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The mechanism by which cranberry-lingonberry juice (CLJ) prevents urinary tract infections (UTI) in children remains
unknown. We hypothesized that it alters the composition of the gut or urinary microbiome. Altogether, 113 children
with UTIs were randomly allocated to drink either CLJ or a placebo juice for 6 months. We collected urinary samples
at 3 months and fecal samples at 3, 6 and 12 months and used next-generation sequencing of the bacterial 16S gene.
The children who consumed CLJ had a lower abundance of Proteobacteria (p = 0.03) and a higher abundance of Fir-
micutes phylum (p = 0.04) in their urinary microbiome at 3 months than did those in the placebo group. The abun-
dance of Escherichia coli in the urinary microbiome was 6% in the CLJ group and 13% in the placebo group
(p = 0.42). In the gut microbiome the abundance of Actinobacteria at 3 and 12 months was higher in the children
receiving CLJ. The diversity of the urinary and gut microbiome did not differ between the groups. The children drink-
ing CLJ had a different urinary and gut microbiome from those receiving a placebo juice. A healthy urinary micro-
biome may be important in preventing UTIs in children.

Key words: Children; cranberry; infectious disease; lingonberry; microbiome; urinary tract infection.

Mikael Hakkola, Department of Pediatrics and Adolescent Medicine P.O. Box 23 Fin-90029 Oulu University Hospital,
Finland. e-mail: mikael.hakkola@student.oulu.fi

†These authors equally contributed to this work.
‡These authors equally contributed to this work.

INTRODUCTION

Urinary tract infections (UTI) are common febrile
infections in infants and children [1,2]. Recurrences
after the first UTI occur in 12% to 32% children
within 1-year of follow up [3–6] and the same bac-
terial strain was isolated during the first UTI epi-
sode causes the next recurrent infection in 60–70%
of cases [7].

The pathogens causing UTIs originate from the
patient’s own gut [8]. One interesting study in adult
patients found that the abundance of E. coli in the
gut microbiome was associated with Escherichia

bacteriuria [9], while we have shown in a previous
controlled study that the gut microbiome composi-
tion was associated with the risk of UTI in children
hospitalized for pyelonephritis [10]. The role of the
recently discovered urinary microbiome in the
pathogenesis of UTIs remains unclear, however, as
research on this subject is still scarce [11], but one
recent study has shown that alpha diversity of the
urinary microbiome, reflecting diversity found
within one sample, was found to be lower in chil-
dren with UTI [12]. Drinking cranberry-lingonberry
juice (CLJ) has been shown to prevent UTI recur-
rences in adult women [13] and by us in a previous
randomized study to prevent recurrent UTIs in chil-
dren as well [6]. In animal models and human gut
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simulators, cranberry products have been shown to
induce changes in the gut microbiome composition
[14–17], although their effects on the gut micro-
biome in adults have varied [18,19].

Although cranberry-lingonberry juice (CLJ) is
known to contain proanthocyanidin flavonoids, the
exact mechanism by which it prevents UTIs
remains unknown. We hypothesized that CLJ
alters the composition of the gut or urinary micro-
biome, which may explain its efficacy. We, there-
fore, set out here to test the effects of cranberry-
lingonberry juice on the gut and urinary micro-
biome in children in a randomized placebo-
controlled trial.

METHODS

Study design and supervision

The children recruited for this randomized clinical trial
had all been diagnosed with UTI in the Department of
Pediatrics and Adolescent Medicine, Oulu University
Hospital, Finland, the Health Care Center run by the city
of Oulu, Finland, or the Pediatric Emergency Department
of Oulu University Hospital between July 12 2013 and
February 27 2018. The trial was designed to compare the
gut and urinary microbiome in children who received
cranberry-lingonberry juice for 6 months with those who
received a placebo juice. We collected fecal samples at 3, 6
and 12 months after entry and urine samples at 3 months.
A secondary outcome was the occurrence of UTI during
the study.

The children recruited met the following inclusion crite-
ria: age between 1 year and 16 years and a confirmed UTI
within 7 days of entry. UTI at entry was defined as fever
and/or a local urinary tract symptom, the presence of
pyuria or nitrite and a positive urine culture, defined as
the growth of >105 colony-forming units (CFU) per millili-
ter of the same pathogen in clean-voided urine or a urine
collection pad sample. If the child had two urine samples
available, growth of >105 CFU of the same pathogen in
one sample and at least 104–5 in the other were required.
The exclusion criteria were continuous antimicrobial pro-
phylaxis, or a severe congenital kidney or urinary tract
anomaly as seen in ultrasound.

This was an investigator-driven academic clinical study,
the CLJ and placebo juice products for which were
donated by the manufacturer. The manufacturer did not,
however, participate in the study design, analysis, or writ-
ing of the report, nor fund the research in any other way.
The Regional Ethics Committee of the Northern
Ostrobothnia Hospital District, Oulu, Finland, approved
the study protocol (Decision number EETTMK: 74/2012).
All relevant national and local guidelines for clinical
research were followed. All the parents of the children,
and the children themselves when over 6 years of age,
gave written informed consent before the children entered
the study. The study was registered at ClinicalTrials.gov
with the identifier code NCT01861353.

