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Introduction

Recurrent UTI (rUTI) is defined as three episodes of uri-
nary tract infection (UTI) with three positive urine cultures 
in the previous 12 months or two episodes in the last 6 
months.1 Usual strategies include long-term low-dose pro-
phylactic antimicrobial treatment or postcoital antibiotic 
treatment, but it seems that these strategies do not alter the 
long-term risk of recurrence. Patients with frequent UTIs 
who take prophylactic antimicrobial agents for extended 
periods decrease their infections during prophylaxis, but 
the rate of infection returns to pretreatment rates when 
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prophylaxis is stopped.2,3 Long-term antibiotics do not 
appear to positively affect the patient’s basic susceptibility 
to infections.4

The cell wall of Escherichia coli bacteria has tiny fin-
ger-like projections that contain complex molecules called 
lectins on their surface. Lectins act as a cellular glue that 
binds the bacteria to the bladder wall so they cannot be 
easily rinsed out by urination, adhering to mannose recep-
tors of the bladder wall.5 D-mannose (Figure 1) is a simple 
sugar structurally related to glucose; it is found in several 
fruits and is also produced in the body.

We hypothesized that urinary D-mannose may be able 
to bind and eliminate bacteria such as E. coli by acting as 
a competitor for E. coli adhesion to bladder epithelial 
cells.6-8

In the management of rUTIs in women it is common 
practice to fight E. coli resistance by varying the type of 
antibiotic, or increasing the dose and duration of therapy. 
However, in doing so the bacteria become even more 
resistant to broad-spectrum antibiotics. It is likely that part 

of the old colony of bacteria in the urinary tract probably 
survive; some bacteria probably remain latent and are 
reactivated by various favourable conditions, therefore 
persistent recurrences may not be true re-infections.9

In this randomized cross-over study the aim was to 
evaluate if oral D-mannose could be used as a safe and 
effective treatment for UTIs and also as a prophylactic 
measure for rUTIs in adult women.

Methods

Female patients were eligible for study if they were aged 
18 years or older and had an acute symptomatic UTI and 
three or more UTIs documented with culture of midstream 
urine specimen at inclusion and in the preceding 12 
months, had not taken antimicrobials within 4 weeks and 
were not pregnant or contemplating pregnancy. Exclusion 
criteria were: upper UTI and/or temperature higher than 
38°C, flank/lumbar pain or tenderness, renal disease, ana-
tomical abnormalities, prior gynaecological surgery, 
immunosuppressive medications or diseases (Table 1). All 
patients gave their written consent to the study. The work 
was conducted in accordance with the principles of the 
Declaration of Helsinki of World Medical Association. 
Each participant entering the trial was assigned to one of 
the following treatments in a random sequence: (a) A regi-
men of 5-day antibiotic therapy with trimethoprim/sul-
famethoxazole 160 mg/800 mg twice a day, followed by a 
single dose at bedtime for 1 week each month in the fol-
lowing 23 weeks; (b) A regimen of oral D-mannose 1 g 
three times a day, every 8 hours for 2 weeks, and subse-
quently 1 g twice a day for 22 weeks. D-mannose activity 
is best when the urine has neutral pH; therefore, patients 
were instructed to measure urinary pH using dipsticks and 
use oral sodium bicarbonate 250 mg b.i.d. or potassium 
citrate 1 g b.i.d. as alkalinizing agents if pH was <7.

There were two groups of 30 patients; the first group 
received antibiotic first, and the second D-mannose first. 
The cross-over point was at 24 weeks in both groups A and 
B. Therefore patients in group A switched to group B at Figure 1. Chemical structure of D-glucose and D-mannose.

Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

female > 18 years upper urinary tract infection and/or 
temperature > 38°C

acute symptomatic UTI flank/lumbar pain/tenderness

≥ 3 UTIs with positive urine culture in the preceding 12 months renal disease

no antimicrobials within 4 weeks anatomical abnormalities

not pregnant/not contemplating pregnancy prior gynaecological surgery

 immunosuppressive medications or diseases
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week 24, and vice versa. Data of patients in both groups 
who had a symptomatic UTI and returned for at least one 
follow-up visit were included in the analysis of treatment 
outcome and adverse effects.

