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Abstract 
Introduction: Antimicrobial resistance (AMR) is a global menace of recent times which does not spare the uropathogenic 

bacteria also. We aim to study the changes in bacteriological profile and antibiotic resistance pattern among the bacterial isolates 

of Urinary tract infections (UTI) in a multi-centric study from two different tertiary care hospitals located in rural parts of Kerala 

in two different time periods.  

Materials and Methods: First study was conducted from Jul 2008 – Jun 2009 and the second from May 2016 - Apr 2017.  

Results: Total numbers of urine samples processed in the first and second study are 3262 and 3772, of which 1096 and 1265 

respectively showed significant bacteriuria. The predominant isolate is E.coli in both, with a percentage of 50.8 and 48.9 

respectively followed by Klebsiella sp. and Enterococcus sp. There is a marked increase in the resistance rate of E.coli to 

cefotaxime, piperacillin tazobactam and imipenem. In case of first line drugs, there is a minimal fall in resistance rate except for 

ciprofloxacin. Similarly for aminoglycosides there is no significant increase in resistance.  

Conclusion: The high prevalence of resistance to empirical drugs has long been appreciated in this area which precludes their 

use. Resistance to higher antibiotics also is on the rise. Very high rate of AMR is exhibited by the bacterial agents of UTI even in 

rural areas which necessitates routine culture and sensitivity mandatory in all cases. In order to stop this growing menace, 

judicious use of antibiotics has to be implemented. 
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Introduction 
Antimicrobial resistance (AMR) is one of the 

major threats in clinical practice due to the injudicious 

and widespread use of antimicrobial drugs in general 

population. Similar to other clinical conditions, the 

bacterial agents of Urinary tract infections (UTIs) also 

are exhibiting high rates of drug resistance as reported 

in various Indian and international studies. In a study by 

Daniel F. Sahm et al from US in 2000, the resistance 

rates against empirical drugs were 39% to ampicillin, 

15.6% to cephalothin, 3.7% to ciprofloxacin, 1% to 

nitrofurantoin and 18.6% to co-trimoxazole.1 Whereas 

in another study conducted from Pune, India during 

2015 -16 period, resistance of Gram negative bacteria 

to ampicillin, norfloxacin, co-trimoxazole, and 

nitrofurantoin were 98%, 94%, 79% and 14.7% 

respectively.2 From this it is evident that antibiotic 

resistance is markedly increasing over the years, which 

needs to be studied periodically. Though there are a few 

international studies which describe the changing 

pattern of AMR among uropathogens, with the best of 

our knowledge only limited studies have been carried 

out in India. 

In the present multi-centric study, we are trying to 

find out the emerging trends in resistance pattern 

among the bacterial agents of UTI from two different 

super specialty hospitals which are located in rural 

areas of Kerala. 

 

 

 

Materials and Methods 
First study is a retrospective study conducted in 

Academy of Medical Sciences, Pariyaram which is 

located in North Kerala from Jul 2008 – Jun 2009 and 

the second is a prospective one from PK Das Institute 

of Medical Sciences, Ottapalam which is in central 

Kerala from May 2016 - Apr 2017 and both the centers 

have got a rural location. In both the studies, we 

analyzed all urine culture samples and significant 

bacterial isolates from department of microbiology over 

a period of one year. A total of (3262 & 3772) 7034 

samples from clinically suspected cases of UTI, both 

hospitalized and out patients, irrespective of their age 

and sex were included in the study. Most of them are 

clean voided mid stream samples and the rest, catheter 

samples and supra pubic aspirates. All samples are 

processed within 2 hours of collection. Microscopy and 

culture on Mac Conkey agar and 5% sheep blood agar 

are done. Significance of the isolates was assessed on 

the basis of colony count (>105 cfu/ml) and the clinical 

features. Colony counts <105 also are considered 

significant on an individual basis by correlating the 

microscopic findings, type of specimen and the clinical 

history.  

Identification of the isolates is done by standard 

bacteriological methods.3 Antibiotic susceptibility 

testing of the isolates is performed by Kirby-Bauer disc 

diffusion method on Mueller Hinton Agar as per CLSI 

guidelines4 using Hi Media, India antibiotic discs. 

