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Abstract
Background: The rise in antimicrobial resistance means that alternative approaches for
the treatment and prevention of urinary tract infection (UTIs) are required.
Objective: To evaluate the safety and efficacy of a D-mannose-based dietary supplement
(D-mannose, citric acid, prebiotic fibers, Astragalus, and dandelion; DAPAD complex) for
the treatment of uncomplicated acute E. coli UTIs.
Design, setting, and participants: This was a single-center, randomized, double-blind,
placebo-controlled trial conducted from April 2021 to October 2021 in Rajalakshmi
Hospital and Research Centre (Bangalore, India). The participants were nonmenopausal
women with an acute uncomplicated E. coli UTI. UTI was diagnosed according to the
presence of at least one urinary symptom and bacteriuria (>100 000 CFU/ml).
Intervention: The DAPAD complex was administered twice a day for 5 d, with
phenazopyridine and alkalizing agents as the standard of care (SOC). The control group
received placebo with SOC.
Outcome measurements and statistical analysis: Subjective (clinical resolution/response)
and objective (midstream bacteriuria) outcomes were evaluated at the end of therapy
(day 6) and at day 35 of follow-up. Adverse events were recorded. Categorical variables
were analyzed using v2 and Fisher’s exact tests; a p value <0.05 was considered
significant.
Results and limitations: Seventy women were enrolled and equally randomized to the two
groups. Clinical resolution was higher in the DAPAD group at 6 d (34.3% vs 0%; p < 0.0001)
and 35 d from baseline (88.6% vs 20%, p < 0.0001). At day 35, no patients in the DAPAD
group had moderate or severe symptoms, whereas 25.7% (nine/35) and 11.4% (four/35)
of patients in the placebo group had moderate and severe symptoms, respectively.
Bacteriological resolution was also higher in the DAPAD group at day 6 (85.7% vs 14.3%;
p < 0.0001) and day 35 (100% vs 40%; p < 0.0001). Three mild adverse events (4.26%) unre-
lated to the investigated product were recorded, all of which were medically treated.
Conclusions: The DAPAD complex dietary supplement is effective and safe for treatment
of acute uncomplicated E. coli UTIs.
* Corresponding author. Obstetrics and Gynecology Unit, IRCCS San Raffaele Scientific Institute, San
Raffaele Hospital, Via Olgettina 60, Milan, Italy. Tel. +39 393 148 2744.
E-mail address: alesruffolo@gmail.com (A.F. Ruffolo).
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1. Introduction of a D-mannose-based dietary supplement (DAPAD complex developed
Urinary tract infection (UTI) is a collective term denoting an
infection that involves any part of the urinary tract. UTIs
are one of the most common infections reported in local pri-
mary care. Adultwomenare30 timesmore likely thanmen to
develop a UTI, principally in subjects younger than 50 yr.
Appropriate classification of UTI as a simple or complicated
form guides its management, and the diagnosis is strictly
related to identification of individual risk factors for UTIs
according to the ORENUC (O-NO = known factors; R = risk
of recurrent UTI; E = extra urogenital risk factors;
N = nephropathy; U = urological risk factors that can be
resolved by therapy; C = catheter) classification [1]. Family
physicians can manage most UTIs when guided by patient
history, laboratory analysis, and appropriate use of antibi-
otics to minimize antibiotic resistance [2]. While simple
uncomplicated cystitis responds optimally to oral antibiotics,
complicated UTIs may require early imaging, referral to the
emergency department, or hospitalization to prevent
urosepsis. Escherichia coli remains the predominant uro-
pathogen in acute, community-acquired, uncomplicated
UTIs.

UTIs result in considerable economic and public health
burdens and significantly affect the quality of life (QoL) of
afflicted individuals [3]. Currently, antibiotics such as
trimethoprim sulfamethoxazole, ciprofloxacin, and ampi-
cillin are the therapeutics most commonly recommended
for UTIs [3]. However, the rise in antibiotic resistance and
high recurrence rates threaten to greatly increase the bur-
den of these common infections on health care systems.

