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ABSTRACT

Fluoroquinolone should be reconsidered as 
empirical therapy for adult inpatient urinary 

tract infections in tertiary hospital: a perspective 
descriptive study from the microbiological and 

cost-effectiveness aspects

I Ketut Agus Indra Adhiputra1*, Marta Setiabudy2

Background: Urinary Tract Infections (UTI) has become difficult to treat because of its increasing resistance characteristics 
to antimicrobial agents, especially to fluoroquinolone. The objective of this study was to describe the effectiveness of 
fluoroquinolone as empirical therapy for adult inpatient UTI.
Methods: This descriptive cross-sectional study was performed at Prof. Dr. I.G.N.G. Ngoerah Hospital, a tertiary Hospital in 
Denpasar, Bali, from January 2020 until March 2020. All urine specimens were examined using bioMérieux VITEK® 2 System.
Result: A total of 155 urine samples met the inclusion and exclusion criteria. We found Escherichia coli (39.4%) as the most 
common microbes followed by Klebsiella pneumoniae (12.3%). Most of the isolates are multi drug resistant organisms 
(MDRO) (52.9%) and 57% (49) of the Enterobacteriaceae isolates are extended spectrum beta lactamases (ESBLs). The 
average duration of the empirical antibiotic therapy was 3.7 days for all fluoroquinolone. Ciprofloxacin (53.5%) is the most 
common empirical therapy, followed by levofloxacin (16.8%). Antimicrobial sensitivity tests showed that bacteria remained 
highly sensitive to amikacin (96%) and meropenem (94%). The sensitivity test for ciprofloxacin and levofloxacin was only 
26% and 4% respectively. The suitability antibiotic results of fluoroquinolone as empirical therapy were only 20% from 110 
isolates. The cost ineffectiveness of fluoroquinolone as empirical therapy is Rp.8,402,400 for 3 months.
Conclusion: We concluded that both fluoroquinolone (ciprofloxacin and levofloxacin) have a very low sensitivity rate and are 
not cost-effective, therefore the use of those antimicrobial agents as empirical therapy should be reconsidered.
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INTRODUCTION 

Urinary tract infection (UTI) is an infection 
that often occurs in hospitals.1 UTI is also 
included in the most infections that occur 
besides acute respiratory infections (ARI). 
Epidemiologically, women are more 
frequently affected by UTI than men.2,3 
This is related to the differentiation from 
anatomy of the urinary tract between 
women and men.4 UTI also has several risk 
factors that can increase or exacerbate the 
incidence of UTI, such as genital hygiene, 
sexual activity, history of recurrent UTI, 
and other comorbid factors. UTI can 
be divided into uncomplicated UTI and 
complicated UTI. Complicated UTIs are 
theoretically more difficult to treat than 
non-complicated UTIs but the longer it 
takes, the more difficult it is to treat UTIs 

due to the increasing number of UTI cases 
due to bacteria that are resistant to various 
types of antibiotics.2,5

Gram-negative bacteria are the most 
common cause of UTI. Among these 
Gram-negative bacteria, Escherichia coli 
(E. coli) is the bacteria with the highest 
number of causes of UTI.1 UTI occurs 
when bacteria enter the urinary tract from 
the urethra and rise to the bladder which 
causes cystitis or if it rises to a higher 
place, namely the kidneys, pyelonephritis 
can occur which is even more difficult to 
treat. Then, if the infection is not treated 
properly, the bacteria can spread from the 
kidneys to the blood, hereinafter referred 
to as bacteremia.6

Basically, various types of antibiotics can 
be used to treat UTIs. Several antibiotics 

that are commonly used as a treatment 
option for UTIs are trimethoprim-
sulfamethoxazole or fluoroquinolone 
groups such as ciprofloxacin and 
levofloxacin.7 In tertiary hospitals which 
are type A referral hospitals, ciprofloxacin 
and levofloxacin are the most commonly 
used antibiotics as antibiotic therapy in 
UTI cases.8 However, most Gram-negative 
bacteria, especially E. coli as the most 
common cause of UTIs, have started to 
develop high levels of resistance to these 
fluoroquinolone class antibiotics.9 

Fluoroquinolone class antibiotics such 
as ciprofloxacin and levofloxacin, if not 
used properly, can cause harm. The first 
is the loss from a microbiological aspect, 
namely when the antibiotics given do not 
match the results of the antimicrobial 
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and contamination. All samples were taken 
using aseptic techniques and with good 
and correct microbiological specimen 
collection principles, namely clean catch 
urine or midstream urine, suprapubic 
urine aspiration, and urine from a 
catheter. Samples that have been taken 
will be immediately taken to the clinical 
microbiology laboratory in less than 2 
hours, but if the samples taken cannot be 
sent immediately, then the samples will be 
stored first in the refrigerator at 4oC. All 
samples that do not meet the above criteria 
will be immediately excluded.10