Antibiotic discs used are ampicillin (10μg), norfloxacin 

(10μg), ciprofloxacin (5μg), nitrofurantoin (300μg), co-
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trimoxazole (1.25/23.75μg),  cephalothin (30μg), 

cefuroxime (30μg), cefotaxime (30μg), ceftazidime 

(30μg), gentamicin (10μg), piperacillin (100μg), 

amikacin (30μg), amp-sulbactam (10/10μg), 

piperacillin-tazobactam (100/10μg), imipenem (10μg), 

meropenem (10μg), high level gentamicin (120μg), 

tetracycline (30μg), cefoxitin (30μg), vancomycin 

(30μg), linezolid (30μg). 

Using CLSI phenotypic confirmatory test, ESBL 

production is checked with cefotaxime & cefotaxime 

clavulanate disc among the members of 

Enterobacteriaceae. Quality control is performed by 

standard strains, E.coli ATCC 25922, Pseudomonas 

aeruginosa ATCC 27853, and Staphylococcus aureus 

ATCC 25923. 

Analysis of the isolates based on hospital status of 

the patients is done in both studies because marked 

variation in the distribution of bacterial agents and their 

resistance pattern is observed between admitted and out 

patients. 

 

Results 
During the one year study period from Jul 2008 – 

Jun 2009, 3262 samples were subjected to culture and 

microscopy of which 1096 (33.6%) gave significant 

bacterial growth. Among the 3772 urine samples 

processed from May 2016 - Apr 2017, significant 

bacterial growth is obtained from 1265 (33.5%) 

samples.  

E.coli stands as the most common isolate in both 

2008 and 2016 studies.  Not much difference is 

observed among the rate of isolation of other bacterial 

pathogens also in both the studies (Fig. 1) 

In both the studies more number of isolations are 

from admitted patients and predominance of Gram 

positive cocci, Pseudomonas and other NFGNB is also 

noted among them compared to outpatients (OP). 

Distribution of members of Enterobacteriaceae is also 

similar in both time periods with predominance in OP 

(Table 1.). 

In the 2016-17 study, 64.7% of Enterobacteriaceae 

are ESBL producers and 15.75% are carbapenem 

resistant. Of the Staphylococcal isolates, 79.5% is 

methicillin resistant. Vancomycin resistance is 0.65% in 

Enterococci and 0% among Staphylococci.  Whereas 

66.3% of staphylococcal isolates from the first study is 

found to be methicillin resistant and no case of 

vancomycin resistance is observed among 

Staphylococci and Enterococci. 42.75% of E.coli and 

Klebsiella isolates from 2008- 09 study are ESBL 

producers. (Table 2.) 

 

 
Fig. 1: Distribution of bacterial agents 

 

Table 1: Distribution of bacterial agents according to the hospital status of patients 

Organism 
2008-09 

OP           IP 

   2016-17 

      OP         IP 

E.coli 52 49.8 57.7 43.5 

Klebsiella sp 19.3 18.2 16.5 11.9 

Proteus sp 2.7 0.5 1.4 1.2 

Citrobacter sp 1.9 2.6 2.5 0.8 

Enterobacter sp 0 0 3.5 2.4 

Pseudomonas sp 2 4.9 3.9 7.8 

Other NFGNB 4.2 5.5 3.1 5.5 

Enterococcus sp 13.9 15.4 7.4 18.1 

Staphylococcus sp 4 4 3.9 8.8 

Total 43.8 56.1 38 61.6 

 

 

 



Shailaja T. S. et al.                                       Emerging trends in the antimicrobial resistance among uropathogens 

Indian Journal of Microbiology Research, January-March, 2018;5(1):47-51                                                            49 

Table 2: Antibiotic resistance pattern of isolates 

Organism Study 
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E.coli 
2008 96 89 64 61 15 7 49 47 44 3 2 

