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Abstract: The objective of this study is to evaluate in vitro antimicrobial activity of urine from pregnant subjects 

following cranberry juice cocktail (CJC) or placebo ingestion against common pathogens causing asymptomatic 

bacteriuria. This study was conducted as an adjunct to a larger randomized, controlled trial. 4-hour uninfected urine 

samples were collected from 28 pregnant women who were randomized to cranberry or placebo in three groups: A. CJC 

240 ml two times daily (C, C; n=10), B: CJC in the AM, then placebo in the PM (C, P; n=10), C: placebo two times daily 

(P, P; n=8). The pH of all specimens was adjusted to 7 and filtered. Aliquots were independently inoculated with 

overnight culture of 10
2-3

 cell/ml each of single strains of E. coli with both type I and type II fimbriae, K. pneumoniae, 

and C. albicans, and incubated. CFU/ml of each specimen was enumerated by subculture with quantitative plate counts in 

duplicate. There were no differences between groups for any of the pathogens studies based on treatment allocation. We 

demonstrated no differences in direct antimicrobial activity against E. coli, K. pneumonia or C. albicans in the urine of 

pregnant based on differing daily cranberry doses. This may be due to beta-error.  
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INTRODUCTION 

 The use of cranberry (Vaccinium macrocarpon) fruits 
and leaves in folk medicine is longstanding. Diverse 
conditions including urinary tract infections, wound care and 
diabetes have been treated with cranberry products. There is 
growing interest in the use of cranberry for the prevention 
and treatment of urinary tract infections (UTI), and sales of 
cranberry make it one of the highest selling herbs in the 
United States [1]. 

 The clinical effects of cranberry on urinary tract health 
are undergoing scientific scrutiny. The National Center for 
Complementary and Alternative Medicine has sponsored a 
number of ongoing clinical trials evaluating the protective 
effect of cranberry ingestion on urinary tract infections in 
women. Many of these trials are predicated on published 
controlled trials exploring the effectiveness of cranberry for 
the prevention of UTI [2,3]. Both reviews concluded that 
evidence from several well designed studies indicates that 
cranberry juice decreased the number of symptomatic UTIs 
in primarily female populations over time periods as long as 
12 months [4-6]. Few studies looked at the use of cranberry 
for the treatment of UTI, however well designed studies are 
yet to be conducted [3,7]. No major adverse effects or 
interactions were reported or identified in these reviews or 
more recent studies [8,9]. 
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 With mounting interest in the clinical use of cranberry, 
scientific curiosity about cranberry’s antimicrobial mecha-
nism of action grows. The exact antimicrobial action of cran-
berry remains under investigation. Initial proposed mecha-
nism attributed the antimicrobial benefits to hippuric acid 
which has the potential to acidify the urine [10]. Later 
studies confirmed that cranberry juice can lower urinary pH 
[11,12], however none of the urine samples were found to be 
bacteriostatic. More recently studies suggested that cran-
berry’s activity is related to the inhibition of bacterial 
adherence to the uroepithelium. Recent evidence suggests 
that fructose, found in cranberries, interferes with adhesion 
of type 1 fimbriated (mannose-sensitive) E. coli to the uro-
epithelium [13], while other studies show that proantho-
cyanidins in cranberries inhibit the adherence of p-fimbriated 
(mannose-resistant) E. coli to the uroepithelium [14,15]. In 
fact recent studies suggest that cranberry juice irreversibly 
inhibits p-fimbriae preventing attachment of E. coli to the 
uroepithelium [16]

 
as well as cultured vaginal epithelial cells 

[17]. 

 In addition to the anti-adhesive effect, a possible antimic-
robial activity has been suggested. In effect a laboratory 
study verified that concentrated cranberry juice had a direct 
antimicrobial activity in vitro [18]. However, despite the 
encouraging outcomes reported in the prevention studies and 
in laboratory studies looking at mechanism of action, 
evidence of direct antimicrobial activity in the urine after 
ingestion of cranberry has yet to be demonstrated. To 
evaluate the antimicrobial effect of urine specimens after 
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ingestion of cranberry we conducted a pilot study assaying 
the direct antimicrobial activity of urine specimens taken 
from volunteer subjects after ingestion of a commercially 
available cranberry product, and found that 35% subjects had 
antimicrobial activity against E. coli, 65% against K. 
pneumoniae and 45% against C. albicans in specimens 
collected 2 to 6 hours after ingestion of cranberry following 
one day of exposure. There was a two-day evaluation of 
timed collections with one day of no exposure and another 
day of full exposure. No significant antimicrobial activity 
against E. coli or C. albicans was identified, however, for K. 
pneumoniae, 67% of the subjects had antimicrobial activity. 
The peak antibacterial activity appeared at 2-hours following 
cranberry ingestion [19]. 

