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INTRODUCTION

Urinary tract infection (UTI) is a very common disease 
encountered in clinical practice, affecting around 150 million 
people every year.1 Overuse of  antibiotics in many 
developing countries coupled with poor infection prevention 
practices is the main cause of  multidrug resistance (MDR) 
among pathogens.2 Rising antibiotic resistance among 
microorganisms needs a continuous monitoring system 
of  the susceptibility patterns.

1 Among the known bacterial 

pathogens causing UTI, uropathogenic Escherichia coli is 
the most common organism3,4 followed by Klebsiella spp., 
Proteus mirabilis, Staphylococcus aureus, Enterococcus species, 
and Pseudomonas aeruginosa. Despite increasing antimicrobial 
resistance, nitrofurantoin is considered one of  the first-line 
agents for the treatment of  uncomplicated lower UTIs.4

In this cross-sectional study, we investigate the rising 
resistance in E. coli to predict future resistance to 
nitrofurantoin. The susceptibility patterns of  all the 
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uropathogens isolated were observed along with minimum 
inhibitory concentrations (MIC) for E. coli.

Aims and objectives
The aims and objectives of  the study are to observe 
the susceptibility pattern among uropathogens and the 
possibility of  MIC creeps among the Escherichia coli 
isolates sensitive to nitrofurantoin.

MATERIAL AND METHODS

This retrospective study was conducted for a period of  
1 month from January 1st, 2024, to January 31st, 2024 
after obtaining permission from the Institutional Ethics 
Committee. We took the data from all inpatient department 
and outpatient department patients sent for urine culture and 
sensitivity from October 1st, 2022 to September 30th, 2023 in a 
tertiary care hospital in Kolkata, West Bengal. A total number 
of  6100 urine samples were processed in the laboratory for 
the identification of  urinary tract pathogens from October 
1st, 2022, to September 30th, 2023. Clean catch mid-stream 
urine samples were collected from suspected UTI patients. 
Then, routine microscopy and culture of  those samples were 
done in 5% sheep blood agar and MacConkey agar.

The identification of  bacterial pathogens with significant 
bacteriuria and their antimicrobial susceptibility testing 
(AST) with MIC readings were conducted by VITEK 2 
Compact.5 The identification of  extended-spectrum beta-
lactamase (ESBL) producers among E. coli was identified 
with VITEK Compact 2 AST cards, additionally by a 
double disk diffusion test. Retrospective data were extracted 
as an Excel sheet from the VITEK automated ID AST 
system. The statistical analyses were carried out using the 
Excel spreadsheet and OpenEpi version 3.01 platform. The 
descriptive data were expressed as mean and categorical 
data were expressed as ratio, proportion, and percentage. 
P<0.05 is considered significant.

Inclusion criteria
Data from all bacterial pathogens with significant 
bacteriuria isolated from urine culture from October 1st, 
2022, to September 30th, 2023, were included in this study.

Exclusion criteria
Samples with mixed growth and pathogens other than 
bacteria isolated from urine culture were excluded from 
this study.

RESULTS

In our study, a total of  6100 urine samples of  clinically 
suspected UTI cases were analyzed over a period of  

1 year. Out of  6100 urine samples, only 631 (1%) urine 
samples showed significant bacteriuria and the remaining 
5469 (99%) samples were either insignificant growth, 
contamination, or were sterile. Among these 631 growth 
that were processed, 542 (86%) were from females and 
89 (14%) from male patients.

Out of  the total 631 uropathogens, the most common 
isolate was E. coli (n=368, 58%) followed by Klebsiella 
spp. (n=81, 12%). Among the Gram-positive organisms, 
Enterococcus spp. (n=58, 9%) was the most common. Other 
organisms such as Staphylococcus, P. aeruginosa, Enterobactor spp, 
Proteus spp., and Staphylococcus saprophyticus were also isolated. 
Some occasionally found organisms were Morganella spp, 
Acinetobacter spp, and Citrobacter spp. The pattern of  isolation 
of  these organisms is shown in Figure 1.

The resistance pattern of  the isolated E. coli in the urine 
samples is shown in Figure 2. The highest percentage of  
resistance was observed for ampicillin (85%) followed by 
amoxicillin-clavulanic acid (50%). Two percent of  resistance 
was observed for fosfomycin and 8% for nitrofurantoin.

Out of  368 E. coli isolated in these, 127 (35%) were ESBL 
producers and 97 (26%) were carbapenemase-producing 
E. coli (Figure 3).

We found a significant correlation between ESBL 
production and nitrofurantoin resistance in E. coli. Among 
241 ESBL non-producer E. coli, only 10 isolates were found 
to have nitrofurantoin MIC >128. Out of  127 ESBL E. coli, 
13 samples were found to have nitrofurantoin MIC >128 
(uncorrected Chi-square value 4.563, P=0.01634) (Table 1).

