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Abstract
Objective: To provide an updated systematic review of ran-
domized control trials (RCTs) to investigate the clinical and 
microbiological efficacy of nitrofurantoin compared to other 
antibiotics or placebo for treatment of uncomplicated uri-
nary tract infections (uUTI). A secondary aim is to assess 
whether nitrofurantoin use is associated with increased side 
effects compared to other treatment regimens. Summary: 
The review was performed according to PRISMA guidelines. 
We searched 4 databases for articles published from data-
base inception to May 6, 2020: (1) PubMed electronic data-
base of the National Library of Medicine, (2) Web of Science, 
(3) Embase, and (4) Cochrane Library. Nine RCTs were select-
ed for the review. RCTs were a mixture of double-blind, sin-

gle-blind, and open-label trials. The most common compar-
ators were trimethoprim-sulfamethoxazole and fosfomycin 
tromethamine. Overall study quality was poor with a high 
risk of bias. The clinical cure rates in nitrofurantoin ranged 
from 51 to 94% depending on the length of follow-up, and 
bacteriological cure rates ranged from 61 to 92%. Overall the 
evidence suggests that nitrofurantoin is at least comparable 
with other uUTI treatments in terms of efficacy. Patients tak-
ing nitrofurantoin reported fewer side effects than other 
drugs and the most commonly reported were gastrointesti-
nal and central nervous system symptoms. Key Messages: 
Evidence on the clinical and bacteriological efficacy of nitro-
furantoin is sparse, with a lack of new data, and hampered 
by high risk of bias. Although no firm conclusions can be 
made on the current base of evidence, the studies generally 
suggest that nitrofurantoin is at least comparable to other 
common uUTI treatments in terms of clinical and bacterio-
logical cure. More robust research with well-designed dou-
ble-blinded RCTs is needed. © 2021 S. Karger AG, Basel
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Introduction

Urinary tract infection (UTI) is a common disorder; 
by the age of 32 years, half of all women report having at 
least 1 previous UTI [1]. Most UTIs are defined as un-
complicated (uUTI), defined as UTI in a person who is 
not pregnant, is not immunocompromised, has no ana-
tomical and functional abnormalities of the urogenital 
tract, and does not exhibit signs of tissue invasion and 
systemic infection [2]. Treatment options for UTI are be-
coming more limited due to increasing resistance to UTI 
antibiotics [3]. According to the updated guidelines by 
the Infectious Diseases Society of America and the Euro-
pean Society for Microbiology and Infectious Diseases 
[4], the first-line agents recommended for treating uUTI 
are nitrofurantoin monohydrate/macrocrystals and tri-
methoprim-sulfamethoxazole, although the latter was 
noted to have inferior efficacy compared with standard 
short-course regimens.

Nitrofurantoin has been used as a treatment for uUTI 
since the 1950s. However, the recommended regimen is 
7 days, which has hampered its popularity in comparison 
to shorter or single-dose regimens, and there has been 
concern about resistance, but if given for only 3 days, ni-
trofurantoin’s clinical efficacy diminishes [5]. Suscepti-
bility to nitrofurantoin is reached if organisms’ minimum 
inhibitory concentration is 32 μg/mL or less. Nitrofuran-
toin bioavailability is about 90% with 40% of urinary ex-
cretion. The drug is excreted in the urine achieving levels 
of 200 μg/mL or more. At a concentration >100 μg/mL, 
nitrofurantoin is a bactericide while it is bacteriostatic 
against organisms at concentrations <32 μg/mL [6].

A systematic review in 2015 [5] concluded that nitro-
furantoin toxicity is mild and predominantly gastrointes-
tinal with low resistance rates. In a large study in Canada 
and European countries [7] resistance to nitrofurantoin 
was low in Escherichia coli (E Coli), <3%, while rates were 
higher with ampicillin (30%), sulphonamides (29%), tri-
methoprim (15%), and trimethoprim/sulfamethoxazole 
(14%). Nitrofurantoin has also shown to be effective in the 
prevention of UTIs [8]. An earlier review concluded that 
nitrofurantoin has an overall equivalence to trimethoprim/
sulfamethoxazole, ciprofloxacin, and amoxicillin [5] for 
the treatment of uUTI, but an update on the literature is 
needed. This is particularly important because there is low 
concordance with clinical guidelines for uUTI in primary 
care [9], with fluoroquinolones being the most common-
ly prescribed antibiotic in more than half of cases, and a 
significant trend toward increasing trimethoprim-sulfa-
methoxazole use and decreasing nitrofurantoin use.