 We undertook this investigation as an adjunct to an 
ongoing clinical trial investigation employing methodologies 
previously tested in our laboratory. 

MATERIALS AND METHODOLOGY 

 This study evaluated the in-vitro bioactivity (antimic-
robial) of urine samples after ingestion of cranberry juice 
cocktail from pregnant women enrolled in an on-going 
randomized, controlled pilot investigation of the effect of 
CJC on the frequency of asymptomatic bacteriuria in 
pregnancy. The protocol was approved by the institutional 
review boards at the institutions in which the study was 
conducted at the University of California, Irvine and Long 
Beach Memorial Medical Center.  

 The methods for the clinical trial protocol are described 
elsewhere [20]. Briefly, women in the late first or early 
trimester trimester were randomized to three treatment arms: 
Group A: CJC 240 ml doses twice daily at breakfast and 
dinner, Group B: CJC 240 ml at breakfast and 240 ml of a 
matching juice placebo at dinner, and Group C: Placebo 240 
ml at breakfast and dinner. For this adjunct investigation, we 
randomly selected 28 pregnant subjects who were from each 
group, and also recruited 15 non-pregnant, reproductive aged 
women as controls. The pregnant subjects were ingesting 
juice daily, had been consuming juice for a minimum of 
three days prior to participation in this investigation, and we 
collected 4-hour urine samples from them including first 
morning voids after their usual dose of morning juice. No 
more than 6 hours elapsed between timing of last dose 
(morning dose) ingested and completion of urine collection. 
The non-pregnant controls were also randomly assigned to 
the same three treatment groups, and consumed the CJC or 
placebo products in the same regime for three days prior to 
urine collection. 

 The laboratory study team was blinded to the identity of 
and treatment provided to the subjects. All subjects were 
asked to abstain from taking any cranberry, during participa-
tion in the studies and during specimen collection.  

Cranberry Juice Product 

 Cranberry juice cocktail (CJC) beverage containing 27% 
cranberry juice was supplied by Fisher BioServices 
Corporation in collaboration with Ocean Spray Cranberries, 
Inc. (OS). It was formulated under contract with NCCAM to 
meet research needs and is not commercially available, 
although it is similar to retail CJC. A Drug Master File for 

this research-grade CJC is on file with the United States 
Food and Drug Administration.  

 Berries from Vaccinium macrocarpon Aiton grown and 
harvested under Good Agricultural Practices were used to 
manufacture under carefully controlled QC and QA prog-
rams and Good Manufacturing Practices batches of low-
calorie CJC from one lot of 100% cranberry juice concen-
trate. The CJC contained filtered water, cranberry juice 
concentrate, fructose, pectin, FDA-approved colorants 
(FD&C Blue No. 1 and FD&C Red No. 40), sodium citrate, 
ascorbic acid, sucralose, and acesulfame-K. Batches of CJC 
were standardized to the proanthocyanidin content.  

 The dosage form of the CJC consisted of 240 ml in a hot-
filled polypropylene bottle. The proanthocyanidin mean 
value of all CJC batches was 80 mg as measured by Fisher 
BioServices using N,N-Dimethylacetamide (DMAC). Total 
phenolics by HPLC were 185 mg and total anthocyanins by 
HPLC were 18.8 mg per 240 ml. Stability monitoring of the 
concentrate and CJC was performed. Proanthocyanidin and 
other sensory, chemical and physical properties were stable 
at least 9 months in the CJC when stored at 2-8

o
 C. The CJC 

was stored under refrigerated conditions.  

Placebo Beverage 

 The placebo beverage was formulated by OS to mimic 
the flavor (including sugar and acid profile) and color of the 
cranberry beverage. Ingredients included food- and/or 
pharmaceutical grade materials that mimic the composition 
of the cranberry beverage. There were no cranberry ingre-
dients in the placebo beverage. It contained filtered water, 
fructose, glucose, pectin, citric acid, quinic acid, malic acid, 
artificial flavoring, and FDA-approved colorants (FD&C 
Blue No. 1 and FD&C Red No. 40). Fisher BioServices pro-
vided the placebo beverage in the identical polypropylene 
bottles used for the active beverage. Stability monitoring 
results indicate no degradation up to at least 9 months at 2-
8

o
C. Placebo beverage was stored under refrigerated 

conditions. 

