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Abstract

Background

While the global market for probiotics is soon to reach in excess of US$50 billion, the conti-

nent of Africa has been largely ignored, despite these products having the ability to reduce

the burden of disease and death.

Trial design

The present randomised, blinded, placebo-controlled clinical trial was undertaken in

Rwanda, a country devoid of well-documented probiotics. The primary outcome aim was to

examine receptivity and compliance for orally administered probiotic capsules containing

Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri RC-14 in pregnant women and

assess any initial side effects or changes to the vaginal microbiome.

Methods

Pregnant women between the ages of 18 and 55 were recruited from the Nyamata District

Hospital in Rwanda and randomly assigned to receive probiotic or placebo capsules for one

month. Clinicians were blinded to the treatments.

Results

The drop-out rate was 21%, with 13 of 18 women in the placebo group and 17 of 20 in the

probiotic group completing the study. Only 13 women returned for birthing and additional

sample collection. No side effects of either treatment group were reported. Microbiota and

metabolomics data showed similar findings to those reported in the literature, with low bac-

terial diversity and Lactobacillus dominance associated with a healthy vagina, and birthing

associated with high diversity. Despite the small sample size and lack of changes in the

microbiota, women in the placebo arm were significantly more likely to give birth pre-term.
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Conclusion

Overall women were receptive to the probiotic concept, but the lack of information on such

products and logistical and economical challenges pose problems for wider population

engagement.

Trial registration

ClinicalTrials.gov NCT02150655

Introduction

Over the past twenty or so years, probiotic (live organisms that when administered in adequate

amounts confer a healthy benefit in the host) sales have skyrocketed around the developed

world. This has been partly fostered by the growing scientific and clinical evidence of their use-

fulness in treating and preventing diseases [1–4]. The efficacy against urogenital, diarrheal and

respiratory diseases are particularly important for women and children in developing coun-

tries, where preventable morbidity and mortality occurs [5–7].

In Rwanda, a developing country with female life expectancy of 59.7 years, 4.1 live births

per woman [8], and extremely high rates of exclusive breast feeding [9], health care is delivered

through district hospitals and a growing number of clinical centres. The high retention of

HIV-infected women and infants to continue with their care suggests a willingness to comply

if healthcare products are available, affordable and accessible [10].

Through a long-standing collaboration with Rwandan physicians, we conducted a study

aimed at identifying biomarkers of bacterial vaginosis (BV), a condition characterized by

increased bacterial diversity of the vaginal microbiota [11]. BV is the most prevalent vaginal

condition and is associated with increased risk of HIV transmission and preterm labor, in

addition to unpleasant symptoms such as malodo2 [12]. Previous studies by our group have

demonstrated that the probiotic L. rhamnosus GR-1 combined with L. reuteri RC-14 is effec-

tive in restoring a Lactobacillus-dominated microbiota in women with BV when combined

with antimicrobial therapy [13]. We hypothesized that this probiotic could help maintain a

healthy vaginal microbiota in Rwandan pregnant women. The aim of the present study was to

introduce the concept of probiotics to pregnant women in Rwanda, assess safety and receptiv-

ity with one month of treatment at various gestational times, and examine whether the therapy

impacted the vaginal microbiota.

Materials and methods

Study design

Healthy pregnant women between the ages of 18 and 55 and a gestational age less than 36

weeks were recruited from the Nyamata District Hospital in Rwanda between September and

December, 2012. The Health Sciences Research Ethics Board at Western University, Canada,

and the CHUK Ethics Committee, Rwanda granted ethical approval for all experiments

involved in the study. The methods were carried out in accordance with the approved guide-

lines and all women provided written informed consent.

Subjects were stratified by malaria exposure (past malaria, present malaria or malaria naïve)

and treatment (probiotic or placebo) was randomly assigned within each group by hospital

pharmacy. None of the authors had a role in subject assignment. None of the subjects or
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relatives were aware of their regimen until post-study. Participants were excluded if they had a

current infection of gonorrhoea, Chlamydia, genital warts, active genital herpes lesions, active

syphilis, urinary tract infections, were receiving drug therapy that may affect the vaginal

microbiome, had unprotected sexual intercourse within the past 48 hours, used a vaginal

douche, genital deodorant or genital wipe in past 48 hours, or had taken any probiotic supple-

ment in past 48 hours. After reviewing details of the study, participants gave their signed con-

sent before enrolment. They were randomly assigned by numbered containers to received

either one gelatin capsule containing one billion each of Lactobacillus rhamnosus GR-1 and L.

reuteri RC-14 or visually identical calcium carbonate placebo (Chr Hansen, Denmark) by

mouth each day for one month.

