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Abstract

Background: Probiotics are widely used to improve gastrointestinal (Gl) health, but they may also be useful to
prevent or treat gynaecological disorders, including bacterial vaginosis (BV) and candidiasis. BV prevalence is high
in South Africa and is associated with increased HIV risk and pregnancy complications. We aimed to assess the
availability of probiotics for vaginal health in retail stores (pharmacies, supermarkets and health stores) in two major
cities in South Africa.

Methods: A two-stage cluster sampling strategy was used in the Durban and Cape Town metropoles. Instructions
for use, microbial composition, dose, storage and manufacturers’ details were recorded.

Results: A total of 104 unique probiotics were identified in Cape Town and Durban (66.4% manufactured locally).
Cape Town had more products than Durban (94 versus 59 probiotics), although 47% were common between cities
(49/104). Only four products were explicitly for vaginal health. The remainder were for Gl health in adults (51.0%) or
infants (17.3%). The predominant species seen overall included Lactobacillus acidophilus (53.5%), L. rhamnosus (37.6%),
Bifidobacterium longum ssp. longum (35.6%) and B. animalis ssp. lactis (33.7%). Products for vaginal health contained
only common Gl probiotic species, with a combination of L. acidophilus/B. longum ssp. longum/B. bifidum, L.
rhamnosus/L. reuteri or L. rhamnosus alone, despite L. crispatus, L. gasseri, and L. jensenii being the most
common commensals found in the lower female reproductive tract.

Conclusion: This survey highlights the paucity of vaginal probiotics available in South Africa, where vaginal
dysbiosis is common. Most vaginal products contained organisms other than female genital tract commensals.

Keywords: Probiotics, Women, Vaginal, Lactobacillus spp.

Background

Maintenance of vaginal health is thought to play an im-
portant role in protecting women from reproductive
complications and the acquisition of sexually transmitted
infections (STIs) [1-10]. A healthy vagina is generally
thought to be defined as one with a low pH and a Lacto-
bacillus spp. dominance. Commensal Lactobacillus spp.
in the genital tract have been thought to contribute to
genital health by their ability to lower vaginal pH, to
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produce bactericidal compounds, and to competitively
outcompete potentially pathogenic bacteria [8, 11-14].

A healthy lower female reproductive tract is dominated
by various Lactobacillus spp., with L. crispatus, L. gasseri,
L. jensenii, L. iners and L. vaginalis the most frequent and
abundant organisms present in North American women
[8, 9]. Several studies have shown that the predominant
bacterial species colonizing the female genital tract differ
by geography and ethnicity [8]. Only 37% of asymptomatic
South African women had a Lactobacillus spp. dominant
vaginal microbiome compared to 90% of white and 62% of
black women in developed countries [8, 15, 16]. Within
North American women, Lactobacillus predominance
differed by ethnic group, with 89.7% of white and 80.2% of
Asian women having a genital tract dominated by L.
crispatus, L. gasseri, L. iners and L. jensenii. Only 61.9% of
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black and 59.6% of Hispanic women showed a similar pat-
tern [8]. In South Africa the predominant Lactobacillus
spp. found in young women in KwaZulu Natal was L.
iners, which differs from the species described in the
female genital tracts of North American women [15].

Depletion of commensal Lactobacillus spp., an increase
in bacterial diversity and an overgrowth of pathogenic
bacteria are associated with the development of bacterial
vaginosis (BV) [17]. Although not considered a STI, BV is
the most prevalent condition to influence vaginal health
in women of reproductive age, and is considered to be en-
hanced by sexual activity [18]. It increases risk of endo-
metritis, preterm delivery, chorioamnionitis, spontaneous
abortion, maternal/neonatal sepsis [1-3, 19-21] and sus-
ceptibility to viral (including HIV, HPV and HSV-2) or
bacterial (including Trichomonas vaginalis, Neisseria
gonorrhoeae and Chlamydia trachomatis) infections [4-7,
22, 23]. Its prevalence varies both between and within
countries and is thought to be influenced by host genetics
and social factors [24]. The prevalence is the lowest in
Asia and Europe (4.5 to 24%) and highest in Sub-Saharan
Africa (SSA; 6 to 58%) [25]. The high rates in SSA and the
association with a more than three-fold increase in HIV
transmission in a region bearing the burden of HIV un-
derlines the urgent need for effective treatment [26].

Despite these serious adverse outcomes, few effective
strategies to manage BV and its recurrence exist. Identi-
fying women with BV is challenging as most cases are
asymptomatic [27, 28]. Furthermore, antibiotic treat-
ment of BV, the current standard of care, results in only
a temporary decrease in dysbiosis with high recurrence
rates. Approximately 30% of cases recur within
three months of treatment and 50% within six months
[29]. Studies that investigated the efficacy of probiotics
in the treatment of BV have mostly reported improved
cure and no adverse events [30, 31]. However, there is
substantial heterogeneity between these trials, with dif-
ferences in bacterial species and strains used, dose and
duration of treatment, route of administration, and
population studied.

Probiotics are defined as “live microorganisms, that,
when administered in adequate amounts, confer a health
benefit on the host” [32]. The bacteria typically con-
tained in probiotics include a diverse spectrum of Lacto-
bacillus spp. (including L. rhamnosus, L. casei, L.
acidophilus and L. plantarum) and Bifidobacterium spp.
(including B. breve, B. bifidum, B. infantis and B. ani-
malis), which colonize the healthy human gastrointes-
tinal tract (GIT) [33]. Additionally, yeast strains such as
Saccharomyces cerevisiae or S. boulardii are sometimes
included into formulation [33]. Probiotics have been
used to treat or prevent disorders of the GIT and im-
mune system in both adults and infants [34, 35]. Probio-
tics are also used to maintain vaginal health, including
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for the treatment of BV [30]. In order for the probiotic
bacteria to positively impact vaginal health, they first
need to colonize the female genital tract successfully.
For a successful colonization and the ability to confer a
health benefit to the host, the bacteria need to fulfil vari-
ous criteria including: adherence to vaginal epithelial
cells, production of hydrogen peroxide, bacteriocins and
biosurfactant, restoration of vaginal pH, and inhibition
of potential pathogens associated with BV [36].

