. 23.9%; p=0.005) (61). Other study in Thailand 

also found incidence among females with the ESBL-producing E.coli was higher than 

males (15). However, females usually had more complicate of urinary tract system 

than males, and female more prone to infection by extended spectrum beta lactamase-

producing E.coli than male.  

 Previous study found that the used of antibiotic in last 1 month was a risk 

factor for ESBL infection (OR=3.08, 95%CI; 1.63-5.83, p=0.001) (63), and within the 

year was also a risk factors for ESBL-producing strain infection (OR 3.03, 95%CI; 

1.33-7.68, p=0.006) (64). Study in Thailand found that the previous using of 

antibiotics, especially third-generation Cephalosporins and Fluoroquinolones was the 

risk factors for community-onset ESBL-producing E.coli infection (15). Besides, it 

also reported the recent receipt of antibiotics (<90 days) (OR 15.1, 95%CI; 4.2-44.2, 
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p=0.004) (68). There was also study in Thailand reported prior exposure to 

Cephalosporins (OR 3.92, 95%CI; 2.72-6.77) (68). It was also found that the previous 

using Cephalosporins groups was significant risk factor (OR=4.52 95%CI; 1.44 – 

14.25, p=0.01) (68). Our study supported the above studies that the use of 

Cephalosporins group were the risk factor for ESBL infection. It was explained that 

prolong used of several types of antibiotics was potential for plasmid-mediated 

resistance to those antibiotics by the mutation of agents.  

 Urine catheter used within 30 days was also one of the risk factor for 

ESBL-producing E.coli (OR=6.28, 95%CI; 1.86 - 21.02, p<0.001) (59). Previous 

study found that the used of urinary catheter was major risk factor for ESBL infection 

(OR=4.28, 95%CI; 2.21-8.29, p<0.001) (63). It also reported from previous study that 

patients with indwelling urinary catheters had higher proportion of ESBL nosocomial 

infection compared to who did not (41.7% vs 6.5%; p=0.002) (61). In previous study, 

it also found that risk of nosocomial urinary tract infection by ESBL-producing E.coli 

of patient who had used urine catheter within 30 days was 4.24 times (OR=4.24, 

95%CI; 2.71-6.64, p<0.001) (61). Our study supported that the use of catheter within 

30 days was the risk factor for ESBL-producing E.coli. It was known that one route of 

urinary tract infection was indwelling urinary catheter when using the antibiotic for 

treatment supported this infection.  

 ICU stay was an acquisition risk factors for that infection from previous 

study (OR=2.55, 95%CI; 1.10-5.90) (64). But this study did not found that urine 

catheter used, having diabetes mellitus, having malignoma and having co-morbidities 

associated with increasing risk (64). Study in India, it was also found that an 

admission in intensive care unit was not associated with urinary tract infection 

(OR=2.16, 95%CI; 0.98-4.73) (63). But study in China found higher proportion of 

patients who had prior ICU admission in patients with ESBL-producing E.coli than in 

non ESBL-producing E.coli group (41.7% vs. 4.4%, p=0.003) (61). In our study, we 

found that patients who did not stay in ICU but in other wards such as surgery and 

medicine had higher risk for nosocomial urinary tract infection by ESBL-producing 

E.coli than patient who had stayed in ICU (HR=0.14, 95%CI; 0.02-1.01, p=0.051). 

These was due to ICU had better or stronger practice in infection control standard and 

had higher ratio of nurse per patient than other wards in Taksin hospital.  
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  The retrospective study found that having some chronic diseases and 

recurrent of UTI were also the risk factors for nosocomial urinary tract infection from 

ESBL-producing E.coli (p=0.032) (52). Previous studies found that urinary tract 

disorder was a acquisition risk factor for ESBL-producing E.coli infection (OR=2.30, 

95%CI; 1.21-4.35, p=0.009) (52), but chronic renal failure did not enhance the risk for    

ESBL-producing E.coli infection (52). In our study, it was also found that the risk of 

nosocomial urinary tract infection by ESBL-producing E.coli of patient who had 

chronic disease was 3.02 times (HR=3.02, 95%CI; 1.91-4.78, p<0.001) compared to 

who did not have chronic diseases. Multiple admission, prolong stayed in hospital and 

often used of antibiotic among patients with chronic diseases were the main reasons 

for low immunity and became susceptible to nosocomial infection by ESBL-producing 

E.coli infection.  

 Using urinary catheter when became invasive, it is also risk factor of 

ESBL-producing E.coli infection. In our study, it was found invasive indwelling urine 

catheter was the risk of nosocomial urinary tract infection by ESBL-producing E.coli 

(OR=17.76 95%CI; 1.13-2.73, p=0.012). This finding was not consistent with 

previous retrospective study (52). The contamination during procedure of indwelling 

was not good enough for infection control, long term use of this device.  

 In these set of data, factors did not demonstrate risk factors for ESBL-

producing E.coli nosocomial infection in urinary tract in crude analysis were recurrent 

of urinary tract infection, previous hospitalization, and patient’s co-morbidity. Age 

group did not demonstrate risk factors for ESBL-producing E.coli infection in 

multivariate analysis.  