Sampling

For metabolome analysis, sterile Dacron polyester-tipped swabs (BD) were pre-cut with sterilized

scissors and weighed in 1.5 ml microcentrifuge tubes prior to sample collection. Using sterile for-

ceps to clasp the pre-cut swabs, a nurse obtained vaginal samples for metabolomic analysis by roll-

ing the swab against the mid-vaginal wall. A second full-length swab was obtained for Nugent

Scoring and 16S rRNA gene sequencing using the same method. Vaginal pH was measured using

pH strips. Samples were frozen within 2 hours of collection and stored at -20˚C or below until

shipment to Canada for analysis. Malaria status was assessed using the CareStartTM Malaria

Rapydtest1 kit (Diasys, Berkshire, UK). Sampling was conducted at recruitment (Visit 1), after 1

month of treatment (Visit 2), and again at birth (birth). Samples were coded and the patient iden-

tification only released upon completion of microbiome and metabolomic analyses.

Microbiome profiling

Vaginal swabs for microbiome analysis were extracted using the QIAamp DNA stool mini kit

(Qiagen) with the following modifications: swabs were vortexed in 1 mL buffer ASL before

removal of the swab and addition of 200 mg of 0.1 mm zirconia/silica beads (Biospec Prod-

ucts). Samples were mixed vigorously for 2 x 30 seconds at full speed with cooling at room

temperature between (Mini-BeadBeater; Biospec Products). After heating to 95˚C for 5 min-

utes, 1.2 ml of supernatant was aliquoted into a 2ml tube and one-half an inhibitEx tablet (Qia-

gen) was added to each sample. All other steps were performed as per the manufacturers’

instructions. Sample amplification for sequencing was carried out using the forward primer

(ACACTCTTTCCCTACACGACGCTCTTCCGATCTnnnn(8)CWACGCGARGAACCTTACC) and

the reverse primer (CGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTn(12)ACRACA
CGAGCTGAC GAC) where nnnn indicates four randomly incorporated nucleotides, and (8)

was a sample nucleotide specific barcode. The 5’ end is the adapter sequence for the Illumina

MiSeq sequencer and the sequences following the barcode are complementary to the V6 rRNA

gene region. Amplification was carried out in 42 μL with each primer present at 0.8 pMol/mL,

20 μL GoTaq hot start colorless master mix (Promega) and 2 μL extracted DNA. The PCR pro-

tocol was as follows: initial activation step at 95˚C for 2 minutes and 25 cycles of 1 minute

95˚C, 1 minute 55˚C and 1 minute 72˚C.

All subsequent work was carried out at the London Regional Genomics Centre (LRGC,

lrgc.ca, London, Ontario, Canada). Briefly, PCR products were quantified with a Qubit 2.0

Flourometer and the high sensitivity dsDNA specific fluorescent probes (Life Technologies).

Samples were mixed at equimolar concentrations and purified with the QIAquick PCR Purifi-

cation kit (QIAGEN). Samples were paired-end sequenced on an Illumina Mi-Seq with the

600-cycle version 3 reagents with 2x220 cycles. Data were extracted from only the first read,

since it spanned the entirety of the V6 region including the reverse primer and barcode.
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Resulting reads were extracted and de-multiplexed using modifications of in-house Perl

and UNIX-shell scripts with operational taxonomic units (OTUs) clustered at 97% identity,

similar to our reported protocol. Automated taxonomic assignments were carried out by

examining best hits from comparison the Ribosomal Database Project (rdp.cme.msu.edu) and

manually curated by comparison to the Green genes database (greengenes.lbl.gov) and an in-

house database of vaginal sequences (Macklaim unpublished). Taxa with matches at least 95%

identity to query sequences were annotated as such. OTUs were summed to the genus level

except for lactobacilli, and rare OTUs found at less than 0.5% abundance in any sample

removed in all samples. To control for background contaminating sequences, a no-template

control was also sequenced. Barplots were constructed with R Core Team using proportional

values.