Main outcome measures

Bacteriuria with symptoms of UTI was defined as signifi-
cant if voided urine culture was positive with at least 
100,000 uropathogens per ml. Urine cultures were repeated 
whenever symptoms appeared and at the end of the study. 
The 24-hour number of voidings was obtained by comple-
tion of a voiding diary before and at the end of treatment in 
both treatment groups. The elapsed time to UTI recurrence 
(time to recurrence (TTR)) was evaluated and a compari-
son was made between the two groups of treatment; fol-
low-up of the study was 12 months.

Primary outcome of the study was the TTR of UTI; the 
TTR after antibiotic treatment and with D-mannose treat-
ment was appraised and compared. UTI was defined as 
an acute flare of urinary symptoms + positive urine cul-
ture. Secondary outcomes were visual analogue scale 
(VAS) pain and VAS urgency, both recorded during epi-
sodes of UTI.

Statistical analysis

The results for quantitative variables were expressed as 
mean values and SD as they were all normally distributed 
(Shapiro–Wilk test); t-test for paired data was used to ana-
lyse differences in TTR, VAS pain, VAS urgency and num-
ber of voidings between treatments.

Data analysis was performed with STATA statistical 
package (release 11.1, 2010, Stata Corporation, College 
Station, Texas, USA).

Results

In total, 60 patients aged between 22 and 54 years (mean 
42 years) who visited at the outpatient clinic of our urol-
ogy department were included in the study.

A significant difference in the elapsed time to develop 
an infection was found between patients on antibiotic 
treatment and those on treatment with D-mannose. The 
results of urine cultures of patients under treatment in both 
groups are shown in Table 2, and risk factors for UTIs are 
reported in Table 3.

Following antibiotic treatment, all patients had a nega-
tive urine culture 1 week after the end of treatment, and the 
mean time to UTI recurrence was 52.7 days (SD: 11.2; 
95% Confidence Interval); under D-mannose treatment the 
mean TTR was 200 days (SD: 50.7) (Figure 2); the differ-
ence was statistically significant (p < 0.0001).

Of the 60 patients, 45 (75%) had one recurrence during 
the 24-week course of antibiotic treatment, 10/60 (16.6%) 
had two recurrences, and 5/60 (8.3%) had no recurrent 
infection. Twelve out of 60 patients (20%) had positive 
urine culture during treatment with D-mannose before 
completing the 24-week treatment, and 48 (80%) remained 
UTI free. Urine pH ranged between 6.5 and 7.5.

Mean VAS pain was 4.4 (SD: 1.1) before D-mannose 
treatment and 2.2 (SD: 0.5) after its course. Mean VAS 
urgency score decreased from 4.6 (SD: 1.1) to 2.6 (SD: 
0.7) before and after treatment (Figure 2). Mean number 
of voidings was 7.1 (SD: 1.7) before D-mannose, and 
4.7 (SD: 1.0) at the end of D-mannose treatment (Figure 
3). All differences were statistically significant (p < 
0.001).

Discussion

Because of the need for alternatives to antibiotics in rUTIs, 
other treatment or prophylaxis regimens have been 

Table 2. Results at 6, 12 and 24 weeks with treatment. Oral D-mannose treatment 1 g every 8 h in 60 patients. Number of 
patients with positive urine culture at time 0, 6, 12 and 24 weeks after starting treatment.

Urine culture Time 0 6 weeks 12 weeks 24 weeks

E. Coli 40 28 20 10

Klebsiella pneumonia 10 12 6 2

Proteus 4 4 6 0

Streptococcus agalactiae 4 2 0 0

Enterococcus 2 0 0 0

No. of patients 60 46 32 12

Table 3. Risk factors for UTIs in 60 patients.