The aim of the current paper is to provide an updated 
systematic review of randomized control trials (RCTs) to 
investigate the clinical and microbiological efficacy of ni-
trofurantoin compared to other antibiotics or placebo. A 
secondary aim is to assess whether nitrofurantoin use is 
associated with increased side effects compared to other 
treatment regimens.

Systematic Review Procedure and Inclusion Criteria

The review was carried out in accordance with the PRISMA 
recommendations [10]. PICOS was used to define the research 
question, as follows: (i) population – adults with uncomplicated 
UTI aged over 18; (ii) intervention – treatment with nitrofuran-
toin for UTI (monotherapy only); (iii) control/comparison – oth-
er antibiotics or placebo; (iv) outcomes – clinical efficacy and/or 
bacteriological cure (primary outcomes) and adverse effects (sec-
ondary outcome); (v) study design – RCT. Only studies in English 
were included.

Database Search
We searched 4 databases for articles published from database 

inception to May 6, 2020: (1) PubMed electronic database of the 
National Library of Medicine, (2) Web of Science, (3) Embase and, 
(4) Cochrane Library. MeSH terms and free words referring to the 
drug and uUTI were decided by 2 Urologists including the follow-
ing key words: UTI, cystitis, bladder infection, urethritis, uUTI, 
urinary tract infection, acute cystitis, uncomplicated UTI, nitrofu-
rantoin, Macrodantin, and Furadantin.

Two assessors independently screened the titles and abstracts 
of the selected studies according to the inclusion criteria defined 
in the PICOS, see above. The full texts of the articles selected by 1 
or more of the assessors were retrieved for evaluation. Two asses-
sors independently read the full texts and extracted the informa-
tion from the selected studies. A third assessor reviewed the data 
extraction, and any disagreement was resolved through consensus. 
The numbers of abstracts screened, and studies assessed for eligi-
bility, with reasons for exclusions at each stage, are presented in 
Figure 1.

Data Extraction
A data extraction form was designed to collect data relevant 

only to the aims of the current review, including study author and 
year, age and sex of participants, study design (open label, single 
or double blinded), identification of UTI at study inclusion (clini-
cal symptoms and/or bacteriological confirmation), dosage of ni-
trofurantoin, comparator (placebo or other antibiotic) and dose, 
follow-up time(s), definition of 2 primary outcomes (symptom-
atic/clinical cure and bacteriological cure), and 1 secondary out-
come (side/adverse effects), and results.

Risk of Bias
We used the Cochrane Collaboration’s tool to assess risk of 

bias. Two authors independently assessed the quality of studies. 
Any disagreement was resolved via consensus discussion.
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Results

Search Results
Figure 1 shows the PRISMA flowchart, including the 

key words used in the search strategies, the number of 
papers identified in the 4 databases, and the number and 
reason for exclusion. After removing duplicates, 2,046 ti-
tles and abstracts were screened; 44 were selected for full-
text reading and 35 were excluded because they did not 
match the aims of the current review.

Study Characteristics
Nine RCTs were selected for the review. Characteris-

tics of the studies are detailed in Table 1. All the studies 
included only women. Four were double-blind RCTs 
[11–14], 1 observer blinded [15], and 3 open labels [16–
18], while 1 [19] did not state blinding status. Two studies 
[16, 19] included bacteriological resolution as an out-
come (with or without symptomatic improvement), 
whereas the remaining studies all included 2 outcomes 

measures (clinical cure and bacteriological resolution). 
There were differences in the threshold for defining bac-
teriological cure, with 3 studies using <105 CFU/mL as a 
cutoff [11, 13, 14], 1 using <107 CFU/mL [18], and 4 using 
either <103 CFU/mL or <102 CFU/mL [12, 16, 17, 19]. 
Ludwig and Pauthner [15] did not specify the threshold. 
Follow-up times differed between studies, from 3 days to 
6 weeks, with most studies having >1 follow-up points. 
All studies reported data on adverse effects and side ef-
fects.

