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ABSTRACT 

The prevalence of urinary tract infections (UTIs) varies from 21.8% to 

31.3% in various parts of the country. The most common pathogens 

causing UTIs in the descending order of their prevalence include 

Escherichia coli (45.12%), Klebsiella spp. (18.17%) and Enterococcus 

spp. (9.23%). Nitrofurantoin was categorized as an A-I antibiotic for 

treating UTIs as per the IDSA guidelines, while nitrofurantoin 100 mg 

tablet dosage form was added to the WHO model list of essential 

medicines since 2013. The major strength of nitrofurantoin is its action 

at multiple sites and levels which helped the drug to maintain an 

excellent level of sensitivity over six decades of clinical practice 

besides being well tolerated for treating acute uncomplicated cystitis. In this review, we tried 

to analyse, from all the recent accessible and available clinical studies, nitrofurantoin 

sensitivity pattern across various parts of India, while also comparing it with the sensitivity of 

other commonly used antimicrobials. We have found that not only has nitrofurantoin retained 

excellent sensitivity to the most common uropathogens across India, but also stands out to be 

the antimicrobial of choice when considering other parameters like oral route of 

administration, safety profile and cost-effectiveness in the management of UTIs. 

 

KEYWORDS: Escherichia coli (45.12%), Klebsiella spp. (18.17%) and Enterococcus spp. 

(9.23%). 

 

URINARY TRACT INFECTIONS (UTIs) – DEFINITIONS AND STATISTICS  

The American National Institute for Health and Clinical Excellence (NICE) defines UTI as a 

combination of clinical features (urinary tract symptoms) and the presence of bacteria in 

urine.
[1]

 These infections can occur in any part of the urinary tract, although infection of the 
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bladder (cystitis) and the urethra (urethritis) are more common relative to the upper portion 

involving the kidneys (pyelonephritis).
[1-3]

 Urinary tract infections are classified into 

complicated or uncomplicated and acute or recurrent.
[2,3]

 Recurrent UTIs can be problematic 

for many people, occurring in 3% to 5% of women and 80% of children who previously 

experienced an uncomplicated infection.
[2]

 Infections of the urinary tract are among the most 

common bacterial infections and have become very common occurring in people of all ages 

as well as in all ethnic groups affecting approximately 150 million people every year 

throughout the world.
[3,4]

 Women and older adults comprise the majority of cases, with UTIs 

affecting more than 11.3 million women per annum, or up to 5% of all females.
[2,5]

 Among 

the UTI cases, approximately, 35% are nosocomial infections in origin.
[4]

 These infections 

also affect children, involving approximately 7% of girls and 2% of boys by the age of 6 

years.
[2]

 On the other hand, UTIs were more common among males compared to females in 

the 0-1 year age group.
[6]

 

 

In India, the prevalence of UTIs varies from 21.8% to 31.3% in various parts of the 

country.
[5]

 According to one estimate, 7 million visits to emergency units and 100 thousand 

hospitalizations may present with symptomatic UTIs every year.
[7]

 With as many as 35% of 

hospital-acquired infections, UTI has also become the most common nosocomial infection, 

besides being the second most common cause of bacteraemia in hospitalized patients.
[7]

 In 

case of females, UTIs usually occur after 2 years of life. The most common pathogens 

causing UTIs in the descending order of their prevalence include Escherichia coli (45.12%), 

Klebsiella spp. (18.17%) and Enterococcus spp. (9.23%) (Fig. 1).
[6]

  

 

 

Fig.1. Common isolated pathogen seen in females above 2 years of life in UTI indication 
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NITROFURANTOIN DISCOVERY AND USE 

Nitrofurantoin [chemical name: 1-(5-Nitrofurfurylideneamino) hydantoin, C8H6N4O5] is a 

synthetic antibacterial agent available since World War II.
[8]

 An antimicrobial compound and 

nitrofuran derivative, nitrofurantoin was first used in clinical practice in 1952.
[9]

 It is 

synthesized by adding a nitro group and a hydantoin side chain to furan.
[9]

 Nitrofurantoin is 

categorized as a grade A-I antibiotic in the treatment of UTIs as per the IDSA guidelines
[10]

, 

while nitrofurantoin 100 mg tablets dosage form is included in the WHO model list of 

essential medicines since 2013.
[11]

 

 

Indications & Dosage 

Nitrofurantoin was indicated for uncomplicated UTIs in adults at a dosage of 50 to 100 mg 

PO four times per day for 7 days or until 3 days after sterile urine. Nitrofurantoin is to be 

taken along with food or milk to suppress the GI irritation which is usually known to occur 

with its consumption. Modified release (MR) nitrofurantoin formulations are preferred over 

the conventional formulations because the former maintain urinary concentration over 

duration of 12 hours, decrease dosage frequency to twice a day, better gastrointestinal 

tolerability and enhanced patient compliance. When nitrofurantoin MR formulation is given, 

a part of the drug is released immediately and gets rapidly accumulated in urine for 

immediate action within first hour while the remaining drug is released steadily and 

continuously for the whole day to maintain adequate urinary concentration.
[12,13]

 

Nitrofurantoin MR formulation for uncomplicated UTIs consist of 100 mg PO two times per 

day for 7 days. Long-term suppressive therapy consists of 50 to 100 mg PO at bedtime. In 

children with uncomplicated UTIs, nitrofurantoin is given in the dosage, 5 to 7 mg/kg/day PO 

divided four times daily for 1 week or until 3 days after sterile urine. It was also indicated for 

long-term suppressive therapy in paediatrics by reducing the doses to as low as 1 mg/kg/day 

PO divided one to two times per day. In children older than 12 years of age, nitrofurantoin 

MR formulation is also available for uncomplicated UTIs, given at a dose of 100 mg PO two 

times per day for 7 days. For treating uncomplicated cystitis in women, IDSA recommends 

100 mg nitrofurantoin dual-release formulation PO two times per day for 5 days (to be 

avoided if early pyelonephritis suspected).  