All samples that have met the inclusion 
and exclusion criteria will be continued for 
microscopic examination, namely Gram 
staining before later implanting them in 
agar media and carrying out identification 
and sensitivity tests using an automatic 
identification and sensitivity testing 
machine, namely the bioMérieux VITEK® 
2 System.10,11 Furthermore, all samples with 
positive E. coli urine culture results will be 
included in the research data which will 
then be processed using the SPSS version 
25 program. Analysis of the cost burden of 

using fluoroquinolone class of antibiotic 
therapy was carried out descriptively using 
cost data from the pharmacy installation 
at Prof. dr. I.G.N.G. Ngoerah Hospital. 
The price for ciprofloxacin 200 mg IV is 
IDR 12,414.00 per vial and the price for 
levofloxacin 500 mg IV is IDR 23,204.00 
per vial.

RESULTS
A total of 155 urine samples met the 
inclusion and exclusion criteria within a 
period of three months (1 January 2020 
to 31 March 2020). We found Escherichia 
coli with 61 isolates (39.4%) as the 
most microbes, followed by Klebsiella 
pneumoniae with 19 isolates (12.3%). 
Apart from that, several other bacteria 
were also found to cause UTIs as shown in 
the table below.

Most of the isolates were multi drug 
resistant organisms (MDRO) as many 
as 82 isolates (53%) and 57% (49) of the 
Enterobacteriaceae isolates were extended 
spectrum beta lactamases (ESBLs), as 
shown in Figure 1 and Figure 2.

sensitivity test. Second, the loss in terms of 
cost effectiveness. Because the empirical 
antibiotics used turned out to have a very 
low percentage of sensitivity in cases of 
adult UTIs due to E. coli, the use of these 
empirical antibiotics was an expenditure 
that was not cost-effective.

This study aims to find descriptive 
data regarding the effectiveness of 
fluoroquinolone antibiotics (ciprofloxacin 
and levofloxacin) against UTI cases caused 
by E. coli in tertiary hospitals, both from 
a microbiological and cost-effectiveness 
standpoint.

METHODS
This study uses a cross-sectional descriptive 
as a research design. This research was 
conducted at the Clinical Microbiology 
Laboratory, Prof. dr. I.G.N.G. Ngoerah 
hospital, Denpasar, Bali which is a tertiary 
hospital in Bali. Research data was taken 
from January 2020 to March 2020 or for 
3 months.

The data taken comes from electronic 
patient medical record data (SIMARS). 
The data collected were mainly data 
on patient characteristics (age, gender, 
empirical therapy used) as well as sample 
characteristics. Data on the results of 
identification and sensitivity tests or culture 
results, were taken from secondary data in 
the clinical microbiology laboratory. All 
urine specimens were examined using an 
automatic identification and sensitivity 
test machine (bioMérieux VITEK® 2 
System.. The inclusion criteria for this 
study were all urine specimens with the 
results of the identification test being E. 
coli from patients at Prof. Dr. I.G.N.G. 
Ngoerah Hospital, both polyclinic 
patients, inpatients, and patients from 
the Emergency Room. In addition, all 
samples must come from patients who 
are not currently using antibiotic therapy 
or the patient has used the last antibiotic 
more than 72 hours before the sample 
was taken. The exclusion criteria were all 
specimens that came from outside the 
Prof. Dr. I.G.N.G. Ngoerah Hospital and 
all specimens that did not meet the basic 
principles of microbiological sampling.

Samples for urine culture examination 
were taken and accommodated using 
sterile pot containers with screw caps and 
placed in plastic bags to minimize leakage 

Table 1.	 Microorganisms from urine culture results.

Microorganism
Frequency

Absolute Percentage
Escherichia coli 61 41%
Klebsiella pneumoniae 19 13%
Other Gram-negative bacteria 18 12%
Acinetobacter baumannii 16 11%
Gram-positive bacteria 10 7%
Candida sp. 8 5%
Enterobacter cloacae 7 5%
Proteus mirabilis 6 4%
Pseudomonas aeruginosa 4 3%

Figure 1.	 Percentage comparison of the 
number of MDRO and Non-
MDRO bacteria.