One study [11] compared nitrofurantoin with a pla-
cebo while 5 had 1 comparator drug [12–16], and 3 com-
pared with 2 or more other antibiotics [12, 18, 19]. The 
most common comparator was trimethoprim-sulfa-
methoxazole (co-trimoxazole) which was investigated in 
4 studies [12, 16, 18, 19] and fosfomycin tromethamine, 
which was the comparator in 3 studies [13, 14, 17]. Oral 
ciprofloxacin [12], trimethoprim [18], cefadroxil [19], 
amoxicillin [19], and ofloxacin [15] were investigated in 
1 study each.

Records identified
in PubMed
(n = 706)

Identified after
reading

reference lists
(n = 4)

Records identified
in Cochrane

(n = 236)

Full papers
assessed for

eligibility
(n = 44)

Papers included
in the systematic

review
(n = 9)

Papers after duplicates discarded
(n = 2,046)

Papers screened
(n = 2,046)

Papers excluded
(n = 2,006)

Papers excluded
(n = 35)

Due to:
- Duplicate
- Does not fulfill study aims
- Does not include 
 nitrofurantoin arm
- Outcome not clinical or 
 bacteriological cure
- Does not have a comparator
 drug or placebo
- Not in English
- Participants <18 years

Records identified
in Embase
(n = 1,484)
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Symptomatic/Clinical Cure
The clinical cure rates in nitrofurantoin ranged from 

51 [15] to 94% [14] depending on the length of follow-up. 
The placebo-controlled trial showed a significantly high-
er clinical cure rate in patients treated with nitrofuran-
toin [11]. Two studies demonstrated a significantly high-
er clinical cure rate in patients treated with nitrofuran-
toin versus fosfomycin [13, 17] whereas 1 found no 
difference [14]. Two studies reported no significant dif-
ference between nitrofurantoin and trimethoprim-sulfa-
methoxazole [12, 16]. No significant difference between 
nitrofurantoin and oral ciprofloxacin was found [12]. 
Ludwig and Pauthner [15] reported that ofloxacin was 
superior to nitrofurantoin though no statistical test was 
performed, and it was noted that many nitrofurantoin pa-
tients discontinued because of side effects.

Bacteriological Cure
The bacteriological cure rates ranged from 61 [19] to 

92% [16] depending on the length of follow-up. The pla-
cebo-controlled trial showed a significantly higher bacte-
riological cure rate in patients treated with nitrofurantoin 
[11]. Huttner et al. [17] demonstrated a significantly 
higher bacteriological cure rate in patients treated with 
nitrofurantoin versus fosfomycin (both at 14 and 28 
days), whereas 2 found no significant difference [13, 14]. 
Three studies found no significant difference between ni-
trofurantoin and trimethoprim-sulfamethoxazole [16, 
18, 19]. There were no differences between nitrofuran-
toin and cefadroxil [19], amoxicillin [19], or trimethoprim 
[18] in terms of bacteriological cure. At a 4–6 week fol-
low-up, Iravani et al. [12] reported that ciprofloxacin had 

statistically significantly higher eradication rates than ni-
trofurantoin.

Side Effects
Only one study reported higher side effects in patients 

taking nitrofurantoin compared to cefadroxil, amoxicil-
lin, and trimethoprim-sulfamethoxazole [19]. Patients 
taking nitrofurantoin reported fewer side effects that 
those prescribed trimethoprim [18] or co-trimoxazole 
[18], or fosfomycin [14]. In the remaining studies, no dif-
ferences in adverse events were reported between nitro-
furantoin and placebo [11], trimethoprim-sulfamethoxa-
zole [12, 16], ofloxacin [15], ciprofloxacin [12], or fosfo-
mycin [13, 17]. The most commonly reported side effects 
in patients taking nitrofurantoin were gastrointestinal 
(e.g., nausea or diarrhea) and central nervous system 
(e.g., headache) symptoms.