The inexorable rise of antimicrobial resistance reinforces
the need for alternative approaches for both treatment and
prevention of UTIs, which include the use of novel vaccine
(s), probiotics, and immunostimulants [4]. Among others,
a potential therapeutic approach using D-mannose, an inert
monosaccharide that is metabolized and excreted in urine
and acts by inhibiting bacterial adhesion to the urothelium.
Some studies have investigated the effect of D-mannose on
recurrent UTIs (rUTIs) and as prophylaxis for UTIs. However,
appraisal of this evidence remains under-reported.

The aim of our study was to evaluate the safety and effi-
cacy of a dietary supplement containing D-mannose, citric
acid, prebiotic fibers, Astragalus, and dandelion (DAPAD
complex) for the treatment of acute uncomplicated E. coli
UTI in the lower urinary tract.
2. Patients and methods

2.1. Study design

This was a randomized, prospective, double-blind, two-arm, parallel

assignment, placebo-controlled trial to evaluate the efficacy and safety
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by International Health Science srl, Milan, Italy) as an adjuvant therapy

in the treatment of acute uncomplicated UTIs. The study was conducted

at the Rajalakshmi Hospital and Research Centre (Bangalore, India) from

April 2021 to October 2021.

Inclusion and exclusion criteria for the study population are reported

in Table 1. Each patient included in the study participated in four study

visits, including a screening visit (visit 0), a randomization visit (visit 1),

an end-of-therapy visit at 6 d from randomization (visit 2), and a follow-

up visit at 35 ± 5 d from randomization (visit 3).

The primary outcome of the study was the clinical response at the

end of treatment (day 6) and 1 mo after the end of therapy (35 d). The

primary outcome was defined as (1) clinical resolution (complete resolu-

tion of symptoms without prior failure) or (2) a clinical response (im-

provement of symptoms from a more severe to a less severe category).

A secondary outcome was bacteriological resolution at the end of ther-

apy (day 6), defined as eradication of the infecting E. coli strain (bacterial

load <105 CFU/ml), with no recurrence of bacteriuria at 35-d follow-up.
2.2. Procedures

At the screening visit, the study procedures were explained during the

informed consent session. Demographic characteristics (date of birth,

sex, height, weight) and medical history were recorded. Medications

for current or prior disease conditions (for a duration of 3 mo before

the study start) were recorded. Vital parameters were recorded and a

physical examination, including gynecological assessment, was per-

formed. The following laboratory analyses were conducted: urine analy-

sis (routine and microscopic examination); a urinary pregnancy test; and

a urine culture and sensitivity test (midstream urine). The inclusion and

exclusion criteria for subject eligibility were assessed.

Acute UTI was diagnosed according to the presence of at least one of

the four lower urinary tract symptoms (LUTS) required for inclusion and

a positive urine culture (�105 CFU/ml). The terminology used to define

urinary symptoms complies with the International Urogynecological

Association and the International Continence Society standardization

document [5]. Midstream urine samples were taken after washing the

genital area with sterile water wipes after not voiding for at least 3 h

before sample collection.

At visit 1, participants were randomized to the experimental group

(DAPAD) or the control group (placebo) in a 1:1 allocation ratio. Because

this was a double-blind study, neither the participants nor the clinicians

involved in the trial had access to the randomization list. The study pro-

duct (DAPAD or placebo) was dispensed to the participants with instruc-

tions on dosage and frequency. Study questionnaire assessments

evaluating the severity of UTI symptoms were administered. All subjects

were encouraged to report any incidence of adverse events (AEs).

At visit 2 and visit 3, the clinical response and bacteriological

response were assessed. Questionnaires with the following questions

were administered: ‘‘Have there been any changes in your UTI symp-

toms since the last visit?’’ and ‘‘If the answer is better, please indicate

how much better’’.

At visit 3, the same laboratory tests as for the screening visit were

evaluated.