Figure 2.	 Percentage comparison of the 
number of ESBL and non-
ESBL bacteria.
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Table 2.	 Empirical antibiotic.

Empirical Antibiotic
Frequency

Absolute Percentage
Ciprofloxacin 83 54%
Cefoperazone 28 18%
Levofloxacin 26 17%
Ceftriaxone 13 8%
Cefixime 5 3%

Figure 3.	 Percentage of antibiotic sensitivity to E. coli.

Table 3.	 Appropriateness of the use of fluoroquinolones as empirical therapy.

Empirical Antibiotic
Appropriate Use of Empirical Therapy and Sensitivity 

Test Results
Appropriate Not Appropriate

Ciprofloxacin 22 61
Levofloxacin 0 26

TOTAL 22 87

Table 4.	 Cost calculation of ineffective fluoroquinolones.
Antibiotic Price (IDR) Duration (days) Frequency Total Cost (IDR)

Ciprofloxacin 200mg IV (BID) 12.414 3 58 4.320.072
Ciprofloxacin 200mg IV (BID) 12.414 6 3 446.904
Levofloxacin 500mg IV (q24h) 23.304 6 26 3.635.424
TOTAL 8.402.400

Ciprofloxacin (54%) was the most 
frequently used empiric therapy, followed 
by cefoperazone (18%) and levofloxacin 
(17%), as shown in Table 2.

Antimicrobial sensitivity tests showed 
the best sensitivity to amikacin (96%) and 
meropenem (94%). The sensitivity rates 
for ciprofloxacin and levofloxacin were 
only 26% and 4%, respectively, as shown 
in Figure 3. The results of the compatibility 
of empirical antibiotics with the culture 
results of all types of antibiotics were only 
40%, while the results of the suitability of 

fluoroquinolone antibiotics (ciprofloxacin 
and levofloxacin) as therapy empirically 
only 20% of the total 110 isolates (table 3).

Based on the data above, quantitative 
calculations were carried out to calculate 
the estimated costs incurred due to the 
discrepancy between empirical antibiotic 
therapy and the results of the antibiotic 
sensitivity test. In table 4, it can be seen that 
the cost-effectiveness of fluoroquinolones 
as empiric therapy is IDR 8,402,400 for 3 
months.

DISCUSSION
Urinary tract infections are most often 
caused by E. coli bacteria. The results 
of this study also found that the most 
common bacteria from all samples was 
E. coli (41%). This is also in accordance 
with the literature which says that E. 
coli is the most common bacterium that 
causes UTI in adults.5,12,13 In addition, 
of all Entereobacteriaceae collected from 
research, as many as 57% were ESBLs 
bacteria. This shows that most of the 
bacteria that cause UTI from tertiary 
hospitals are bacteria that are resistant 
to most antibiotics. These findings are in 
accordance with epidemiology in several 
places which say there is an increase in 
resistance in bacteria that cause adult 
UTIs.12,14,15 

Empirical therapy is therapy given to 
patients based on literature data, national/
international guidelines, and local 
antibiogram pattern data. Ciprofloxacin 
is an antibiotic that is often prescribed as 
empiric therapy in UTI cases.8,16,17 This is 
in accordance with empirical antibiotic 
therapy data obtained in this study, namely 
ciprofloxacin was the most frequently 
prescribed antibiotic (54%), followed 
by another fluroquinolone, namely 
levofloxacin (17%). Levofloxacin is also 
often used as a therapy for adult UTIs, 
especially in cases of complicated UTI and 
pyelonephritis.8,18 The tertiary hospital 
where this study data was taken uses 
fluoroquinolones, especially ciprofloxacin 
as empirical UTI therapy in adults.

This study also tried to look at the 
suitability of the use of other empiric 
antibiotic therapy, and only found 
a concordance of 40% between the 
administration of all empirical therapy 
and the results of the sensitivity test. In 
addition, based on the data collected 
in this study, the suitability of using 
fluoroquinolones as empiric therapy, when 
compared with the results of antibiotic 
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sensitivity tests, is very low at 20%. The low 
concordance rate between empiric therapy 
and the results of antibiotic sensitivity tests 
indicates that the use of fluoroquinolones 
(ciprofloxacin and levofloxacin) should be 
reconsidered.7,19 

After doing descriptive calculations, 
the amount of money spent on 
inappropriate fluoroquinolone therapy 
was quite large, namely IDR 8,402,400.00 
for three months. Research conducted by 
Alanazi et al. suggested that the antibiotics 
with the best level of effectiveness were 
nitrofurantoin and amoxicillin/clavulanic 
acid.20 As for antibiotics with the best level 
of cost effectiveness is nitrofurantoin.18,20

This study also aims to obtain data on 
the antibiotics with the best sensitivity 
levels, namely amikacin (96%) and 
meropenem (94%). Several studies say 
that the effectiveness of amikacin in cases 
of UTI is very good, even for cases of UTI 
caused by ESBL bacteria such as E. coli.21,22 
Based on the data presented above, the use 
of fluoroquinolones as empiric therapy 
for UTI in adults needs to be considered 
because it is not effective both from a 
microbiological and cost perspective.