Irritable bowel syndrome  5

Constipation 26

UTI 24–48 hours after 
intercourse

24
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suggested, such as intravaginal estriol, oral cranberry juice 
or lactobacilli vaginal suppositories.10-12

E. coli strains adhere to the normally sterile human 
urothelium using type 1 pili.13 It has been observed that, 

initially, invasion of bladder superficial cells provides 
uropathogenic E. coli with a protective, but transient, envi-
ronment in which the bacteria can replicate.14 Subsequently, 
bacteria that manage to avoid rapid clearance from the uri-
nary tract can invade the underlying epithelium,15 where 
they can establish a more stable bacterial reservoir. This 
reservoir can persist for several weeks in a quiescent state, 
seemingly undetected by immune surveillance mechanisms 
and protected from antibiotics,16 possibly by virtue of the 
permeability barrier maintained by the bladder epithelium. 
Intracellular uropathogenic E. coli appear to be better pro-
tected from a number of antibiotics, including cefuroxime, 
gentamicin, and trimethoprim-sulfamethoxazole.17-19

The chemical structure of D-mannose causes it to 
adhere to E. coli bacteria, perhaps even more tenaciously 
than E. coli adheres to human cells. Although the mecha-
nism of action is complicated, we could hypothesize that if 
enough D-mannose is present in the urine, it may bind to 
the bacteria and prevent them from attaching to the urinary 
tract lining.20

Our trial compares two different treatment methods for 
addressing the issue of rUTIs in the female population, 
usually non-complicated UTIs, over a similar time-frame 
of 6 months. We randomly compared the results of 
D-mannose with antibiotics; our experience shows that 
D-mannose represents a useful choice to address the prob-
lem of treating acute UTIs and also preventing rUTIs. The 
justification for not performing a placebo-controlled cross-
over trial is that an acute UTI may result in severe clinical 
symptoms including pain, which may be addressed by one 
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Figure 2. Time to recurrence in 60 female patients with 
recurrent UTIs with antibiotic treatment: 52.7 days (SD: 11.2), 
and with treatment with D-mannose for 24 weeks: 200 days 
(SD: 50.7). All differences were statistically significant  
(p < 0.001).
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Figure 3. VAS pain, VAS urgency and 24-hour frequency with antibiotic treatment and during 24-week treatment with oral 
D-mannose. Mean VAS pain from 4.4 (SD: 1.1) to 2.2 (SD: 0.5). Mean VAS urgency score from 4.6 (SD: 1.1) to 2.6 (SD: 0.7). Mean 
number of voidings from 7.1 (SD: 1.7) to 4.7. All differences were statistically significant (p < 0.001).
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the two treatment methods chosen. There are no compara-
ble studies with the same characteristics using D-mannose; 
when examining previous results21-23 we should question 
whether long-term antibiotic prophylaxis has real advan-
tages over a prolonged regimen with D-mannose, possibly 
promoting further representative studies.

As control group we thought that a continuous daily 
prophylactic antibiotic for 6 months, more commonly 
used,21 would probably “sterilize” urine by eliminating 
microorganisms; however, its continuous and prolonged 
use would probably also reduce normal vaginal and intes-
tinal bacterial flora, facilitating new UTI recurrences in 
patients at risk.24 Therefore a weekly intermittent adminis-
tration of trimethoprim/sulfamethoxazole was chosen in 
the control group, based on previous experience;25 limited 
evidence suggests that weekly prophylaxis is better than 
monthly prophylaxis.26

Mannose is involved in an extensive series of metabolic 
transformations, being incorporated into glycoproteins and 
glycolipids or formed into fructose that is then incorpo-
rated into glycoproteins. The primary source of mannose is 
glucose. Mannose occurs as the free sugar in peaches, 
apples, and oranges but is absorbed from the gastrointesti-
nal tract of rats at only about 12% of the rate of glucose.

Our data reveal that D-mannose provides both preven-
tative and therapeutic effects, and we think its properties 
can be greatly improved. We know that mannose has no 
bactericidal properties, and it might well be that the dosage 
and duration of therapy have to be individualized accord-
ing to bacterial growth and replication speed in the bladder 
and urinary tract. It has been described that the majority of 
ingested mannose works by binding to bacteria concen-
trated in infected urine, and perpetuating infection, by 
binding to the mannose receptors of urothelial bladder 
cells.5 This mechanism is the one involved in most cases of 
recurrences of UTIs.