Statistical analyses

To avoid inappropriate statistical inferences made from compositional data, centred log-ratios

(clr), a method previously described by Aitchison [14] and adapted to microbiome data were

used with paired t-tests for comparisons of genus and species level data [15,16]. The Benjamini

Hochberg False Discovery rate (FDR) method was used to control for multiple testing with a

corrected p value threshold of 0.1 [17]. All statistical analysis, unless otherwise indicated, was

carried out using R version 3.2.4 (r-project.org, R foundation for statistical computing). A

one-way repeated measures ANOVA was used to assess the relationship between bacterial

diversity (Shannon’s Diversity Index (H)) and visit followed by pairwise t-tests with FDR cor-

rections to identify significant pairs.

Sample preparation GC-MS

Vaginal swabs were pre-cut into 1.5 mL tubes and weighed prior to and after sample collection

to determine the mass of vaginal fluid collected. After thawing, swabs were eluted in metha-

nol-water (1:1) in 1.5 mL microcentrifuge tubes to a final concentration of 50 mg vaginal

fluid/mL, which corresponded to a volume ranging from 200–2696 μL, depending on the mass

of vaginal fluid collected. A blank swab eluted in 800 μL methanol-water was included as a neg-

ative control. All samples were vortexed for 10 s to extract metabolites, centrifuged for 5 min

at 10 621 g, vortexed again for 10 s after which time the brushes were removed from tubes.

Samples were centrifuged a final time for 10 min at 10 621 g to pellet cells and 200 μL of the

supernatant was transferred to a GC-MS vial. The remaining supernatant was stored at -80˚C

for LC-MS analysis. Next, 2 μL of 1 mg/mL ribitol was added to each vial as an internal

standard.

Samples were then dried to completeness using a SpeedVac. After drying, 100 μL of 2%

methoxyamine-HCl in pyridine (MOX) was added to each vial for derivatization and incu-

bated at 50˚C for 90 min. 100 μL N- Methyl-N-(trimethylsilyl) trifluoroacetamide (MSTFA)

was then added and incubated at 50˚C for 30 min. Samples were then transferred to micro

inserts before analysis by GC-MS (Agilent 7890A GC, 5975 inert MSD with triple axis detec-

tor). One μL of sample was injected using pulsed splitless mode into a 30 m DB5-MS column

with 10 m duraguard, diameter 0.35mm, thickness 0.25 μm (JNW Scientific). Helium was used

as the carrier gas at a constant flow rate of 1 ml/min. Oven temperature was held at 70˚C for 5

min then increased at a rate of 5˚C/min to 300˚C and held for 10 min. Solvent delay was set to

13 min to avoid solvent and a large lactate peak, and total run time was 61 min. Masses be-

tween 25 m/z and 600 m/z were selected by the detector. All samples were run in random

order and a standard mix containing metabolites expected in samples was run multiple times

throughout to ensure machine consistency.
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Data processing GC-MS

Chromatogram files were deconvoluted and converted to ELU format using the AMDIS Mass

Spectrometry software, with the resolution set to high and sensitivity to medium. Chromato-

grams were then aligned and integrated using Spectconnect [18], with the support threshold

set to low. All metabolites found in the blank swab, or believed to have originated from deriva-

tization reagents were removed from analysis at this time. After removal of swab metabolites,

the IS matrix from Spectconnect was transformed using the additive log ratio transformation

(alr) [14] and ribitol as a normalizing agent (log2(x) / log2(ribitol)). Zeros were replaced with

two thirds the minimum detected value on a per metabolite basis prior to transformation. All

further metabolite analysis was performed using these alr transformed values.

Metabolites were initially identified by comparison to the NIST 11 standard reference data-

base (http://www.nist.gov/srd/nist1a.cfm). Identities of metabolites of interest were then con-

firmed by authentic standards if available. Principal component analysis (PCA) was performed

in R using the FactoMineR package with pareto scaling [19].