Table 1 – Inclusion and exclusion criteria for the study population

Inclusion criteria Exclusion criteria

1. Adult female of fertile age 1. Male sex
2. Age �18 yr to 45 yr 2. Urine culture positive for uropathogens other than E. coli
3. Written informed consent 3. Pregnancy or planned pregnancy
4. At least one of four key UTI symptoms that could be

attributed
to an uncomplicated UTI, and no alternative explanation
(ie, symptoms suggestive of STI or vulvovaginitis):

4. Concomitant antimicrobial therapy at the time of screening

� Dysuria 5. Use of any antibiotics in the previous 7 d
� Urgency (including nocturia) 6. Dietary supplements (such as cranberry, probiotics) during the month before

recruitment
� Frequency 7. Known or suspected hypersensitivity or allergy to any ingredient of the investigational

product
� Suprapubic tenderness 8. Active upper UTI (eg, pyelonephritis, urosepsis: fever >38.0 �C, flank pain, chills)
5. Urine culture positive for E. coli �105 CFU/ml 9. Symptoms/signs suggestive of vaginitis or STI

10. Indwelling catheter, nephrostomy, ureteric stent, or other foreign material
11. Otherwise complicated UTI:
� History of anatomic or functional abnormality of the urogenital tract:
� Congenital abnormalities
� Polycystic kidney disease
� Obstruction or stricture of the renal pelvis, ureter, or urethra
� Kidney stones
� Cystocele
� Cystic diverticulae
� Change in anatomic proportions (eg, after ureter implantation)
� Chronic vesicourethral reflux
� Neurogenic bladder
12. Severe chronic renal (creatinine clearance < 30 ml/min) or hepatic dysfunction
13. Diagnosis of diabetes
14. Immunosuppression:
� Untreated human immunodeficiency virus infection
� Use of high-dose systemic corticosteroids or other immunosuppressive
medication
� Chemotherapy
� Treatment with radiation
15. Critical illness requiring intensive care
16. Planned surgery within the next 6 wk
17. Pelvic or gynecological surgery during the 6 mo before recruitment
18. Inability to take oral drugs
19. Participation in another prospective clinical trial
20. Previous enrolment in the proposed study
21. Inability to understand or to follow the study protocol

E. coli = Escherichia coli; STI = sexually transmitted infection; UTI = urinary tract infection.
The incidence of AEs and serious AEs (SAEs, defined as AEs that led to

death or to serious deterioration in the health of the subject) during the

study period was recorded.

2.3. Study treatment

The product investigated is DAPAD complex, a dietary supplement con-

taining D-mannose 2000 mg, prebiotics 1500 mg (polydextrose and aca-

cia gum), arabinogalactan 140 mg, Axtragyl 100 mg (Astragalus

membranaceus root extract), and dandelion 50 mg (Taraxacum officinalis

extract) in sachets. DAPAD was administered along with the standard of

care (SOC), decided for each subject individually according to their urine

culture and sensitivity results (phenazopyridine [6] and alkalizing

agents [7] were recommended for patients, along with advice to drink

plenty of water). The DAPAD dosage is two sachets per day (morning

and evening), dissolved in a glass of water (150 ml) and mixed ade-

quately, administered for 5 d. Subjects in the comparator arm received

two sachets a day (morning and evening) of the placebo dissolved in a

glass of water (150 ml) along with the SOC for 5 d.

2.4. Statistical analysis

R version 4.1.2 (R Foundation for Statical Computing, Vienna, Austria)

was used for statistical analysis. Continuous variables are reported as

the mean and standard deviation and categorical variables as the fre-
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quency and percentage. Categorical variables were analyzed using a v2

test and Fisher’s exact test, as appropriate. A p value of <0.05 was consid-

ered statistically significant.

The sample size was calculated considering an a priori difference of

35% in clinical resolution between the two study groups. For an a error

of 0.05 and study power of 80%, the total number of patients to enroll in

the study was calculated as 62 women (31 women for each treatment

arm).