2016 91.1 83.7 66.4 58.8 17.8 7.8 35.1 70.3 75 25.5 7.9 

Klebsiella sp 
2008  97 77 46 61 55 17 55 43 48 11 2 

2016 99.4 82.1 59.5 64.2 75.1 26 49.1 67.1 83.2 45.1 17.3 

Pseudomonas sp 
2008 ND ND 57 ND  ND 44 54 50 ND 21 5 

2016 80 78.8 52.5 100 77.5 40 47.5 52.5 80 33.8 25 

Other NFGNB 
2008 ND ND 71 60 66 30 46 4 39 4 54 

2016 100 100 60.3 46.1 93.1 63.8 62.1 74.1 55.2 48.3 50 

Enterococcus sp 
2008 66 ND 65 58 31 ND ND ND 51 18 24 

2016 35 ND 78 80.2 18.1 59.3 55.9 ND 52 35 ND 

Staphylococcus sp 
2008 83 72 64 58 14 37.5 ND ND 35 ND ND 

2016 96.6 81.8 73.9 44.3 0 71.6 55.7 79.5 83 81.8 ND 

 

Discussion 
Due to the injudicious use of common antibiotics 

in the therapy of UTI, especially fluoroquinolones, 

uropathogens are increasingly becoming multi drug 

resistant (MDR) making the empiric treatment of all 

forms of UTI highly difficult. 

When we analyze the distribution of pathogens in 

both the studies, no significant change is noted over the 

years. E.coli comes to 50% of total isolates in both 

2008 and 2016 studies and is the most frequent one. 

Both studies show more number of isolates from 

hospitalized patients which represent more of 

complicated UTI cases than OP. 

Complicated UTI is defined as an infection 

associated with a structural or functional abnormality of 

the genitourinary tract or the presence of an underlying 

disease. Here the spectrum of bacteria that can cause 

infections includes more of non-fermenters 

(Pseudomonas sp.) and Gram- positive bacteria. 

Furthermore, bacteria causing these types of infection 

are more likely to be resistant to antibiotics. In our 

studies also we could demonstrate more number of 

similar bacterial isolates among admitted patients. 

E.coli is the predominant isolate in both OP and 

inpatients (IP) in 2008 & 2016 studies followed by 

Klebsiella and Enterococci with a percentage of 14. In 

contrary to Europe and US, rate of isolation of 

Klebsiella is more in other Asian and African countries 

which ranges from 13.8 to 25.5 %.5-9 

In the study conducted during 2008-09 period 

itself, bacterial agents of UTI exhibited very high level 

of resistance against the first line drugs like ampicillin 

(85.5%), co-trimoxazole (60%), norfloxacin (62%), 

ciprofloxacin (61%) and cephalothin (66%). The high 

prevalence of resistance to empirical drugs has long 

been appreciated in this area and precludes their use in 

empirical therapy. In the study conducted in 2016-17, 

resistance of empirical drugs except ciprofloxacin has 

reduced a little which could be explained by the 

reduced use of these agents subsequent to the high level 

of resistance prevailing in the area. A study from 

Canada also reported a relatively steady resistance rate 

of 17.7% and 19.1% for co-trimoxazole among E.coli 

during 1998 to 2009.10 Similarly in a study from 

Guadeloupe, France, also resistance rates for 

amoxicillin, co-trimoxazole and amikacin have been 

stable during 2003 -2014. On the contrary, they 

reported a significant increase in the resistance to 

ciprofloxacin.11 

In a study on community acquired UTI in Europe 

during 2007, E.coli resistance to mecillinam, cefadroxil, 

nitrofurantoin, gentamicin and third-generation 

cephalosporins was <2% and resistance levels for 

amoxicillin/ clavulanic acid was 2.0-8.9%, 

ciprofloxacin 0.5-7.6%, ampicillin 21.2-34.0%, and 

trimethoprim/sulfamethoxazole 14.4-18.2%.12 From the 

above data one can appreciate the wide disparity in the 

resistance patterns between India and Europe. 

As per infectious disease society of America 

(IDSA), fluoroquinolones for 7–10 days is 

recommended as first-line initial therapy for 

uncomplicated pyelonephritis in areas where the 

resistance rate of E.coli is <10%.13 The mean resistance 

of ciprofloxacin for E.coli in the present study is 65% 

which precludes the use of fluoroquinolones in the 

empirical therapy of UTI in Kerala. 