In most cases recurrences are wrongly  regarded as re-
infections: it is likely that the clinical results of d man-
nose are obtained with the elimination of progressive 
bacterial loads in urine, “alive” albeit inactivated, 
motionless, and devoid of pathogenic potential due to 
mannose linked to them.18,19 This is the main reason for 
performing a cross-over trial with a sufficiently long 
D-mannose treatment period; a much longer time is 
required for D-mannose than for antibiotic treatment in 
order to improve its effectiveness and obtain an adequate 
infection-free time period. Further studies should clarify 
the positive effect of reducing the rate of recurrences of 
microorganisms other than E. coli, such as Klebsiella and 
Proteus (Table 2), which are not known to act by means 
of pili on urothelial tissues.

No significant side effects limiting long-term consump-
tion of mannose have been reported. D-mannose has been 
shown to reduce bacteria in rats in a dose-dependent manner. 
Basic microbiological data from in vitro experiments are 

lacking. However, D-mannose was found to significantly 
reduce bacteria in 1 day,23,27,28 and in a murine cystitis model 
the potential of ligand-based design of antagonists of UTIs is 
determined by structural mimicry of natural epitopes, and 
extends into blocking of bacterial invasion, intracellular 
growth and capacity to fluxing and of recurrence of the 
infection.23

Conclusions

In our study oral D-mannose appeared to be a safe and 
promising treatment choice for acute and recurrent UTIs 
in adult women, which represent a significant burden on 
their sexual life. This was the first experience in the 
clinical setting, the previous data coming from animal 
studies. A statistically significant difference was seen in 
the proportion of women remaining infection free dur-
ing an average course of 24-week treatment, both for 
treatment of acute episodes and as a safe, preventative 
therapy of UTI recurrences, compared with targeted 
antibiotic treatment.

Future research and clinical studies are needed in a 
wider population to establish and confirm D-mannose as a 
practical, safe, and effective therapy.

Conflict of interest

None declared.

Funding

This research received no specific grant from any funding agency 
in the public, commercial, or not-for-profit sectors.

Note

1. ClinicalTrials.gov Identifier: NCT01808755.
 https://register.clinicaltrials.gov/prs/app/action/SelectProto

col?sid=S00043DV&selectaction=Edit&uid=U0001954&t
s=5&cx=ht023

References

 1. Albert X, Huertas I, Pereiro I, et al. Antibiotics for prevent-
ing recurrent urinary tract infection in non-pregnant women. 
Cochrane Database Syst Rev 2004; 3: CD001209.

 2. Stamm WE, Wagner KF, Amsel R, et al. Antimicrobial 
prophylaxis of recurrent urinary tract infections: A double-
blind, placebo controlled trial. Ann Intern Med 1980; 92: 
770–775.

 3. Vosti KL. Recurrent urinary tract infections: prevention 
by prophylactic antibiotics after sexual intercourse. JAMA 
1975; 231: 934–940.

 4. Mazzulli T. Resistance trends in urinary tract pathogens and 
impact on management. J Urol 2002; 168: 1720–1722.

 5. Ofek I and Beachey EH. Mannose binding and epithelial 
cell adherence of Escherichia coli. Infect Immun 1978; 22: 
247–254.

 6. Schaeffer AJ. Infections of the urinary tract. In: Walsh PC, 
Retik AB, Vaughan ED, et al. (eds). Campbell’s Urology. 

https://register.clinicaltrials.gov/prs/app/action/SelectProtocol?sid=S00043DV&selectaction=Edit&uid=U0001954&ts=5&cx=ht023
https://register.clinicaltrials.gov/prs/app/action/SelectProtocol?sid=S00043DV&selectaction=Edit&uid=U0001954&ts=5&cx=ht023
https://register.clinicaltrials.gov/prs/app/action/SelectProtocol?sid=S00043DV&selectaction=Edit&uid=U0001954&ts=5&cx=ht023


Porru et al. 213

8th ed. Philadelphia: WB Saunders Company, 2002. 
pp.539–544.

 7. Anderson G. Intracellular bacterial biofilm-like pods in uri-
nary tract infections. Science 2003; 301: 105–107.

 8. Alton G, Kjaergaard S, Etchison JR, et al. Oral ingestion of 
mannose elevates blood mannose levels: A first step toward 
a potential therapy for carbohydrate-deficient glycoprotein 
syndrome type I. Biochem Mol Med 1997; 60: 127–133.