 

Nitrofurantoin is also used in the management of complicated UTIs. In an article sponsored 

by the British Society for Antimicrobial Chemotherapy (BSAC) in 2010, nitrofurantoin is 

suggested for treating complicated and uncomplicated lower UTIs at a dose of 100 mg q6h 
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for a minimum of 7 days.
[11]

 The National Health Services Area Prescribing Committee (NHS 

APC) review in its latest version recommended nitrofurantoin MR for the first line treatment 

of complicated UTIs (may be complicated by previous urogenital surgery; urinary tract 

abnormality or impaired host defences) in women >65 years, at a dosage of 100 mg BID for 7 

days.
[14]

 

 

Note 

Contraindications to the use of nitrofurantoin include reduced creatinine clearance (<60 

mL/min), pregnancy 38 weeks or longer and in infants aged <1 month.
[15,16]

 Haemolytic 

anaemia in G6PD deficiency (including susceptible infants exposed through breast milk), 

hepatotoxicity (monitor LFTs periodically) and peripheral neuropathy are some of the rarely 

occurring known adverse effects.
[15,16]

 Nitrofurantoin is not effective for use in complicated 

or upper UTIs.
[9,16,17]

 

 

Mechanism of Action 

Though the mechanism of its action is complex and not fully understood
[16]

, nitrofurantoin’s 

antibacterial effects appear to depend on its ability to induce suicide in sensitive strains. 

Depending on the drug’s concentration, susceptible bacteria reduce nitrofurantoin to its 

electrophilic intermediates which are highly reactive thereby disrupting the complete 

synthesis of proteins leading to the bacterial growth arrest or cell death.
[16-20]

 At low 

concentrations (80 mg/L equivalent to minimum inhibitory concentration), nitrofurantoin has 

been found to inhibit inducible enzyme synthesis of β-galactosidase and galactokinase in E. 

coli or β-galactosidase alone in Klebsiella aerogenes and arrest bacterial growth.
[19]

 At higher 

concentrations (160 mg/L), bacterial reductases have been found to convert nitrofurantoin to 

highly reactive electrophilic intermediates which in turn non-specifically attack and inhibit 

enzymes of citric acid cycle, nucleoid and total protein synthesis thus bringing about bacterial 

cell death.
[20]

 Another mechanism of action, shown to exist for nitrofurantoin, does not 

necessitate the production of reactive intermediates by bacterial reductases.
[19]

 This was 

proved by using potential competitive inhibitors of bacterial reductase system, GSSG or NF-

1004, independently
[19]

, increasing their concentration till there was 100% inhibition in 

nitrofurantoin reduction and having found no significant change in the antibacterial activity 

of the molecule. The absence of significant bacterial resistance to nitrofurantoin is possibly 

owing to the combination of nitrofurantoin's manifold targets and multiple mechanisms of 

action as shown in Fig. 2. 
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Fig. 2. Nitrofurantoin Multi-modal Action: Nitrofurantoin acts by multiple mechanisms 

attacking multiple sites as elucidated above. At low concentrations, nitrofurantoin has been 

found to inhibit inducible enzyme synthesis and arresting bacterial cell growth. At higher 

concentrations, bacterial reductases have been found to convert nitrofurantoin to highly 

reactive electrophilic intermediates which in turn cause bacterial cell death. Furthermore, it 

has been observed that, in bacteria which enter into stringent response, nitrofurantoin was 

able to virtually increase ppGpp levels and inhibit the regulation of events which help 

bacterial viability. In addition, nitrofurantoin was found to act independent of being reduced 

by bacterial reductases. This had been proved by using potential competitive inhibitors of 

bacterial reductase system, GSSG or NF-1004 and finding that no significant change has been 

observed in the antibacterial activity of the molecule.  

 

Nitrofurantoin following oral administration showed rapid and complete absorption from the 

GI tract and maximum excretion in its unchanged form in the urine (~40%). The usual dose 

of the drug gives a concentration of an estimated 200 μg/ml in urine, making it bactericidal. 

Nitrofurantoin has maintained an excellent level of sensitivity over 4 decades and is well 

tolerated in the management of acute uncomplicated cystitis.
[21]

 The success of nitrofurantoin 

may be attributed to several factors, some of which are – narrow tissue distribution, 

negligible serum concentration, having one major indication i.e. cystitis, bactericidal against 

predominant uropathogens, viz. E. coli and Klebsiella spp. and limited contact with bacteria 

outside the urinary tract. 
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CURRENT TREATMENT GUIDELINES RECOMMENDING NITROFURANTOIN 

IN UTIs 

UTI cases are usually treated empirically, wherein the antimicrobial agent is chosen based on 

the experience of the treating physician coupled with his/her knowledge of the infection 

epidemiology in general and resistance pattern observed in his/her institution or 

community.
[22]

 Empirical treatment with antimicrobial agents is not a choice, rather, 

physicians follow under compelling situations like patient’s insistence for immediate relief, 

risk of complications during severe infections, bacteria causing community-acquired acute 

UTIs being narrow spectrum, lack of antibiogram facilities, etc.
[23]

 There is a notion that the 

gap between empirical and definitive treatments can be narrowed by periodically checking 

the resistance pattern of uropathogens. 

 

The empiric treatment for acute uncomplicated cystitis in the US used to be trimethoprim-

sulphamethoxazole (TMP-SMX) double strength as a 3-day course provided the TMP/ SMX-

resistant pathogens <10% in the area. As the resistant pathogens exceeded 10-20%, non-

resistant therapies like nitrofurantoin started becoming the empirical treatment of choice.
[24]

 

The Infectious Diseases Society of America (IDSA) and the European Society for 

Microbiology and Infectious Diseases, in their 2010 updated guidelines, recommended 

nitrofurantoin monohydrate/macrocrystals at a dose of 100 mg BID for 5 days for treating 

acute uncomplicated cystitis in women as a suitable choice of therapy owing to the drug’s 

minimal resistance record besides low tendency for collateral harm as compared to 3-day 

TMP/SMX regimen. Going by the clinical trial data of nitrofurantoin against a comparator, 

there were four randomized trials published in the recent past, all of which revealed an 88% - 

93% clinical cure rate and an 81% - 92% bacterial cure rate with nitrofurantoin. Notably, 

nitrofurantoin retained its high sensitivity besides being effective in the 5-day regimen.
[10]

 

 

E. coli has been recurrently vulnerable to nitrofurantoin, fosfomycin and mecillinam despite 

these drugs being used over many years which may be a proof of their inconsequential effects 

on normal faecal microflora and negligible collateral damage.
[10]

 The American College of 

Obstetricians and Gynecologists (ACOG) recommends a 7-day, QID regimen of 

nitrofurantoin macrocrystals 50 to 100 mg or a 7-day, BID regimen of nitrofurantoin 

monohydrate crystals 100 mg for treating nonpregnant women with uncomplicated acute 

bacterial cystitis.
[25]