The study was conducted in accordance with the International Con-

ference on Harmonization Good Clinical Practice guidelines, the Declara-

tion of Helsinki, and local laws and regulations. The study was approved

by the institutional review board in all investigative centers (clinical trial

number BIAG-CSP-046).
3. Results

A total of 76 women were screened for inclusion in the
study protocol. Six patients (six/76; 7.89%) did not meet
the inclusion criteria and were excluded from enrollment.
Therefore, 70 women were included in the study and were
prospectively randomized to the two groups (35 patients
for each arm). The mean age was 33.89 ± 7.63 yr in the
DAPAD group and 33.46 ± 8.31 yr in the placebo group.



Table 3 – Summary of clinical outcomes

Urinary symptom
severity

DAPADC
(n = 35)

Placebo
(n = 35)

p value

Visit 1 (baseline), n (%) 0.80
No symptoms 0 (0) 0 (0)
Mild symptoms 0 (0) 0 (0)
Moderate symptoms 15 (42.9) 14 (40.0)
Severe symptoms 20 (57.1) 21 (60.0)

Visit 2 (6 d), n (%) <0.0001
No symptoms 12 (34.3) 0 (0)
Mild symptoms 21 (60.0) 6 (17.1)
Moderate symptoms 2 (5.7) 12 (34.3)
Severe symptoms 0 (0) 17 (48.6)

Visit 3 (35 d), n (%) <0.0001
No symptoms 31 (88.6) 7 (20)
Mild symptoms 4 (11.4) 15 (42.9)
Moderate symptoms 0 (0) 9 (25.7)
Severe symptoms 0 (0) 4 (11.4)

DAPADC = D-mannose-based dietary supplement.

Table 4 – Summary of bacterial resolution in terms of eradication of
the infecting Eschericia coli strain with no recurrence of bacteriuria

Time Positive midstream urine culture
(>100 000 CFU/ml), n (%)

p value

DAPADC (n = 35) Placebo (n = 35)

Visit 1 (baseline) 35 (100.0) 35 (100.0)
Visit 2 (6 d) 5 (14.3) 30 (85.7) <0.0001
Visit 2 (35 d) 0 (0) 21 (60.0) <0.0001

DAPADC = D-mannose-based dietary supplement.

Table 5 – Summary of responses to the questionnaire on the
symptoms of urinary tract infection

Question Patients, n (%) p value

DAPADC
(n = 35)

Placebo
(n = 35)
None of the participants reported a relevant medical or sur-
gical history or any prior therapy or medication.

Table 2 shows that there were no statistically significant
differences in baseline resistance to antibiotics between the
groups according to culture and sensitivity tests.

The clinical responses to therapy are shown in Table 3.
There was a significantly greater likelihood of achieving
complete resolution of symptoms in the DAPD group in
comparison to the placebo group (p < 0.0001) at both 6 d
from baseline (34.3% vs 0%) and 35-d follow-up (88.6% vs
20%). Moreover, at 35-d follow-up, no patient in the DAPD
group had moderate or severe symptoms, whereas 25.7%
(nine/35) and 11.4% (four/35) of patients in the placebo
group had moderate and severe symptoms, respectively.
Bacteriological resolution was significantly higher
(p < 0.0001) in the DAPD group, as shown in Table 4. Only
14.3% (five/35) of patients in the DAPD group (in compar-
ison to 85.7% of the placebo group; p < 0.0001) had a posi-
tive urine culture at 6 d from baseline, and none of them
had a positive urine culture (in comparison to 60.0% of the
placebo group; p < 0.0001) at 35-d follow-up.

Answers to the questions ‘‘Has there been any change in
your UTI symptoms from the last visit?’’ and ‘‘If the answer
is better, please indicate how much better’’ are reported in
Table 5. The results indicate a significantly greater improve-
ment in urinary symptoms in the DAPAD group.

Patients without a response to the treatment or the pla-
cebo, according to a positive urine culture, received an
antibiotic treatment according to the antibiogram.

