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Nitrofurantoin: An Alternative Therapy  
for Uncomplicated Cystitis in the Era  
of Antimicrobial Resistance
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ABSTRACT
Introduction: Escherichia coli have been implicated as the 
commonest organism causing uncomplicated cystitis. The 
frequent irrational use of antibiotics has led to an increased 
prevalence of resistance to commonly used antibiotics like 
cotrimoxazole, Fluoroquinolones and β-lactams. Alternative 
antibiotic compounds are needed to treat such infections. This 
study was conducted to assess the prevalence of antimicrobial 
resistance among Escherichia coli causing cystitis and evaluate 
the sensitivitity of these strains to nitrofurantoin. 

Materials and Methods: Three hundred and thirty two strains of 
Escherichia coli obtained from 2293 fresh midstream urine samples 
were included in the study. Antibiotic sensitivity testing was done by 

Kirby Bauer disc diffusion method according to CLSI guidelines

Results : Seven hundred and thirty six (32.09%) cases showed 
significant bacteriuria. A significant number of Escherichia coli 
isolates were found to be resistant to ciprofloxacin (72.59%), 
Norfloxacin (73.49%) and cotrimoxazole (71.38%). Over 90% 
of the strains were sensitive to nitrofurantoin. Two hundred and 
seventeen isolates (65.36%) were found to be ESBL producers 
by phenotypic confirmatory test. The ESBL producing isolates 
showed a high rate of sensitivity to ertapenem (96.77%), 
nitrofurantoin (88.94%) and amikacin (83.41%). 

Conclusion: We consider that nitrofurantoin is a good alternative 
antibiotic to treat uncomplicated cystitis caused by antibiotic 
resistant Escherichia coli.
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INTRODUCTION
Symptomatic urinary tract infection (UTI) is one of the most common 
infections, worldwide. Escherichia coli have been implicated as 
the commonest organism which causes uncomplicated cystitis. 
Antibiotics are the mainstay of the treatment for these infections. The 
frequent irrational use of these antibiotics has led to an increased 
prevalence of resistance to the commonly used antibiotics like 
cotrimoxazole, fluoroquinolones and β-lactams [1]. Alternative anti-
biotic compounds are needed to treat such infections. This study 
was conducted to assess the prevalence of antimicrobial resistance 
among Escherichia coli which causes cystitis and to evaluate the 
sensitivitity of these strains to nitrofurantoin.

MATERIALS AND METHODS
This study was conducted at our teaching hospital from January 
2010–December 2010. In-patients and out-patients with a clinical 
evidence of cystitis as determined by the treating physician were 
included in the study. Fresh, mid-stream urine (n =2293) was col-
lected aseptically in sterile containers and it was submitted to the 
clinical microbiology laboratory. The samples which were received 
were inoculated onto blood agar and Cysteine Lactose Electro-
lyte Deficient (CLED) agar. After an overnight aerobic incubation 

at 37°C, the plates showing significant growth as per the Kass 
count (single species count of more than 105 organisms per ml 
of urine) were processed further and the isolates were identified 
upto the species level by using standard biochemical tests. 332 
strains of Escherichia coli which were thus obtained were included 
in the study. Antibiotic sensitivity testing was done by the Kirby 
Bauer disc diffusion method according to the CLSI guidelines [2]. 
The antibiotics which were tested included ciprofloxacin (5 μg), 
norfloxacin (10 μg), cotrimoxazole (1.25/23.75 μg), nitrofurantoin 
(300 μg), amikacin (30 μg) and ertapenem (10 μg). The isolates 
were also tested for the production of extended spectrum beta 
lactamases (ESBL) according to the CLSI guidelines [2]. Cefotaxime 
(30 μg), ceftazidime (30 μg) and ceftriaxone (30 μg) discs were 
used to screen for the ESBL production. The isolates which tested 
positive by the screening test were subjected to confirmatory test. 
Ceftazidime (30 μg) and ceftazidime /clavulanic acid (30 μg /10 
μg) discs were used for the confirmatory test. The results were 
interpreted according to the CLSI guidelines [2].

