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Abstract: Urinary tract infections (UTIs) are very frequent in women and can be caused by a range of
pathogens. High recurrence rates and increasing antibiotic resistance of uropathogens make UTIs a
severe public health problem. D-mannose is a monosaccharide that can inhibit bacterial adhesion to
the urothelium after oral intake. Several clinical studies have shown the efficacy of D-mannose in the
prevention of recurrent UTIs; these also provided limited evidence for the efficacy of D-mannose in
acute therapy. A recent prospective, non-interventional study in female patients with acute cystitis
reported good success rates for treatment with D-mannose. Here, we present data from a post hoc
analysis of this study to compare the cure rate of D-mannose monotherapy with that of antibiotics.
The results show that D-mannose is a promising alternative to antibiotics in the treatment of acute
uncomplicated UTIs in women.
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1. Epidemiology and Infectiology of Acute Uncomplicated Urinary Tract Infections

Bacterial urinary tract infections (UTIs) are among the most common infectious dis-
eases, affecting 150 million people each year worldwide [1]. Although the disease affects
both sexes, it is much more prevalent in women [2,3]. Based on certain characteristics,
UTIs can be divided into different subcategories. Lower UTIs (cystitis) and upper UTIs
(pyelonephritis) can be differentiated according to the anatomical region affected [2,4].
Lower UTIs can be subdivided clinically into uncomplicated and complicated types. Since
UTIs in men are considered to be complicated, uncomplicated lower acute UTIs (acute
uncomplicated cystitis, AUC) typically occur in healthy women without structural or neu-
rological urinary tract abnormalities [2,4]. Risk factors for developing cystitis are female
gender, prior UTI, sexual activity, vaginal infection, UTI history during premenopause or in
childhood, family history, diabetes, obesity and genetic susceptibility, among others [2,4–6].

UTIs can be triggered by various microorganisms, including Gram-negative and Gram-
positive bacteria as well as certain fungi. Escherichia coli (E. coli) are the most common cause
of uncomplicated as well as complicated UTI [7]. Further pathogens involved in acute
infections include Klebsiella pneumoniae, Staphylococcus saprophyticus, Enterococcus faecalis,
group B Streptococcus (GBS), Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus aureus
and Candida spp. [7].
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2. Antibiotics as Current Standard Therapy and Relevance of Resistance Development

Since UTIs have mainly bacterial etiologies, the crucial role of antibacterial treatments
is unquestionable. According to international guidelines, antibiotic therapy with fos-
fomycin trometamol, pivmecillinam or nitrofurantoin is recommended as first-line therapy
for uncomplicated UTI [4,8]. Although uncomplicated UTIs are often self-resolving (cure
rates of 15–45%), almost all UTIs are treated with antibiotics [4]. UTIs are usually treated
empirically, without analysis of the exact bacterial etiology or antibiotic susceptibilities [9].
Besides their positive properties, antibiotics also have some drawbacks. In addition to
long-term alteration of the normal microbiota in the vagina and gastrointestinal tract, the
emergence of multidrug-resistant microorganisms has played an increasingly important
role in recent years [10–12]. Moreover, despite appropriate antibiotic therapy, 20–30%
of women with an initial UTI will develop a recurrent infection within 4–6 months [13].
Recurrent UTI (rUTI) is commonly defined by at least three episodes per year or at least
two episodes within six months [2]. Repeated administration of antibiotics to treat rUTIs
often results in the development of resistance to the antibiotics that were originally ef-
fective [11,14]. The high recurrence rates of UTIs and increasing antimicrobial resistance
among uropathogens are a severe public health threat with a significant burden on health-
care system resources and patients’ quality of life [12,15,16]. Thus, the growing resistance
to antibiotic therapies highlights the urgent need to develop alternative treatment strategies
to fight UTIs [11,17].

3. Fundamental Aspects of the D-Mannose Mode of Action

Adhesion of pathogens to the urothelial cells prevents their removal or washing off,
and is therefore their first step in colonizing the urinary bladder. Accordingly, this rep-
resents a crucial step in the onset of infection, and strategies interfering with bacterial
adhesion can prevent or treat UTIs [3,18]. Uropathogens entering the bladder possess
various virulence factors including fimbriae or pili, which play an integral role in attach-
ment and colonization of the urinary tract [19]. Type 1 pili of E. coli—the most common
UTI-causing pathogen—are composed of Fim proteins with adhesin FimH located on
the tips of these structures. Adhesins are capable of interacting with various host struc-
tures, such as peptides or glycosylated residues on the epithelial cell surface and in the
extracellular matrix [3]. Besides adhesion to the host cell, adhesins are also involved in
biofilm formation, antimicrobial resistance and internalization of the pathogen into the
host cells [3]. FimH enables the bacteria to bind onto bladder epithelial cells by attaching to
uroplakin 1a, which consists of glycosylated proteins with mannose molecules as terminal
units (Figure 1A) [20,21]. Since it has been shown in UTI mouse models that FimH is critical
for the pathogenesis of E. coli in AUC and is conserved in various E. coli strains [22], this
adhesin is considered to be a good target for therapeutic interventions [23].

D-mannose is an epimer of D-glucose with structural similarities to the mannose residues
on the urothelium surface or transmembrane proteins such as uroplakin 1a. Thus, adhesion
of E. coli via type 1 pili can be inhibited by exogenous D-mannose saturating FimH adhesins
(Figure 1B) [17,18]. This facilitates clearance of the pathogens by the urine flow.
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Figure 1. Exogenous D-mannose in UTI: mode of action scheme. (A) Adherence of uropathogens 
depends on binding of the adhesin, e.g., FimH protein (located at the tips of the bacteria’s type 1 
pili) to mannosylated proteins, such as uroplakin 1a, located on the epithelial cell surface. (B) Ex-
ogenously delivered D-mannose can prevent adhesion of E. coli by saturating the FimH binding 
sites. Thus, D-mannose competitively inhibits adhesion of bacteria to the urothelium and facilitates 
their clearance by urine flow. GlcNAc: N-acetylglucosamine. 