 Nitrofurantoin was rated "B, I" for treating UTIs in pregnancy as per the 

1999 IDSA guidelines.
[26]
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Existing Antimicrobial Agents and their Sensitivity against Uropathogens 

One of the major barriers to medical management of UTIs is the increasing rate at which 

multidrug resistance is developing. Therefore, empirical antibiotics are selected based on the 

knowledge of the prevailing local resistance pattern from time to time in the given region.
[27]

 

 

Trimethoprim is a synthetic antimicrobial agent which acts by selective inhibition of 

dihydrofolic acid synthesis in bacterial cells. It is indicated in acute uncomplicated infections 

at a dose of 100 mg orally every 12 hours or twice the strength every 24 hours for 10 days. It 

is a broad-spectrum antibiotic in vitro. However, it is prone to resistance, which is caused by 

reduced cell permeability or changes in the quantity or constitution of dihydrofolate 

reductase. The IDSA guidelines recommend a 3-day, BID trimethoprim-sulfamethoxazole 

(TMP-SMX) double-strength tablet (160 mg-800 mg) for treating acute uncomplicated 

cystitis where the uropathogens’ local resistance rates ≤20% or if sensitivity testing is 

done.
[10]

 However, the same guidelines dissuaded the empirical usage of TMP-SMX if it has 

been received by the patients earlier at some stage in the preceding 3 months.
[10]

 Another 

important drawback to the use of TMP-SMX is its vulnerability to cross-resistance from other 

antibiotics. In fact, in considering the value of retaining the usefulness of TMP-SMX for the 

handling of other serious infections, countries like Germany have discouraged this drug 

combination as first-line approach for uncomplicated cystitis.
[28]

 

 

Fosfomycin is another bactericidal agent for treating uncomplicated cystitis in vulnerable 

strains of E. coli and Enterococcus faecalis. Slight cross-resistance exists between 

fosfomycin and other antimicrobials.
[10]

 An important concern with fluoroquinolones is the 

growing resistance among pathogens and other microorganisms. Therefore, these drugs 

should be set aside as optional therapies for acute cystitis.
[29]

 Ampicillin is normally used 

along with an aminoglycoside (gentamicin) for empirical or focussed action against E. 

faecalis in complicated cystitis patients in whom resistant organisms are suspected to be the 

cause of infection. 

 

Nitrofurantoin, unlike many other antimicrobials, has the benefit of withstanding growing 

antimicrobial resistance. There are not only many studies to elucidate this observation in the 

next section comprising a collection of clinical studies across India, this finding is in 

concurrence with the observations of nitrofurantoin usage across many parts of the world. For 

example, in one antibiogram by Olson et al. in 2009, out of 176 urinary isolates infected with 

E. coli, 29.6% were resistant to TMP-SMX while none were found resistant to nitrofurantoin. 
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In the same study, resistance to ciprofloxacin was 1.8% in first-time UTIs versus 11.8% in 

recurring UTIs. Accordingly, the authors recommended nitrofurantoin as the first-line 

treatment for uncomplicated lower UTIs.
[30]

 In another study, by McKinnell et al., which did 

an overall analysis of the cost-effectiveness cum antimicrobial resistance, nitrofurantoin once 

again proved to be a better option over fluoroquinolone or TMP-SMX.
[31]
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Table 1. Regional resistance patterns of the most common uropathogen, Escherichia coli to Different Antimicrobials in various studies 

across India 

Author, year and 

place of study 

Percentage of Escherichia coli isolates resistant to antimicrobials 

Ampicillin Augmentin 
Co-

trimoxazole 
Nitrofurantoin Ciprofloxacin Cefpodoxime Cefaclor Ofloxacin Gentamicin Amikacin 

Mohammed 

Akram, et al., 

2007, Aligarh (32) 

- - 76 80 69 85 - - 64 51 

Selvakumar et al., 

2007, Southern 

India (33) 

96 72 71 62 92 - - 62 73 21 

Kothari et al., 

2008, Delhi (34) 
- 59.2 74 24.4 72 - - - - 33 

Sood et al., 2012, 

Jaipur (35) 
81.2 80.7 67.8 5.8 74.7 - - - 28 8.2 

Sabharwal et al., 

2012, Rajasthan 

(36) 

90 78 75 10 80 - - - 15 00 

Shaifali et al., 

2012, Lucknow 

(37) 

52.2 - 39.2 13.1 60.9 - 65.2 - 54.4 95.7 

Dash et al., 2013, 

Odisha (38) 
94.7 63.7 51.9 9.8 53.4 58.2 66.7 44.6 38.3 5.3 
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NITROFURANTOIN SENSITIVITY PATTERN ACROSS DIFFERENT REGIONS 

OF INDIA 

Nitrofurantoin, a bactericidal at therapeutic concentrations, not only offers good efficacy with 

no or manageable side effect profile, but is found over the years to suffer minimal resistance. 

The drug has been rated A-I in the 2010 update of IDSA practice guidelines for treating 

cystitis.
[10]

 

 

We tried to analyse, from all the recent accessible and available clinical studies, 

nitrofurantoin sensitivity pattern across various parts of India, while also comparing the 

sensitivities of other antimicrobials tested. 

 

Northern, North Central and North Eastern Regions 

E. coli is the most common uropathogen with changing resistance patterns demanding careful 

selection of empirical therapy with appropriate safety and efficacy. Nitrofurantoin has proved 

to be an effective antimicrobial in managing UTIs caused by E. coli as well as ESBL-

producing E. coli. In a large retrospective study conducted in Shimla by Ganju et al. in 2015, 

a total of 1,498 pathogenic cultures were identified of which 747 were E. coli isolates. The 

percent sensitivity of E. coli to nitrofurantoin, gentamicin and norfloxacin is given in Fig. 3. 

Of note, resistance to co-trimoxazole in inpatients and outpatients was 43% and 55% 

respectively.
[39]

 

 

 

Fig. 3. Sensitivity of Urinary Isolates of E. coli in inpatient and outpatient. 