RESULTS
Out of the 2293 urine samples which were received, 736(32.09%) 
showed significant bacteriuria.
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n Uncomplicated cystitis is frequently caused by antibiotic resistant Escherichia coli.

n Alternative antibiotic compounds are needed to treat such infections. 

n Nitrofurantoin is a good alternative antibiotic.
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 Escherichia coli was the commonest organism (n=332), constituting 
45.10% 

Out of the 332 isolates, 207(62.34%) were isolated from female 
patients and 125 (37.65%) from male patients.

The antibiotic susceptibility pattern of Escherichia coli is described 
in [Table/Fig-1].

The antibiotic sensitivity pattern of the ESBL producers and the 
non-ESBL producers is shown in [Table/Fig-2].

DISCUSSION
Antimicrobial resistance is a growing problem of great concern 
throughout the world. For the treatment of the patients with cysti-
tis, it is important to consider the local resistance patterns of the 
commonly isolated pathogens. This study provides an update on the 
sensitivity of Escherichia coli to the commonly used antibiotics.

In the 1990s The Infectious Diseases Society of America (IDSA) 
affirmed cotrimoxazole as a first line agent for the empirical therapy 
of uncomplicated cystitis in women in regions where the resistance 
was below 20% [3]. The increased use of cotrimoxazole in the 
1990s led to a high level of resistance worldwide. The prevalence of 
the resistance to cotrimoxazole among uropathogenic Escherichia 
coli now exceeds 65% in some regions of the world [4]. The rates 
of resistance which have been reported in this study (71.38%) are 
comparable to those which are reported in the developing countries 
(69.5% in Madagascar, 67.8% in Senegal and 82% in India) and are 
much higher than those which have been reported in the developed 
countries (22.6% in USA, 17.3% in Canada, 21% in Russia and 
26% in Spain) [4, 5-9]. The extensive use of cotrimoxazole explains 
the high selection pressure for the resistant bacteria. The Infectious 
Diseases Society of America (IDSA) guidelines recommended an 
alternative therapy with fluoroquinolones, nitrofurantoin or fosfomy-
cin in regions where the cotrimoxazole resistance exceeds 20% [3]. 
Hence, cotrimoxazole is not recommended for empirical therapy in 
our region.

In the past few years, fluoroquinolones have been prescribed more 
frequently for the treatment of uncomplicated cystitis. This has 
resulted in an increase in the fluoroquinolone resistant Escherichia 
coli infections [10]. The rate of resistance which has been reported 
in this study (ciprofloxacin-72.59%, norfloxacin-73.59%) is quite 
high and is comparable to those which are reported by Francesco 
MA et al (89.9%) and Tankhiwale SS et al. from India (69%) [7, 11]. 
On the contrary, some studies have reported very low resistance 
rates to fluoroquinolones (Zhanel GG et al.-5.5%, Stratchounski LS 
et al 4.5%) [8, 12]. The high fluoroquinolone resistance in our region 
might be due to the increased fluoroquinolone use over years, 
which has been necessitated by high cotrimoxazole resistance.

Aminoglycosides are effective against most of the bacteria which 
cause cystitis. They have a relatively narrow margin of safety be-
tween the therapeutic and the toxic concentrations. They exhibit 
ototoxicity and nephrotoxicity [13]. They have to be administered 
parenterally, and are therefore not suitable for the treatment of the 
out-patients. In our study, 88.65 % were sensitive to Amikacin and 
it was a good choice for treating uncomplicated cystitis, especially 
in the in-patients.