The 4.26% (three/70) of patients who reported an AE
(Table 6) were all treated with a pharmacological agent
until complete resolution. No SAEs were reported.

4. Discussion

The aim of our study was to evaluate the safety and efficacy
of a D-mannose-based dietary supplement as treatment for
acute uncomplicated E. coli UTI in the lower urinary tract.
Our data show that women randomized to the DAPAD
group experienced significantly higher rates of clinical LUTS
resolution and response than women in the placebo group.
Moreover, the DAPAD group had a significantly higher bac-
Table 2 – Incidence of baseline antibiotic resistance

Antibiotic Patients with antibiotic
resistance, n (%)

p value

Placebo DAPADC

Amikacin 6 (17.14) 5 (14.29) 0.75
Ampicillin 30 (85.71) 26 (74.29) 0.75
Ceftazidime 30 (85.71) 27 (85.71) 0.35
Ciprofloxacin 24 (68.57) 22 (62.86) 0.61
Gentamicin 0 (0) 1 (2.86) 0.31
Meropenem 0 (0) 1 (2.86) 0.31
Piperacillin/tazobactam 0 (0) 0 (0) NA
Amoxycillin/clavulanic acid 0 (0) 1 (2.86) 0.31
Cefepime 30 (85.71) 26 (74.29) 0.75
Cefuroxime 30 (85.71) 28 (80.0) 0.53
Cotrimoxazole 30 (85.71) 27 (77.14) 0.35
Imipenem 0 (0) 0 (0) –
Nitrofurantoin 0 (0) 0 (0) –
Tigecycline 0 (0) 0 (0) –

DAPADC = D-mannose-based dietary supplement.
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teriological response in comparison to the placebo group,
with complete resolution at 35-d follow-up.

Although extensively researched for hundreds of years,
UTIs continue to represent the most common infectious dis-
ease in women, are a leading cause of morbidity, health-
associated expenditure, and diminished QoL, and are an
important social burden [2,3,8–12]. On the basis of clinical
Has been there any change in your UTI symptoms from the last visit?
Visit 2 <0.0001
About the same 1 (2.9) 26 (74.3)
Better 34 (97.1) 9 (25.7)

Visit 3 <0.0001
About the same 0 (0) 19 (54.3)
Better 35 (100) 16 (45.7)

If the answer is ‘‘Better’’, indicate how much better
Visit 2 <0.0001
A very great deal better 8 (23.5) 0 (0)
A great deal better 20 (58.8) 3 (33.3)
A good deal better 3 (8.8) 3 (33.3)
Moderately better 3 (8.8) 2 (22.2)
Somewhat better 0 (0) 1 (11.1)

Visit 3 <0.0001
A very great deal better 21 (60.0) 0 (0)
A great deal better 13 (37.1) 3 (18.2)
A good deal better 1 (2.3) 12 (75.0)
Moderately better 0 (0) 1 (6.3)
Somewhat better 0 (0) 0 (0)

DAPADC = D-mannose-based dietary supplement; UTI = urinary tract
infection.



Table 6 – Summary of all AEs reported in the safety population

Group AE term AEs, n (%) AE severity SAE Treatment Related to IP

Placebo Gastritis 1 (1.42) Mild No Medical No
DAPADC Gastritis and nausea 1 (1.42) Mild No Medical No
DAPADC Gastritis and vomiting 1 (1.42) Mild No Medical No

AE = adverse event; SAE = serious AE; IP = investigated product; DAPADC = D-mannose-based dietary supplement.
and biochemical criteria, UTIs are classified as lower tract
(cystitis) and upper tract (pyelonephritis) infections.
Empiric antibacterial therapy depends on the severity of
the disease (eg, uncomplicated vs complicated UTIs), the
spectrum of possible pathogens, and local resistance pat-
terns [13]. The most frequent pathogens involved are from
the Enterobacterales order, mainly E. coli and Klebsiella
pneumonia [14]. The ever-increasing frequency of
multidrug-resistant Enterobacterales spp., even among
community-acquired infections, plays a major role in
antibacterial treatment outcomes [15].