4. Clinical Data for D-Mannose in UTI 
Several clinical studies have investigated the effects of D-mannose monotherapy in 

the treatment of AUC and prevention of recurrent UTIs. In a prospective, 
non-comparative study, Domenici et al. analyzed the efficacy of D-mannose in the 
treatment of acute uncomplicated UTI and its utility in the management of recurrences in 
43 women [18]. The authors observed a significant improvement of most UTI symptoms 
following administration of 1.5 g D-mannose, twice daily for three days and then once a 
day for 10 days. Patients were then randomized into two groups, one receiving prophy-
laxis with D-mannose administered once a day for a week every other month for six 
months, and the other without D-mannose administration. The recurrence rate for 
women receiving prophylaxis (4.5%) was significantly lower than in the untreated group 
(33.3%; p = 0.05). The mean time to onset of UTI was 43 days (±4.1 standard deviations 
(SD)) in the prophylaxis group, and 28 days (±5.4 SD) in the other group (p = 0.0001). No 
side effects were reported, even during long-term administration [18]. 

To evaluate the efficacy of D-mannose in the treatment and prophylaxis of rUTIs, 
Porru et al. performed a randomized cross-over trial including 60 women with acute 
symptomatic UTI and three or more rUTIs during the preceding 12 months [24]. Patients 
were randomly assigned to antibiotic treatment with trimethoprim/sulfamethoxazole 
(TMP-SMZ: 2 × 160 mg/800 mg daily for 5 days) or therapy with D-mannose (3 × 1 g daily 
for 2 weeks), followed by prophylactic therapy over 5 months with TMP-SMZ (1 × 160 
mg/800 mg daily for one week each month) or D-mannose (1 × 1 g daily). In the group 
treated with D-mannose, a significantly increased mean time to UTI recurrence (200 days) 
was observed in comparison to the antibiotic group (52.7 days; p < 0.0001). Porru et al. 
stated that no significant side effects limiting a long-term treatment with D-mannose have 
been reported [24]. 

In a randomized controlled trial, Kranjčec et al. investigated the efficacy of 
D-mannose in rUTI prevention [25]. After initial antibiotic treatment of AUC, 308 women 
were randomly divided into three groups receiving daily treatment with 2 g D-mannose, 
50 mg nitrofurantoin or no prophylaxis. Recurrence rates were 14.6% in the D-mannose 
group, 20.4% in the nitrofurantoin group and 60.8% in the group without prophylaxis. 
The number of rUTIs was significantly higher in the non-prophylaxis group than in both 

Figure 1. Exogenous D-mannose in UTI: mode of action scheme. (A) Adherence of uropathogens
depends on binding of the adhesin, e.g., FimH protein (located at the tips of the bacteria’s type 1 pili)
to mannosylated proteins, such as uroplakin 1a, located on the epithelial cell surface. (B) Exogenously
delivered D-mannose can prevent adhesion of E. coli by saturating the FimH binding sites. Thus,
D-mannose competitively inhibits adhesion of bacteria to the urothelium and facilitates their clearance
by urine flow. GlcNAc: N-acetylglucosamine.

4. Clinical Data for D-Mannose in UTI

Several clinical studies have investigated the effects of D-mannose monotherapy in
the treatment of AUC and prevention of recurrent UTIs. In a prospective, non-comparative
study, Domenici et al. analyzed the efficacy of D-mannose in the treatment of acute uncom-
plicated UTI and its utility in the management of recurrences in 43 women [18]. The authors
observed a significant improvement of most UTI symptoms following administration of
1.5 g D-mannose, twice daily for three days and then once a day for 10 days. Patients
were then randomized into two groups, one receiving prophylaxis with D-mannose ad-
ministered once a day for a week every other month for six months, and the other without
D-mannose administration. The recurrence rate for women receiving prophylaxis (4.5%)
was significantly lower than in the untreated group (33.3%; p = 0.05). The mean time to
onset of UTI was 43 days (±4.1 standard deviations (SD)) in the prophylaxis group, and
28 days (±5.4 SD) in the other group (p = 0.0001). No side effects were reported, even
during long-term administration [18].

To evaluate the efficacy of D-mannose in the treatment and prophylaxis of rUTIs, Porru
et al. performed a randomized cross-over trial including 60 women with acute symptomatic
UTI and three or more rUTIs during the preceding 12 months [24]. Patients were ran-
domly assigned to antibiotic treatment with trimethoprim/sulfamethoxazole (TMP-SMZ:
2 × 160 mg/800 mg daily for 5 days) or therapy with D-mannose (3 × 1 g daily for 2 weeks),
followed by prophylactic therapy over 5 months with TMP-SMZ (1 × 160 mg/800 mg
daily for one week each month) or D-mannose (1 × 1 g daily). In the group treated
with D-mannose, a significantly increased mean time to UTI recurrence (200 days) was
observed in comparison to the antibiotic group (52.7 days; p < 0.0001). Porru et al. stated
that no significant side effects limiting a long-term treatment with D-mannose have been
reported [24].

In a randomized controlled trial, Kranjčec et al. investigated the efficacy of D-mannose
in rUTI prevention [25]. After initial antibiotic treatment of AUC, 308 women were ran-
domly divided into three groups receiving daily treatment with 2 g D-mannose, 50 mg
nitrofurantoin or no prophylaxis. Recurrence rates were 14.6% in the D-mannose group,
20.4% in the nitrofurantoin group and 60.8% in the group without prophylaxis. The number
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of rUTIs was significantly higher in the non-prophylaxis group than in both treated groups
(p < 0.001). D-mannose significantly reduced the risk of rUTI, which was comparable to
that in the nitrofurantoin group. In 7.8% of patients receiving D-mannose prophylaxis,
diarrhea was reported as an adverse event. However, patients in the D-mannose group had
a significantly lower risk of side effects (relative risk 0.276, 95% confidence interval (CI)
0.132–0.574, p < 0.0001) than in the nitrofurantoin group (27.2%, usually diarrhea, nausea
and vaginal burning) [25].

An open-label prospective feasibility study by Phe et al. evaluated D-mannose for
the prevention of UTIs in 22 patients with multiple sclerosis [26]. The authors showed an
association between administration of D-mannose and a significant decrease in the number
of monthly proven UTIs. No adverse events were reported in patients with multiple
sclerosis who were treated with D-mannose [26].