Probiotics for vaginal health have been administered
vaginally and orally. Oral probiotics were first considered
in 2001, when it was shown that probiotic bacteria can
passively move from the rectum to the female genital
tract [37, 38]. Oral administration of a two strain com-
bination of L. rhammnosus GR-1° and L. reuteri RC-14°
was shown to increase the level of those species in stool
and in the vagina, supporting the notion of ano-vaginal
transfer [39]. An oral daily dose of over one billion
colony-forming units (cfu) maintained a Lactobacillus-
dominated vaginal microbiome [37]. Additionally, it has
been suggested that oral probiotics may inhibit the ano-
vaginal transfer of yeast and pathogenic bacteria [40].
However, the level of probiotic bacteria delivered by oral
administration is lower than following vaginal adminis-
tration [41]. Importantly, the time required to affect
vaginal health is longer with oral than direct vaginal ad-
ministration and depends on the viability of the bacteria
after they pass through the GIT [39].

Probiotics are often administered along with prebiotics
(then called synbiotics) as this is thought to selectively
support the growth of probiotic microbiota, thereby in-
creasing their persistence [42, 43]. Commonly used pre-
biotics are short-chain carbohydrates, particularly inulin,
oligosaccharides and pyrodextrins, which are resistant to
digestion, fermentable by intestinal microbes and sup-
port the selective growth of administered bacteria [33].

The global probiotic market was reported to be USD
27.9 billion in 2011, with an estimated annual growth of
6.8% (http://www.nutraingredients.com/Markets-and-
Trends/Global-probiotics-market-to-grow-6.8-annually-
until-2018). This rapid growth has created the need for
effective legislative regulations of probiotics. The
United States Food and Drug Administration (FDA)
states that probiotics may be regulated as dietary supple-
ments, conventional food or meal replacement, or as
drugs depending on their intended wuse (http://
www.fda.gov/regulatoryinformation/guidances/
ucm144657.htm). Similarly, the South African Medi-
cines Control Council (MCC) classifies probiotic-
containing products either as complementary medicine or
as medicines when making medicinal claims or contain-
ing>1x10” cfu per dose unit (http://www.mccza.com/
Publications). Despite this, probiotics are not included in
the treatment covered by some of the largest medical
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insurance companies in South Africa (Fedhealth, Boni-
tas and Momentum).

The aim of this survey was to review probiotics avail-
able on the South African retail market and evaluate
their likely suitability for the treatment of BV in South
African women.

Methods

Data collection

A cross-sectional survey by means of a two-stage cluster
sampling was conducted in Durban and Cape Town,
South Africa, between September 2015 and January
2016. The primary clusters were geographically demar-
cated and consisted of the seven and eight districts con-
stituting the Durban and Cape Town metropoles,
respectively. The secondary clusters were the major
shopping malls in each of the respective districts. Details
on all probiotic products in every store retailing probio-
tics, including pharmacies, health stores and supermar-
kets in the major shopping mall servicing each of the
seven districts making up the Durban metropole [Cen-
tral (The Workshop, City Centre), Outer West (Hillcrest
Centre, Hillcrest), South (Galleria Centre, Amanzimtoti),
South Central (Chatsworth Centre, Chatsworth), Inner
West (The Pavillion, Westville), North Central (Bluff
Centre, Bluff) and North (Gateway Centre, Mt. Edge-
combe)] and the eight districts making up the Cape
Town metropole [South (Blue Route Centre, Tokai),
South Peninsula (Long Beach Mall, Fishhoek/Kommet-
jie), Atlantic Seaboard (Cape Quarter, Greenpoint),
City Bowl (V&A, Waterfront), West Coast (Bayside
Mall, Bloubergstrand), North (Canal Walk Mall, Cen-
tury City), Cape Flats (Liberty Promenade, Mitchells
Plain) and Helderberg (Waterstone Centre, Somerset
West)] were collected (Fig. 1a and b). The following
characteristics were captured: formulation (tablet, pow-
der or liquid), composition (strains, number of viable
cells/cfu, presence/absence of prebiotics, additional in-
gredients), target population (general, women, infants),
storage (room temperature, refrigerated), price, expiry
date, recommended mode of administration, medicinal
claims and manufacturers' details.

Data capture and analysis

Product characteristics were electronically captured in a
spread sheet. Statistical analysis was conducted using
STATA™ version 12 (StataCorp, College Station, TX,
USA). Descriptive measures (mean, median, frequencies
and percentages) were used to summarize the data. The
shelf life of products was estimated by calculating the
time difference between time of survey and expiry date
of the product.
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Results

A total of 104 unique probiotic products were surveyed
from South Africa (SA), with 94 available in Cape Town
and 59 in Durban. Forty-five products were only found
in Cape Town, ten were only available in Durban, and
49 products were common to both cities (Fig. 1d). Pro-
biotic range differed by district, with the eight Cape Town
districts averaging 37 distinct products per district [highest
(64) in the Northern suburbs and the lowest (13) in the
Atlantic Seaboard] (Fig. 1a). The seven districts of Durban
averaged 16 distinct products per district [highest (30) in
the Outer West district to the lowest (5) in the Southern
district] (Fig. 1b).