 

In community practice, UTIs are the second most common menace to public health. In a large 

retrospective study conducted in Delhi NCR by Ahmed et al. in 2015, to find out the 

resistance profile of community-acquired UTIs (CA-UTI) versus hospital-acquired UTIs 

(HA-UTI), uropathogens were identified in the samples of 214 (20.82%) of 1,028 suspected 
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CA-UTI patients and 98 (24.38%) of 402 HA-UTI patients. Escherichia coli was found to be 

the predominant uropathogen both in CAUTI and HAUTI followed by Klebsiella spp. and 

Enterococcus spp. High level of resistance to fluoroquinolones and third generation 

cephalosporins was noted. None of the Enterococcus spp. in CAUTI was resistant to 

nitrofurantoin while only a minor fraction (28%) of HAUTI isolates were resistant to 

nitrofurantoin.
[4]

 These results were consistent with those of a larger retrospective study 

conducted in Khanpur, Haryana by Sandhu et al. in 2014 in 4,533 urine samples in which E. 

coli isolates showed maximum sensitivity to nitrofurantoin (87.12%) followed by amikacin 

(86.53%) and gentamicin (68.19%). Antimicrobials that failed to show therapeutic sensitivity 

include cefazolin (13.18%), norfloxacin (15.47%), cotrimoxazole (17.77%), amoxyclav 

(17.77%) and ciprofloxacin (23.78%). The authors opined that nitrofurantoin may become the 

most preferred alternative to co-trimoxazole since the latter’s resistance remains high in 

uncomplicated cystitis.
[40]

 

 

The effectiveness of nitrofurantoin in multidrug resistant (MDR) E. coli isolates in an earlier 

study in 2011 from Rohtak, Haryana, wherein 29.62% of 135 E. coli isolates with clinically 

suspected UTIs were identified as multidrug resistant
[41]

, the sensitivity to MDR 

uropathogens was as given in Fig. 4. 

 

 

Fig. 4. Sensitivity of Antibiotics to Multidrug Resistant (MDR) E. coli. 

 

The US based IDSA recognized some microbes and called them “ESKAPE pathogens” 

(Enterococcus faecium, S. aureus, Klebsiella spp., Acinetobacter spp., Pseudomonas spp., 

and Enterobacter spp.) for novel effectual therapies.
[42]

 However, the disposition of drug 

vulnerability of UTI-causing microorganisms changes with time and place. For example, in 

the urban community of Meerut, Uttar Pradesh, Prakash and Saxena conducted a study 
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collecting urine samples from 288 patients. The UTI prevalence was 53.82% with sex 

distribution as in Fig. 5 and Gram type distribution as in Fig. 6. Escherichia coli was the most 

prevalent gram negative isolate.
[43] 

 

 

Fig. 5. Sex wise Prevalance of UTI 

 

 

Fig. 6. Prevalence of Gram negative and gram positive in UTI 

 

Alam et al., in a different setting from the same state, U.P, examined hospital wastewater in 

the city of Aligarh. A total of 69 isolates of enteric bacteria were isolated of which 73.9% 

strains were found to be resistant to ampicillin followed by nalidixic acid (72.5%), penicillin 

(63.8%), co-trimoxazole (55.1%), norfloxacin (53.6%), methicillin (52.7%), cefuroxime 

(39.1%), cefotaxime (23.2%) and cefixime (20.3%). Resistance to nitrofurantoin was 

recorded in less than 13% strains.
[44]

 

 

In the recent years, empirical treatment preference for UTIs has changed from co-trimoxazole 

to quinolones owing to the rate of resistance and high level of therapeutic failure cases being 

reported from the overt use of co-trimoxazole. But results from many studies show that 

nitrofurantoin has an advantage over commonly used quinolones like ciprofloxacin and 

ceftazidime when it comes to combating bacterial resistance. Evidence of this finding can be 
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observed from studies conducted in the Northern states of Uttar Pradesh and Rajasthan (Fig. 

7). 

 

 

Fig. 7. Comparison of resistance patterns of uropathogenic Klebsiella spp. to the three 

commonly used empirical antimicrobials 

 

Bhatnagar et al. performed a study in 2014 in Udaipur, Rajasthan in which a total 498 

samples were tested and 251 cases of bacterial pathogens were isolated. The most common 

organisms isolated were Escherichia coli followed by Klebsiella spp. Enterococcus spp., 

Pseudomonas spp. and Coagulase-negative Staphylococcus spp. Only 29 (11.5%) were 

resistant to nitrofurantoin among oral antibiotics, making nitrofurantoin a choice of treatment 

when requiring oral administration for patient convenience.
[18]

 These results were in 

concordance with those of a much larger study carried out in the capital city of Jaipur, 

consisting of 6,348 urine specimens. 41.8% (2,653) of the urine samples were culture 

positive, with the most common bacterial isolate being E. coli, followed by Coagulase-

negative Staphylococci and Klebsiella species. While the bacteria causing UTIs exhibited 

extremely high resistance to fluroquinolones and cephalosporins, resistance to nitrofurantoin 

was low.
[45]

 

 

Pathogens causing UTIs in community and hospital set up show different percentages of 

prevalence. This was also shown by Gupta et al. in their study in which 1,410 cultures of 

proven urine isolates were collected in Chandigarh. The various uropathogens identified were 

Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis, 

Acinetobacter baumanii and Enterococcus faecalis. Antibiotic sensitivity order of these 

strains showed that nitrofurantoin was an effective antibiotic for outpatients besides first 

generation cephalosporins, norfloxacin/ciprofloxacin for treatment of UTIs.
[46]

 In a smaller 

but wider study by Kumar et al., 55 E. coli strains isolated from urine cultures received from 
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different parts of the country were analysed. 90.9% of the isolates were found to be sensitive 

to nitrofurantoin.
[47]

 

 

Urinary tract infections are more frequent in females of which cystitis represents the widely 

occurring infection. While appropriate antibiotic treatment gives superior microbial 

alleviation rates and avoidance of reinfection in females with uncomplicated cystitis, such 

management requires selective drug resistance in pathogenic and commensal bacteria. In a 

prospective study conducted in Garhwal region of Uttaranchal to identify the most 

appropriate empirical antibiotic for acute cystitis, 354 (67.5%) nonpregnant women sample 

specimens yielded E. coli. Resistance was not only found to be least against nitrofurantoin 

(9.3%), but also, >80% of the fluoroquinolone-resistant strains were found to be sensitive to 

nitrofurantoin. Besides, the difference in sensitivity rates of E. coli isolates to nitrofurantoin 

and each of the commonly prescribed empirical antibiotics was found to be statistically 

significant (p< 0.01 for ciprofloxacin, norfloxacin, TMP/SMX and p<0.05 for gentamicin). 