There is an increase in the mean MIC of  nitrofurantoin 
for E. coli from December 2022 to April 2023, and there is 
again a rise in the mean MIC of  nitrofurantoin from July 
2023 to October 2023 (Figure 4).6

Figure 1: Distribution of uropathogens in the urine samples
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DISCUSSION

In the present study, we analyzed the prevalence of  
uropathogens for 1-year period. The most common 
uropathogens found in the present study are E. coli (58%) 

Table 1: Nitrofurantoin MIC distribution in ESBL 
non-producing E. coli and ESBL E. coli
Nitrofurantoin MIC ESBL non‑producer 

E. coli (n=241) (%)
ESBL 

E. coli (n=127) (%)
<16 159 (66) 60 (47)
32 28 (12) 26 (20)
64 33 (14) 13 (11)
128 11 (5) 15 (12)
>128 10 (4) 13 (10)
Total 241 127

MIC: Minimum inhibitory concentration, ESBL: Extended‑spectrum beta‑lactamase

followed by Klebsiella spp. (12%). This was similar to some 
previous studies.1-4

UTI occurred more commonly in females, 86% were from 
females and 14% from male patients, which is similar to earlier 
studies by Gautam et al.,5 where the occurrence in males and 
females was 45.2% and 77.4%, respectively. The validation 
for increased frequency of  UTI among females could be the 
presence of  a short urethra and proximity to the rectal flora.7

In the present study, the most common isolate, E. coli, showed 
a high level of  resistance to some of  the commonly used 
antibiotics such as ampicillin (85%) and amoxicillin-clavulanic 
acid (50%).8,9 Gram-negative bacteria such as E. coli and 
Klebsiella spp. belonging to the Enterobacteriaceae have several 
factors responsible for their attachment to uroepithelium. 
They colonize the urogenital mucosa with adhesins, pili, 
fimbriae, and P-1 blood group phenotype receptors.7

The increasing trend toward MDR among uropathogens has 
become a serious global public health problem. Fortunately, 
8% of  resistance was observed for nitrofurantoin and 2% 
for fosfomycin. These findings are similar to previous 
studies such as those by Ravishankar et al., Belete et al., 
and Daoud et al.10-12

Figure 2: Resistance pattern of Escherichia coli isolated from urine samples

Figure 4: Increase in mean minimum inhibitory concentration of 
nitrofurantoin within the sensitive minimum inhibitory concentration 
range of Escherichia coli

Figure 3: Proportion of extended-spectrum beta-lactamase and 
carbapenem-resistant Enterobacteriaceae to all isolated Escherichia coli
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Out of  the total 631 samples, E. coli was isolated from (51%) 
of  samples, among them 35% were ESBL producers. This 
was similar to a previous study.13,14 There is a significant 
correlation between nitrofurantoin resistance in E. coli and 
ESBL production of  E. coli (uncorrected Chi-square value 
4.563, P=0.01634), hence indicating that nitrofurantoin 
resistance may be related to beta-lactamase production. 
A similar increasing nature of  resistance was also observed 
in some previous studies.15,16

Nitrofurantoin and fosfomycin are the most common first-
line drugs in the treatment of  UTIs since date.17 Sorlozano-
Puerto et al. found that resistance to nitrofurantoin 
was associated with modifications of  NfsA, NfsB, and 
RibEproteins.18 In our study, we noted the emergence 
of  E. coli isolates showing reduced susceptibility for 
nitrofurantoin as shown by increasing MICs (Figure 4). 
The phenomenon of  MIC creep has been well established 
in vancomycin against S. aureus, where a rising MIC value 
is noted within a normal range.19 This phenomenon may 
have developed in uropathogens as well as is observed in 
our study with E. coli against nitrofurantoin. This rising 
trend indicates a probable shift in the nitrofurantoin MICs.

Limitations of the study
1. Duration is very short only one year
2. ESBL and carbapenemase detection was not done by 

molecular test.

CONCLUSION

Nitrofurantoin is a widely used drug for treating lower 
UTIs in clinical practice in India. It has been known to be 
an effective antibiotic with low reported resistance, but our 
study shows a slowly increasing resistance pattern in MIC 
for nitrofurantoin. We have used the term “MIC creep” 
in nitrofurantoin for E. coli here since it is comparable to 
other MIC creeps such as in vancomycin for S. aureus.19

This rising trend indicates a probable shift in the 
nitrofurantoin MICs, which is an alarming sign to stop 
using antibiotics unnecessarily. Vigilant use of  antibiotics 
and prevention of  their misuse can be conducted by 
forming strong antimicrobial stewardship teams and 
implementation antimicrobial guidelines in hospital setups 
and following them constantly.
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