Of the 104 probiotics identified, more than half (51%)
had GIT health claims for adults and 17% were indicated
for GIT and skin conditions in infants. Less than 10% of
the probiotic products had claims in multiple health cat-
egories such as GIT and immunological health. Medicinal
claims of probiotics in both cities were similar (Fig. 1c).
Less than 4% of probiotics in both cities in SA (4/104; in-
cluding Provacare® Probiotic Vaginal Care, Reuterina™
Femme, UltraFlora® Women’s, Vagiforte® Plus) were expli-
citly for vaginal health (Fig. 1c).

Bacterial species included in probiotic formulations

The most common bacterial species found in the pro-
biotics belonged to the genera Lactobacillus [15 species;
most commonly L. acidophilus (in 53.5% of the recorded
products), L. rhamnosus (37.6%), L. plantarum (19.8%)]
and Bifidobacterium [8 species; most commonly B.
longum ssp. longum (35.6%), B. animalis ssp. lactis
(33.7%), B. bifidum (26.7%)] (Fig. 2a). The most common
combinations of species were L. acidophilus with B.
longum ssp. longum (in 24 products), L. acidophilus with
B. bifidum (23 products), B. longum ssp. longum with B.
bifidum (23 products), L. acidophilus with L. rhamnosus
(19 products), and L. rhamnosus with B. longum ssp.
longum (18 products) (Fig. 2b, Additional file 1: Figure
S1.1 and Additional file 2: Figure S1.2). Other less com-
mon organisms contained in probiotics were Saccharo-
myces boulardii and S. cerevisiae, Streptococcus
thermophilus, Enterococcus mundtii, Lactococcus lactis
and Propionibacterium shermanii.

The vaginal probiotics contained either a combination
of the three species L. acidophilus/B. longum ssp.
longum/B. bifidum (Bioflora Vagiforte® Plus), two species
L. rhamnosus/L. reuteri (Reuterina™ Femme, UltraFlora®
Women’s) or the single bacterial species L. rhamnosus
(Provacare® Probiotic Vaginal Care).

Dose, formulation and storage

The number of bacterial strains contained per product
ranged from 1 (25.0%, 26/104) to 12 (2.9%, 3/104) with a
mean of 3. Overall, probiotic products claimed to
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Fig. 1 The South African probiotic market. Availability of probiotics by districts in the Cape Town (a) and Durban (b) metropoles. Cape Town
consists of eight districts while Durban metropole is made up of seven districts. A colour scale was used to denote variation in the number of
distinct probiotics available for each district. ¢ Usage of probiotics. Each product was grouped into one of six categories according to their health
claim; and the overall or city-specific distribution is depicted by the stacked bars. d Market share Cape Town vs. Durban. The area proportional Venn
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contain a median of 1.5 x 10° viable organisms ranging
from 4 x 107 to 9 x 10" cfu per dose, with daily dosage
recommended. The daily dose (capsules per day) of prod-
ucts depended on therapeutic indication: prophylaxis
(chronic), treatment (acute) or as an adjunct to antibiotic
treatment. However, organisms included in these different
probiotic preparations did not differ according to indica-
tion. Interestingly, some products formulated with exactly
the same bacterial species, strains and cfu were marketed

by different manufacturers under both similar and mul-
tiple health claims (Additional file 1: Figure S1.1 and Add-
itional file 2: Figure S1.2). Others contained the same
bacterial species but with different doses of each species
(e.g., two species combination L. acidophilus/B. ani-
malis ssp. lactis: range 5 x 10° to 15 x 10° cfu or single
species L. sporogenes: range 4 x 107 to 6 x 10° cfu). In
some instances the same manufacturer produced a
range of probiotic products with identical bacterial
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strain content and dose while marketing them as dis-
tinct products with different health claims (Additional
file 1: Figure S1.1 and Additional file 2: Figure S1.2).
The most common formulation was capsules (59.8%),
with some products available as liquids (18.7%), tablets
(13.1%) or powder (8.4%). The majority (82.7%, 86/104)
were stored on the shelf (room temperature), and 17.3%
(18/104) were stored in the fridge (4 °C). Probiotics
maintained at 4 °C tended to be from the same manufac-
turer (10/18 produced by Metagenics and 5/18 produced
by Bioflora CC), but did not appear to be systematically
different in formulation, probiotic composition or expiry

date. The average shelf life time was 14 months (from time
of survey to recorded product expiry date) for both prod-
ucts stored at room temperature and at 4 °C. There was
no correlation between shelf life and formulation of the
product. Probiotics were predominantly recommended for
oral administration (97.1%, 101/104). Of the four vaginal
products available, two were intended for oral administra-
tion, one was for both oral and vaginal administration and
one for vaginal dosing only, and all were stored at room
temperature.

Two-thirds (64.4%, 67/104) of the surveyed products
were manufactured in SA [88.1% (59/67) of shelf
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products versus 11.9% (8/67) of refrigerated products].
The total of 104 products were produced by 39 manu-
facturers, of which 27 (69.2%) were based in SA, mainly
in Johannesburg (12/27), Pretoria (6/27) and Cape Town
(6/27). Of the four vaginal products, two were manufac-
tured in SA (Reuterina™ Femme, Bioflora Vagiforte®
Plus), one in Canada (Provacare® Probiotic Vaginal Care)
and one in the US (UltraFlora® Women’s).

Aside from bacteria, most products contained add-
itional ingredients, such as vitamins, minerals, enzymes
or fruit extracts. Common enzymes included were di-
gestive enzymes including amylase, protease, invertase,
malt diastase, lipase, cellulose or lactase. A few products
(8/104, 7.7%) contained folic acid (vitamin B9), which is
important for nucleotide synthesis in humans and
bacteria but cannot be synthesized by humans. Some
bacteria synthesize folate, including many Bifidobacter-
ium spp. but only a few Lactobacillus spp. and thus, it
needs to be ingested [44]. Similar percentages of prod-
ucts contained thiamine (vitamin B1), a coenzyme in the
metabolism of sugars and amino acids, and riboflavin
(vitamin B2) or nicotinamide (vitamin B3) that are both
needed for oxidation-reduction reactions [45]. Those
products also included pantothenic acid (vitamin B5),
which is a cofactor for the synthesis and metabolism of
proteins, carbohydrates and fats, vitamin B6, a coenzyme
for amino acid, glucose and lipid metabolism, and biotin
(vitamin B7) that is a coenzyme for carboxylase enzymes
needed for the synthesis of some amino acids, fatty acids
and gluconeogenesis [45].