In 2020, Lenger et al. published a systematic review and meta-analysis of the potential
of D-mannose to reduce UTI recurrence in adult women with a history of rUTI and com-
pared its efficacy with that of a placebo or other preventive agents [27]. Comparison of
D-mannose with placebo resulted in a pooled relative risk for rUTI of 0.23 (95% CI 0.14–0.37;
heterogeneity = 0%; D-mannose: n = 125, placebo: n = 123). In addition, the pooled relative
risk of rUTI comparing D-mannose with preventive antibiotics was 0.39 (95% CI 0.12–1.25;
heterogeneity = 88%; D-mannose: n = 163, antibiotics: n = 163) [27]. These data show that
D-mannose can provide protection against rUTI with an efficacy similar to that of antibiotics.

5. Clinical Diagnosis and Assessment of Treatment Efficacy in UTIs with a Validated
Measuring Instrument

AUC is typically diagnosed based on clinical symptoms, such as a painful or burning
sensation when urinating (dysuria) or frequent urination (pollakiuria) in the absence
of abnormal vaginal irritation/discharge [2,4,28]. However, the definitions for clinical
diagnosis of AUC and assessment of clinical healing after treatment vary widely between
clinical studies. The acute cystitis symptom score (ACSS) is derived from a diagnostic
questionnaire that measures patient-reported outcomes in women with AUC, and assesses
the symptoms and their impact on the quality of life [29]. It has been clinically validated in
several languages, including German and English (http://www.acss.world/downloads.
html (accessed on 3 February 2022)). The ACSS has been proven to be suitable for the
clinical diagnosis of AUC in women and in monitoring treatment success during and after
therapy [30–34]. Furthermore, it has already been used as a “patient-reported outcomes
measure” (PROM) in several clinical studies [31,32,35–38].

The ACSS subcategory “typical symptoms” (referred to below as “typical” domain)
contains six patient-reported items: urination frequency, urination urgency, dysuria, supra-
pubic pain, incomplete bladder emptying and visible blood in the urine. Symptom intensity
is rated with a four-point Likert scale (0 = none, 1 = mild, 2 = moderate, 3 = pronounced
symptoms) [29]. A summary score of ≥6 in the “typical” domain indicates a clinically
diagnosed AUC [29,39].

For a clinical diagnosis of AUC, the current guidelines of the US Food and Drug Ad-
ministration (FDA) and the European Medicines Agency (EMA) recommend the presence
of at least two of four signs or symptoms (i.e., dysuria, urinary frequency, urinary urgency
and suprapubic pain) [40], or a minimum number of symptoms such as urinary frequency,
urinary urgency and dysuria, respectively [41]. Thus, the ACSS “typical” domain is com-
patible with the recommendations of public authorities for AUC diagnosis [35]. Therefore,
the ACSS can be recommended for epidemiological and interventional studies.

6. Post Hoc Analysis of the Potential Efficacy of D-Mannose in the Treatment of Acute
Episodes of UTI
6.1. Clinical Efficacy of D-Mannose in the Treatment of Acute UTI—A Non-Interventional Study

Recently, Wagenlehner et al. assessed the suitability of a D-mannose-containing
product as therapy for women with an acute episode of uncomplicated UTI in a multicenter,
prospective, non-interventional study (NIS) [42]. The original study evaluated 97 patients

http://www.acss.world/downloads.html
http://www.acss.world/downloads.html


Antibiotics 2022, 11, 314 5 of 12

who were divided into three groups after completion of the study according to the applied
treatment: D-mannose monotherapy, D-mannose in combination with antibiotics, and the
combination of D-mannose with other therapeutic measures (most frequently kidney and
bladder tea). During the first three days, D-mannose (2 g) was applied three times a day
followed by twice daily at days 4 and 5. In the course of the study, patients rated five
symptoms as present/absent or on a four-/six-point Likert scale until they were subjectively
free of symptoms, but for a maximum of seven days: (1) burning sensation/pain while
urinating, (2) frequency of bladder emptying, (3) small amounts of urine, (4) constant
urge to urinate and (5) change in urine. Healing was defined as relief from burning/pain
during urination (score reduction to 0 or 1 on day 7 or on the last day of documentation). A
patient was considered to be free of symptoms if burning/pain had a score of “0” or “1”,
urination frequency was rated as “not more frequent” or “hardly more frequent” and all
other symptoms were rated with “0” or “not existing” [42].

After three days, 85.7% of the patients under D-mannose monotherapy were assessed
as healed compared to 56.6% in the group treated with D-mannose and antibiotics and 56.3%
in the group combining D-mannose with other measures. On the last day of documentation,
healing rates were largely comparable between the subgroups (92.9% vs. 83.0% or 87.5%).
Furthermore, the proportion of patients considered to be free of symptoms was higher in
the monotherapy group (78.6%) than in the groups combining D-mannose with antibiotics
(67.9%) or other measures (62.5%) [42].

Seven (7.2%) of 97 patients evaluated in the NIS reported a total of 10 adverse events of
mild or moderate severity. The most common side effects were gastrointestinal complaints
and in one case a skin rash was reported. According to the physician’s assessment, in
seven events a causal relationship with the use of D-mannose was possible or could not be
excluded. Six of these seven events occurred in combination with an antibiotic, and one
(flatulence) together with other therapeutic measures [42].

6.2. Transfer of Clinical Data of the NIS to the ACSS as a Validated Instrument

For post hoc data analysis, the clinical symptoms assessed in the NIS were transferred
to the “typical” domain of the ACSS. Items, which were assessed as present or absent in
the NIS, were rated with “2” or “0” for the transfer, respectively. The rating of the item
assessed by a six-point scale in the NIS was transferred to a four-point scale as used in
the ACSS (Table 1). Except for the ACSS item “suprapubic pain”, all symptoms of the
ACSS were also investigated in the NIS. In order to balance the overall score range of the
NIS (5 items) with that of the ACSS (6 items), the leading AUC symptom “burning/pain
during urination” was rated twice for transfer to the ACSS. This approach was required
to generate a balanced total score from the NIS data, which then also consisted of 6 item
values as in the ACSS.