A parallel study design was used in which the children
were assigned after recruitment to either the CLJ group or
the placebo group (1:1) using a block randomization

procedure with a block size of four. After obtaining writ-
ten informed consent, the nurse or physician opened the
next available sequentially numbered opaque envelope
that contained the group designation, either juice A or
juice B. The study was a double-blinded one, in that both
the families and the nurses, and also the authors, were
unaware which product had been given to a particular
child. The juices both looked and tasted similar and were
supplied in identical white, coded 200 mL cartons. The
unblinding took place only after the microbiome analysis
and other data had been recorded and were ready for the
final analysis.

Intervention

On entry, the parents completed a questionnaire concern-
ing background, clinical characteristics and their child’s
dietary habits, and the intervention was started within
7 days of obtaining a confirmed UTI diagnosis. All the
UTI episodes were treated with antibiotics according to
national and local guidelines, but the parents were asked
not to give their children any other lingonberry or cran-
berry products during the trial.

The product that the CLJ group received contained
12.8% (weight/volume) cranberry juice, 12.4% (w/v) lin-
gonberry juice and 10 g/dL added sugars, and the inter-
vention lasted for 6 months with a daily dose of 5 mL/kg
to a daily maximum of 300 mL. The juice was manufac-
tured and donated by Eckes-Granini, Turku, Finland.

The placebo group received a juice containing natural
cranberry flavor, red anthocyanin color, 5.5 g/L citric acid
and 10 g/dL added sugars, also for 6 months and with a
similar daily dose of 5 mL/kg to a daily maximum of
300 mL. This placebo juice was also manufactured by
Eckes-Granini, Turku, Finland.

Samples and clinical follow up

Fecal samples were collected at 3 months, 6 months, and
12 months and urine samples at 3 months, and the par-
ents kept a daily record of the consumption of the two
juice products and any symptoms indicating UTI for a 12-
month follow-up period. The symptom diaries were to be
returned monthly, and if the parents did not comply, they
were contacted either by email or by phone. All original
medical records, including microbiological samples, were
retrieved, and reviewed if the children had a UTI or sus-
pected UTI episode during the 12-month follow up.

Primary and secondary outcomes

The primary outcome was the comparison of the composi-
tion of the gut or urinary microbiome between the chil-
dren receiving CLJ and those receiving the placebo juice.
The secondary outcomes were the occurrence of urinary
tract infections and the time elapsing before the first recur-
rence. The diagnostic criteria for UTI were the same as at
entry to the study. UTI episodes were recorded as separate
events if there were at least 10 days between the first
symptomatic day and the onset of new symptoms. UTI
diagnosed during the study was treated with a standard
antimicrobial therapy regimen, and the child continued
drinking the juice.
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Microbiome analysis and bioinformatics

We used the QIAamp DNA stool kit (Qiagen, Germany)
to extract DNA according to the manufacturer’s proce-
dure and the QIAamp manual to extract the fecal and
urine samples. To improve the DNA yield, the final DNA
elution volume was reduced to 50 uL. A NanoDrop 1000
Spectrophotometer was used to quantify the concentration
of DNA (Thermo Fisher Scientific).

We sequenced the V4–V5 region of the 16 S rRNA
gene using primer 519F with unique barcodes and primer
926R and used the Phusion Flash High-Fidelity enzyme
(Thermo Fisher Scientific) according to the manufacturer’s
protocol, together with an Applied BiosystemsTM Veriti
96-Well Thermal Cycler (Thermo Fisher Scientific), for
PCR. A negative control (sterile water, HyCloneTM
HyPure, Thermo Fisher Scientific) was included on each
PCR plate, and the initialization program was run for
3 min at 98°C, followed by 35 cycles of reaction com-
mencing at 98°C for 10 s followed by 30 s at an annealing
temperature of 56°C and elongation for 30 s at 72°C. The
final elongation time was 5 min at 72°C.

AMPure XP was used to purify the samples after they
had been pooled (Beckman Coulter, CA, USA). The puri-
fied pool was passed over a 1% agarose gel, and the 16 S
product was extracted from the gel and purified using the
MinElute Gel Extraction Kit (Qiagen). The final product
was purified using AMPure XP, evaluated with a Bioana-
lyzer and the pool concentration determined using the
Quant-iT PicoGreen dsDNA Assay Kit (Thermo Fisher
Scientific). IonTorrent PGM was used for the sequencing
(Thermo Fisher Scientific).

Quantitative Insights Into Microbial Ecology 2
(QIIME2; version 2019.10) was used for the analysis [20].
After excluding DNA readings <200 bp from the dataset,
DADA2 was used to demultiplex and denoise the readings
[21]. The denoised readings were then clipped at 15 and
truncated at 260, after which chimeric readings were
removed, yielding a total of 2,758,106 processed readings
available for further analysis. After eliminating low-
quality samples, the material included 116 fecal and urine
samples for Principal Coordinate Analysis (PCoA) using
Bray–Curtis dissimilarity, and also taxonomic analysis at
the phylum and genus levels. The relative frequencies of
the taxonomic compositions in each group of samples
were computed. The HOMD (version 15.1) was employed
for the taxonomic analysis (http://www.homd.org/index.
php) and Krona for drawing the bacterial taxonomy pie
charts [22]. We have deposited the Ion Torrent bacterial
raw data in the Sequence Read Archive (SRA) with acces-
sion number PRJNA804368.