The majority of products (67.3%) did not contain pre-
biotics. In those that did, the most common were
fructo-oligosaccharides and inulin, which are both indi-
gestible carbohydrates that reach the intestine intact
where they encounter Lactobacillus and Bifidobacterium
spp., which are able to metabolize and transport these
compounds [46].

Claims of probiotics for vaginal health

We found four probiotics that made explicit claims on
the package insert for vaginal health that were not refer-
enced. None of the four products had MCC or FDA
approval and they were not marketed as complementary
medicine or as medicines. Reuterina™ Femme claims to
help maintain a healthy vaginal flora and prevent uro-
genital infections and BV. Its dosage can be in-
creased from one to two capsules daily and there are no
known symptoms when overdosed, but no references
were provided to support this statement. The package
insert seems to contradict the claims on the outer pack-
ing as it states that this product is not intended to treat,
cure or prevent disease. Provacare® Probiotic Vaginal
Care is classified as nutritional substance and claims to
restore vaginal flora balance and maintain the ideal pH.
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It also claims to assist in the relief of symptoms of burn-
ing, stinging and vaginal discharge. Bioflora Vagiforte®
Plus claims to restore and maintain the normal vaginal
flora by controlling the overgrowth of pathogenic micro-
organisms in the GIT and preventing their transfer to
the urogenital tract. High dose treatment is stated to
prevent the development of BV and candidiasis. The
dose is one oral capsule daily for five days and then one
tablet vaginally daily for the next five days. UltraFlora®
Women’s is taken orally once to twice daily and is
claimed to restore and maintain a healthy vaginal
microflora, and reportedly reduces pathogenic bacteria
and yeasts. Further, UltraFlora® Women’s claims to as-
sist treatment of BV in conjunction with antibiotics
when taken twice daily for at least seven days 2—3 h be-
fore or after the antibiotics. Those statements have not
been evaluated by the FDA.

Cost of probiotics

The median cost per probiotic capsule or tablet in this
study was USD 0.45 [currently equivalent to 6.30 South
African Rand (ZAR)], ranging from USD 0.13-3.29
(ZAR 1.80-46.00). Probiotic prices did not differ statisti-
cally significantly between Cape Town and Durban
(mean of ZAR 6.50 vs. ZAR 6.00), nor when comparing
probiotics manufactured locally to those that were
imported, or probiotics stored on the shelf to those re-
quiring refrigeration. Instead, prices of products differed
according to manufacturer with products from Meta-
genics, Bioflora CC, Viridian Nutrition and Vibrant
Health” being more expensive (mean ZAR 22.40, USD
1.60 per capsule/tablet) when compared to those from
other manufacturers evaluated in this study (mean: ZAR
4.60, USD 0.33 per capsule/tablet; p < 0.0001). Given that
>60% of households of Cape Town and Durban metrop-
oles earned < USD 445.00 (ZAR 6367) per month in 2011
(Census 2011, http://www.statssa.gov.za), the cost of one
treatment course per individual of any of the vaginal pro-
biotics publically available in South Africa would use up
1.6-4.9% of monthly income.

Discussion

The commensal microbiota in the female genital tract is
important to protect women against STIs, including
HIV. BV is associated with increased risk of infection
with HIV [26], other STIs [22, 23], and reproductive
complications [19-21]. Management of BV is challen-
ging as it is frequently asymptomatic and thus, the ma-
jority of cases go undiagnosed [27]. Further, antibiotic
treatment usually fails in the long-term, with recurrence
rates of ~30% within three months of treatment and
~50% within six months [29]. As BV is related to an often
recurrent deficiency of appropriate commensal microor-
ganisms, adjunctive probiotic therapy could provide
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significant benefit in ensuring maintenance of a healthy
biome in women treated for BV.

The aim of this survey was to determine the availabil-
ity of vaginal probiotics in South Africa, a region with
high BV and HIV burden in young women. We identi-
fied 104 products available in Cape Town and Durban,
with more products marketed in Cape Town than in
Durban. Although there were fewer stores in Durban
selling probiotics, these two major cities do not differ in
population size, gross domestic product (GDP), average
income, unemployment rates or medical aid coverage
(http://www.statssa.gov.za), proxies for social-economic
status and general health in both cities. Factors contribut-
ing to this discrepancy in probiotic availability are likely to
be complex, but may include cultural and ethnic differ-
ences in the populations, and differences in traditional,
complementary and alternative medicine use [47].

The predominant indication for probiotics in South
Africa is for GIT health with only four products being
marketed for vaginal health, illustrating a huge discrep-
ancy in product availability given BV rates of up to 58%
in South Africa [25]. Most of the bacterial strains con-
tained in the four vaginal probiotics identified in this
study were not common colonizers of the lower repro-
ductive tract. For instance, B. longum ssp. longum and B.
bifidum are commensal in the GIT [48], while L. acid-
ophilus, L. reuteri and L. rhamnosus primarily colonize
the GIT [49], but also have been isolated from the fe-
male genital tract [41].

While the efficacy of probiotics still needs to be
proven in clinical trials, the development of vaginal pro-
biotics should, as a reasonable starting point, contain
species that are frequently commensals of the healthy
vaginal tract, such as L. crispatus, L. gasseri, L. jensenii,
L. vaginalis and L. iners. The efficacy of probiotic combi-
nations of vaginal commensal bacterial species, strains
and dose along with adjunctive antibiotic use to treat BV
and prevent its recurrence needs also to be evaluated.