CONCLUSION 

E. coli is the most common cause of 
UTI in adults with the most empirical 
therapy being fluoroquinolones, namely 
ciprofloxacin and levofloxacin. The 
suitability of giving empiric antibiotic 
therapy with sensitivity test results is 
quite low, so giving fluoroquinolone as 
empiric therapy needs to be reconsidered. 
Amikacin and Meropenem are the two 
types of antibiotics that have the best level 
of sensitivity so that in the future it may 
be considered for their use as empiric 
therapy, but it is also necessary to consider 
the patient’s renal function and the 
restrictions on the use of these two types 
of antibiotics.

CONFLICT OF INTEREST
The authors declare that this research 
was conducted without any commercial 
or financial relationships that could be 
construed as a potential conflict of interest.

FUNDING
Research funds are issued from the 
researcher’s personal funds without 
interference from other parties.

ETHICAL STATEMENT
Authors have secured informed consent 
for using medical records and data 
regarding this manuscript.

AUTHOR CONTRIBUTION
IKAIA involved in concepting the study. 
IKAIA and MS conducted the study. 
IKAIA analyses the data. IKAI and MS 
concepting, designing and supervising 
the manuscript. All authors prepare the 
manuscript and agree for this final version 
of manuscript to be submitted to this 
journal.

ACKNOWLEDGMENTS 

The author would like to express deepest 
gratitude to all those who have contributed 
to the completion of this project, especially 
our clinical microbiologist and laboratory 
staffs from Prof. Dr. I.G.N.G. Ngoerah 
Hospital. Their insights and expertise have 
been invaluable in shaping the direction 
and focus of this work. 

REFERENCES
1.	 Wang R, Hacker MR, Lefevre R. Cost-

effectiveness of prophylactic antibiotic use 
to prevent catheter-associated urinary tract 
infections.  Int Urogynecol J. 2020;31(2):285-
289.

2. 	 Wagenlehner FME, Bjerklund Johansen TE, Cai 
T, et al. Epidemiology, definition and treatment 
of complicated urinary tract infections. Nat Rev 
Urol. 2020;17(10):586-600. 

3. 	 Neugent ML, Hulyalkar NV, Nguyen VH, 
Zimmern PE, De Nisco NJ. Advances 
in Understanding the Human Urinary 
Microbiome and Its Potential Role in Urinary 
Tract Infection. mBio. 2020;11(2):e00218-20. 

4. 	 Waller TA, Pantin SAL, Yenior AL, Pujalte 
GGA. Urinary Tract Infection Antibiotic 
Resistance in the United States.  Prim Care. 
2018;45(3):455-466.

5. 	 Hooton TM, Bradley SF, Cardenas DD, et 
al. Diagnosis, prevention, and treatment of 
catheter-associated urinary tract infection in 
adults: 2009 International Clinical Practice 
Guidelines from the Infectious Diseases Society 
of America. Clin Infect Dis. 2010;50(5):625-663.

6. 	 Wang R, LaSala C. Role of antibiotic resistance 
in urinary tract infection management: a cost-
effectiveness analysis.  Am J Obstet Gynecol. 
2021;225(5):550.e1-550.e10. 

7. 	 Mitchell BG, Fasugba O, Gardner A, et al. 
Reducing catheter-associated urinary tract 
infections in hospitals: study protocol for a 
multi-site randomised controlled study.  BMJ 
Open. 2017;7(11):e018871.

8. 	 Foxman B. Epidemiology of urinary tract 
infections: incidence, morbidity, and economic 
costs. Dis Mon. 2003;49(2):53-70. 

9. 	 Agus Indra Adhiputra IK, Setiabudy M, 
Sukrama IDM, Budayanti NNS. “Karakteristik 
sensitivitas dan resistansi antibiotik pada kasus 
infeksi saluran kemih Escherichia coli di rumah 
sakit tersier di Bali pada Januari 2019 hingga 
Desember 2019. “Characteristics of antibiotic 
sensitivity and resistance in cases of urinary tract 
infection Escherichia coli at tertiary hospitals 
in Bali from January 2019 to December 2019. 
Medicina (B Aires). 2021;52(3):103–7.