Sample size and statistical analysis

Since a meaningful analysis of the gut microbiome and
the risk of UTI had been reported earlier with a group
size of 30–40, this was estimated to be a sufficient group
size for the present purposes [10]. Microbiome analyses
were performed for all the randomized children with fecal
or urine samples available. As the main interest lay in the
mechanism of action of CLJ, we performed the analyses
separately for all the children with samples available and
for those with over 80% compliance in juice consumption,
defined as the amount of juice consumed at 3 months

(mL) divided by the target amount of juice to be con-
sumed (mL). The clinical outcome, that is, the occurrence
of UTI, was analyzed in all the children recruited, includ-
ing those without samples available.

For the microbiome analysis, the number of OTUs,
that is the number of different bacterial taxa with a >97%
similarity threshold, diversity indices and the microbiome
composition, including the relative abundances of the
main bacterial phyla and genera of interest, were com-
pared between the intervention groups with the Mann—
Whitney U test. All comparisons of the microbiome com-
position regarding the relative abundance of the main bac-
terial phyla and the genus E. coli were performed to
evaluate the pre-test hypothesis. All the other tests were
exploratory and were controlled for a false discovery rate
by Bonferroni correction. For the clinical outcomes, the
proportion of children who had at least one recurrent
UTI was compared by means of the standard normal
deviate test (SND test) in the StatsDirect statistical pro-
gram and the total number of UTIs between groups with
the Mann—Whitney U test in the SPSS statistical pro-
gram. The time to the first UTI recurrence was analyzed
by the Kaplan—Meier method and tested between the
groups by the Log Rank test with the SPSS program.

RESULTS

A total of 525 children were assessed for eligibility
(Fig. 1), and 113 of the 248 eligible children were
recruited. There were 56 children in CLJ group and
57 children in placebo group. The trial ended Febru-
ary 28, 2019 after the sample size was completed and
every participant had finished their follow-up period.
Altogether 184 fecal and urine samples were ana-
lyzed and there were 41 children who gave fecal or
urine samples at 3 months and had >80% compli-
ance with the juice consumption instructions. In
total, 18 of these children were placed in CLJ group
and 23 in placebo group. The number of children
who stopped consuming the juice during the trial for
some reason or gave no data on juice consumption
was 29 in the CLJ group and 21 in the placebo
group. No harmful side effects were detected during
the trial. Most of the participants were girls (Table 1).
E. coli was the most common uropathogen in the
urine samples from both the CLJ and placebo group
on entry. The most common antibiotics used to treat
UTIs at study entry were cefalexin, cefuroxime,
trimethoprime, and sulfadiazine+trimethoprime in
both study groups.

Diversity of the gut microbiome

The diversity of the gut microbiome as evaluated
by calculating the mean number of operative taxo-
nomic units (OTU) and using the Shannon, Faith
and Pielou diversity indices, did not differ between
the children receiving CLJ and those receiving the
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placebo juice at 3 months (Table 2), and there were
no statistically significant differences between the
groups in any of the diversity markers at 6 and
12 months, either (Table S1). Bray—Curtis dissimi-
larity analysis showed no clear clustering of the gut
microbiome in the fecal samples at 3 months
according to the treatment groups (Fig. 2).

Diversity of the urinary microbiome

We then analyzed the diversity of the urinary
microbiome at 3 months using the same diversity
variables (Table 2). There was no difference
between the groups, nor was there any clear cluster-
ing of the urine samples by treatment groups at
3 months in the Bray—Curtis dissimilarity analysis
of the urinary microbiome (Fig. 2).

Gut microbiome composition

We first compared the relative abundances of the
main bacterial phyla in the gut microbiome. Bac-
teroidetes was the most abundant phylum in the
gut microbiome in all the children with fecal sam-
ples available in both the CLJ and Placebo groups,
comprising 63% (SD 18) and 65% (SD 17) of the
gut microbiome, respectively (Table 3). The relative
abundance of Actinobacteria in the CLJ group
(mean 0.42%, SD 0.56) was higher than that in the
placebo group (mean 0.28%, SD 0.97; p-value 0.02)

at 3 months (Fig. 3), but at 6 months there was no
statistically significant difference in the relative
abundances of any phyla (Table S2), while at
12 months the relative abundance of Actinobacteria
was higher in the CLJ group (mean 0.67%, SD
0.96) than in the placebo group (mean 0.17%, SD
0.21; p-value 0.04).

The overall gut microbiome composition of the
children with >80% compliance in the CLJ and pla-
cebo groups is presented in Fig. 4. Bacteroidetes
was the most abundant phylum in gut microbiome
in both groups of children with fecal samples avail-
able and >80% compliance in juice consumption,
with means of 59% (SD 17) in the CLJ group and
62% (SD 18) in the placebo group (Fig. 3), while
the relative abundance of Actinobacteria was higher
in the CLJ group (mean 0.64%, SD 0.64) than in
the placebo group (mean 0.40%, SD 1.2; p-value
0.01) at 3 months. At 6 months, however, there
were no statistically significant differences in the rel-
ative abundances of any phyla, although by
12 months the higher relative abundance of Acti-
nobacteria in the CLJ group (mean 0.60%, SD
0.59) than in the placebo group (mean 0.21%, SD
0.22; p-value 0.05) reoccurred.