Among the first line drugs, nitrofurantoin alone 

maintains a reasonably low resistance rate, 15 

and17.5% among E.coli in 2008 and 2016 respectively 

and in other Indian studies, resistance rates among 

E.coli range from 5% to 24.4%.14-17 According to other 

Indian authors,   resistance rate is 6–17% for 

Enterococcus sp.14,17 whereas in our studies it is 31 & 

18.1% respectively. The major strength of 

nitrofurantoin is its action at multiple sites which 

includes inhibition of bacterial carbohydrates, DNA, 

RNA, and total protein synthesis. It is active against 

most common uropathogens including E.coli, 

Citrobacter spp., Staphylococcus sp. and Enterococcus 

sp. whereas, Enterobacter sp. and Klebsiella spp. are 

only moderately inhibited and Proteus group, Serratia 

spp., Pseudomonas spp., and Acinetobacter spp. are 
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mostly resistant.18 IDSA recommend the use of 

nitrofurantoin for uncomplicated UTIs due to the high 

urinary concentration achieved. For complicated UTI 

where plasma and tissue concentration is also 

important, nitrofurantoin cannot be recommended 

because of inadequate tissue concentration.  

While there was a significantly increasing trend for 

amikacin resistance in Klebsiella, the mean resistance 

in E.coli in 2016 is 7.8% in contrast to 7% in 2008 

which correlates with the European study where the 

mean aminoglycoside resistance in E.coli showed no 

significant change between 2011 and 2014, in contrast 

to Klebsiella.13 

Unlike the first line drugs, a marked increase in 

resistance to third generation cephalosporins, beta 

lactam- beta lactamase inhibitor combinations and 

carbapenems is noted in our study which correlates well 

with a report on current European trends of resistance 

in Gram-negative uropathogens where mean resistance 

for third generation cephalosporin increased 

significantly between 2011 and 2014.13 In the second 

study, among the members of Enterobacteriaceae 

isolated, 64.7% are ESBL producers and 15.75% were 

carbapenem resistant whereas in 2008 it was only 

42.7% and 2 % respectively. A recent study from 

southern part of Kerala also shows a high rate of ESBL 

production of 38.2%.19 The prevalence of Carbapenem 

resistant Enterobacteriaceae in a Mumbai hospital was 

found to be 12.26% in 2013.20  In contrary, an annual 

Canadian national surveillance study (CANWARD) 

which tested 2,943 urinary pathogens from January 

2007 to December 2009, ESBL production was only 

1.5% among Enterobacteriace.10 A significantly 

increasing trend for carpabenem-resistant Klebsiella 

was observed by Hala et al from Europe.13 

Among the Staphylococcal isolates, 66.3 and 

79.5% are MRSA from 2008 and 2016 studies 

respectively. A marked fall in ampicillin resistance is 

observed from 66% in 2008 to 35% in 2016 among 

enterococcal isolates which can be explained by the 

reduced use of ampicillin in clinical practice due to the 

prevailing high resistance. Vancomycin resistance is 

not exhibited by any of our staphylococcal isolates and 

a minimal rise in VRE is observed in the study.  

The isolates that are tested in a laboratory based 

study may be mostly from previous antibiotic treatment 

failed or from patients with other underlying risk 

factors. Hence this study, like any other laboratory 

based study, may bias towards an over reporting of 

resistance in patients with UTI and necessitate more 

patient based studies in this area. 

 

Conclusion 
Over a period of 8years, not much change in the 

distribution of bacterial agents of UTI is observed in 

this area. The emergence of antibiotic resistant bacteria 

generally has been correlated with the rise and fall of 

antibiotic use in clinical practice. From the present 

study, we could realize that high level of resistance 

against first line drugs used in the treatment of UTI has 

been prevailing in Kerala for several years and the 

resistance against the higher agents like third generation 

cephalosporins, beta lactam – beta lactamase inhibitor 

combinations and carbapenems are also increasing in an 

alarming rate even in rural settings. The possible 

explanation for such a high level of resistance is the 

uncontrolled antibiotic prescribing practices of our 

region.  Antibiotics are a precious commodity, and we 

should do what we can to preserve the activity of these, 

to use in clinical practice. 
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