Nitrofurantoin was the most effective, not only for E. coli (90.7%), but also for all the isolates 

combined (85.1%). Moreover, 83.5% and 87% of the strains resistant to norfloxacin and 

ciprofloxacin respectively, were sensitive to nitrofurantoin.
[23]

 In a similar prospective, 

observational study conducted in Lucknow in outpatient females aged ≥15 years, the overall 

prevalence of UTIs was found to be 45.32%. Escherichia coli followed by Klebsiella 

pneumoniae were the most common isolates. The most effective antibiotic for E. coli isolates 

was found to be nitrofurantoin (86.95%) followed by amoxicillin (69.56%), nalidixic acid 

(65.21%) and co-trimoxazole (60.86%) (Fig. 8).  For Klebsiella isolates too, highest efficacy 

was noted with nitrofurantoin (90.90%) followed by co-trimoxazole and tetracycline 

(81.81%).
[37] 

 

 

Fig. 8. Effectiveness of antibiotics for E. coli isolates from OPD patients 
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The most suited antibiotic for empirical therapy should have low resistance rates against the 

potential pathogens, be free of adverse effects, achieve significant urinary concentrations, 

satisfy patient compliance and be cost-effective.
[23]

 The first four factors are particularly 

important when considering treatment for special populations like obstetrics and paediatrics. 

A prospective study conducted in obstetric patients in Rajasthan, identified 60 out of 250 

samples (24%) screened from pregnant females to be positive on culture. Enterobacteriaceae 

accounted for nearly two-thirds of the isolates of which E. coli accounted for 63% of the 

isolates followed by Klebsiella pneumoniae (8%). Despite significantly high resistance noted 

to β-lactam antimicrobials, fluoroquinolones and cotrimoxazole, both by the Gram-negative 

bacilli as well as Gram-positive cocci, resistance was quite low against nitrofurantoin.
[36]

 

  

Paediatric UTIs generally occur with a male preponderance in the first year of infancy which 

reverses in the latter years of life. There are studies showing that nitrofurantoin promises to 

be one of the best choices for treatment of UTIs in paediatrics too. For example, in a study 

conducted in New Delhi between 2011 and 2013 in which 1,108 infants < 1year were 

enrolled, the male: female ratio was found to be 3:2. The percentage of common 

uropathogens was as given in Fig. 9. Maximum gram negative isolates (50%) showed high 

resistance to gentamicin, amikacin, cefotaxime and norfloxacin while most of the isolates 

were found susceptible to nitrofurantoin.
[48]

 

 

 

Fig. 9. Common bacterial isolate in children below 1 years. 

 

In a larger paediatric study conducted by Taneja et al. in 1,974 children aged < 12 years over 

a period of 6 months in North India; significant bacteriuria was found in 558 children 

(28.3%). Common uropathogens isolated are given in Fig. 10. Against lactose-fermenting 
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Enterobacteriaceae, in vitro resistance was found to be least against nitrofurantoin (26.7%) 

and imipenem (3.7%).
[49]

 

 

 

Fig. 10. Common Uropathogen in children below 12 years (Tertiary care centre) 

 

A bacterium resistant to one antibiotic is often likely to be resistant to other antibiotics, 

thereby predisposing the patient to treatment failure with other antibiotics as well. 

Appropriate choice of therapy with the most sensitive antibiotic to the most commonly 

identified uropathogens is an important prerequisite for selecting empirical treatment. A 

retrospective study carried out by Sharma et al. in Patiala, Punjab, in inpatients for three years 

from 2012 to 2014, analysed the type of organisms most common in urine sample and the 

drugs still effective for the particular organism. Consistent with other studies, E. coli was 

identified the most frequent isolate throughout the three years (67.66%). Year wise 

percentage of resistance against nitrofurantoin dropped over the three consecutive years from 

36.1% (2012) to 18.15% (2014) while resistance to ceftriaxone increased from 53.39% 

(2012) to 73.33% (2014). E. coli showed absolute resistance (100%) to cotrimoxazole and 

tetracycline. Among fluoroquinolones (75%) and aminoglycosides (67%) too, E. coli showed 

high amount of resistance over the three years on an average.
[50]

 

 

While nitrofurantoin offers good resistance to the most common uropathogen, E. coli, most 

gram negative and few gram positive species, there are variations where other commonly 

used antimicrobials were identified as better alternatives, particularly in UTIs caused by gram 

positive spp. which form a small fraction of all the UTIs. For instance, in a study carried out 

between 2008 and 2009, in Amritsar, Punjab, to study the susceptibility pattern of CNS 

(coagulase-negative Staphylococci) to various antimicrobial agents, a total of 300 strains of 

CNS isolated from various clinical specimens were subjected to antimicrobial sensitivity 
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testing. All the isolates were susceptible to vancomycin, linezolid and teicoplanin in while 

maximum resistance was noted against penicillin (100%) followed by ciprofloxacin (36.3%), 

norfloxacin (34.3%), gentamicin (34%), nitrofurantoin (29.9%), erythromycin (27.9%) and 

amikacin (22.7%).
[51]

 

 

Eastern Region 

Malnutrition, poor hygiene and low socio-economic status are associated with UTIs and these 

factors are usually found in rural settings. The resistance pattern of community-acquired 

uropathogens has been little documented in Eastern India. In a study conducted by Dash et al. 

to determine the prevalence of CAUTI in rural Odisha, urine samples were collected from 

1,670 adult patients. Prevalence was significantly higher in females than in males (45.2%, 

versus 18.4%, P ≤ 0.0001). Escherichia coli was the most prevalent isolate followed by 

Enterococcus spp. (9.7%). Of the ten commonly used antibiotics and antibiotic combinations 

tested, nitrofurantoin was one of the two antimicrobial agents which showed a low resistance 

rate of 9.8%.
[38]

 

 

Likewise, studies comparing the incidence and antimicrobial resistance patterns in 

uropathogens obtained from paediatric samples of the Eastern states too concurred with the 

results of other parts of the country. Sharan et al. conducted a study in which 64 children 

<5yrs with CAUTI were found urine culture positive cases in Jamshedpur. E. coli was the 

most frequently identified uropathogen though Klebsiella, Proteus and Pseudomonas were 

also present. E. coli was most susceptible to nitrofurantoin, followed by levofloxacin, 

ofloxacin and azithromycin. Increased level of resistance was observed for penicillin and 

cephalosporin analogues.
[52]

 In an alternate study from West Bengal conducted over a 33 

month period and published in the same year, 2013, the overall prevalence of UTI was 

196/300 (65.3%). Prevalence of UTI in girls (59.6%) was higher than that in boys (40.3%) 

and Escherichia coli was responsible for majority of the UTIs, followed by Proteus spp. and 

Klebsiella spp. E. coli exhibited highest percentage of resistance against tetracycline (85.6%), 

followed by ampicillin (67.5%) and co-trimoxazole (66.2%). Klebsiella spp. showed highest 

percentage of resistance against tetracycline (80.8%), followed by ciprofloxacin (76.0%). 