Urinary microbiome composition

Since the general composition of the urinary micro-
biome in children is still unclear, we will first report

Fig. 1. Study design. (A) Gut and urinary microbiome. (B) Recurrences of urinary tract infection (UTI).
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on the findings in children with samples available
at 3 months regardless of the treatment group
(N = 34). The mean number of OTUs in the uri-
nary microbiome was 50, the highest relative abun-
dances being in Firmicutes, Bacteroidetes,
Proteobacteria, and Actinobacteria in this order,
the most common genera Prevotella, Lactobacillus,
Staphylococcus, and Peptoniphilus and the most
common species E. coli.

The most abundant phylum in the urinary micro-
biome of all the children in the CLJ group with
urine samples available at 3 months was Firmi-
cutes, with a mean relative abundance of 51% (SD
30) and that in the placebo group Bacteroidetes,
with a mean relative abundance of 49% (SD 29).
No statistically significant differences in the relative
abundances of the phyla were found between the
groups (Fig. 3).

The overall urinary microbiome composition of
the children in the CLJ and placebo groups with
>80% compliance is presented in Fig. 4. Here, the
most abundant phylum found in urinary micro-
biome was Firmicutes with a higher mean relative
abundance of 50% (SD 27) in the CLJ group at
3 months as compared with 27% for the placebo
group (SD 21) (p-value 0.035) (Fig. 3), whereas the
relative abundance of Proteobacteria was lower in
the CLJ group (mean 6.6%, SD 21) than that in
the placebo group (mean 16%, SD 33; p-value
0.034). The relative abundances of the other phyla
did not show any statistically significant differences.

Escherichia coli in the gut and urinary microbiome

We analyzed the abundance of the most common
uropathogen, E. coli, in both the gut and urinary

Table 1. Baseline characteristics of the subjects in the cranberry-lingonberry juice and placebo juice groups

Characteristic All children >80% juice compliance

CLJ
(N = 56)

Placebo
(N = 57)

CLJ
(N = 18)

Placebo
(N = 23)

No. of girls n (%) 55 (98) 56 (98) 17 (94) 22 (96)
Mean age, years (SD) 7.2 (4.0) 5.2 (2.9) 7.2 (4.1) 5.6 (3.1)
Previous UTI morbidity n = 17 n = 21

Mean number of UTIs (SD) 1.2 (2.7) 1.6 (4.0) 1.9 (3.7) 2.2 (5.7)
Children with at least 1 previous UTI n (%) 20 (39) 18 (34) 9 (53) 6 (21)

Children with previous antibiotic prophylaxis n (%) 2 (3.7) 7 (12.3) 0 (0.0) 2 (8.7)
Children with current antibiotic prophylaxis n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Growth in the urine sample at entry (CFU) n (%)

Escherichia coli >105 46 (84) 48 (86) 17 (94) 20 (91)
Escherichia coli 104–105 3 (5.5) 4 (7.1) 0 (0.0) 1 (4.2)
Escherichia coli < 104 1 (1.8)1 1 (1.8)1 0 (0.0) 0 (0.0)
Klebsiella >105 1 (1.8) 1 (1.8) 0 (0.0) 0 (0.0)
Pseudomonas >105 0 (0.0) 1 (1.8) 0 (0.0) 0 (0.0)
Staphylococcus saprophyticus >105 4 (7.3) 0 (0.0) 1 (5.6) 0 (0.0)
Enterococcus faecalis >105 0 (0.0) 1 (1.8) 0 (0.0) 1 (4.5)

Antibiotics used to treat UTI at study entry n (%)
Cefalexin, cefuroxime or both 19 (34) 23 (40) 10 (56) 10 (43)
Trimethoprim 16 (29) 9 (16) 4 (22) 4 (17)
Sulfadiazine + Trimethoprim 13 (23) 15 (26) 2 (11) 5 (22)
Nitrofurantoin 0 (0.0) 2 (3.5) 0 (0.0) 1 (4.3)
Pivmecillinam 3 (5.4) 0 (0.0) 0 (0.0) 0 (0.0)
Amoxicillin-clavulanate 1 (1.8) 0 (0.0) 1 (5.6) 0 (0.0)
Other combinations 2 (3.6) 5 (8.8) 1 (5.6) 1 (4.3)
Unknown 2 (3.6) 3 (5.3) 0 (0.0) 2 (8.7)

Frequency of intake of berry or fruit juices n (%)
More than twice a week 19 (35) 10 (18) 3 (17) 2 (8.7)
1–2 times a week 21 (38) 25 (45) 8 (44) 11 (48)
Less than once a week 15 (27) 21 (38) 7 (39) 10 (43)

Frequency of intake of berries n (%)
More than twice a week 11 (20) 16 (29) 8 (44) 7 (32)
1–2 times a week 30 (55) 30 (54) 8 (44) 11 (50)
Less than once a week 14 (25) 10 (18) 2 (11) 4 (18)

Obstipation 4 (7.5) 2 (3.6) 2 (11) 0 (0.0)

N may vary at some points because of missing data.
CFU, colony forming unit; CLJ, cranberry-lingonberry juice; SD, Standard deviation; UTI, urinary tract infection.
1Suprapubic aspiration.
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microbiome (Table 3; Table S2). Here no differ-
ences were found between the groups at any point
in either population in the case of the gut micro-
biome (Fig. 3). Although the mean relative abun-
dance of E. coli in the urine samples was 6% (SD
21) in CLJ group and 13% (SD 33) in placebo
group, this difference was not statistically signifi-
cant (p-value 0.42).