The most common bacterial species found overall in
probiotics in the South African market were L. acidoph-
ilus, L. rhamnosus, B. longum ssp. longum, B. animalis
ssp. lactis, B. bifidum and L. plantarum. Some reasons
cited for the use of L. acidophilus strains in probiotic
formulations include that it is stable in products, resist-
ant to GIT bile, tolerant to low pH, and adherent to
human colonocytes in cell culture [50-53]. In addition,
they produce antimicrobial substances and contain lac-
tase activity, meeting the criteria needed for an effective
probiotic [54]. Similar characteristics have been de-
scribed for all the above-mentioned Lactobacillus and
Bifidobacterium spp. commonly found in probiotics
[55-57]. Additionally, these probiotic strains do not
compete with each other for essential nutrients and
therefore, can be combined in products [56].
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Bifidobacterium spp. are able to produce acetic acid that
reduces yeast growth [58], which may be a reason why it
is contained in some vaginal probiotics, although these
species are much less common in the female genital
tract than Lactobacillus spp. [59].

In addition to Lactobacillus and Bifidobacterium spp.,
other species were less commonly found in probiotics in
SA, including S. boulardii, S. cerevisiae and E. mundltii.
The non-pathogenic yeast strains S. boulardii and S. cer-
evisine may regulate intestinal microbial homeostasis
[60], interfere with the ability of pathogens to colonize
and infect the mucosa [61-63], modulate immune re-
sponses [64—66], stabilize the gastrointestinal barrier
function and induce absorption of nutrients [67]. The
inclusion of E. mundtii in probiotics is controversial as it
is thought to be marginally virulent, with reports of en-
dophthalmitis (inflammation of the intraocular cavities)
published [68, 69] and it is not considered safe by the
FDA [69].

In the USA, the FDA applies a complex framework of
regulation to validate manufacturers’ claims for the
products they market [70]. In this framework, a health
claim is “any claim made on the label or in labelling of a
food, including a dietary supplement, that expressly or
by implication, including ‘third party’ references, written
statements, symbols, or vignettes, characterizes the rela-
tionship of any substance to a disease or health related
condition” [71]. In the case of vaginal probiotics, this
could possibly be a reduction in the risk of incurring BV
in a healthy population. While regulatory bodies (includ-
ing the FDA and the South African MCC) are more con-
cerned with product safety than misleading claims,
sound scientific approaches need to be used to demon-
strate the health benefits of probiotics such as dose-
response relationship [72]. Previous studies have shown
poor correlation between label claims and actual pro-
biotics content [73, 74], so post-market surveillance
should be mandatory to demonstrate health benefits
related to probiotics.

This survey had some limitations. The exact shelf life-
time could not be determined because only the expiry
date and date of survey, but not the date of production
were captured. We did not look at any other cities in the
country but restricted our study to two of the larger
cities, and only looked at one centre per district within
these cities.

Conclusions

This study provides a strong rationale for the develop-
ment and clinical evaluation of additional probiotics for
vaginal health, as these products are underrepresented
in the South African probiotic market. Adjunctive ther-
apy with probiotics targeting young women with BV in
regions with highest BV and HIV incidence has the
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potential to provide considerable benefit. A cost analysis
of the products in our study confirmed that the prices of
these probiotics still represent a considerable barrier in
their limited uptake in the segments of the population
most in need. This highlights the need for the development
and testing of cheaper, alternative products, which will
have the added benefit of being tailor-made for the South
African population. The increased availability of vaginal
probiotics represents an intervention with significant
potential that can help decrease the burden of BV in the
South African community.

Additional files

Additional file 1: Figure S1.1. Products, their health claim and
contained bacterial species. (TIFF 1023 kb)

Additional file 2: Figure S1.2. Products, their health claim and
contained bacterial species. (TIFF 944 kb)

Abbreviations

BV: Bacterial vaginosis; cfu: Colony-forming units; FDA: Food and Drug
Administration; GDP: Gross domestic product; GI: Gastrointestinal;

GIT: Gastrointestinal tract; MCC: Medicines Control Council; SA: South
Africa; SSA: Sub-Saharan Africa; STI: Sexually transmitted infections

Acknowledgements
Not applicable.

Funding

This study was funded by the CAPRISA DST-NRF Centre of Excellence in HIV
Prevention. AUH is funded by the Poliomyelitis Research Foundation of South
Africa and the University of Cape Town. SZJ received support from the CAPRISA
DST-NRF Centre of Excellence in HIV Prevention. SLB is supported by the South
African Medical Research Council National Health Scholars Programme. Any
opinion, finding and conclusion or recommendation expressed in this material
is that of the authors. The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The dataset generated and analysed during the current study is available
from the corresponding author on reasonable request.

Authors’ contributions

AUH captured and analysed the data, generated the figures and wrote the
manuscript. SZJ designed the study and wrote the manuscript. TP and TC
collected the data. HBJ and RF conceptualized the study and wrote the
manuscript. SLB supervised data analysis and prepared the manuscript. JAP
conceptualized the study, supervised data analysis and wrote the manuscript.
All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Author details

'Institute of Infectious Disease and Molecular Medicine, University of Cape
Town, Medical School, Anzio Road, Observatory, 7925 Cape Town, South
Africa. ZUMR 5290 MIVEGEC, CNRS IRD Université Montpellier, Montpellier,
France. CAPRISA DST-NRF Centre of Excellence in HIV Prevention, Cape
Town, South Africa. “Desmond Tutu HIV Foundation, Cape Town, South

Page 8 of 10

Africa. *Seattle Children’s Research Institute, University of Washington, Seattle,
WA, USA. ®National Health Laboratory Service, Cape Town, South Africa.