Nitrofurantoin was found highly effective against E. coli, Klebsiella sp. as well as S. 

Aureus.
[53]

 

 

 

 



www.wjpr.net                                 Vol 6, Issue 2, 2017.                                                          

 

481 

Agrawal et al.                                                        World Journal of Pharmaceutical Research 
 

Western Region 

Affordability with respect to personal/community hygiene was a major hurdle to 

economically backward populations which comprise a large part of urban and semi-urban 

communities of developing countries like India. Jadhav et al. studied the virulence spectrum 

and antimicrobial resistance by extensive genotyping and phenotyping of 150 UPEC 

(uropathogenic E. coli) isolates from Pune from 2009 to 2010. These isolates were analyzed 

in comparison with 50 commensal E. coli isolates from India as well as 50 ExPEC 

(extraintestinal pathogenic E. coli) strains from Germany. E. coli from UTI cases expressed 

greater fraction of type I (45%) and P fimbriae (40%) when compared to faecal isolates (25% 

and 8% respectively). Haemolytic group comprised 60% of UPEC and only 2% of E. coli 

from faeces. Clinical isolates exhibited highest sensitivity to nitrofurantoin (42.7%) and least 

sensitivity to amoxicillin (32.7%). Furthermore, isolates from India and Germany (as well as 

worldwide sources) were found to be genetically different with no proof to support spreading 

out of E. coli from India to the west or vice-versa.
[54]

 

 

Among paediatrics too, ampicillin and co-trimoxazole which were commonly used for 

empirical therapy are now showing resistance. In a large retrospective, observational study 

from Pune, India, 1,575 urine samples of children aged 0 – 12 years were collected for 

suspected UTIs. The most commonly isolated uropathogen was Escherichia coli followed by 

Klebsiella spp. and Enterococcus spp. Isolated pathogens were highly resistant to ampicillin, 

co-trimoxazole, and norfloxacin (82%–98%) while nitrofurantoin had a low resistance of 

28.5% maintaining its high sensitivity.
[6] 

 

There are few studies, however, whose findings showed nitrofurantoin to be less effective 

compared to other antimicrobials used in those studies. In one study from Jamnagar from 

2005 to 2006, prevalence of UTIs was evaluated taking samples of 3,046 patients of which 

1,416 (46.48%) tested culture positive, the most common uropathogens being Escherichia 

coli, Pseudomonas aeruginosa, Staphylococcus aureus, in addition to Proteus mirabilis. 

Antimicrobial susceptibility tests in vitro revealed that the gram negative bacteria were 

susceptible to quinolone derivatives (gatifloxacin, levofloxacin) and meropenem. Gram 

positive isolates, on the other hand, were sensitive to linazolid, erythromycin & quinolone 

derivatives (gatifloxacin, levofloxacin). Nitrofurantoin on the other hand, was found to be 

ineffective on many of the microbes isolated in this particular study.
[7]

 However, this study 

did not give more details of the disease setting, whether complicated or upper UTIs included, 
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in which case nitrofurantoin is known to be less effective by mechanism of its action, but not 

a result of the uropathogens developing resistance to the drug. 

 

Southern Region 

There are no region specific guidelines for treating UTIs as the local resistance pattern is ever 

changing in the light of rising resistance to commonly used antimicrobials like amoxicillin, 

sulfa drugs, cotrimoxazole and fluoroquinolones. Nitrofurantoin for the most part remained 

an exception to this rationale not only worldwide but also nationwide in the management of 

uncomplicated lower UTIs which comprise majority of the UTIs. A study conducted by 

George et al. in a tertiary hospital in Bangalore analysed urine culture samples of 196 

patients. Escherichia coli was identified as the most common uropathogen. Gram negative 

bacteria constituted the largest group (84.1% or 53/63) and showed high level of sensitivity to 

nitrofurantoin (77.4%). Most of the gram‑positive organisms were also found to be 

susceptible to nitrofurantoin (70%). In the same study, uropathogens demonstrated high 

resistance to cotrimoxazole, fluoroquinolones, and beta‑lactam antibiotics.
[5]

 

 

Alternatively, in a study conducted by Niranjan et al. in a tertiary care hospital in Puducherry 

for analysing the antimicrobial resistance among Escherichia coli, 76.51% were found to be 

multi drug resistant (MDR). Least sensitivity was noted to ampicillin (11.6%), amoxicillin-

clavulanic acid (25.6%), norfloxacin (25.8%), cefuroxime (27.8%), ceftriaxone (28.6%) and 

co-trimoxazole (35.8%), while nitrofurantoin showed good sensitivity (82.1%).
[55]

 

Furthermore, another observational, retrospective study from Puducherry by Saravanan et al. 

showed that antimicrobials in frequent use for a long time, viz. co-trimoxazole; 

ampicillin/amoxicillin, fluoroquinolones and third generation cephalosporins were the major 

antimicrobials to which most common uropathogens developed resistance. It was a relatively 

large one, designed to find out the bacterial strains to which drug sensitivity has decreased 

and resistance has emerged, conducted for a period of one year from 2011 to 2012. A small 

fraction of 125 out of 999 samples, i.e. 12.5%, showed significant growth of bacteria which 

developed resistance to either single or multiple drugs. Escherichia (32.8%) was the most 

common organism isolated followed by Methicillin-sensitive Staphylococcus aureus (20.8%), 

Klebsiella (20%), Methicillin-resistant Staphylococcus aureus (13.6%), Pseudomonas (8%), 

Proteus (1.6%) and (0.8%) each of Citrobacter and Enterococci. Least sensitivity was noted 

to first line antimicrobials commonly prescribed such as co-trimoxazole, ampicillin, 

amoxicillin, amoxicillin/clavulanic acid, fluoroquinolone derivatives, third-generation 
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cephalosporins and nalidixic acid. Nitrofurantoin exhibited high sensitivity among gram 

negative as well as gram positive bacteria while amikacin, doxycycline, macrolides, 

clindamycin and vancomycin were sensitive against either gram negative or gram positive 

bacteria.
[56]