Other genera of interest

Additionally, we compared the relative abundances
of the genera Lactobacillus and Staphylococcus
between the groups (Table 3; Table S2) but found
no significant differences in the mean relative abun-
dance of either genus in the gut or urinary micro-
biome at any point in time.

Clinical outcomes

Neither the proportion of children with at least one
recurrent UTI nor the total number of UTIs dif-
fered statistically significantly between the groups
at either 3 or 6 months (Table 4). Likewise, the
Kaplan—Meier analysis of the time to the first UTI
episode, that is, the time from the day the patients
started drinking the juice until the end of the 6-
month period or until the follow up was stopped

for some reason, showed no statistically significant
difference (log-rank test p-value 0.21; Fig. 5).

DISCUSSION

This placebo-controlled trial showed that the chil-
dren who had received cranberry-lingonberry juice
had a different composition of their urinary and
gut microbiome from those who had received the
placebo juice but that the diversity of the gut and
urinary microbiome was not affected. These results
suggest that the mechanism of action of cranberry
and lingonberry juice in preventing UTI in children
may be related to changes in both the gut and uri-
nary microbiome.

Cranberry and lingonberry contain many pheno-
lic compounds with complex metabolism, so that at
least 60 phenolic metabolites have been identified in
plasma and urine after cranberry juice consumption
[23,24]. The proanthocyanidin compounds (PACs)
found in both lingonberries and cranberries are
thought to be the main bioactive components of
these berries [24] and have been shown to have an
antimicrobial effect on many gram-positive patho-
gens and to inhibit hemagglutination of E. coli
in vitro [24]. Small amounts of PACs and larger
numbers of their intestinal metabolites have been

Table 2. Diversity of the gut and urinary microbiome at 3 months

All samples CLJ (N = 27) Placebo (N = 35) Mann—Whitney

Gut Diversity index Mean (SD) Mean (SD) p-Value

OTUs 66.63 (20.83) 71.41 (29.59) 0.77
Shannon 4.30 (0.83) 4.29 (0.83) 0.99
Faith 6.43 (1.74) 6.27 (2.39) 0.43
Pielou 0.71 (0.09) 0.71 (0.11) 0.59

CLJ (N = 18) Placebo (N = 16) Mann—Whitney

Urinary Diversity index Mean (SD) Mean (SD) p-Value

OTUs 51.33 (40.26) 49.13 (18.93) 0.42
Shannon 3.17 (1.53) 3.16 (1.31) 0.97
Faith 5.44 (2.36) 5.60 (1.73) 0.58
Pielou 0.56 (0.23) 0.56 (0.19) 0.76

>80% juice compliance CLJ (N = 16) Placebo (N = 22) Mann—Whitney

Gut Diversity index Mean (SD) Mean (SD) p-Value

OTUs 73 (24.86) 69.82 (23.35) 0.67
Shannon 4.42 (0.72) 4.34 (0.92) 0.95
Faith 6.54 (1.77) 6.66 (2.86) 0.64
Pielou 0.72 (0.82) 0.71 (0.12) 0.62

CLJ (N = 12) Placebo (N = 7) Mann—Whitney

Urinary Diversity index Mean (SD) Mean (SD) p-Value

OTUs 57.83 (45.01) 53.43 (15.04) 0.40
Shannon 3.42 (1.32) 3.23 (1.08) 0.55
Faith 5.69 (2.30) 6.04 (1.61) 0.45
Pielou 0.60 (0.19) 0.56 (0.16) 0.45

CLJ, cranberry-lingonberry juice; OTU, operational taxonomic unit; SD, standard deviation.
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found in human urine after the consumption of
cranberry products [25,26], and their consumption
has been shown to reduce the adherence of uro-
pathogenic Escherichia coli (UPEC) to the uroep-
ithelium in a dose-dependent manner in a
laboratory setting, possibly on account of the pres-
ence of PAC metabolites in the urine [25,27–30].
We show here that the consumption of cranberry-
lingonberry juice appears to change the composi-
tion of both the gut and urinary microbiome.

We had hypothesized that the urinary micro-
biome might have a role in the pathogenesis of
UTIs, since it is known that the urinary micro-
biome of adults with urological conditions such
as neurogenic bladder dysfunction, interstitial cys-
titis, and urgency incontinence differs from that
in healthy individuals [31]. Also, a recent study
of asymptomatic children aged 6–10 years has
shown that the urinary microbiomes of girls and
boys differ significantly, with girls having
increased OTU richness and a higher Shannon
diversity index, and that there are significant

differences in the abundances of most common
genera between the genders [32]. Another study
of children younger than 2 years showed that the
urinary microbiome of children with UTI has sig-
nificantly reduced alpha-diversity relative to those
without UTI [12]. Our present results suggest that
it may be possible to modify the urinary micro-
biome by dietary interventions such as cranberry-
lingonberry juice, which might thereby play a role
in UTI prevention.