Study Conduct 

 The study was conducted concurrently with the parent 
clinical trial protocol. Twenty-eight pregnant women who 
were enrolled were randomly selected for recruitment into 
this adjunct investigation. They were asked to collect a four-
hour urine sample including the first morning void on the 
day of a scheduled prenatal care and study visit. Standard 
urine processing as dictated by the study protocol was 
performed including urinalysis and urine culture. 

 Demographic data were collected for cases and controls, 
including age, gravidity, parity and race/ethnicity. 

Assessment 

 In the laboratory, urines were filter-sterilized, aliquots of 
each of the specimens was then assayed for antimicrobial 
activity in vitro against a variety of common bacterial 
organisms which can be the cause of human Urinary Tract 
Infection (UTI).  

 The pH of all urine specimens was adjusted to the same 
pH as the baseline control specimens and filtered. Aliquots 
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of each specimen were independently inoculated with 10
2-

3
 cell/ ml each of single strains of E. coli, K. pneumoniae, 

and C. albicans. A low inoculum of bacteria was used 
deliberately to mimic colonization and not an established 
infection. The organisms were the same strains utilized in 
our pilot study [18] and larger investigation [19]. After 24 
hours of incubation for E. coli and K. pneumoniae, and 48 
hours for C. albicans, colony forming units per milliliter 
(CFU/ ml) of each specimen were enumerated by subculture 
with quantitative plate counts in duplicate.  

Data Analysis 

 Antimicrobial activity was measured by CFM/ml against 
E. coli, K. pneumoniae and C. albicans and data was 
presented with median and range (minimum, maximum). We 
applied Kruskal-Wallis test and Fisher’s Exact test to 
evaluate differences between treatment groups. For variables 
with significant group difference, paired comparisons 
between the three treatment groups were followed with 
Wilcoxon test and Bonferroni’s method was applied for 
multiple comparison adjustment. Significance level was set 
at 0.05.  

Table 1. Demographic Characteristics 

 

  n median (range)  p-value 

Age (yr)     0.26a 

 Group A (C, C) 10 29.0 (19, 38)  

 Group B (C, P)  10 27.5 (23, 34)  

 Group C (P, P) 8 24.5 (21, 38)  

Gravidity     0.,0025a,b  

 Group A (C, C) 10 3.5 (2, 8)  

 Group B (C, P) 10 2.0 (2, 7)  

 Group C (P, P) 8 1.0 (1, 4)  

Parity     0.0033a,b  

 Group A (C, C) 10 1.0 (1, 5)  

 Group B (C, P)  10 1.0 (0, 3)  

 Group C (P, P) 8 0.0 (0, 1)  

Race/Ethnicity     0.97c 

 Group A (C, C) 

 Caucasian 
 Hispanic 

 African-American 
 Asian 

10  

2 (20) 
7 (70) 

1 (10) 
0 (0) 

 

 Group B (C, P) 

 Caucasian 

 Hispanic 
 African-American 

 Asian 

10  

2 (20) 

7 (70) 
1 (10) 

0 (0) 

 

 Group C (P, P) 

 Caucasian 
 Hispanic 

 African-American 
 Asian 

8  

2 (25) 
5 (62.5) 

0 (0) 
1 (12.5) 

 

a Kruskal-Wallis test. 
b Paired comparison after Bonferroni’s multiple comparison adjustment showed 
that only Group A and C are significantly different. 
c Fisher’s exact test. 
Data presented as median (range) or number (%). 

C, cranberry; P, placebo. 

RESULTS  

 There were statistically significant differences in the 
gravidity and parity between the multiple daily cranberry 
dosing group and the placebo-treated group; these are felt to 
be clinically insignificant. (Table 1). We found no diffe-
rences in direct antimicrobial activity against E. coli, K. 
pneumonia, or C. albicans based treatment reflecting once, 
twice or no exposure to daily cranberry juice cocktail 
ingestion (Table 2).  

Table 2. Antibacterial Activity of Urine Following Once or 

Twice Daily Cranberry Juice Cocktail or Placebo 

Ingestion 

 

  n median (range) p-value
a
 

E. coli (x105)   0.98 

 Group A (C, C) 10 117.5 (11.0, 310.0)  

 Group B (C, P) 10 105.0 (41.0, 385.0)  

 Group C (P, P) 8 110.0 (3.0, 200.0)  

K. pneumoniae (x105)   0.87 

 Group A (C, C) 9 44.0 (8.0, 105.0)  

 Group B (C, P) 10 45.5 (0.6, 180.0)  

 Group C (P, P) 7 48.0 (16.0, 87.0)  

C. albicans (x105)   0.67 

 Group A (C, C) 10 5.9 (0.8, 17.5)  

 Group B (C, P) 10 6.1 (1.5, 25.0)  

 Group C (P, P) 8 7.0 (4.1, 20.5)  

a
 Kruskal-Wallis test. 