 

 

5.2  Strength and weakness of the study 

 

5.2.1 Strength of the study 

1) The study design was the retrospective cohort study which 

is considered as good disease occurrence consequence of factors to outcome 

monitoring with person-time concept. It is more useful information than using 

prevalent cases. 
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2) Site of the study was only in one hospital of BMA with high 

standard of medical record system for training BMA medical students. So valid and 

precise data can be achieved to fulfill the usefulness of the results of this study.  

 

5.2.2 Weakness of the study 

1) Study plan did not perform at the beginning of study earlier, 

some of variables related to risk factors of this ESBL-producing E.coli nosocomial 

infection in urinary tract were not included such as severity of illness. 

2) Some clinical data in this study were mainly based on 

hospital records in the past, confirmation by direct interview can not be done.  
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CHAPTER VI 

CONCLUSION AND RECOMMENDATION 

 

 

Conclusion 

 This retrospective cohort study among inpatients who had admitted during 

1 January 2011 to 31 December 2011 at Taksin hospital, Bangkok Metropolitan 

Administration. The purposes of this study were to assess incidence density and to 

identify factors associated with nosocomial urinary tract infection by extended-

spectrum beta lactamase-producing E.coli. Data were collected from existing medical 

records. 

 Study population were 937 patients who admitted in hospital more than 48 

hours with urine culture positive, there were 197 cases positive by E.coli, 349 positive 

for other organism. Among 197 patients who were positive by E.coli, 83 patients were 

ESBL-producing E.coli. With person-weeks in 1644, the overall incidence density was 

5.1 per 100 person per week.  

 Factors associated with nosocomial urinary tract infection by extended-

spectrum beta lactamase-producing E.coli were gender (HR=1.67; 95%CI; 1.01-2.76), 

principle diagnosis (HR=3.02; 95%CI; 1.91-4.78), prior antibiotic used within last 

year (HR=3.02; 95%CI; 1.58-5.77), ICU stay during present admission (HR=8.85; 

95%CI; 1.21-64.47), urine catheter used within 30 days (HR=1.63; 95%CI; 1.01-2.62) 

and invasive urine catheter during present admission (HR=1.76; 95%CI; 1.13-2.73), 

antibiotic used during present admission (HR=9.82; 95%CI; 3.02-31.97).  

 

 

Recommendation for the implication of the results 

 To prevent and to control nosocomial urinary tract infection by extended 

spectrum beta-lactamase-producing E.coli it is recommended for; 
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1. Carefully treat for high risk group who are: 

1.1 Patients with the chronic diseases especially diabetes 

mellitus and chronic renal disease as the risk factors. 

1.2 Patients using invasive urine catheter, invasive use should 

be considered whenever necessary and utilize it for limited period. 

2. Reasonable use of prescribed antibiotics for treatment of infection. 

3. Improvement in practice of clinical care in accordance with the 

infection control standard especially in surgical, medicine and ob-gyn admitted wards.  

4. Antibiotic drugs administration is strongly recommended for its proper 

and effective utilization regimen based on antibiogram and sensitivity report to avoid a 

development of undesirable drug resistance. 

 

 

Recommendation for further study: 

1. The further study should include the exclusion criteria patients who had 

others infection during urine culture collection for reliability and specificity of primary 

source of infection data. 

2. The further study should be aimed to evaluate prescription pattern and 

cost of broad-spectrum antibiotics listed in the Drug Use Evaluation (DUE) program 

in Taksin hospital, Bangkok Metropolitan Administration. 
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Data collection form 

 ID………….……… 

Part 1: General characteristics; gender, age, department admitted, result of urine culture, 

admission date, day of culture and principle diagnosis.  

1.1 Gender   Male   Female 

1.2 Age………………………......Years 

1.3 Department admitted 

  Medical ward   Surgical ward   Ob-gyn ward  

  Intensive care unit 

1.4 Result of urine culture 

  E.coli    ESBL- producing E.coli      Other organism 

  No growth 

1.5 Principle diagnosis 

  Hypertension        DM         Renal disease     Malignant 

  Heart disease          UT          Sepsis          Other diagnosis       

1.6 Admission date………………………….………..………………………………… 

1.7 Day of culture……………………………………………………………….……… 

1.8 Principle diagnosis…………………………………………………………….…… 

 

Part 2: Risk factors 

2.1 Prior antibiotics used within last year  

  Yes    No 

2.2 Previous hospitalization 

   Yes    No 

2.3 ICU stay during current admission 

  Yes    No 

2.4 Urine catheter used within 30 days 

  Yes    No 

2.5 Antibiotic used in this admission 

  Cephalosporin group    Other antibiotics 

   No used antibiotic 
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2.6 Recurrent urinary tract infections 

  Yes     No 

2.7 Invasive urine catheter  

  Yes     No 

2.8 Co-morbidity 

  Yes     No 

2.9 Diabetic mellitus 

  Yes     No 

2.10 Hypertension 

  Yes     No 

2.11 Renal disease 

  Yes     No 

2.12 Malignant disease 

  Yes     No 

2.13 Heart disease 

 Yes     No 

2.14 Septicemia 

  Yes     No 

 

Part 3: Results of infection from antimicrobial susceptibility of ESBL- producing E.coli  

 from Taksin hospital laboratory reports (2011).  
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