Received: 26 August 2016 Accepted: 5 January 2017
Published online: 19 January 2017

References

1.
2.

10.

20.

21.

Mittu B, Kaur B, Balgir PP. Bacterial vaginosis. Clin Microbiol. 2015;4:3.

Haldar S, Kapil A, Sood S, Sengupta S. Female reproductive tract
microbiome in gynecological health and problems. J Reprod Heal Med.
2016. http://dx.doi.org/10.1016/jjrhm.2016.11.007.

Murphy K, Mitchell CM, Hospital MG, Hospital MG. The interplay of host
immunity and environment on risk of bacterial vaginosisand associated
reproductive health outcomes. J Infect Dis. 2016;214 Suppl 1:529-35.
Borgdorff H, Tsivtsivadze E, Verhelst R, Marzorati M, Jurriaans S, Ndayisaba
GF, et al. Lactobacillus-dominated cervicovaginal microbiota associated with
reduced HIV/STI prevalence and genital HIV viral load in African women.
ISME J. 2014;8:9. Nature Publishing Group.

Kyongo JK, Crucitti T, Menten J, Hardy L, Cools P, Michiels J, et al. Cross-
sectional analysis of selected genital tract immunological markers and
molecular vaginal microbiota in sub-Saharan African women, with relevance
to HIV risk and prevention. Clin Vaccine Immunol. 2015,22:5.

Buve A, Jespers V, Crucitti T, Fichorova RN. The vaginal microbiota and
susceptibility to HIV. AIDS. 2014;28:16.

Bautista CT, Wurapa E, Sateren WB, Morris S, Hollingsworth B, Sanchez JL.
Bacterial vaginosis: a synthesis of the literature on etiology, prevalence, risk
factors, and relationship with chlamydia and gonorrhea infections. Mil Med
Res. 2016;3:4.

Ravel J, Gajer P, Abdo Z, Schneider GM, Koenig SSK, McCulle SL, et al.
Vaginal microbiome of reproductive-age women. Proc Natl Acad Sci. 2011;
108(Suppl 1):4680-7.

Gajer P, Brotman RM, Bai G, Sakamoto J, Schutte UME, Zhong X, et al.
Temporal dynamics of the human vaginal microbiota. Sci Transl Med.
2012;4:132ra52.

Petrova MI, van den Broek M, Balzarini J, Vanderleyden J, Lebeer S. Vaginal
microbiota and its role in HIV transmission and infection. FEMS Microbiol
Rev. 2013;37:5.

Boskey ER, Cone RA, Whaley KJ, Moench TR. Origins of vaginal acidity: high
D/L lactate ratio is consistent with bacteria being the primary source. Hum
Reprod. 2001;16:9.

Fayol-messaoudi D, Berger CN, Moal VL, Alain L. Acid-dependent activities
of probiotic lactobacilli against salmonella enterica serovar typhimurium
pH-, lactic acid-, and non-lactic acid-dependent activities of probiotic
lactobacilli against salmonella enterica serovar typhimurium Vanessa Lie.
Appl Env Microbiol. 2005;71:10.

Kaewsrichan J, Peeyananjarassri K, Kongprasertkit J. Selection and identification
of anaerobic lactobacilli producing inhibitory compounds against vaginal
pathogens. FEMS Immunol Med Microbiol. 2006;48:1.

Ling Z, Liu X, Chen W, Luo Y, Yuan L, Xia Y, et al. The restoration of the vaginal
microbiota after treatment for bacterial vaginosis with metronidazole or
probiotics. Microb Ecol. 2013;65:3.

Anahtar MN, Byrne EH, Doherty KE, Bowman BA, Yamamoto S, Soumillon M,
et al. Inflammatory responses in the female genital tract. Immunity.
2016;42:5.

Zhou X, Brown CJ, Abdo Z, Davis CC, Hansmann MA, Joyce P, et al. Differences
in the composition of vaginal microbial communities found in healthy
Caucasian and black women. ISME J. 2007;112:10.

Macklaim JM, Fernandes AD, Di Bella JM, Hammond J-A, Reid G, Gloor GB.
Comparative meta-RNA-seq of the vaginal microbiota and differential
expression by Lactobacillus iners in health and dysbiosis. Microbiome.
2013;1:12.

Verstraelen H, Verhelst R, Vaneechoutte M, Temmerman M. The epidemiology of
bacterial vaginosis in relation to sexual behaviour. BMC Infect Dis. 2010;10:81.
Clark P, Kurtzer T, Duff P. Role of bacterial vaginosis in peripartum infections.
Infect Dis Obstet Gynecol. 1994;2:4.

Haggerty CL, Totten PA, Tang G, Astete SG, Ferris MJ, Norori J, et al.
Identification of novel microbes associated with pelvic inflammatory
disease and infertility. Sex Transm Infect. 2016;0:1.

Nelson DB, Hanlon A, Nachamkin |, Haggerty C, Mastrogiannis DS, Liu C, et
al. Early pregnancy changes in bacterial vaginosis-associated bacteria
and preterm delivery. Paediatr Perinat Epidemiol. 2014;28:2.


dx.doi.org/10.1186/s12905-017-0362-6
dx.doi.org/10.1186/s12905-017-0362-6
http://dx.doi.org/10.1016/j.jrhm.2016.11.007

Happel et al. BMC Women's Health (2017)17:7

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.
33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45,

46.

47.

Brotman RM, Klebanoff MA, Nansel TR, Yu KF, Andrews WW, Zhang J, et al.
Bacterial vaginosis assessed by gram stain and diminished colonization
resistance to incident gonococcal, chlamydial, and trichomonal genital
infection. J Infect Dis. 2010;202:12.

Guo Y-L, You K, Qiao J, Zhao Y, Geng L. Bacterial vaginosis is conducive to
the persistence of HPV infection. Int J STD AIDS. 2012;23:8.