With the increased use of cephalosporins, the frequency of the 
ESBL producing strains has increased in recent years. 65.36 % 
of the isolates were ESBL producers. This was much higher than 
that which was reported by Tankhiwale SS (18.5%) and Akram 
M (34.4%) and was comparable to the percentage from the  

reports from Narayanaswamy A et al (60%) and Mehrgan H. et al. 
(67.2 %) [7, 14-15, 16]. Previous studies from India have reported 
the ESBL production to vary from 28% to 84% [11]. Our study 
reveals that a high percentage of the ESBL producing strains 
exhibit resistance to cotrimoxazole, ciprofloxacin and norfloxacin.

Carbapenems are the drug of choice for these strains, as these 
ESBL producers are frequently multidrug resistant [17]. Our study 
has shown that 3.23% of the ESBL producing strains were resist-
ant to ertapenem, which was congruent to the data which was 
provided by Eshwarappa M et al (3.9%) and lesser as compared 
to the data which was provided by Behera B et al (7%) [18,19]. 
Most of the other studies have reported 100% sensitivity to carba-
penems (Khotari A etal, Mody RM et al) [20, 21]. The disadvantages 
of using carbapenems include their high cost, their parental admin-
istration and the emergence of metallobetalactamases in Entero-
bacteriaceae. We did not screen these resistant isolates for metal-
lobetalactamase production.

Nitrofurantoin has been used for more than five decades for the 
treatment of uncomplicated cystitis and it was found to remain 
active against most of the uropathogens, but its popularity was 
hampered by a recommended seven day dosing regimen and 
concerns about its efficacy and tolerance. A study which was 
conducted by Gupta K et al has revealed that, a 5-day course 
of nitrofurantoin was equivalent clinically and microbiologically 
to a 3-day course of cotrimoxazole and that it should hence be 
con sidered as an effective fluoroquinolone-sparing alternative for 
the treatment of acute cystitis in women [22]. Nitrofurantoin was 
found to retain a good amount of sensitivity (90.98%), both against 
ESBL producers (88.94%) and non-ESBL producers (94.78%) in 
our study. This could be correlated with the reports by Kashanian  
et al. (95.6%) , Sire JM et al. (89.9%) and Karlowsky et al (98.3%)  
[1,6, 23]. The absorption of oral nitrofurantoin is 40-50% and  
hence, it is enhanced when it is taken with food. Its serum concen-
trations are very low to detect and its urine concentrations are 
50-250mg/ml [24]. The drug has minimal side effects on short 
course therapy. It can be used for treating uncomplicated cystitis, 
including the treatment of cystitis during pregnancy when it is 
clearly indicated [24].

Antibiotic 

no. of isolates (%)

sensitive Resistant 

Ciprofloxacin  91 (27.41)  241 (72.59)

Norfloxacin  88 (26.51)  244 (73.49)

Cotrimoxazole  95 (28.62)  237 (71.38)

Nitrofurantoin  302 (90.98)  30 (9.02%)

Amikacin  294 (88.56)  38 (11.44)

Ertapenem  324 (97.96)  8 (2.40)

[Table/Fig-1]: Antibiotic susceptibility pattern of Escherichia coli 

Antibiotic 

no. of strains sensitive (%)

esBl positive 
n = 217 (65.36%)

esBl negative
n = 115 (34.64%)

Ciprofloxacin  23 (10.59)   68 (59.13)

Norfloxacin  21 (9.67)  67 (58.26)

Cotrimoxazole  41 (18.89)  54 (46.95)

Nitrofurantoin  193 (88.94)  109 (94.78)

Amikacin  181 (83.41)  113 (98.26)

Ertapenem  210 (96.77)  114 (99.13)

[Table/Fig-2]: Antibiotic sensitivity in ESBL positive and ESBL negative 
strains
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CONCLUSION 
The increased prevalence of antimicrobial resistance among 
Escherichia coli limits the therapeutic options considerably. Not 
only are the most β-lactams no longer active, but the associated 
co-resistance reduces the options even further. Alternative anti-
microbial compounds are needed to treat the infections which are 
caused by such resistant organisms. We consider that nitrofurantoin 
is a good alternative antibiotic to treat uncomplicated cystitis which 
is caused by antibiotic resistant Escherichia coli.
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