10. 	 Luu T, Albarillo FS. Asymptomatic 
Bacteriuria: Prevalence, Diagnosis, 
Management, and Current Antimicrobial 
Stewardship Implementations.  Am J Med. 
2022;135(8):e236-e244. 

11. 	 Whiting P, Westwood M, Bojke L, et al. Clinical 
effectiveness and cost-effectiveness of tests 
for the diagnosis and investigation of urinary 
tract infection in children: a systematic review 
and economic model.  Health Technol Assess. 
2006;10(36):iii-154

12. 	 Mitchell BG, Fasugba O, Cheng AC, et al. 
Chlorhexidine versus saline in reducing the risk 
of catheter associated urinary tract infection: 
A cost-effectiveness analysis.  Int J Nurs Stud. 
2019;97:1-6. 

13. 	 Shafrin J, Marijam A, Joshi AV, et al. Impact 
of suboptimal or inappropriate treatment 
on healthcare resource use and cost among 
patients with uncomplicated urinary tract 
infection: an analysis of integrated delivery 
network electronic health records.  Antimicrob 
Resist Infect Control. 2022;11(1):133. 

14. 	 Sanyal C, Husereau DR, Beahm NP, 
Smyth D, Tsuyuki RT. Cost-effectiveness 
and budget impact of the management of 
uncomplicated urinary tract infection by 
community pharmacists. BMC Health Serv Res. 
2019;19(1):499.

15. 	 Mortazavi-Tabatabaei SAR, Ghaderkhani J, 
Nazari A, Sayehmiri K, Sayehmiri F, Pakzad I. 
Pattern of Antibacterial Resistance in Urinary 
Tract Infections: A Systematic Review and 
Meta-analysis. Int J Prev Med. 2019;10:169. 

16. 	 Patton JP, Nash DB, Abrutyn E. Urinary tract 
infection: economic considerations.  Med Clin 
North Am. 1991;75(2):495-513. 

17. 	 Platt R, Polk BF, Murdock B, Rosner B. 
Prevention of catheter-associated urinary tract 
infection: a cost-benefit analysis. Infect Control 
Hosp Epidemiol. 1989;10(2):60-64. 

http://dx.doi.org/10.51559/jcmid.v3i1.47


28 Published by the Indonesian Society for Clinical Microbiology | JCMID 2023; 3(1): 24-28 | doi: 10.51559/jcmid.v3i1.47  

ORIGINAL ARTICLE

18. 	 Marschall J, Carpenter CR, Fowler S, Trautner 
BW; CDC Prevention Epicenters Program. 
Antibiotic prophylaxis for urinary tract 
infections after removal of urinary catheter: 
meta-analysis. BMJ. 2013;346:f3147.

19. 	 Teramae M, Osawa K, Shigemura K, Kitagawa 
K, Shirakawa T, Fujisawa M, et al. Prevalence 
of quinolone resistance of extended-spectrum 
β-lactamase-producing escherichia coli with 
st131-fimh30 in a city hospital in Hyogo, Japan. 
Int J Mol Sci. 2019;20(20):1–8. 

20. 	 Alanazi MQ. Clinical Efficacy and Cost Analysis 
of Antibiotics for Treatment of Uncomplicated 

Urinary Tract Infections in the Emergency 
Department of a Tertiary Hospital in Saudi 
Arabia. Ther Clin Risk Manag. 2021;17:1209–
17. 

21. 	 Sukrama IDM, Pinatih KJP, Hendrayana MA, 
Rasyid B, Wedari NLPH. Escherichia coli Clonal 
Variability Based on Genetic Diversity Pattern 
with Enterobacterial Repetitive Intergenic 
Consensus-Polymerase Chain Reaction 
Methods for Traveler’s Diarrhea Cases in Bali. 
Open Access Maced J Med Sci. 2022;10(A):752-
60.

22. 	 Hayati Z,  Jamil KF,  Azhari A,  Mahdani W,  
Karmil TF,  Yossadania A,  Dahril,  Habibie YA.  
2021.  Outcome  of  urinary  tract  infection  
caused  by  Extended  Spectrum  Beta-
Lactamase  (ESBL)  producingEscherichia  coli  
andKlebsiella pneumoniaein Dr Zainoel Abidin 
General Hospital Aceh. Bali Medical Journal. 
2021;10(2): 544-548.

http://dx.doi.org/10.51559/jcmid.v3i1.47