Holzman C, Leventhal JM, Qiu H, Jones NM, Wang J. Factors linked to
bacterial vaginosis in nonpregnant women. Am J Public Health. 2001;91:10.
Kenyon C, Colebunders R, Crucitti T. The global epidemiology of bacterial
vaginosis: a systematic review. Am J Obstet Gynecol. 2013;209:6. Elsevier Inc.
Cohen CR, Lingappa JR, Baeten JM, Ngayo MO, Spiegel CA, Hong T, et al.
Bacterial vaginosis associated with increased risk of female-to-male HIV-1
transmission: a prospective cohort analysis among African couples. PLoS
Med. 2012,96.

Masson L, Arnold KB, Little F, Mlisana K, Lewis DA, Mkhize N, et al. In
flammatory cytokine biomarkers to identify women with asymptomatic
sexually transmitted infections and bacterial vaginosis who are at high risk
of HIV infection. Sex Trans Infect. 2015,92:186-93.

Mlisana K, Naicker N, Werner L, Roberts L, Van Loggerenberg F, Baxter C, et
al. Symptomatic vaginal discharge is a poor predictor of sexually
transmitted infections and genital tract inflammation in high-risk women in
South Africa.

J Infect Dis. 2012;206:1.

Barrons R, Tassone D. Use of lactobacillus probiotics for bacterial
genitourinary infections in women: a review. Clin Ther. 2008;30:3.
Homayouni A, Bastani P, Ziyadi S, Mohammad-Alizadeh-Charandabi S,
Ghalibaf M, Mortazavian AM, et al. Effects of probiotics on the recurrence of
bacterial vaginosis: a review. J Low Genit Tract Dis. 2014;18:1.

Mastromarino P, Vitali B, Mosca L. Bacterial vaginosis: a review on clinical
trials with probiotics. New Microbiol. 2013;36:229-38.

Guarner F, Schaafsma GJ. Probiotics. Int J Food Microbiol. 1998;39:3.
Figueroa-Gonzalez I, Quijano G, Ramirez G, Cruz-Guerrero A. Probiotics and
prebiotics-perspectives and challenges. J Sci Food Agric. 2011,91:8.
Ouwehand AC, Salminen S, Isolauri E. 19 - Probiotics. an overview of
beneficial effects. Antonie Van Leeuwenhoek. 2002;82:279-89.

Thibault H, Aubert-Jacquin C, Goulet O. Effects of long-term consumption of
a fermented infant formula (with Bifidobacterium breve c50 and
Streptococcus thermophilus 065) on acute diarrhea in healthy infants. J
Pediatr Gastroenterol Nutr. 2004;39:2.

McLean NW, Rostenstein 1J. Characterization and selection of a lactobacillus
species to re-colonize the vagina of women with recurrent bacterial
vaginosis. J Med Microbiol. 2000;49:543-52.

Reid G, Beuerman D, Heinemann C, Bruce AW. Probiotic Lactobacillus dose
required to restore and maintain a normal vaginal flora. FEMS Immunol
Med Microbiol. 2001;32:1.

Reid G, Bruce AW, Fraser N, Heinemann C, Owen J, Henning B. Oral
probiotics can resolve urogenital infections. FEMS Immunol Med Microbiol.
2007;30:1.

Morelli L, Zonenenschain D, Del Piano M, Cognein P. Utilization of the
intestinal tract as a delivery system for urogenital probiotics. J Clin
Gastroenterol. 2004;38 Suppl 2:107-10.

Reid G, Charbonneau D, Erb J, Kochanowski B, Beuerman D, Poehner R, et
al. Oral use of Lactobacillus rhamnosus GR-1 and L. fermentum RC-14
significantly alters vaginal flora: randomized, placebo-controlled trial in 64
healthy women. FEMS Immunol Med Microbiol. 2003;35:2.

Cribby S, Taylor M, Reid G. Vaginal microbiota and the use of probiotics.
Interdiscip Perspect Infect Dis. 2008;2008:256490.

Gibson GR, Roberfroid MB. Dietary modulation of the human colonic
microbiota: introducing the concept of prebiotics. J Nutr. 1995;125:6.
Rastall RA, Maitin V. Prebiotics and synbiotics: towards the next generation.
Curr Opin Biotechnol. 2002;13:5.

Rossi M, Amaretti A, Raimondi S. Folate production by probiotic bacteria.
Nutrients. 2011;3:1.

Tataru A, Boca AN. Vitamins and nutritional supplements. In: Katsambas DA,
Lotti MT, Dessinioti C, D'Erme MA, editors. Eur. Handb. Dermatological treat.
Berlin: Springer; 2015.

Goh YJ, Klaenhammer TR. Genetic mechanisms of prebiotic oligosaccharide
metabolism in probiotic microbes. Annu Rev Food Sci Technol. 2015,6:1.
Peltzer K. Utilization and practice of traditional/complementary/alternative
medicine (TM/CAM) in South Africa. Afr J Tradit Complement Altern Med.
2009,6:2.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Page 9 of 10

Turroni F, Duranti S, Bottacini F, Guglielmetti S, Van Sinderen D, Ventura M.
Bifidobacterium bifidum as an example of a specialized human gut
commensal. Front Microbiol. 2014:5:437.

Walter J. Ecological role of lactobacilli in the gastrointestinal tract:
implications for fundamental and biomedical research. Appl Environ
Microbiol. 2008;74:16.

Azcarate-peril MA, Altermann E, Rebecca L, Cano RJ, Klaenhammer TR,
Hoover-fitzula RL. Identification and inactivation of genetic loci involved
with lactobacillus acidophilus acid tolerance identification and inactivation
of genetic loci involved with lactobacillus acidophilus acid tolerance. Appl
Environ Microbiol. 2004;70:9.