 

 

Mathai et al. in a gender-specific study included only women, assessed the differences in 

antimicrobial resistance between urban and rural areas of Tamil Nadu in which 1,095 

commensal E. coli and 29 infecting E. coli were tested. 510 of the commensal E. coli were 

from rural women while 585 remaining were from urban women. 463 (42%) of the 

commensal isolates showed resistance to one or more drugs; 92 (8.4%) were resistant to all 

three drugs commonly used, namely ampicillin, co-trimoxazole and nalidixic acid. There was 

no significant difference between resistance rates in commensal E. coli collected in rural and 

urban areas. In the same study, only 16 (1.5%) of the isolates were found resistant to 

nitrofurantoin.
[57]

 Similar results were obtained in a prospective study by Lavanya et al. in 

which 500 women in their first/second trimesters were screened from the Obstetric 

department of KGH, Visakhapatnam. Primigravida had the highest culture positivity (66.6%), 

incidence was higher in <20 years age group (71.42%) and Escherichia coli was once again 

the most common organism isolated in the test and control groups. The organisms were found 

to be resistant to norfloxacin, amoxicillin and nitrofurantoin in the decreasing order.
[58]

 

 

The profile of paediatric UTIs, bacterial pathogens involved, and also vesicoureteric reflux 

(VUR) and renal scarring were observed in a cross-sectional study conducted in 2013 in 

Puducherry, enrolling 524 paediatric patients aged ≤13 years. 186 (35.4%) children had UTIs 

with 105 (56.4%) being infants, 80 (43.52%) between 1-13 yr and 129 (69.35%) males. 

Bladder obstruction due to posterior urethral valve (PUV) was observed in 3 patients, 

hydronephrosis in 1 patient, VUR in 18 patients and renal scarring in 33 patients. Escherichia 

coli was the most common uropathogen isolated, found sensitive to nitrofurantoin, 

cefoperazone-sulbactam, aminoglycosides and meropenem in the decreasing order.
[59]
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Table 2. Nitrofurantoin Sensitivity Pattern to the three most identified uropathogens, 

Escherichia coli, Klebsiella and Enterococcus species, from Studies conducted across 

India 

Region Place Population 

Nitrofurantoin Sensitivity (%) 

Reference 
Escherichia coli 

Klebsiella 

spp. 

Enterococcus 

spp. 

N
o
rt

h
er

n
, 
N

o
rt

h
 C

en
tr

a
l 

&
 N

o
rt

h
 E

a
st

er
n

 

Shimla 
Inpatients (inp) and 

outpatients (outp) 
99 (inp), 84 (outp)   

Ganju, Sunite A, et 

al., 2016 (39) 

Delhi Outpatients 75.6 - - 
Kothari and Sagar 

2008 (34) 

Delhi CAUTI, HAUTI - - 

100 

(CAUTI), 72 

(HAUTI) 

Ahmed, N, et al., 

2015 (4) 

New Delhi Infants 95 83 83 
Kaur et al., 2014 

(48) 

Rohtak 

Clinically 

suspected UTI 

patients 

94 - - 
Mittal, S, et al., 

2014 (60) 

Khanpur 
Inpatients and 

outpatients 

90.61 (females), 

83.09 (males), 94.59 

(Gynae/Obstetrics), 

82.35 (Paediatrics) 

- - 
Sandhu, R, et al., 

2014 (40) 

Lucknow Female outpatients 87 91 - 
Shaifali et al., 2012 

(37) 

Aligarh 
Hospital 

wastewater 
100 25 - 

Alam, M. Z, 2013 

(44) 

Dehradun 

Acute 

uncomplicated 

cystitis 

90.7 78 - 
Biswas et al., 2006 

(23) 

Chandigarh 
Inpatients and 

outpatients 
85 – 88 57 - 

Gupta, V, et al., 

2002 (46) 

Jamshedpur Children < 5yrs 100 80 - 
Sharan, R, et al., 

2013 (52) 

Meerut 
Outpatients from 

15 to ≥48 years 
74.24 37.93 - 

Prakash, D, et al., 

2013 (43) 

Udaipur 
Inpatients and 

outpatients 
95.21 68.58 90.48 

Bhatnagar, R, et al., 

2015 (18) 

Jaipur 
Inpatients (inp) and 

outpatients (outp) 
86 (inp), 91 (outp) 

67 (inp), 

67 (outp) 

78 (inp), 100 

(outp) 

Sharma, R, et al., 

2014 (45) 

E
a
st

er
n

 West 

Bengal 

Paediatric 

outpatients 
100 100 - 

Choudhury, P, et al., 

2013 (53) 

Odisha CAUTI patients 90.2 - - 
Dash, M, et al., 

2013 (38) 

W
es

te
rn

 

Pune 
Semiurban 

industrialized area 
57.3 - - 

Jadhav, S, et al., 

2011 (54) 

Pune 
Children 0 – 12 

years 
- - 63.77 

Nale, S. S, et al., 

2014 (6) 
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S
o
u

th
er

n
 

Bangalore Outpatients 
71.4 (males), 86.5 

(females) 
40 100 

George, C, et al., 

2015 (5) 

Puducherry Inpatients 82.1 - - 
Niranjan & Malini 

2014 (55) 

Puducherry Paediatric patients 100 86.6 96.8 
Gupta, P, et al., 

2015 (59) 

Vellore 
Inpatients and 

outpatients 
80 - 6 

Veeraraghavan, B & 

Shakti, L, 2013 (17) 

 

Studies of Extended-Spectrum β-Lactamase (ESBL) producing strains 

β-lactamases known to hydrolyze gram-negative targeting extended-spectrum cephalosporins 

were first reported in 1983
[61]

 and can be inhibited by β-lactamase inhibitors. These new β-

lactamases coined extended-spectrum β-lactamases (ESBLs) pose a major problem for 

clinical therapeutics with several community-acquired pathogens that commonly cause UTIs 

and diarrhea also being found to be ESBL producers.
[62]

 Nitrofurantoin has shown promising 

results in managing ESBL producing E. coli while being moderately effective against ESBL 

producing Klebsiella spp. 