The effect of cranberry and lingonberry products
on the gut microbiome seems to be limited in
humans by comparison with the changes found in
animal models and simulators [14–19]. In the pre-
sent material, the gut microbiome composition with
regard to uropathogens was unaffected by CLJ con-
sumption, which suggests that the effect of CLJ on
UTIs might be caused by other mechanisms, or
indirectly through changes in other bacteria found
in the gut microbiome. The small increase found in
the abundance of Actinobacteria in the CLJ group
relative to the placebo group is interesting. While

Table 3. Relative abundance of taxa in the gut and urinary microbiome at 3 months in all children with available samples
and in those with over 80% compliance of juice consumption. Asterix (*) indicates p < 0.05

All samples >80% juice compliance

CLJ (N = 27) Placebo (N = 35) Mann—
Whitney

CLJ (N = 16) Placebo (N = 22) Mann—
Whitney

Gut Phyla Mean % (SD) Mean % (SD) p-Value Mean %
(SD)

Mean %
(SD)

p-Value

Actinobacteria 0.42 (0.56) 0.28 (0.97) 0.02* 0.64 (0.64) 0.40 (1.2) 0.01*
Bacteroidetes 63 (18) 65 (17) 0.54 59 (17) 62 (18) 0.41
Firmicutes 30 (17) 30 (16) 0.98 36 (17) 33 (17) 0.57
Proteobacteria 2.6 (3.1) 3.3 (3.9) 0.36 2.6 (1.8) 3.8 (4.6) 0.64
Genera
Staphylococcus 0.05 (0.25) 0.03 (0.10) 0.301 0.08 (0.32) 0.02 (0.08) 0.801

Lactobacillus 0.03 (0.09) 0.05 (0.17) 0.991 0.03 (0.11) 0.07 (0.20) 0.611

Species
Escherichia coli 0.78 (2.5) 0.39 (0.80) 0.43 0.31 (0.37) 0.47 (0.85) 0.69

CLJ (N = 18) Placebo (N = 16) Mann—
Whitney

CLJ (N = 12) Placebo (N = 7) Mann—
Whitney

Urinary Phyla Mean % (SD) Mean % (SD) p-value Mean % (SD) Mean % (SD) p-value

Actinobacteria 2.0 (2.6) 2.4 (2.5) 0.47 1.5 (1.6) 2.3 (2.3) 0.31
Bacteroidetes 35 (27) 49 (29) 0.13 42 (24) 53 (30) 0.31
Firmicutes 51 (30) 35 (25) 0.10 50 (27) 27 (21) 0.04*
Proteobacteria 12 (26) 13 (23) 0.14 6.6 (21) 16 (33) 0.03*
Genera
Staphylococcus 1.4 (3.6) 7.6 (16) 0.241 1.3 (3.9) 8.1 (21) 0.551

Lactobacillus 5.4 (23) 6.0 (23) 0.921 8.0 (28) 0.14 (0.38) 0.641

Species
Escherichia coli 11 (26) 11 (24) 0.77 6.5 (21) 13 (33) 0.42

CLJ, cranberry-lingonberry juice; SD standard deviation.
1Bonferroni correction used on p-values ≤0.05 as these genera were not involved in the hypothesis.

Fig. 2. Principal Coordinate Analysis (PCoA) of the gut and urinary microbiome in the children with over 80% juice
drinking compliance at 3 months. Bray—Curtis dissimilarity was used to describe the compositional dissimilarities of the
datasets.
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no clear link has been established between the
abundance of Actinobacteria and UTI, it has been
shown that Actinobacteria have an important role
in maintaining gut homeostasis and that an increase

in their abundance might lead to other health bene-
fits [33].

The main strength of this study lies in its
placebo-controlled randomized clinical design and

Fig. 4. Composition of the gut and urinary microbiome in the children with over 80% juice drinking compliance at
3 months.

Fig. 3. Relative abundances of Firmicutes, Proteobacteria, Actinobacteria, and E. coli in the gut and urinary microbiome
at 3 months in all the children with samples available and in those with over 80% juice drinking compliance. Each dot rep-
resents the result of one participant. Horizontal lines indicate means of the relative abundances in each group. Dot plot
graph.
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the analysis of both the gut and urinary micro-
biome. There are nevertheless some limitations as
well. The number of children with good compliance
and sufficient fecal and urine samples available was
low. Also, the consumption of cranberry-
lingonberry juice did not significantly reduce UTI
recurrences in these children, most likely because
the sample size was planned with the primary out-
come of microbiome composition in mind rather
than the clinical outcome. In our previous random-
ized cranberry juice trial [6] a reduction in UTI
occurrence was evident at 3 months.

CONCLUSIONS

We found that children who consumed cranberry-
lingonberry juice had different compositions of both

the gut and urinary microbiome from those of chil-
dren drinking the placebo juice. A healthy urinary
microbiome could be important for preventing
UTIs in children.

The authors thank the Finnish Medical Foundation
(Mikael Hakkola), P€aivikki and Sakari Sohlberg Founda-
tion (Mysore Tejesvi), Finnish Pediatric Research Founda-
tion (Terhi Tapiainen), Juho Vainio Foundation (Terhi
Tapiainen), Stiftelsen Alma och KA Snellman Foundation
(Terhi Tapiainen) and Academy of Finland, Clinical
Researcher (Terhi Tapiainen) for funding this study.
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study. The cranberry-lingonberry juice was donated

Table 4. Urinary tract infection (UTI) recurrences in the subjects in the cranberry-lingonberry juice (CLJ) and placebo
groups at 3 and 6 months

CLJ (N = 56)
n (%)

Placebo (N = 57)
n (%)

Risk ratio Proportion
difference
(95% CI)

p-Value

3 months Children with at least one UTI 6 (11) 13 (23) 0.47 �12 (�26 to 1.9) 0.09
Total number of UTI episodes 8 18 0.11

6 months Children with at least one UTI 12 (21) 17 (30) 0.72 �8.4 (�24 to 7.9) 0.29
Total number of UTI episodes 19 25 0.33

CLJ, Cranberry-lingonberry juice; CI, Confidence interval; UTI, Urinary tract infection.