As the prevalence of recurrence after a first episode of
UTI has been reported as 25–50% in different analyses,
depending on the diagnosis criteria and the methodology
used for detection, there is growing concern regarding the
adverse effects of classic antimicrobial treatment of acute
UTIs and the recurrent use of prophylaxis [16–18]. Apart
from antimicrobial resistance, prolonged antibiotic treat-
ment (especially with fluoroquinolones, aminopenicillins,
or cephalosporins) leads to disruption of the normal bacte-
rial flora, defined as a ‘‘collateral damage’’ phenomenon,
and to the development of Clostridium difficile infections,
with increasing diffusion worldwide [19–21].

Against this background, there is a lot of interest in non-
antimicrobial types of UTI treatment, including urinary
antiseptics, urine pH changers, bacterial adherence inhibi-
tors, immunity enhancers, probiotics, and vaccines [22–
25]. The availability of such products on the pharmaceutical
market is increasing, but adequate information on their
exact role in prophylaxis for UTI or in the treatment of acute
UTI episodes is elusive [26]. D-Mannose is a natural sugar
that mimics the host uroepithelial receptors targeted by
uropathogens. It is believed that D-mannose creates a non-
stick surface on the bladder wall, as well as around the bac-
teria. The hypothesis is that the bacteria are then expelled
via urination, thus preventing the bacterial growth that
leads to an infection within the bladder or urinary tract
[27]. A recent systematic review supports the view that D-
mannose reduces rUTI incidence, improves bothersome uri-
nary symptoms, and leads to a longer time between epi-
sodes of UTI recurrence, with amelioration of QoL as a
result of these effects [28]. Therefore, the efficacy of D-
mannose has mainly been evaluated as prophylaxis for
women affected by rUTIs [29] and to a lesser extent for
women affected by acute UTI. A 2022 Cochrane review did
not observe a positive effect of D-mannose for UTI prophy-
laxis and highlighted the severe lack of randomized con-
trolled trials (RCTs) testing the efficacy of D-mannose in a
wide range of populations [30]. According to the authors,
future research in this field requires, in the first instance,
a single adequately powered RCT comparing D-mannose
5

with placebo [30]. The different D-mannose doses used in
the trials they evaluated meant that meta-analysis was
not possible. Moreover, the optimal dose of D-mannose to
achieve effective urinary levels has not been assessed. At
present, the European Association of Urology guidelines
indicate that D-mannose should be used in the context of
clinical trials [28]. Our RCT, with its strict inclusion and
exclusion criteria and simple design, seems to answer the
question regarding the efficacy of D-mannose in UTI.

Our data confirm that DAPAD therapy for acute UTI in
the lower urinary tract is not only effective but is also safe,
as only three nonserious AEs were reported in the study, all
of which resolved spontaneously and were categorized as
mild in nature by the investigator. All three AEs were not
reported to be related to the study products.

This study has several points of strength, principally the
randomized, double-blind design. Moreover, we adopted
strict inclusion and exclusion criteria and evaluated both
objective and subjective outcomes. Even though we did
not assess urinary symptoms using validated question-
naires, we used a Likert scale to assess the severity of LUTS
in women affected by UTI. However, we acknowledge that
the lack of an answer regarding worsening of symptoms
to the question ‘‘Has there been any change in your UTI
symptoms from the last visit’’ can be considered as a slight
bias in our trial. As the primary aim of the study was to
observe the efficacy and safety of the study product in the
treatment of acute uncomplicated UTI, we did not evaluate
the recurrence of UTI after 35 d of follow-up; lack of long-
term outcomes can be considered a limitation of the study.
5. Conclusions

We can conclude from the results that the DAPAD complex
dietary supplement is an effective and safe product for
treatment of acute uncomplicated E. coli UTIs. Further stud-
ies are needed to evaluate longer follow-up periods and the
efficacy in other conditions, such as rUTI.
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