Table 1. Transfer of clinical symptoms from Wagenlehner et al. (2020) to ACSS.

Symptom Original Assessment Rules for Transfer to ACSS “Typical Domain”

Urination frequency 0–3 0–3 (no adaptation necessary)

Urination urgency No, yes No⇒ 0; yes⇒ 2

Urination burning/pain (rated twice) 0–5 0⇒ 0; 1⇒ 1; 2, 3⇒ 2; 4, 5⇒ 3

Incomplete bladder emptying No, yes No⇒ 0; yes⇒ 2

Visible blood in urine No, yes No⇒ 0; yes⇒ 2

For inclusion in the post hoc analysis, NIS patients needed to meet the following
criteria: (i) AUC diagnosed by a physician, (ii) follow-up examinations after diagnosis
and (iii) a summary score of the “typical” domain ≥ 6 at the beginning of the study
(corresponding to the ACSS-based definition of AUC) [36]; this procedure reduced the
number of patients who could be evaluated. Based on the above clinical symptoms, the
summary score of the “typical” domain was calculated for each patient at each study day.
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Alidjanov et al. defined and evaluated six different thresholds using the ACSS “typical”
domain or a combination of the domains “typical” and “quality of life” to specify “clinical
cure” during treatment of AUC. In addition, two further thresholds were based on the
criteria of the FDA and EMA guidelines. From these eight definitions the following
threshold “B” was chosen for our analysis, since its criteria best matched the data available
from the NIS: a summary score of “typical” domain ≤4 and “no visible blood in urine” [36].
In addition, the threshold was applied in a modified form (score ≤ 2 and “no visible
blood in urine”) to gain a second, more robust estimate for the clinical cure rate. For both
estimates, the corresponding 95% CI was determined. The last documented score value of
each patient was pursued by “last observation carried forward”.

6.3. Estimated Cure Rates from Reanalysis of the NIS with D-Mannose Treatment for Acute UTI

Finally, to determine the efficacy of D-mannose in the treatment of AUC, we analyzed
two patient groups according to the treatment documented in the patient diaries. One
group included patients treated with D-mannose as monotherapy. To increase statistical
precision for the efficacy estimates, this cohort was expanded in the second group to
further include patients who were taking other measures in addition to D-mannose except
antibiotics. After applying the above inclusion criteria (see Section 6.2), 23 patients treated
with D-mannose monotherapy were evaluated with post hoc analysis. In the second group,
13 patients under D-mannose and additional non-antibiotic measures were added to these
23, making a total of 36 patients analyzed in this group, referred to below as D-mannose
and other measures.

In patients treated with D-mannose only, the median of the aligned ACSS “typical
domain” (aACSS-TD) had already decreased from 9.0 at baseline to 2.0 on day 3 (Figure 2A).
The median aACSS-TD was 0.0 from day 4. Patients treated with D-mannose and other
measures showed a clear decrease in the median aACSS-TD from 10.0 before the start of
treatment to 3.0 on day 3 (Figure 2B). The group reached a median score of 0.0 at day 7.
Overall, the course of aACSS-TD reduction was similar in both groups.
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Figure 2. Median aligned ACSS of “typical domain” (aACSS-TD) over 7 days for patients receiving
(A) D-mannose monotherapy or (B) D-mannose and other measures except antibiotics. Clinical
symptoms assessed in the NIS were transferred to the “typical domain” of the ACSS. The pooled
summary score of the treated cohort is shown for each day as a box plot. The red line indicates the
median aACSS-TD.

According to the aACSS-TD using threshold “B” (as defined by Alidjanov et al. 2020:
score ≤ 4 and “no visible blood in urine”), D-mannose monotherapy achieved an estimated
cure rate of 91.3% (95% CI 72–99%; Table 2). The calculated cure rate for D-mannose and
other measures was 86.1% (95% CI 71–95%; Table 2).
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Table 2. Time course of the summary aligned ACSS “typical” domain (aACSS-TD) and the estimated
cure rates of patients receiving D-mannose monotherapy or D-mannose and other measures.

Group 1: D-Mannose Monotherapy (n = 23) Group 2: D-Mannose and Other Measures (n = 36)

Day aACSS-TD (Median) Cure Rate 1 Cure Rate 2 aACSS-TD (Median) Cure Rate 1 Cure Rate 2

0 9.0 - - 10.0 - -

1 9.0 4.4% 4.4% 9.5 5.6% 2.8%

2 4.0 52.2% 4.4% 6.5 38.9% 5.6%

3 2.0 73.9% 56.5% 3.0 61.1% 41.7%

4 0.0 91.3% 82.6% 1.0 80.6% 61.1%

5 0.0 91.3% 82.6% 2.0 80.6% 66.7%

6 0.0 91.3% 87.0% 0.5 86.1% 77.8%

7 0.0 91.3% 87.0% 0.0 86.1% 77.8%

Cure rate [95% CI]
on day 7 - 91.3%

[72–99%]
87.0%

[66–97%] - 86.1%
[71–95%]

77.8%
[61–90%]

1 Score ≤ 4 and “no visible blood in urine”; 2 score ≤ 2 and “no visible blood in urine”.

For the more robust estimate (modified threshold “B”: score ≤ 2 and “no visible blood
in urine”), the cure rate for patients receiving D-mannose monotherapy was 87.0% (95% CI
66–97%; Table 2). For patients treated with D-mannose and other measures, a cure rate of
77.8% (95% CI 61–90%) was computed (Table 2).

Furthermore, to differentiate the treatment effect for patients with D-mannose monother-
apy (n = 23) and patients with D-mannose plus other non-antibiotic treatments (n = 13),
Kaplan–Meier estimates were determined for the course of the aACSS-TD. The probability
(p) of reaching an aACSS-TD of zero after day 4 was 0.48 (95% CI 0.21; 0.66) and 0.25 (95%
CI 0.0; 0.46) in patients under D-mannose monotherapy compared to D-mannose plus other
non-antibiotic treatment, respectively. On day 5, the probabilities were 0.74 (95% CI 0.45; 0.88)
and 0.44 (95% CI 0.06; 0.66), respectively. This means there were comparable results for both
treatment groups, with a trend to better results (higher p-values) in the monotherapy group.