Fig. 5. Time to urinary tract infection (UTI) recurrences. The Kaplan—Meier method was used to estimate the survival
function. The Log rank test was used for the statistical comparisons.

122 � 2023 The Authors. APMIS published by John Wiley & Sons Ltd on behalf of Scandinavian Societies for Pathology, Medical Microbiology

and Immunology.

HAKKOLA et al.

 16000463, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apm

.13292 by celine T
orres-M

oon - R
eadcube (L

abtiva Inc.) , W
iley O

nline L
ibrary on [15/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



by Eckes-Granini, Turku, Finland. Eckes-Granini
did not participate in the study design, analysis, or
writing of the manuscript.

REFERENCES

1. Shaikh N, Morone NE, Bost JE, Farrell MH. Preva-
lence of urinary tract infection in childhood: a meta-
analysis. Pediatr Infect Dis J. 2008;27(4):302–8.

2. Uhari M, Nuutinen M. Epidemiology of symptomatic
infections of the urinary tract in children. BMJ.
1988;297(6646):450–2.

3. Conway PH, Cnaan A, Zaoutis T, Henry BV, Grund-
meier RW, Keren R. Recurrent urinary tract infec-
tions in children: risk factors and association with
prophylactic antimicrobials. JAMA. 2007;298(2):179–
86.

4. Craig JC, Simpson JM, Williams GJ, Lowe A, Reyn-
olds GJ, McTaggart SJ, et al. Antibiotic prophylaxis
and recurrent urinary tract infection in children. N
Engl J Med. 2009;361(18):1748–59.

5. Nuutinen M, Uhari M. Recurrence and follow-up
after urinary tract infection under the age of 1 year.
Pediatr Nephrol. 2001;16(1):69–72.

6. Salo J, Uhari M, Helminen M, Korppi M, Nieminen
T, Pokka T, et al. Cranberry juice for the prevention
of recurrences of urinary tract infections in children: a
randomized placebo-controlled trial. Clin Infect Dis.
2012;54(3):340–6.

7. Jantunen ME, Sax�en H, Salo E, Siitonen A. Recurrent
urinary tract infections in infancy: relapses or reinfec-
tions? J Infect Dis. 2002;185(3):375–9.

8. Jantunen ME, Sax�en H, Lukinmaa S, Ala-Houhala
M, Siitonen A. Genomic identity of pyelonephrito-
genic Escherichia coli isolated from blood, urine and
faeces of children with urosepsis. J Med Microbiol.
2001;50(7):650–2.

9. Magruder M, Sholi AN, Gong C, Zhang L, Edusei E,
Huang J, et al. Gut uropathogen abundance is a risk
factor for development of bacteriuria and urinary tract
infection. Nat Commun. 2019;10(1):5521.

10. Paalanne N, Husso A, Salo J, Pievil€ainen O, Tejesvi
MV, Koivusaari P, et al. Intestinal microbiome as a
risk factor for urinary tract infections in children. Eur
J Clin Microbiol Infect Dis. 2018;37(10):1881–91.

11. Neugent ML, Hulyalkar NV, Nguyen VH, Zimmern
PE, de Nisco NJ. Advances in understanding the
human urinary microbiome and its potential role in
urinary tract infection. MBio. 2020;11(2):e00218–20.

12. Kinneman L, Kinneman L, Kinneman L, Zhu W,
Wong WSW, Wong WSW, et al. Assessment of the
urinary microbiome in children younger than 48
months. Pediatr Infect Dis J. 2020;39(7):565–70.

13. Kontiokari T, Sundqvist K, Nuutinen M, Pokka T,
Koskela M, Uhari M. Randomised trial of cranberry-
lingonberry juice and lactobacillus GG drink for the
prevention of urinary tract infections in women. BMJ.
2001;322(7302):1571.

14. Cai X, Han Y, Gu M, Song M, Wu X, Li Z, et al.
Dietary cranberry suppressed colonic inflammation
and alleviated gut microbiota dysbiosis in dextran
sodium sulfate-treated mice. Food Funct. 2019;10
(10):6331–41.

15. Liu J, Hao W, He Z, Kwek E, Zhu H, Ma N, et al.
Blueberry and cranberry anthocyanin extracts reduce
bodyweight and modulate gut microbiota in C57BL/6
J mice fed with a high-fat diet. Eur J Nutr. 2021;60
(5):2735–46.

16. O’Connor K, Morrissette M, Strandwitz P, Ghiglieri
M, Caboni M, Liu H, et al. Cranberry extracts pro-
mote growth of Bacteroidaceae and decrease abun-
dance of Enterobacteriaceae in a human gut simulator
model. PLoS One. 2019;14(11):e0224836.