 9. Bar-Shavit Z, Goldman R, Ofek I, et al. Mannose-binding 
activity of Escherichia coli: A determinant of attachment 
and ingestion of the bacteria by macrophages. Infect Immun 
1980; 29: 417–424.

 10. Mohsin R and Siddiqui KM. Recurrent urinary tract infec-
tions in females. J Pak Med Assoc 2010; 60: 55–59.

 11. Raz R and Stamm WE. A controlled trial of intravaginal 
estriol in postmenopausal women with recurrent urinary 
tract infections. New Engl J Med 1993; 329: 753–755.

 12. Avorn J, Monane M, Gurwitz JH, et al. Reduction of bac-
teriuria and pyuria after ingestion of cranberry juice. JAMA 
1994; 271: 751–754.

 13. Reid G, Bruce AW and Taylor M. Influence of three-day 
antimicrobial therapy and lactobacillus vaginal supposi-
tories on recurrence of urinary tract infections. Clin Ther 
1992; 14: 11–14.

 14. Mulvey MA, Lopez-Boado YS, Wilson CL, et al. Induction 
and evasion of host defenses by type 1-piliated uropatho-
genic Escherichia coli. Science 1998; 282: 1494–1497.

 15. Mulvey MA, Schilling JD and Hultgren SJ. Establishment 
of a persistent Escherichia coli reservoir during the acute 
phase of a bladder infection. Infect Immun 2001; 69: 4572–
4579.

 16. Mulvey MA, Schilling JD, Martinez JJ, et al. Bad bugs and 
beleaguered bladders: Interplay between uropathogenic 
Escherichia coli and innate host defenses. Proc Natl Acad 
Sci U S A 2000; 97: 8829–8835.

 17. Kerrn MB, Struve C, Blom J, et al. Intracellular per-
sistence of Escherichia coli in urinary bladders from  

mecillinam-treated mice. J Antimicrob Chemother 2005; 
55: 383–386.

 18. Foxman B, Gillespie B, Koopman J, et al. Risk factors for 
second urinary tract infection among college women. Am J 
Epidemiol 2000; 151: 1194–1205.

 19. Bouckaert J. Receptor binding studies disclose a novel class 
of high-affinity inhibitors of the Escherichia coli FimH 
adhesin. Mol Microbiol 2005; 55: 441–455.

 20. Ofek I, Goldhar J, Eshdat Y, et al. The importance of 
mannose specific adhesins (lectins) in infections caused 
by Escherichia coli. Scand J Infect Dis Suppl 1982; 33: 
61–67.

 21. JC Nickel. Practical management of recurrent urinary tract 
infections in premenopausal women. Rev Urol 2005; 7: 
PMC1477561.

 22. Hvidberg H, Struve C, Krogfelt KA, et al. Development of a 
long-term ascending urinary tract infection mouse model for 
antibiotic treatment studies. Antimicrob Agents Chemother 
2000; 44: 156–163.

 23. Wellens A, Garofalo C, Nguyen H, et al. Intervening with 
urinary tract infections using anti-adhesives based on the 
crystal structure of the FimH-oligomannose-3 complex. 
PLoS One 2008; 3: e2040.

 24. Schaeffer AJ and Stamey TA. Studies of introital coloni-
zation in women with recurrent urinary infections. IX. The 
role of antimicrobial therapy. J Urol 1977; 118: 221.

 25. Nicolle LE. Prophylaxis recurrent urinary tract infections in 
women. Infection 1992; 20(Suppl 3): S203–S204.

 26. Albert X, Huertas I, Pereiró II, et al. Antibiotics for prevent-
ing recurrent urinary tract infection in non-pregnant women. 
Cochrane Database Syst Rev 2004; 4: CD001209.

 27. Michaels EK, Chmiel JS, Plotkin BJ, et al. Effect of 
D-mannose and D-glucose on Escherichia coli bacteriuria 
in rats. Urol Res 1983; 11: 97–102.

 28. Sharon N. Carbohydrates as future anti-adhesion drugs 
for infectious diseases. Biochim Biophys Acta 2006; 1760:  
527–537.