 

DISCUSSION 

 Cranberry is commonly recommended for treatment and 
prevention of urinary tract infections. Meta-analyses of 
clinical studies concluded that evidence supports a role for 
cranberry in the prevention of urinary tract infections but not 
in the treatment of an established infection [2,3,7]. Proposed 
mechanisms of action include anti-adherence [13-17,21,22], 
direct antibacterial effect [18,19], changes in urine acidity 
(pH), [11,12], and activation of the nitric oxide pathway 
[23,24]. Laboratory studies identified a direct antibacterial 
activity of cranberry [18,19], however little is known 
whether this activity is maintained after ingestion. In this 
study, we explored the presence of antimicrobial activity in 
the urine of pregnant and non-pregnant subjects after 
ingestion of a scientific grade cranberry juice product that 
was used for pilot clinical trial.  

 For this study we used an inoculation of 10
2
 - 10

3
 instead 

of the more commonly accepted 10
5
. We reached this 

decision after careful review of the published data and the 
Cochrane reviews which conclude that cranberry was more 
effective in the prevention rather than treatment of urinary 
tract infection, and believe that this choice enhanced the 
sensitivity of our assay as described previously [19]. 

 We are aware of the evidence which supports that the 
antibacterial effect is due to the anthocyanins and proantho-
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cyanidins fractions of cranberry. Our study methodology 
could have been improved with a series of timed urine 
collections such as collections at pre-treatment, 2, 4 and 6 
hours after ingestion of the cranberry juice cocktail and 
placebo to determine time of maximal effect. A recent study 
by Ohnishi et al. demonstrated the urinary levels of 
anthocyanins reached a maximum between 3 and 6 hours 
after ingestion of cranberry [25]. Because of the physio-
logical changes in pregnancy which include an increase in 
glomerular filtration rate, the time to maximal urinary 
anthocyanin concentration may differ. 

 Our study suggests that the antibacterial activity against 
E. coli after ingestion of cranberry juice cocktail following 
multiple daily dosing or single daily dosing was not 
significantly different between subjects. This confirms 
findings from 2 recent published studies exploring the 
antibacterial activity of urine after ingestion of cranberry 
[26,27]. Monroy-Torres and colleagues studied 20 healthy 
women between the ages of 19 and 24 years who provided 
urine samples before and 3 hours after drinking 250cc of 
cranberry juice. Urine samples were incubated for 1-2 hours 
only then plated. No significant reduction in the number of 
E. coli colonies were seen after cranberry ingestion [27] 
Tong and colleagues found in 10 young healthy Chinese 
adults who collected urine at 3 hour intervals on 2 
consecutive days and on day 2 drank 750 ml of cranberry 
juice, that there were no statistically significant differences 
in E. coli colony counts after a 24-hour incubation between 
the control (day 1) and urine specimens collected on day 2 
after ingestion of the cranberry juice [26]. Although these 
studies used different forms (juice and tablets) and doses of 
cranberry, the final result was the same regardless of the time 
of urine collection after cranberry ingestion.  

 In this study we also explored the presence of anti-
microbial activity against less common causes of UTI, such 
as K. pneumoniae. We found no significant differences in the 
number of E. coli, C. albicans or K. pneumoniae colonies 
after ingestion of the varying doses of cranberry juice 
cocktail or placebo. The former result differs from our 
previous investigation in which antimicrobial activity against 
K. pneumoniae was detected in the urine of 6 out of 9 
subjects after ingestion of the cranberry capsules [19]. We 
have previously postulated that the antimicrobial activity of 
cranberry against K. pneumoniae is probably due to other 
factors than the anti-adherence activity reported for E. coli.  

 Further studies are warranted to better understand the 
nature of the factors responsible for the antimicrobial activity 
in urine following cranberry juice ingestion, as well as to 
better characterize the bacterial spectrum of these factors and 
how they might be enhanced. These could lead to deter-
minations of optimal methods and timing of dosing.  

CONCLUSION 

 We found no difference in antimicrobial activity against 
E. coli, K. pneumoniae or C. albicans based on therapy. The 
lack of difference based on treatment may reflect a beta-error 
resulting from small sample size, a relatively low 
concentration of cranberry in the juice products provided, or 
timing related to ingestion. Additional studies are needed to 
further explore the antimicrobial activity using different 

study methodology, and different formulations and doses of 
cranberry products.  
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