Results

The mean age of the 20 women who received probiotics and 18 women who received placebo

for one month was 26.3 and 27.6 years respectively (Wicoxon test, P>0.05). Gestational age

differed significantly between the two groups (Wicoxon test, P = 0.03) with that of the probi-

otic group being 17 weeks (range 4 to 28), and 22 weeks (range 8–32) for women receiving pla-

cebo. Within the placebo group, 4 subjects (22%) currently had malaria, 7 (39%) had malaria

in the past, and 7 (39%) had never had malaria. In the probiotic group, 5 subjects (25%) cur-

rently had malaria, 8 (40%) had malaria in the past, 6 (30%) had not had malaria previously,

and 1 had no data available. Of the 20 subjects on probiotics, 17 (85%) were compliant for the

full one month of treatment; of 18 on placebo, 13 (72%) were fully compliant (Fig 1). While

compliance relies on patient honesty, the subjects who returned were motivated and gave what

staff perceived to be honest responses. No single reason was identified for this lack of compli-

ance, but inconvenience to the clinic, lack of any clinical problems, not wishing to report on

capsule use, lack of contact information (some subjects did not provide phone numbers) were

perceived by the staff. Of those who completed the study, no issues were raised about side

effects or concerns over the capsule intake. Patients showed an interest in learning more about

the probiotics and considering them as part of a health strategy, with neither excess enthusi-

asm or extreme concern was evident.

Of the 13 women who were present for birthing (43.3% of women who completed visit 2), 5

were in the placebo group and 8 in the probiotic group. The reason for not all women deliver-

ing at the hospital was preferred delivery at home or at a local clinic. Women in the placebo

group were significantly more likely to give birth preterm (Fisher’s exact test P = 0.045), with

three women in the placebo group experiencing preterm labor (25 weeks (deceased), 33 weeks,

and 36 weeks) compared to none in the probiotic group.

Bacterial vaginosis was not prevalent in either group at visits 1, 2, or 3. In the placebo

group, there were no cases detected by Nugent Gram stain scoring [20] at visit 1, and three

detected at visit 2; while three women in the probiotic group were positive for BV at visit 1,

and six at visit 2. Of the women who completed the study and gave birth at our clinic, there

was no significant difference in any taxa after one-month probiotic or placebo treatment (FDR

corrected P> 0.1), nor were there any significant changes in Nugent scores due to probiotic

treatment (Fig 2). Lactobacillus iners, L. crispatus and L. gasseri were the most abundant Lacto-
bacillus species. Only one woman in the probiotic group had malaria at 1 month follow-up

visit (visit 2).
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The diversity of the vaginal microbiota was significantly higher at birth than at visit 2

(paired t-tests, FDR corrected P = 0.004, Fig 3), with ten of the women showing an increase in

mean diversity at birth compared to the previous visit, and only two showing a decrease.

The vaginal metabolome of women with BV was distinct from healthy women with inter-

mediate Nugent score samples clustering equally with BV or Normal samples (Fig 4). The

most obvious metabolite differences were the same as observed in our previous study [11].

Discussion

This is the first study of encapsulated probiotics for pregnant women in Rwanda. Despite

being administered orally at various times of gestation, including as early as week 4, no side

effects were reported by the subjects. We cannot discount side effects being the reason for sub-

jects who did not return for visit two, but it was not logistically possible to follow up these

women in their rural communities.

We did not observe any significant differences in taxa between women on the probiotic

compared to placebo treatment. This lack of findings may be due to insufficient power result-

ing from small sample sizes. A similar study by our group in Brazilian women found signifi-

cant increases in cure rates for BV as well as decreased bacterial diversity following probiotic

treatment for a one-month period [13,21]. Disparities in results may be due to the fact that

Fig 1. Flowchart of study design.

https://doi.org/10.1371/journal.pone.0195081.g001
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women in the Brazilian study were not exclusively pregnant and the dose was double what was

employed in the current study. The sample size was also much larger, with 31 women with BV

enrolled in each arm (probiotic vs placebo). It is also possible that a much longer duration of

probiotic therapy may be needed to potentially impact the vaginal microbiota, assuming the

Fig 3. Shannon’s diversity Index of the vaginal microbiota of women at recruitment (Visit 1), after one month

(Visit 2) and within one month after birth. Each line represents a single woman over time. Only subjects who

completed the study to birth visits are shown (N = 12).

https://doi.org/10.1371/journal.pone.0195081.g003

Fig 2. Vaginal microbiota at recruitment, after 1 month probiotic or placebo and at birth. Only subjects who completed the study to birth visits are shown (N = 12).