7. Cure Rates of Controlled Trials—Antibiotic Treatment of Acute UTI

Success rates, odds ratios and/or other risk measures have been published to estimate
the effect of antibiotic treatment, mainly in terms of microbiological response. To illustrate
and compare these results, simple success rates (healing rates) of the published data were
calculated and supplemented with the corresponding 95% CIs as presented below [43].

For example, a comprehensive meta-analysis including 27 trials in about 1700 pa-
tients with cystitis compared the efficacy of fosfomycin with other antibiotics [44]. This
meta-analysis found no difference between fosfomycin and comparators regarding micro-
biological success. The cure rate for fosfomycin was 83.8% (95% CI 81.2–86.3%) and for
nitrofurantoin it was 80.9% (95% CI 73.9–86.7%). For other antibiotics, the overall cure rate
was 83.7% (95% CI 80.9–86.3%) [44].

A more recent meta-analysis of 12 studies obtained estimates of the microbiological
response rates and corresponding 95% CIs for nitrofurantoin and placebo treatment [45].
For patients with AUC under placebo, an overall microbiological response of 34.2% (95%
CI 28.8–39.7%) was calculated. Patients treated with nitrofurantoin (n = 934) achieved an
overall microbiological response of 76.6% (95% CI 66.5–86.7%) [45].

As the clinical cure or improvement of AUC symptoms during and following treatment
becomes increasingly focused on treatment efficacy, the clinical success rate should be eval-
uated primarily in clinical trials. A systematic review of 19 studies including 3779 patients
in total compared the clinical and microbiological efficacy of single-dose fosfomycin with
other antibiotic regimens [46]. The microbiological cure rate was 78.9% (95% CI 76.2–81.4%)
for fosfomycin and 77.1% (95% CI 72.2–81.5%) for nitrofurantoin. The mean effect of other
antibiotics evaluated in this publication resulted in a cure rate of 81.6% (95% CI 78.0–84.9%).
The clinical success rates were 77.9% (95% CI 75.4–80.3%) for fosfomycin and 79.0% (95% CI
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75.0–82.6%) for nitrofurantoin. The averaged clinical cure rate for the other antibiotics was
84.6% (95% CI 81.2–87.6%) [46]. These results showed no clinically significant differences
between the microbiological and clinical cure rates and gave comparable results between
the different antibiotic groups.

Overall, these analyses reveal comparable clinical cure rates under treatment with
fosfomycin, nitrofurantoin and other antibiotics, which are on the same level as those
estimated for treatment with D-mannose monotherapy by post hoc analysis of the NIS
study (Figure 3).
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Figure 3. Cure rates of patients with AUC treated with nitrofurantoin, fosfomycin or D-
mannose [42,44–46]. Vertical line indicates cure rate of 75%. Squares indicate range from 1st to
3rd quartile of estimated cure rates. Horizontal lines indicate 95% CIs. 1 Random effect model.
2 D-mannose monotherapy (for numbers, see Table 2). 3 D-mannose and other measures except
antibiotics (for numbers, see Table 2).

8. Time-Dependent Changes of Symptoms in AUC Patients Treated with D-Mannose
or Antibiotics

Besides assessing treatment efficacy as described by cure rate, time to symptom
improvement also plays an important role in the patients’ quality of life. In order to compare
time to symptom improvement under treatment with D-mannose and antibiotics, we
searched for published studies using antibiotics that recorded a clinical summary symptom
score in patients with AUC over time. However, the scores were often weighted differently,
so we had to perform some adaptation to achieve comparability between the various studies.
The maximum value achievable in each symptom score was set to 100%, and the score
values reported were then calculated as the corresponding proportion. The resulting relative
(or normalized) daily mean scores were compared between D-mannose (based on aACSS-
TD from the post hoc analysis) and various antibiotic treatments (Table 3) [38,42,47–52].
In addition, we compared the median values from groups receiving antibiotic treatments
and mean values of D-mannose monotherapy or D-mannose and other non-antibiotic
measures (Figure 4).
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Table 3. Time course of mean symptom score normalized by maximum of the individual scales [%]
over 1 week in AUC patients receiving D-mannose or antibiotic treatments.

Treatment [Reference] Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7–8

D-mannose monotherapy 1 51.7 46.9 28.5 14.5 5.6 8.3 11.1 0

D-mannose and other measures 1 54.5 50.9 35.9 21.9 13.9 13.6 13.3 3.2

Fosfomycin (single dose) 1 [38] 56.1 - - 25.0 - - - 11.7

Fosfomycin (single dose) 2 [47] 50.8 26.7 16.7 10.0 8.3 7.5 5.8 4.2

Pivmecillinam (5 days) 3 [52] 42.6 26.7 14.0 12.0 8.0 7.3 7.3 6.7

Pivmecillinam (3 days) 1 [49] 68.3 41.7 22.2 13.9 5.6 5.0 3.9 -

Ciprofloxacin (3 days) 4 [50] 48.3 - - - 10.8 - - 5.0

Ciprofloxacin (5 days) 3 [51] 50.7 - - - - - - 10.0

Norfloxacin (3 days) 5 [48] 46.0 - - 11.6 - - - 4.0%

Summary of antibiotic treatment (median) 50.7 26.7 16.7 12.0 8.2 7.3 5.8 5.0
1 6 items on scale 0–3 (max. = 18), 2 3 items on scale 0–4 (max. = 12), 3 5 items on scale 0–3 (max. = 15), 4 4 items
on scale 0–3 (max. = 12), 5 5 items on scale 0–6 (max. = 30). D-mannose groups: aACSS-TD generated from NIS
data; antibiotic treatments: data from controlled clinical studies [38,47–50,52] and one open clinical study [51].

Antibiotics 2022, 11, 314 9 of 13 
 

malized total symptom scores to 10–25% was observed in all treatment groups consid-
ered. After a period of 7–8 days, the normalized total symptom score was lowered to 0–
12% in all treatments. 