 

Table 3. Susceptibility of ESBL spp. to nitrofurantoin among drug resistant isolates 

outside India 

Reference Country 

Susceptible rate (%) for Extended-

Spectrum  β-Lactamase producing spp. 

E. coli Klebsiella 

Liu et al., 2011 (63) Taiwan 79.1 13.6 

Maina et al., 2013 (64) Kenya 88.9 50 

Auer et al., 2010 (65) Austria 94 - 

Puerto et al., 2006 (66) Spain 71.3 - 

 

In a recent study conducted at a Faridabad hospital in Haryana by Singh et al., ESBL 

producing Klebsiella pneumoniae (51.1%) from 223 nonduplicate isolates of K. pneumoniae 

were analysed for antimicrobial susceptibility profile. Susceptibility to various antimicrobials 

was found as given in table 4. Notably nitrofurantoin showed susceptibility pattern better than 

drugs like piperacillin and third generation cephalosporins.
[67]

 

 

TABLE 4. Antibiotic susceptibility against ESBL producing Klebsiella. 

Antibiotics 
Susceptibility against  ESBL 

producing Klebsiella pneumoniae 

β-lactamase inhibitor combinations 67–81% 

Aminoglycosides 62–76% 

3rd generation cephalosporins 14–24% 

Piperacillin 19–23% 
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fluoroquinolones 29–57% 

Aztreonam 15–24% 

Nitrofurantoin 57% 

 

The percentage of ESBL producers in an earlier multicentric, retrospective study conducted 

nearby the same region comprising 5 hospitals from Delhi (34) was found to be a small 

fraction of 26.9% (137/508) of the gram negative isolates. Of this, 29.1% were E. coli, 25.6% 

were Klebsiella spp., 28.6% were Enterobacter spp. and 3.4% were Proteus spp. It included 

outpatient adult non-pregnant females with the main objective of establishing local guidelines 

on empirical treatment of CAUTI. As usual, antibiotic sensitivity of the gram-negative 

isolates, which include one-fourth of ESBL producers, was high for β-lactamase antibiotics 

like amikacin (75.6%), piperacillin-tazobactam (90.2%) and meropenem (100%) while it was 

alarmingly low for TMP-SXT (30%), ciprofloxacin (35.8%), amoxicillin (17.7%) and even 

amoxicillin/clavulanate (41.6%). Nitrofurantoin (65.7%) was the only non β-lactamase 

inhibitor that showed moderately high sensitivity on the isolates. 

 

A similarly large retrospective study was done a few years back in patients visiting a hospital 

in Jaipur
[35]

 between 2007 and 2009. Consecutively, 2,012 urine specimens from 

symptomatic UTI cases of outpatient clinics were analysed for antimicrobial sensitivity. 

Pathogens were isolated from 346 (17.16%) patients and Escherichia coli was found to be the 

most frequently isolated uropathogen. ESBL production was observed in 23.83% of E. coli 

strains and 8.69% of Klebsiella strains. A high proportion of E. coli strains were found to 

have been resistant to ampicillin, amoxicillin/clavulanic acid, co-trimoxazole, nalidixic acid, 

norfloxacin and ciprofloxacin. Table 5. Nitrofurantoin was found to maintain least resistance 

(5‑6%) to E. coli throughout the 2½ years of study period. In this study, it was found that 

except for nitrofurantoin, resistance to agents commonly used as empirical oral treatments for 

UTIs caused by ESBL producing strains was quite high.  

 

Table 5. Resistance pattern of ESBL producing E. coli 

Antibiotics 
Resistance against ESBL 

producing E. coli 

Ampicillin >80% 

Amoxicillin/clavulanic acid >80% 

Co-trimoxazole >67% 

Nalidixic acid >95% 

Norfloxacin >77% 

Ciprofloxacin >74% 

Nitrofurantoin 5-6% 
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In the South too, a large study was carried out in 2002 in which 2,261 urine samples were 

tested for significant bacteriuria, identifying 715 samples contaminated with various bacterial 

isolates. E. coli (353) and K. pneumoniae
[65]

 constitute significant numbers with ESBL 

production observed in 41% of E. coli and 40% of K. pneumoniae. The susceptibility of 

ESBL producers to various non-β-lactam antibiotics was as shown in Fig. 11.  Nitrofurantoin 

and amikacin were suggested for treating these patients upon observing co-resistance to non-

β-lactam antibiotics like norfloxacin, co-trimoxazole and gentamicin.
[68]

 

 

 

Fig. 11. Antibiotic Susceptibility against ESBL producing E. coli 

 

CONCLUSION 

The most common hospital-acquired and second most common community-acquired 

infections are UTIs. Knowledge on antimicrobial sensitivity pattern which is essential for 

appropriate therapy of these infections is ever changing due to the ability of bacteria to 

undergo mutations and develop resistant strains. Add to the predicament, reduced patient 

compliance coupled with unfinished course of therapy results in the growth of resistance to 

many of these antimicrobials.  

 

Nitrofurantoin is an age-old molecule, but has withstood the emergence of antibiotic 

resistance in the treatment of bacterial UTIs. This may be due to the non-specific attack on 

bacterial ribosomal proteins by highly reactive nitrofurantoin intermediates along with 

manifold sites of attack including disruption of nuclear material unlike antimicrobials that 

target one site as with ampicillin or two sites as with co-trimoxazole.  

 

Many times empirical treatment is prescribed from sparse knowledge of the antibiotic 

sensitivity patterns of uropathogens in the local area or by resorting to prescribing broad-
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spectrum antibiotics. The use of co-trimoxazole and penicillin analogues to treat UTIs is 

restricted by high rates of resistance. Ciprofloxacin despite being favoured for its broad-

spectrum of action earlier, however, decreasing sensitivity to this drug, pregnancy time 

contraindication (category C) and its undesirable impact on gut flora has made it 

inappropriate for empirical therapy of UTIs. Fosfomycin has good activity against E. coli but 

resistance rate is high among Klebsiella spp. On the other hand, nitrofurantoin’s sensitivity 

against the most common uropathogens like E. coli and Klebsiella spp. remained virtually 

unchanged since its introduction into clinical practice in 1952 till date as ascertained in our 

analysis of many recent studies conducted throughout the length and breadth of India. Taking 

this into consideration, along with its manageable adverse event profile, nitrofurantoin can be 

safely regarded as the first line antimicrobial of choice in the empirical treatment and 

prophylaxis of lower UTIs. 
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