One subject in the placebo group was unable to provide a sample at birth and therefore is not included in the above figure. Nugent scores were not collected for birth

visits. N: Normal Nugent Score, Int: Intermediate Nugent Score, BV: Bacterial Vaginosis Nugent Score.

https://doi.org/10.1371/journal.pone.0195081.g002
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strains do have an impact. Despite the small number of women who completed the study to

birth (N = 13), there was a statistically significant difference in preterm labor rates between

placebo and controls, with 60% of the placebo group giving birth preterm compared to 0% of

the probiotic group. A larger study is justified to validate these findings.

Compliance was high amongst this group of women for the duration of treatment, with

only 15% drop out in the probiotic arm. The reason for the higher drop-out rate for the pla-

cebo group (28%) was not determined. As it was not logistically possible to follow up women

in rural communities, we cannot determine if side effects contributed at all to drop outs.

The vaginal bacterial profiles were remarkably similar to those reported in studies of

women from other continents [22–25].. This further suggests a universality in which only four

or five species of Lactobacillus dominantly colonize the host irrespective of race, diet and life-

style [24]. As with other countries, high bacterial diversity was associated with BV, with the

same groups of anaerobic bacteria that produce a range of metabolic markers for dysbiosis and

the presence of malodor [11,26,27]. We also observed a significant increase in bacterial diver-

sity after birth, again consistent with recent findings [28]. The evolutionary purpose for this

shift in community composition remains unknown.

While the study provided no clinical reason for probiotics not to be used by women in

Rwanda, the issue of product cost does need to be discussed. Thirty capsules of Lactobacillus
GR-1 and RC-14 retail for around $36 in Canada. This puts it far beyond the majority of

Rwandans whose average salary is US$13,614 per annum [29]. It emphasizes the need for a dif-

ferent business model in order to create affordable probiotics for developing countries like

Rwanda. It is with this goal in mind, that the Lactobacillus GR-1 strain (and a generic version

of Lactobacillus rhamnosus GG) has been developed in sachet form with Streptococcus

Fig 4. Principal component analysis (PCA) plots built from 128 metabolites detected by GC-MS. Each point on the scoreplot on the left represents a single sample.

The loadings plot on the right depicts metabolites. Points are colored according to the Nugent scoring criteria for diagnosis of bacterial vaginosis (BV), where

N = Normal, Int = intermediate and BV = bacterial vaginosis.

https://doi.org/10.1371/journal.pone.0195081.g004
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thermophilus with a two-year shelf-life at room temperature for use in creating probiotic

yogurt in east Africa [30]. This is made possible by a donation of the strain by Chr Hansen

who own the rights to the GR-1 strain. The grass routes’ system that this enables, empowers

local people to make the probiotic fermented food available at prices affordable to poor people.

In terms of conferring health benefits, the food matrix appears to have merit for pregnant and

non-pregnant women in terms of vaginal and general health [31,32].

There were several limitations to our study. The small sample size was certainly not large

enough to detect significant differences in malaria or reliable preterm labor incidence. Also,

the lack of contact methods such as cellular phones for some women made follow-up difficult.

We also cannot be certain that women who completed the study were fully compliant which

may partially explain the lack of changes in the vaginal microbiota in the probiotic group.

In summary, the present proof-of-principle study showed the safe use of encapsulated pro-

biotics in Rwanda in pregnant women, and a degree of receptivity for the concept. The vaginal

microbiomes of the women were comparable to those of other countries around the world.
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1. Kalliomäki M, Salminen S, Arvilommi H, Kero P, Koskinen P, Isolauri E. (2001) Probiotics in primary pre-

vention of atopic disease: a randomised placebo-controlled trial. Lancet. 357(9262):1076–9. https://doi.

org/10.1016/S0140-6736(00)04259-8 PMID: 11297958

2. King S, Glanville J, Sanders ME, Fitzgerald A, Varley D. (2014) Effectiveness of probiotics on the dura-

tion of illness in healthy children and adults who develop common acute respiratory infectious condi-

tions: a systematic review and meta-analysis. Br J Nutr. 112(1):41–54. https://doi.org/10.1017/

S0007114514000075 PMID: 24780623

3. Tiequn B, Guanqun C, Shuo Z. (2015) Therapeutic effects of Lactobacillus in treating irritable bowel

syndrome: a meta-analysis. Intern Med. 54(3):243–9. https://doi.org/10.2169/internalmedicine.54.