17. Rodr�ıguez-Daza MC, Roquim M, Dudonn�e S, Pilon
G, Levy E, Marette A, et al. Berry polyphenols and
fibers modulate distinct microbial metabolic functions
and gut microbiota enterotype-like clustering in obese
mice. Front Microbiol. 2020;11:11.

18. Bekiares N, Krueger CG, Meudt JJ, Shanmu-
ganayagam D, Reed JD. Effect of sweetened dried
cranberry consumption on urinary proteome and fecal
microbiome in healthy human subjects. OMICS.
2018;22(2):145–53.

19. Straub TJ, Chou WC, Manson AL, Schreiber HL,
Walker BJ, Desjardins CA, et al. Limited effects of
long-term daily cranberry consumption on the gut
microbiome in a placebo-controlled study of women
with recurrent urinary tract infections. BMC Micro-
biol. 2021;21(1):53.

20. Bolyen E, Rideout JR, Dillon MR, Bokulich NA,
Abnet CC, Al-Ghalith GA, et al. Reproducible, inter-
active, scalable and extensible microbiome data sci-
ence using QIIME 2. Nat Biotechnol. 2019;37(8):852–
7.

21. Callahan BJ, McMurdie PJ, Rosen MJ, Han AW,
Johnson AJA, Holmes SP. DADA2: high-resolution
sample inference from Illumina amplicon data. Nat
Methods. 2016;13(7):581–3.

22. Ondov BD, Bergman NH, Phillippy AM. Interactive
metagenomic visualization in a web browser. BMC
Bioinform. 2011;12:385.

23. Feliciano RP, Boeres A, Massacessi L, Istas G, Ven-
tura MR, Nunes Dos Santos C, et al. Identification
and quantification of novel cranberry-derived plasma
and urinary (poly)phenols. Arch Biochem Biophys.
2016;599:31–41.

24. Kylli P, Nohynek L, Puupponen-Pimi€a R,
Westerlund-Wikstr€om B, Lepp€anen T, Welling J,
et al. Lingonberry (Vaccinium vitis-idaea) and Euro-
pean cranberry (Vaccinium microcarpon) proantho-
cyanidins: isolation, identification, and bioactivities. J
Agric Food Chem. 2011;59(7):3373–84.

25. Peron G, Sut S, Pellizzaro A, Brun P, Voinovich D,
Castagliuolo I, et al. The antiadhesive activity of cran-
berry phytocomplex studied by metabolomics: intesti-
nal PAC-A metabolites but not intact PAC-A are
identified as markers in active urines against uropatho-
genic Escherichia coli. Fitoterapia. 2017;122:67–75.

26. McKay DL, Chen CYO, Zampariello CA, Blumberg
JB. Flavonoids and phenolic acids from cranberry
juice are bioavailable and bioactive in healthy older
adults. Food Chem. 2015;168:233–40.

27. di Martino P, Agniel R, David K, Templer C, Gail-
lard JL, Denys P, et al. Reduction of Escherichia coli
adherence to uroepithelial bladder cells after con-
sumption of cranberry juice: a double-blind random-
ized placebo-controlled cross-over trial. World J Urol.
2006;24(1):21–7.

� 2023 The Authors. APMIS published by John Wiley & Sons Ltd on behalf of Scandinavian Societies for Pathology, Medical Microbiology and

Immunology. 123

CRANBERRY-LINGOBERRY JUICE AND MICROBIOME

 16000463, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apm

.13292 by celine T
orres-M

oon - R
eadcube (L

abtiva Inc.) , W
iley O

nline L
ibrary on [15/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



28. Howell AB, Botto H, Combescure C, Blanc-Potard
AB, Gausa L, Matsumoto T, et al. Dosage effect on
uropathogenic Escherichia coli anti-adhesion activity
in urine following consumption of cranberry powder
standardized for proanthocyanidin content: a multi-
centric randomized double blind study. BMC Infect
Dis. 2010;10:94.

29. Reid G, Hsiehl J, Potter P, Mighton J, Lam D, War-
ren D, et al. Cranberry juice consumption may reduce
biofilms on uroepithelial cells: pilot study in spinal
cord injured patients. Spinal Cord. 2001;39(1):26–30.

30. Howell AB, Foxman B. Cranberry juice and adhesion
of antibiotic-resistant uropathogens. JAMA. 2002;287
(23):3082–3.

31. Whiteside SA, Razvi H, Dave S, Reid G, Burton JP.
The microbiome of the urinary tract-a role beyond
infection. Nat Rev Urol. 2015;12(2):81–90.

32. Fredsgaard L, Thorsteinsson K, Bundgaard-Nielsen
C, Ammitzbøll N, Leutscher P, Chai Q, et al. Descrip-
tion of the voided urinary microbiota in asymp-
tomatic prepubertal children – a pilot study. J Pediatr
Urol. 2021;17(4):545.e1–8.

33. Binda C, Lopetuso LR, Rizzatti G, Gibiino G, Cen-
namo V, Gasbarrini A. Actinobacteria: a relevant
minority for the maintenance of gut homeostasis. Dig
Liver Dis. 2018;50(5):421–8.

SUPPORTING INFORMATION

Additional supporting information may be found
online in the Supporting Information section at the
end of the article.

Table S1. Diversity of the gut microbiome at 6 and
12 months.
Table S2. Relative abundances of taxa in the gut
microbiome at 6 and 12 months in all the children
with samples available and in those with over 80%
juice drinking compliance.
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