Overall, a clear trend regarding symptom relief over time was found with the vari-
ous treatments. The normalized symptom score under treatment with D-mannose mon-
otherapy decreased from 51.7% at baseline to 5.6% at day 4, while with D-mannose and 
other non-antibiotic measures, it decreased from 54.5% to 13.9%. Likewise, with 
D-mannose, the median value derived from all antibiotic treatments decreased from 51% 
at baseline to 8.2% at day 4. In addition, the time-dependent symptom reduction after 3 
days of treatment was similar following D-mannose monotherapy and antibiotic treat-
ments, which again underlines the potential of D-mannose in the treatment of AUC 
(Figure 4). 

Table 3. Time course of mean symptom score normalized by maximum of the individual scales [%] 
over 1 week in AUC patients receiving D-mannose or antibiotic treatments. 

Treatment [Reference] Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7–8 
D-mannose monotherapy 1  51.7 46.9 28.5 14.5 5.6 8.3 11.1 0 

D-mannose and other measures 1 54.5 50.9 35.9 21.9 13.9 13.6 13.3 3.2 
Fosfomycin (single dose) 1 [38] 56.1 - - 25.0 - - - 11.7 
Fosfomycin (single dose) 2 [47] 50.8 26.7 16.7 10.0 8.3 7.5 5.8 4.2 
Pivmecillinam (5 days) 3 [52] 42.6 26.7 14.0 12.0 8.0 7.3 7.3 6.7 
Pivmecillinam (3 days) 1 [49] 68.3 41.7 22.2 13.9 5.6 5.0 3.9 - 
Ciprofloxacin (3 days) 4 [50] 48.3 - - - 10.8 - - 5.0 
Ciprofloxacin (5 days) 3 [51] 50.7 - - - - - - 10.0 
Norfloxacin (3 days) 5 [48] 46.0 - - 11.6 - - - 4.0% 

Summary of antibiotic treatment (median) 50.7 26.7 16.7 12.0 8.2 7.3 5.8 5.0 
1 6 items on scale 0–3 (max. = 18), 2 3 items on scale 0–4 (max. = 12), 3 5 items on scale 0–3 (max. = 15), 
4 4 items on scale 0–3 (max. = 12), 5 5 items on scale 0–6 (max. = 30). D-mannose groups: aACSS-TD 
generated from NIS data; antibiotic treatments: data from controlled clinical studies [38,47–50,52] 
and one open clinical study [51]. 

 
Figure 4. Time course of mean symptom scores in AUC over 1 week in patients receiving 
D-mannose compared to median symptom score in patients receiving antibiotics (for data, see Table 3). 

Figure 4. Time course of mean symptom scores in AUC over 1 week in patients receiving D-mannose
compared to median symptom score in patients receiving antibiotics (for data, see Table 3).

The normalized symptom scores of the different treatments in the individual studies
were comparable at baseline, with most scores ranging from 46% to 56%, also including
the two D-mannose groups (Table 3). At day 3, a distinct decrease in the normalized total
symptom scores to 10–25% was observed in all treatment groups considered. After a period
of 7–8 days, the normalized total symptom score was lowered to 0–12% in all treatments.

Overall, a clear trend regarding symptom relief over time was found with the various
treatments. The normalized symptom score under treatment with D-mannose monotherapy
decreased from 51.7% at baseline to 5.6% at day 4, while with D-mannose and other non-
antibiotic measures, it decreased from 54.5% to 13.9%. Likewise, with D-mannose, the
median value derived from all antibiotic treatments decreased from 51% at baseline to 8.2%
at day 4. In addition, the time-dependent symptom reduction after 3 days of treatment
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was similar following D-mannose monotherapy and antibiotic treatments, which again
underlines the potential of D-mannose in the treatment of AUC (Figure 4).

9. Conclusions

Our post hoc analysis shows that patients using D-mannose as monotherapy in AUC
achieved very good clinical cure rates, similar to those achieved by patients receiving
antibiotic treatments. Furthermore, symptom relief after 3 days of treatment was also
comparable between D-mannose monotherapy and antibiotics. These findings are in line
with previous studies showing similar effectiveness of D-mannose to that of antibiotics in
UTI prevention. Therefore, D-mannose may be a safe and effective alternative to antibiotics
in the treatment of AUC. However, further randomized, controlled trials including a
relevant number of patients are necessary, in order to confirm the beneficial effect of
D-mannose in AUC.
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25. Kranjčec, B.; Papeš, D.; Altarac, S. D-mannose powder for prophylaxis of recurrent urinary tract infections in women: A
randomized clinical trial. World J. Urol. 2014, 32, 79–84. [CrossRef]

26. Phé, V.; Pakzad, M.; Haslam, C.; Gonzales, G.; Curtis, C.; Porter, B.; Chataway, J.; Panicker, J.N. Open label feasibility study
evaluating D-mannose combined with home-based monitoring of suspected urinary tract infections in patients with multiple
sclerosis. Neurourol. Urodyn. 2017, 36, 1770–1775. [CrossRef]

27. Lenger, S.M.; Bradley, M.S.; Thomas, D.A.; Bertolet, M.H.; Lowder, J.L.; Sutcliffe, S. D-mannose vs other agents for recurrent
urinary tract infection prevention in adult women: A systematic review and meta-analysis. Am. J. Obstet. Gynecol. 2020, 223,
265.e1–265.e13. [CrossRef]

28. Bent, S.; Nallamothu, B.K.; Simel, D.L.; Fihn, S.D.; Saint, S. Does this woman have an acute uncomplicated urinary tract infection?
JAMA 2002, 287, 2701–2710. [CrossRef]

29. Alidjanov, J.F.; Pilatz, A.; Abdufattaev, U.A.; Wiltink, J.; Weidner, W.; Naber, K.G.; Wagenlehner, F.M. German validation of the
Acute Cystitis Symptom Score. Urologe A 2015, 54, 1269–1276. [CrossRef]

30. Alidjanov, J.F.; Abdufattaev, U.A.; Makhsudov, S.A.; Pilatz, A.; Akilov, F.A.; Naber, K.G.; Wagenlehner, F.M. New self-reporting
questionnaire to assess urinary tract infections and differential diagnosis: Acute cystitis symptom score. Urol. Int. 2014, 92,
230–236. [CrossRef]