2710 PMID: 25748731

4. Yang G, Jiang Y, Yang W, Du F, Yao Y, Shi C, et al. (2015) Effective treatment of hypertension by

recombinant Lactobacillus plantarum expressing angiotensin converting enzyme inhibitory peptide.

Microb Cell Fact. 14:202. https://doi.org/10.1186/s12934-015-0394-2 PMID: 26691527

5. Reid G, Kumar H, Khan AI, Rautava S, Tobin J, Salminen S. (2016) The case in favour of probiotics

before, during and after pregnancy: insights from the first 1,500 days. Benef Microbes. 7(3):353–62.

https://doi.org/10.3920/BM2015.0140 PMID: 26839074

6. Smid MC, Stringer EM, Stringer JS. (2016) A worldwide epidemic: the problem and challenges of pre-

term birth in low- and middle-income countries. Am J Perinatol. 33(3):276–89. https://doi.org/10.1055/

s-0035-1571199 PMID: 26841086

7. Global Burden of Disease Study 2013 Collaborators. (2015) Global, regional, and national incidence,

prevalence, and years lived with disability for 301 acute and chronic diseases and injuries in 188 coun-

tries, 1990–2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet. 386

(9995):743–800. https://doi.org/10.1016/S0140-6736(15)60692-4 PMID: 26063472

8. http://data.un.org/CountryProfile.aspx?crName=RWANDA

9. https://www.unicef.org/infobycountry/rwanda_statistics.html

10. Woelk GB, Ndatimana D, Behan S, Mukaminega M, Nyirabahizi E, Hoffman HJ, et al. (2016) Retention

of mothers and infants in the prevention of mother-to-child transmission of HIV programme is associ-

ated with individual and facility-level factors in Rwanda. J Int AIDS Soc. 19(5 Suppl 4):20837. https://

doi.org/10.7448/IAS.19.5.20837 PMID: 27443268

11. McMillan A, Rulisa S, Sumarah M, Macklaim JM, Renaud J, Bisanz JE, et al. (2015) A multi-platform

metabolomics approach identifies highly specific biomarkers of bacterial diversity in the vagina of

pregnant and non-pregnant women. Sci Rep. 5:14174. https://doi.org/10.1038/srep14174 PMID:

26387596

12. Nelson TM, Borgogna JL, Brotman RM, Ravel J, Walk ST, Yeoman CJ. (2015) Vaginal biogenic

amines: biomarkers of bacterial vaginosis or precursors to vaginal dysbiosis? Front Physiol. 6:253.

https://doi.org/10.3389/fphys.2015.00253 PMID: 26483694

13. Macklaim JM, Clemente JC, Knight R, Gloor GB, Reid G. (2015) Changes in vaginal microbiota follow-

ing antimicrobial and probiotic therapy. Microb Ecol Health Dis. 26:27799. https://doi.org/10.3402/

mehd.v26.27799 PMID: 26282697

14. Aitchison J. (1986) The statistical analysis of compositional data. London: Chapman & Hall.

15. Fernandes AD, Macklaim JM, Linn TG, Reid G, Gloor GB. (2013) ANOVA-like differential expression

(ALDEx) analysis for mixed population RNA-Seq. PLoS One 8: e67019. https://doi.org/10.1371/

journal.pone.0067019 PMID: 23843979

16. Fernandes AD, Reid JN, Macklaim JM, McMurrough TA, Edgell DR, Gloor GB. (2014) Unifying the anal-

ysis of high-throughput sequencing datasets: characterizing RNA-seq, 16S rRNA gene sequencing and

selective growth experiments by compositional data analysis. Microbiome 2: 15. https://doi.org/10.