Risk of Bias
Table 2 shows results of the risk of bias assessment. 

Five studies were rated as having a high risk of bias due to 
lack of blinding, and general allocation (concealment) 
was unclear in 4 studies. For the bacteriological cure out-
come, the detection bias was rated as low for all studies 
because they used objective measures from urine tests.

Conclusion

Our systematic review found only a limited number of 
RCTs comparing the clinical and bacteriological cure rates 
of nitrofurantoin with placebo or other antibiotic agents. 

Table 2. Risk of bias ratings

Author Random 
sequence 
(selection bias)

Generation 
allocation
Concealment 
(selection bias)

Blinding of 
participants/
personnel 
(performance bias)

Blinding of 
outcomes
Assessment 
(detection bias)

Incomplete 
outcome
Data (attrition 
bias)

Selective
reporting 
(reporting  
bias)

Other 
sources of 
bias

Christiaens et al. [11] + + + + − + na
Gupta et al. [16] + + − + + + na
Hooton et al. [19] + ? − + − + na
Huttner et al. [17] + + − + + + na
Iravani et al. [12] + + + + + + na
Ludwig and Pauthner [15] + ? − ? − ? na
Spencer et al. [18] + ? − + + + na
Stein [13] + ? + + − + na
Van Pienbroek et al. [14] + − + + + + na

− High risk of bias; + low risk of bias; ? unclear risk of boas.
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Most were old: 6 were conducted in the 1980s and 1990s, 
with only one study published in the last 10 years. Results 
were heterogeneous but overall, the studies suggest that 
nitrofurantoin is at least equivalent to other antibiotics for 
the clinical and bacteriological cure of uUTI, and in some 
studies, it was demonstrated to be superior to trimeth-
oprim-sulfamethoxazole. The only agent demonstrated to 
have higher bacteriological cure rates than nitrofurantoin 
was ciprofloxacin, which was reported in 1 study. Most 
studies reported no significant differences in side effects 
between nitrofurantoin and other antibiotic agents. Gen-
erally, the studies had a high risk of bias, mostly due to lack 
of blinding or unclear concealment methods.

There were large differences in the methodology of the 
studies. In particular, the threshold for defining bacterio-
logical cure varied enormously from <102 to <107 CFU/
mL. FDA guidelines for patient eligibility for enrollment 
in uUTI trials state a threshold of ≥105 CFU/mL in symp-
tomatic adult and adolescent females [20]. Further, less 
than half of the studies were double-blind RCTs. It is also 
likely that there were variations in the definition of clini-
cal cure although such a parameter was more difficult to 
determine as many studies did not specifically state their 
methodology for assessing this outcome.

The evidence suggested that nitrofurantoin is at least 
equivalent to other antibiotics for the clinical and bacte-
riological cure of uUTI in women, confirming results of 
previous meta-analyses [5, 21] Our review suggested that 
nitrofurantoin was not associated with a higher risk of 
side effects than other antibiotic agents. However, previ-
ous case reports have documented adverse effects in indi-
vidual patients, including lung injuries such as organizing 
pneumonia [22], interstitial lung disease [23], respiratory 
arrest [24], and pleural effusion [25]. Another report 
highlighted a case of systemic inflammatory response 
syndrome in a 74-year-old woman [26]. Only one study 
in our review reported higher adverse effects of nitrofu-
rantoin compared to cefadroxil, amoxicillin, and tri-
methoprim-sulfamethoxazole, and in remaining studies 
rates were equivalent, the most common being, nausea, 
headache, and diarrhea. The clinical efficacy and equiva-
lence in adverse effects to other antibiotics provide sup-
port to the guidelines [4] that recommend nitrofurantoin 
as the first-line agent for treating uUTI.