31. Alidjanov, J.F.; Abdufattaev, U.A.; Makhsudov, S.A.; Pilatz, A.; Akilov, F.A.; Naber, K.G.; Wagenlehner, F.M. The Acute Cystitis
Symptom Score for Patient-Reported Outcome Assessment. Urol. Int. 2016, 97, 402–409. [CrossRef]

32. Alidjanov, J.F.; Naber, K.G.; Abdufattaev, U.A.; Pilatz, A.; Wagenlehner, F.M. Reevaluation of the Acute Cystitis Symptom Score, a
Self-Reporting Questionnaire. Part II. Patient-Reported Outcome Assessment. Antibiotics 2018, 7, 43. [CrossRef]

33. Alidjanov, J.F.; Naber, K.G.; Abdufattaev, U.A.; Pilatz, A.; Wagenlehner, F.M. Reliability of Symptom-Based Diagnosis of
Uncomplicated Cystitis. Urol. Int. 2019, 102, 83–95. [CrossRef]

34. Alidjanov, J.F.; Naber, K.G.; Abdufattaev, U.A.; Pilatz, A.; Wagenlehner, F.M. Reevaluation of the Acute Cystitis Symptom Score, a
Self-Reporting Questionnaire. Part I. Development, Diagnosis and Differential Diagnosis. Antibiotics 2018, 7, 6. [CrossRef]

http://doi.org/10.1016/j.eururo.2020.06.032
http://doi.org/10.1186/s12879-018-2960-9
http://doi.org/10.1111/tog.12644
https://www.ecdc.europa.eu/en/antimicrobial-resistance
https://www.ecdc.europa.eu/en/antimicrobial-resistance
http://doi.org/10.1093/oxfordjournals.aje.a010170
http://doi.org/10.3390/antibiotics3030341
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/0909_TER_The_Bacterial_Challenge_Time_to_React.pdf
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/0909_TER_The_Bacterial_Challenge_Time_to_React.pdf
http://doi.org/10.1080/14737167.2017.1359543
http://doi.org/10.3389/fmicb.2017.01566
http://doi.org/10.1038/emboj.2008.155
http://doi.org/10.1242/jcs.114.22.4095
http://doi.org/10.1038/ncomms10738
http://doi.org/10.1038/336682a0
http://doi.org/10.1371/annotation/ea59d179-0a71-4836-86f0-8d375f5df089
http://doi.org/10.1177/2051415813518332
http://doi.org/10.1007/s00345-013-1091-6
http://doi.org/10.1002/nau.23173
http://doi.org/10.1016/j.ajog.2020.05.048
http://doi.org/10.1001/jama.287.20.2701
http://doi.org/10.1007/s00120-015-3873-5
http://doi.org/10.1159/000356177
http://doi.org/10.1159/000448591
http://doi.org/10.3390/antibiotics7020043
http://doi.org/10.1159/000493509
http://doi.org/10.3390/antibiotics7010006


Antibiotics 2022, 11, 314 12 of 12

35. Alidjanov, J.F.; Naber, K.G.; Pilatz, A.; Radzhabov, A.; Zamuddinov, M.; Magyar, A.; Tenke, P.; Wagenlehner, F.M. Evaluation of
the draft guidelines proposed by EMA and FDA for the clinical diagnosis of acute uncomplicated cystitis in women. World J. Urol.
2020, 38, 63–72. [CrossRef]

36. Alidjanov, J.F.; Naber, K.G.; Pilatz, A.; Radzhabov, A.; Zamuddinov, M.; Magyar, A.; Tenke, P.; Wagenlehner, F.M. Additional
assessment of Acute Cystitis Symptom Score questionnaire for patient-reported outcome measure in female patients with acute
uncomplicated cystitis: Part II. World J. Urol. 2020, 38, 1977–1988. [CrossRef]

37. Alidjanov, J.F.; Overesch, A.; Abramov-Sommariva, D.; Hoeller, M.; Steindl, H.; Wagenlehner, F.M.; Naber, K.G. Acute Cystitis
Symptom Score questionnaire for measuring patient-reported outcomes in women with acute uncomplicated cystitis: Clinical
validation as part of a phase III trial comparing antibiotic and nonantibiotic therapy. Investig. Clin. Urol. 2020, 61, 498–507.
[CrossRef]

38. Wagenlehner, F.M.; Abramov-Sommariva, D.; Höller, M.; Steindl, H.; Naber, K.G. Non-Antibiotic Herbal Therapy (BNO 1045)
versus Antibiotic Therapy (Fosfomycin Trometamol) for the Treatment of Acute Lower Uncomplicated Urinary Tract Infections in
Women: A Double-Blind, Parallel-Group, Randomized, Multicentre, Non-Inferiority Phase III Trial. Urol. Int. 2018, 101, 327–336.
[CrossRef]

39. Alidjanov, J.F.; Pilatz, A.; Abdufattaev, U.A.; Wiltink, J.; Weidner, W.; Naber, K.G.; Wagenlehner, F.M. New questionnaire for the
German validation of the Acute Cystitis Symptom Score. Urol. A 2017, 56, 364–366. [CrossRef]

40. Food and Drug Administration (FDA). Uncomplicated Urinary Tract Infections: Developing Drugs for Treatment. In Guidance for
Industry.; 2019. Available online: https://www.fda.gov/media/129531/download (accessed on 16 November 2021).

41. European Medicines Agency (EMA). Guideline on the Evaluation of Medicinal Products Indicated for Treatment of Bacterial
Infections. Rev 3. 2019. Available online: https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-
evaluation-medicinal-products-indicated-treatment-bacterial-infections-revision-3_en.pdf (accessed on 16 November 2021).