Buck BL, Altermann E, Svingerud T, Klaenhammer TR. Functional analysis

of putative adhesion factors in lactobacillus acidophilus NCFM functional
analysis of putative adhesion factors in lactobacillus acidophilus NCFM.
Appl Environ Microbiol. 2005;71:12.

Pfeiler EA, Klaenhammer TR. Role of transporter proteins in bile tolerance
of Lactobacillus acidophilus. Appl Environ Microbiol. 2009;75:18.

Khaleghi M, Kermanshahi RK, Yaghoobi MM, Zarkesh-Esfahani SH,
Baghizadeh A. Assessment of bile salt effects on S-layer production, slp
gene expression, and some physicochemical properties of Lactobacillus
acidophilus ATCC 4356. J Microbiol Biotechnol. 2010;20:4.

Bull M, Plummer S, Marchesi J, Mahenthiralingam E. The life history of
lactobacillus acidophilus as a probiotic: a tale of revisionary taxonomy,
misidentification and commercial success. FEMS Microbiol Lett. 2013;349:2.
Jungersen M, Wind A, Johansen E, Christensen J, Stuer-Lauridsen B, Eskesen
D. The science behind the probiotic strain bifidobacterium animalis subsp.
Lactis BB-12°. Microorganisms. 2014;2:2.

Millette M, Ruiz MT, Millette M, Ruiz MT, Character- ML. Characterization of
probiotic properties of Lactobacillus strains. Dairy Sci. Technol. 2008;88:6.
Toscano M, De Vecchi E, Gabrieli A, Zuccotti GV, Drago L. Probiotic
characteristics and in vitro compatibility of a combination of
Bifidobacterium breve M-16 V, Bifidobacterium longum subsp. infantis
M-63 and Bifidobacterium longum subsp. longum BB536. Ann Microbiol.
2015;65:2.

Picard C, Fioramonti J, Francois A, Robinson T, Neant F, Matuchansky C.
Review article: Bifidobacteria as probiotic agents - Physiological effects and
clinical benefits. Aliment Pharmacol Ther. 2005;22:6.

Redondo-lopez V, Cook RL, Sobel JD. Emerging role of lactobacilli in the
control and maintenance of the vaginal bacterial microflora. Rev Infect Dis.
1990;12:5.

Buts JP. Twenty-five years of research on saccharomyces boulardii trophic
effects: updates and perspectives. Dig Dis Sci. 2009;54:1.

Chen X, Kokkotou EG, Mustafa N, Bhaskar KR, Sougioultzis S, O'Brien M, et al.
Saccharomyces boulardii inhibits ERK1/2 mitogen-activated protein kinase
activation both in vitro and in vivo and protects against Clostridium difficile
toxin A-induced enteritis. J Biol Chem. 2006;281:34.

Mumy KL, Chen X, Kelly CP, McCormick BA. Saccharomyces boulardii interferes
with Shigella pathogenesis by postinvasion signaling events. Am J Physiol
Gastrointest Liver Physiol. 2008;294:3.

Wu X, Vallance BA, Boyer L, Bergstrom KSB, Walker J, Madsen K; et al.
Saccharomyces boulardii ameliorates Citrobacter rodentium-induced colitis
through actions on bacterial virulence factors. Am J Physiol Gastrointest
Liver Physiol. 2008,294:1.

Machado Caetano JA, Parames MT, Babo MJ, Santos A, Bandeira Ferreira A,
Freitas AA, et al. Immunopharmacological effects of Saccharomyces boulardii
in healthy human volunteers. Int J Immunopharmacol. 1986,8:3.

Dalmasso G, Cottrez F, Imbert V, Lagadec P, Peyron JF, Rampal P, et al.
Saccharomyces boulardii inhibits inflammatory bowel disease by trapping T
cells in mesenteric lymph nodes. Gastroenterology. 2006;131:6.

Zanello G, Meurens F, Berri M, Salmon H. Saccharomyces boulardii effects
on gastrointestinal diseases. Curr Issues Mol Biol. 2009;11:33.

Kelesidis T, Pothoulakis C. Efficacy and safety of the probiotic Saccharomyces
boulardii for the prevention and therapy of gastrointestinal disorders. Ther Adv
Gastroenterol. 2011,5:2.

Higashide T, Takahashi M, Kobayashi A, Ohkubo S, Sakurai M, Shirao Y, et al.
Endophthalmitis caused by Enterococcus mundtii. J Clin Microbiol. 2005;43:3.
Repizo GD, Espariz M, Blancato VS, Suédrez CA, Esteban L, Magni C. Genomic
comparative analysis of the environmental Enterococcus mundtii against
enterococcal representative species. BMC Genomics. 2014;15:1.

Turner RE, Degnan FH, Archer DL. Label claims for foods and supplements:
a review of the regulations. Nutr Clin Pract. 2005;20:1.



Happel et al. BMC Women's Health (2017)17:7

71.

72.

73.

74.

US. Department of Health and Human Services. Guidance for industry on
complementary and alternative medicine products and their regulation by
the food and drug administration. 2006. p. 17.

Heimbach JT. Health-benefit claims for probiotic products. Clin Infect Dis.
200846 Suppl 2:5122-4.

Elliott E, Teversham E. An evaluation of nine probiotics avaliable in South
Africa. SAMJ. 2004;94:2.

Weese JS. Evaluation of defiencies in labeling of commercial probiotics.

Can Vet J. 2003;44:12.

Page 10 of 10

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central




Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.



	c.ICABMDD_BCWH_20170101_CF2751B66A61B3327B08_26341.pdf
	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data collection
	Data capture and analysis

	Results
	Bacterial species included in probiotic formulations
	Dose, formulation and storage
	Claims of probiotics for vaginal health
	Cost of probiotics

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References