The aim of our review was to investigate the overall 
clinical and bacteriological efficacy of nitrofurantoin, but 
it is worth noting that the efficacy can differ depending on 
the organism causing the uUTI. The most common caus-
ative organisms are E. coli [16], others include S. sapro-
phyticus, Enterococci, Klebsiella species, and Proteus mira-

bilis, etc. Evidence from the studies included in the current 
review also revealed some differences in the efficacy of 
nitrofurantoin for curing the different uropathogens. For 
example, in Huttner et al.’s [17] study, 57–56% of uUTIs 
were due to E. coli. When looking in this subgroup of pa-
tients, they found that the clinical response to nitrofuran-
toin was significantly higher than fosfomycin, and more 
pronounced when all uUTIs, irrespectively of the uro-
pathogen involved were analyzed. In Ludwig and Pauth-
ner [15] trial, ofloxacin was better than nitrofurantoin at 
eliminating E. coli, whereas nitrofurantoin had better 
eradication rates for Enterococci. In Spencer et al.’s [18] 
RCT, co-trimoxazole, trimethoprim, and nitrofurantoin 
had equivalent efficacy against E. coli, but against all other 
organisms (including Staphylococcus pluralis, Klebsiella 
pluralis, Enterococci, etc.) nitrofurantoin and co-trimoxa-
zole were almost 15% better than trimethoprim. However, 
in all studies E. coli accounted for the majority of uUTIs 
and, therefore, numbers were low for comparing the effi-
cacy of different antibiotics for other uropathogens.

In the current review, we focused on 2 main outcomes: 
symptomatic cure and microbiological cure. However, 
there are many other endpoints that have clinical rele-
vance to patients and health-care providers, for example, 
quality of life, or cost-effectiveness. An open-label RCT 
[27] suggested that patients experiencing a clinical cure 
had significantly better QoL than patients with failed 
treatment, but this was not dependent on the drug pre-
scribed. Hooton et al. [19] included a cost analysis in their 
study based in USA and reported higher costs for nitro-
furantoin (USD 155 per patient) compared to trimeth-
oprim-sulfamethoxazole (USD 114), which were mainly 
due to higher drug and pharmacy charges (3–4 times as 
high) and costs associated with more frequent return vis-
its to the clinic for treatment of recurrent UTI and/or 
yeast vaginitis. However, another study reported that 
cost-effectiveness differed depending on resistance rates. 
For example, when the threshold for resistance is set at 
<30% trimethoprim is more cost-effective than nitrofu-
rantoin, but at ≥35% nitrofurantoin has the higher cost-
efficiency. Last update of the German clinical guideline 
on epidemiology, diagnostics, therapy, prevention, and 
management of uUTI reports as resistance is a growing 
global problem that leads to significant challenges and 
costs in the health-care system. An international reevalu-
ation of therapeutic recommendations in uUTI is guided 
by the resistance level of pathogens against commonly 
used antibiotics and by cost increase [28, 29].

Our review highlighted some gaps in current knowl-
edge. First, all of the trials included in our review were 
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restricted to female participants. Generally, UTIs in men 
are considered to be complicated because the prostate is 
often involved [30], although in some rare circumstances 
they could be considered uncomplicated in young men 
with a UTI without systemic symptoms, where the pa-
tient’s medical history and physical examination do not 
suggest a causative factor [2]. Our search did not find any 
RCTs on the efficacy of nitrofurantoin for treating uUTI 
in men. Second, most studies were old (conducted in the 
1980s and 1990s), and few had a robust methodology with 
double blinding and adequate concealment methods. 
Third, most of the studies were not powered to investigate 
efficacy according to less common causative uropatho-
gens, and therefore, most drug comparisons could only 
provide sufficiently powered results related to E. coli. 
Fourth, the comparator drugs differed hugely between 
studies, making difficult to perform a methodologically 
sound meta-analysis. The most common comparator was 
trimethoprim-sulfamethoxazole. Fifth, no association 
with compounds and dietary supplement was included as 
comparator or in association with antibiotics [31].

In conclusion, the current systematic review highlight-
ed the need for more RCTs to investigate the efficacy of 
nitrofurantoin for treating uUTI. Studies are old, and risk 
of bias is generally high. Although no firm conclusions 
can be made based on the current base of evidence, the 

studies generally suggest that nitrofurantoin is at least 
comparable to other common uUTI treatments in terms 
of clinical and bacteriological cure. Furthermore, recent 
fluoroquinolone warning on side effects represents an-
other reason to prefer other molecules to treat uUTI.
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