42. Wagenlehner, F.M.; Baumgartner, L.N.; Schopf, B.; Milde, J. Nicht interventionelle Studie mit Femannose®N zur Untersuchung
von Verträglichkeit, Lebensqualität und Symptomverlauf bei akuter unkomplizierter Harnweginfektion [Non-interventional
study with Femannose® N to investigate tolerance, quality of life and course of symptoms in acute uncomplicated urinary tract
infection]. J. Pharmakol Ther. 2020, 29, 4–9. (In German)

43. Agresti, A.; Caffo, B. Simple and Effective Confidence Intervals for Proportions and Differences of Proportions Result from
Adding Two Successes and Two Failures. Am. Stat. 2000, 54, 280–288. [CrossRef]

44. Falagas, M.E.; Vouloumanou, E.K.; Togias, A.G.; Karadima, M.; Kapaskelis, A.M.; Rafailidis, P.I.; Athanasiou, S. Fosfomycin
versus other antibiotics for the treatment of cystitis: A meta-analysis of randomized controlled trials. J. Antimicrob. Chemother.
2010, 65, 1862–1877. [CrossRef]

45. Mitrani-Gold, F.S.; Raychaudhuri, A.; Rao, S. Systematic review and meta-analysis to estimate the antibacterial treatment effect
of nitrofurantoin for a non-inferiority trial in uncomplicated urinary tract infection. J. Glob. Antimicrob. Resist. 2020, 22, 68–77.
[CrossRef]

46. Alfaresi, M.; Hassan, K.; Alnjadat, R.M.H. Single-Dose Fosfomycin Trometamol Versus Other Antimicrobial Regimens For
Treatment of Uncomplicated Lower Urinary Tract Infection: A Systematic Review And Meta-Analysis. Open Microbiol. J. 2019, 13,
193–199. [CrossRef]

47. Gágyor, I.; Bleidorn, J.; Kochen, M.M.; Schmiemann, G.; Wegscheider, K.; Hummers-Pradier, E. Ibuprofen versus fosfomycin for
uncomplicated urinary tract infection in women: Randomised controlled trial. BMJ 2015, 351, h6544. [CrossRef]

48. Kronenberg, A.; Bütikofer, L.; Odutayo, A.; Mühlemann, K.; da Costa, B.R.; Battaglia, M.; Meli, D.N.; Frey, P.; Limacher,
A.; Reichenbach, S.; et al. Symptomatic treatment of uncomplicated lower urinary tract infections in the ambulatory setting:
Randomised, double blind trial. BMJ 2017, 359, j4784. [CrossRef] [PubMed]

49. Vik, I.; Bollestad, M.; Grude, N.; Bærheim, A.; Damsgaard, E.; Neumark, T.; Bjerrum, L.; Cordoba, G.; Olsen, I.C.; Lindbæk, M.
Ibuprofen versus pivmecillinam for uncomplicated urinary tract infection in women-A double-blind, randomized non-inferiority
trial. PLoS Med. 2018, 15, e1002569. [CrossRef] [PubMed]

50. Bleidorn, J.; Gágyor, I.; Kochen, M.M.; Wegscheider, K.; Hummers-Pradier, E. Symptomatic treatment (ibuprofen) or antibiotics
(ciprofloxacin) for uncomplicated urinary tract infection?–results of a randomized controlled pilot trial. BMC Med. 2010, 8, 30.
[CrossRef] [PubMed]

51. Choi, H.; Kim, Y.H.; Bae, J.H. Quality of life and changes in symptom relief in patients with acute uncomplicated cystitis treated
with antibiotics: A prospective, open-label, multicenter, observational study. Eur. J. Clin. Microbiol. Infect. Dis 2015, 34, 1119–1124.
[CrossRef]

52. Jansåker, F.; Thønnings, S.; Hertz, F.B.; Kallemose, T.; Værnet, J.; Bjerrum, L.; Benfield, T.; Frimodt-Møller, N.; Knudsen, J.D.
Three versus five days of pivmecillinam for community-acquired uncomplicated lower urinary tract infection: A randomised,
double-blind, placebo-controlled superiority trial. EClinicalMedicine 2019, 12, 62–69. [CrossRef]

http://doi.org/10.1007/s00345-019-02761-3
http://doi.org/10.1007/s00345-019-02948-8
http://doi.org/10.4111/icu.20200060
http://doi.org/10.1159/000493368
http://doi.org/10.1007/s00120-017-0327-2
https://www.fda.gov/media/129531/download
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-evaluation-medicinal-products-indicated-treatment-bacterial-infections-revision-3_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-evaluation-medicinal-products-indicated-treatment-bacterial-infections-revision-3_en.pdf
http://doi.org/10.1080/00031305.2000.10474560
http://doi.org/10.1093/jac/dkq237
http://doi.org/10.1016/j.jgar.2020.01.027
http://doi.org/10.2174/1874285801913010193
http://doi.org/10.1136/bmj.h6544
http://doi.org/10.1136/bmj.j4784
http://www.ncbi.nlm.nih.gov/pubmed/29113968
http://doi.org/10.1371/journal.pmed.1002569
http://www.ncbi.nlm.nih.gov/pubmed/29763434
http://doi.org/10.1186/1741-7015-8-30
http://www.ncbi.nlm.nih.gov/pubmed/20504298
http://doi.org/10.1007/s10096-015-2329-6
http://doi.org/10.1016/j.eclinm.2019.06.009

	Epidemiology and Infectiology of Acute Uncomplicated Urinary Tract Infections 
	Antibiotics as Current Standard Therapy and Relevance of Resistance Development 
	Fundamental Aspects of the d-Mannose Mode of Action 
	Clinical Data for d-Mannose in UTI 
	Clinical Diagnosis and Assessment of Treatment Efficacy in UTIs with a Validated Measuring Instrument 
	Post Hoc Analysis of the Potential Efficacy of d-Mannose in the Treatment of Acute Episodes of UTI 
	Clinical Efficacy of d-Mannose in the Treatment of Acute UTI—A Non-Interventional Study 
	Transfer of Clinical Data of the NIS to the ACSS as a Validated Instrument 
	Estimated Cure Rates from Reanalysis of the NIS with d-Mannose Treatment for Acute UTI 

	Cure Rates of Controlled Trials—Antibiotic Treatment of Acute UTI 
	Time-Dependent Changes of Symptoms in AUC Patients Treated with d-Mannose or Antibiotics 
	Conclusions 
	References