1186/2049-2618-2-15 PMID: 24910773

17. Benjamini Y, Hochberg Y. (1995) Controlling the false discovery rate: a practical and powerful approach

to multiple testing. J. Royal Stat. Soc.B 57:289–300.

18. Le S, Josse J, Husson F. (2008) FactoMineR: an R package for multivariate analysis. J Stat Software

25(1): 1–18.

19. Nugent RP, Krohn MA, Hillier SL. (1991) Reliability of diagnosing bacterial vaginosis is improved by a

standardized method of gram stain interpretation. J Clin Microbiol. 29(2):297–301. PMID: 1706728

20. Martinez RC, Franceschini SA, Patta MC, Quintana SM, Gomes BC, De Martinis EC, et al. (2009)

Improved cure of bacterial vaginosis with single dose of tinidazole (2 g), Lactobacillus rhamnosus GR-1,

and Lactobacillus reuteri RC-14: a randomized, double-blind, placebo-controlled trial. Can J Microbiol.

55(2):133–8. https://doi.org/10.1139/w08-102 PMID: 19295645

Probiotics for pregnant Rwandan women

PLOS ONE | https://doi.org/10.1371/journal.pone.0195081 June 18, 2018 10 / 11

https://doi.org/10.1016/S0140-6736(00)04259-8
https://doi.org/10.1016/S0140-6736(00)04259-8
http://www.ncbi.nlm.nih.gov/pubmed/11297958
https://doi.org/10.1017/S0007114514000075
https://doi.org/10.1017/S0007114514000075
http://www.ncbi.nlm.nih.gov/pubmed/24780623
https://doi.org/10.2169/internalmedicine.54.2710
https://doi.org/10.2169/internalmedicine.54.2710
http://www.ncbi.nlm.nih.gov/pubmed/25748731
https://doi.org/10.1186/s12934-015-0394-2
http://www.ncbi.nlm.nih.gov/pubmed/26691527
https://doi.org/10.3920/BM2015.0140
http://www.ncbi.nlm.nih.gov/pubmed/26839074
https://doi.org/10.1055/s-0035-1571199
https://doi.org/10.1055/s-0035-1571199
http://www.ncbi.nlm.nih.gov/pubmed/26841086
https://doi.org/10.1016/S0140-6736(15)60692-4
http://www.ncbi.nlm.nih.gov/pubmed/26063472
http://data.un.org/CountryProfile.aspx?crName=RWANDA
https://www.unicef.org/infobycountry/rwanda_statistics.html
https://doi.org/10.7448/IAS.19.5.20837
https://doi.org/10.7448/IAS.19.5.20837
http://www.ncbi.nlm.nih.gov/pubmed/27443268
https://doi.org/10.1038/srep14174
http://www.ncbi.nlm.nih.gov/pubmed/26387596
https://doi.org/10.3389/fphys.2015.00253
http://www.ncbi.nlm.nih.gov/pubmed/26483694
https://doi.org/10.3402/mehd.v26.27799
https://doi.org/10.3402/mehd.v26.27799
http://www.ncbi.nlm.nih.gov/pubmed/26282697
https://doi.org/10.1371/journal.pone.0067019
https://doi.org/10.1371/journal.pone.0067019
http://www.ncbi.nlm.nih.gov/pubmed/23843979
https://doi.org/10.1186/2049-2618-2-15
https://doi.org/10.1186/2049-2618-2-15
http://www.ncbi.nlm.nih.gov/pubmed/24910773
http://www.ncbi.nlm.nih.gov/pubmed/1706728
https://doi.org/10.1139/w08-102
http://www.ncbi.nlm.nih.gov/pubmed/19295645
https://doi.org/10.1371/journal.pone.0195081


21. Drell T, Lillsaar T, Tummeleht L, Simm J, Aaspollu A, Vain E, et al. (2013) Characterization of the vagi-

nal micro- and mycobiome in asymptomatic reproductive-age Estonian women. PLoS One. 8(1):

e54379. https://doi.org/10.1371/journal.pone.0054379 PMID: 23372716

22. Zhou X, Hansmann MA, Davis CC, Suzuki H, Brown CJ, Schutte U, et al. (2010) The vaginal bacterial

communities of Japanese women resemble those of women in other racial groups. FEMS Immunol

Med Microbiol. 58(2):169–81. https://doi.org/10.1111/j.1574-695X.2009.00618.x PMID: 19912342

23. Ravel J, Gajer P, Abdo Z, Schneider GM, Koenig SS, McCulle SL, et al. (2011) Vaginal microbiome of

reproductive-age women. Proc Natl Acad Sci U S A. 108 Suppl 1: 4680–7.

24. Reid G. (2016) Cervicovaginal microbiomes-threats and possibilities. Trends Endocrinol Metab. 27(7):

446–54. https://doi.org/10.1016/j.tem.2016.04.004 PMID: 27129670

25. Holst E, Wathne B, Hovelius B, Mårdh PA. (1987) Bacterial vaginosis: microbiological and clinical find-

ings. Eur J Clin Microbiol. 6(5): 536–41. PMID: 3501755

26. Srinivasan S, Morgan MT, Fiedler TL, Djukovic D, Hoffman NG, Raftery D, et al. (2015) Metabolic signa-

tures of bacterial vaginosis. MBio. 6(2) pii: e00204–15. https://doi.org/10.1128/mBio.00204-15 PMID:

25873373

27. MacIntyre DA, Chandiramani M, Lee YS, Kindinger L, Smith A, Angelopoulos N, et al. (2015) The vagi-

nal microbiome during pregnancy and the postpartum period in a European population. Sci Rep. 5:

8988. https://doi.org/10.1038/srep08988 PMID: 25758319

28. http://www.averagesalarysurvey.com/rwanda.

29. Kort R, Westerik N, Mariela Serrano L, Douillard FP, Gottstein W, Mukisa IM, et al. (2015) A novel con-

sortium of Lactobacillus rhamnosus and Streptococcus thermophilus for increased access to functional

fermented foods. Microb Cell Fact. 14:195. https://doi.org/10.1186/s12934-015-0370-x PMID:

26643044

30. Dols JAM, Boon ME, Bontekoe R, Changalucha J, Butamanya N, Varriano S, et al. (2011) The impact

of probiotic yogurt on HIV positive women in Tanzania. Int Dairy J. 204(4): 305.e1-7.

31. Hemsworth JC, Hekmat S, Reid G. (2012) Micronutrient supplemented probiotic yogurt for HIV-infected

adults taking HAART in London, Canada. Gut Microbes. 3(5): 414–9. https://doi.org/10.4161/gmic.

21248 PMID: 22825497

32. Bisanz JE, Enos M, Praygod G, Seney S, Macklaim JM, Chilton S, et al. (2015). Microbiota at multiple

body sites during pregnancy in a rural Tanzanian population and effects of Moringa-supplemented pro-

biotic yogurt. Appl. Environ. Microbiol. 81(15):4965–75. https://doi.org/10.1128/AEM.00780-15 PMID:

25979893

Probiotics for pregnant Rwandan women

PLOS ONE | https://doi.org/10.1371/journal.pone.0195081 June 18, 2018 11 / 11

https://doi.org/10.1371/journal.pone.0054379
http://www.ncbi.nlm.nih.gov/pubmed/23372716
https://doi.org/10.1111/j.1574-695X.2009.00618.x
http://www.ncbi.nlm.nih.gov/pubmed/19912342
https://doi.org/10.1016/j.tem.2016.04.004
http://www.ncbi.nlm.nih.gov/pubmed/27129670
http://www.ncbi.nlm.nih.gov/pubmed/3501755
https://doi.org/10.1128/mBio.00204-15
http://www.ncbi.nlm.nih.gov/pubmed/25873373
https://doi.org/10.1038/srep08988
http://www.ncbi.nlm.nih.gov/pubmed/25758319
http://www.averagesalarysurvey.com/rwanda
https://doi.org/10.1186/s12934-015-0370-x
http://www.ncbi.nlm.nih.gov/pubmed/26643044
https://doi.org/10.4161/gmic.21248
https://doi.org/10.4161/gmic.21248
http://www.ncbi.nlm.nih.gov/pubmed/22825497
https://doi.org/10.1128/AEM.00780-15
http://www.ncbi.nlm.nih.gov/pubmed/25979893
https://doi.org/10.1371/journal.pone.0195081

